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1. General Information

Unless otherwise noted, all reactions were carried out under a carbon monoxide or nitrogen atmosphere.
All reagents were from commercial sources, all solvents are extra dry solvents and used as received
without further purification. Column chromatography was performed on silica gel (200-300 meshes)
using petroleum ether (b.p. 60-90 °C) and ethyl acetate as the eluents. *H and *C NMR spectra were
taken on Bruker AVANCE Il 400 MHz or 700 MHz spectrometers and spectral data were reported in
ppm relative to tetramethylsilane (TMS) as the internal standard and CDCls or DMSO-Ds as solvent.
All coupling constants (J) are reported in Hz with the following abbreviations: s = singlet, d = doublet,
dd = double doublet, t = triplet, dt = double triplet, q = quatriplet, m = multiplet, br = broad. Gas
chromatography (GC) analyses were performed on an Agilent HP-7890A instrument with a FID
detector and HP-5 capillary column (polydimethylsiloxane with 5% phenyl groups, 30 m, 0.32 mm i.d.
0.25 um film thickness) using argon as carrier gas. Gas chromatography mass spectrometer (GC-MS)
analyses were performed on a Shimadzu QP2020 NX instrument. High resolution mass spectra
(HRMS) were recorded on Agilent 8890-7250 and Agilent Q-TOF 6540. Because of the high toxicity
of carbon monoxide, all of the reactions should be performed in an autoclave. The lboratory should
well-equipped with a CO detector and alarm system.

2. Optimization of Reaction Conditions

Table S1. Optimization type ofbase.

O 0}
©/\ . Brorc00R PdCl,, Xantphos, BOH); g < o~
Base, dioxane, 80°C, CO
1a 2a 3aa
Entry Base 3aa (%)’

1 Na3PO4 7

2 Na2COs 19

3 NaO'Bu N.D.

4 DiPEA 57

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl> (10 mol%), Xantphos (10
mol%), B(OH); (0.2 mmol), Base (1.2 mmol), dioxane (1.5 mL), CO (10 bar), 80 °C, 18 h,
’GC yield.



Table S2. Optimization amount of base.

N PACly, Xantphos, B(OH)3, CO g N
©/\ +  BrCF,COOEt A

DIiPEA (X equiv.), dioxane, 80°C

1a 2a 3aa

Entry DiPEA (X mmol) 3aa (%)’
1 0.9 mmol 39
2 1.2 mmol 57
3 1.5 mmol 50

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl> (10 mol%), Xantphos (10
mol%), B(OH)3 (0.2 mmol), DiPEA (X mmol), dioxane (1.5 mL), CO (10 bar), 80 °C, 18
h, °GC yield.

Table S3. Optimization of pallidum source.

0} 0}
[Pd], Xantphos, B(OH) S N
©/\ +  BrCF,COOEt ’ o 7 0
DIiPEA, dioxane, 80°C, CO
1a 2a 3aa

Entry [Pd] 3aa (%)
1 Pd(OAc), 50
2 Pd(PPhs). 46
3 Pd(PPhs).Cl, 47
4 Pd(TFA), 46
5 [PACl(allyl)] 32
6 Pdx(dba)s 44
7 PdCl, 57

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), [Pd] (10 mol%), Xantphos (10
mol%), B(OH)3 (0.2 mmol), DIiPEA (1.2 mmol), dioxane (1.5 mL), CO (10 bar), 80 °C,
18 h, *GCyield.



Table S4. Optimization amount of B(OH).

(0] O
©/\ . BioF.c00R PdCl,, Xantphos, B(OH)3 (X equiv.) g % o
DiPEA, dioxane, 80°C, CO
1a 2a 3aa
Entry B(OH); 3aa (%)’
1 0 17
2 0.1 mmol 22
3 0.3 mmol 57
4 0.4 mmol 60
5 0.5 mmol 53

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl; (10 mol%), Xantphos (10
mol%), B(OH)3 (X mmol), DiPEA (1.2 mmol), dioxane (1.5 mL), CO (10 bar), 80 °C, 18
h, °GC yield.

Table S5. Optimization type of solvent.

(0] O
©/\ . ror,c00K! PdCl,, Xantphos, B(OH), o % o~
DIiPEA, Solvent, 80°C,CO

1a 2a 3aa
Entry Solvent 3aa (%)’

1 dioxane 60

2 DCE 45

3 DMF 47

4 DMSO 49

5 MeCN 66

6 Toluene 46

7 THF 42

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCI2 (10 mol%), Xantphos (10 mol%),
B(OH); (0.4 mmol), DiPEA (1.2 mmol), Solvent (1.5 mL), CO (10 bar), 80 °C, 18 h, *GC
yield.



Table S5. Optimization type of Ligand.

O (0]
PdCl,, Ligand, B(OH)3; N N
©/\ + BrCF,COOQOEt © £ ©
DIiPEA, MeCN, 80°C,CO
1a 2a 3aa
Entry Ligand 3aa (%)
1 PPhs 50
2 DPEphos 18
3 Nixantphos 46
4 DPPP trace
5 DPPF trace
6 Xantphos 66

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl> (10 mol%), Monodentate ligand
(20 mol%) or Bidentate ligand (10 mol%), B(OH)3 (1.3 mmol), DiPEA (1.2 mmol), dioxane

(1.5 mL), CO (10 bar), 80 °C, 18 h, °GC yield.

Table S6. Optimization of pressure of CO.

o} 0
PdCl,, Xantphos, B(OH)3 N PN
©/\ +  BrCF,COOEt © A" ©
DIiPEA, MeCN, 80°C,CO
1a 2a 3aa
Entry CO (X bar) 3aa (%)’

1 1 26

2 5 67

3 10 66

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl (10 mol%), Xantphos (10
mol%), B(OH)3 (0.4 mmol), DiPEA (1.2 mmol), MeCN (1.5 mL), CO (X bar), 80 °C, 18 h,
’GC yield.



Table S7. Optimization of additive.

o] 0
©/\ . — PdCl,, Xantphos, B(OH)3 /\O e O/\
Additive, DIPEA, MeCN, 80°C,CO
1a 2a 3aa
Entry Additive 3aa (%)’
1 Nal 67
2 Kl 60
3 NaF 67
4 CsF 81 (78%)

Reaction conditions: 1a (0.3 mmol), 2a (0.9 mmol), PdCl, (10 mol%), Xantphos (10
mol%), B(OH); (0.4 mmol), DiPEA (1.2 mmol), Additive (1 equiv.), MeCN (1.5 mL), CO
(5 bar), 80°C, 18 h, *’GC yield.

3. Preparation of 1p, 1q, 6, 1b.

= 0 Br
XX
CF,COOEt
©\/\C ©\/j/\ BF>‘)J\O/\/\ 2
s N TF
1p 1q 2b 6

Note: Alkenes 1a-0, 1r-1tare commercially available.

3.1 Preparationof 1p, 1q.?

KHMDS, THF
BrP*PhsMe  + O

To a suspension of methyltriphenylphosphonium bromide (5.5 mmol) in THF was slowly added

potassium bis(trimethylsilyl)Jamide while maintaining the intemal temperature at <5 °C. Aryl aldehyde
(5 mmol) was then added in portions. The progress was monitored by TLC. When the reaction was
complete, it was quenched with saturated NH4Cl (10 mL) and water (10 mL). The organic layer was
washed with saturated NaCl (10 mL) and concentrated. The desired products 1p and 1q were isolated
by silica gel chromatography as colorless oils.

3.2 Preparation of 2b.?

1. Oxalyl chloride, DMF (cat.) o

DCM, 2 h,0°C E
FYJ\OH + HO/\/\ 5 O/\/\
Br r
F

2.TEA,DCM, 2 h, 0°C - rt. F
2b

o-Bromo-a, a-difluormacetic acid (1 equiv.) was dissolved in dry DCM in a dry round bottom flask
under an atmosphere of nitrogen. Oxalyl chloride (1.1 equiv) was then added followed by two drops of

DMEF. The solution was then stirred at room temperature for 2 hours or until no more gas evolved. The
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n-butanol (2 equiv.) and triethylamine (1.1 equiv.) were then added dropwise as a solution in DCM at 0
°C over 20 min. The cooling was removed and stirring was continued for 2 hours. The crude reaction
was then diluted with water and extracted three times with DCM. The combined organic phases were
washed with saturated bicartbonate and dried over MgSQO,, filtered and concentrated in vacuo. The
resulting residue was then filtered through a short plug of silica (eluent: pentane) and the fractions

containing product were concentrated to afford 2b as a colorless oil.

3.3 Preparationof 6.3

CuCN (5 mol%)

BINAP (6 mol%) Br
Ph"Xx + BrCF,COOEt +  NH,Br Ph)\/CFZCOOEt

Blue LED, Ny, 35 °C 6
DMF (4 mL)

Into a 15 mL Schlenk tube were added CuCN (1.8 mg, 5 mol %), BINAP (14.9 mg, 6 mol %), NH.Br
(783 mg, 0.8 mmol,) and DMF (4 mL) under a N, atmosphere. Then the alkene Styrene (41.6 mg, 04
mmol) and BrCF,COOEt (203.0 mg, 1.0 mmol) were added. The resulting mixture was stirred at 35 °C
and irradiated with blue LEDs for 12 h under a N, atmosphere. When the reaction was completed, the
crude reaction mixture was diluted with EA (20 mL). The solution was washed with water (3x20 mL)
and brine (20 mL), and then dried over anhydrous Na,SO; and evaporated under reduced pressure. The

residue was subjected to flash column chromatography (1%—2% ethyl acetate/petroleum ether) to give
the final product 6 asa colorless oil.

4. General Procedure

(0] (0]
N PdCl,, Xantphos, B(OH)3, CsF R,O OR4
@ +  BrCF,COOR; £ F
DIPEA, MeCN, 80°C,18 h,CO (5 bar) @
A 4 mL screw-cap vial was charged with PdCl, (10 mol%, 5.3 mg), Xantphos (10 mol%, 174 mg),
B(OH)3 (0.4 mmol, 24.7 mg), CsF (0.3 mmol, 45.6 mg) and an oven-dried stirring bar. The vial was
closed with a Teflon septum and cap and connected to the atmosphere via a needle. Then aryl olefins

(0.3 mmol), bromodifluoracetate (0.9 mmol), DiPEA (1.2 mmol, 155.1 mg), MeCN (1.5 mL) was

added with a syringe under N, atmosphere, the vial was moved to an alloy plate and put into a Parr

4560 series autoclave (300 mL) under N> atmosphere. At room temperature, the autoclave was flushed
with CO three times and charged with 5 bar CO. The autoclave was placed on a heating plate equipped
with a magnetic stirrer. The reaction mixture was heated to 80 °C for 18 h. After the reaction was
completed, the crude mixture was filtered and concentrated under vacuum. The crude product was
purified by column chromatography (PE/EA=50/1 to 20/1) on silicagel to afford the products.



5. Scale-up reaction and transformation of the product 3aa.

O (0]
N PdCly, Xantphos, B(OH)3, CsF -0 o™
(a) ©/\ +  BrCF,COOEt A
DIiPEA, MeCN, 80°C,18 h,CO (5 bar)
3 mmol 3aa: 0.57 g, 63%

(a) A 30 mL screw-cap vial was charged with PdCl; (10 mol%, 53 mg), Xantphos (10 mol%, 174 mg),
B(OH); (4 mmol, 247 mg), CsF (3 mmol, 456 mg) and an oven-dried stirring bar. The vial was closed
with a Teflon septum and cap and connected to the atmosphere via aneedle. Then aryl olefins (3 mmol),
bromodifluoroacetate (9 mmol), DiPEA (12 mmol, 1551 mg), MeCN (15 mL) was added with a
syringe under N, atmosphere, the vial was moved to an alloy plate and put into a Parr 4560 series
autoclave (300 mL) under N> atmosphere. At room temperature, the autoclave was flushed with CO
three times and charged with 5 bar CO. The autoclave was placed on a heating plate equipped with a
magnetic stirrer. The reaction mixture was heated to 80 °C for 18 h. After the reaction was completed,
the crude mixture was filtered and concentrated under vacuum. The crude product was purified by
column chromatography (PE/EA=50/1to 20/1) on silica gelto afford the product3aa (570 mg, 63%).

o) O ] o)

-0 o™ HO OH
FF LiOH - H,0 FF

THF/H,O, rt, 4 h

3aa 4, 92%
(b) 3aa (0.3 mmol) and LiOH-H2O (5.1 mmol) were stirred in a THF/H,O (2.5:1) mixture at room
temperature for 4 h. The mixture was then acidified to pH 1 with a 35% HCI solution and extracted
with EtOAc (3x 10 mL), and the combined organic layer was dried over Na>SOs, and purified by
column chromatography (PE/EA=1/1)on silica gel to afford the product 4 (67.3 mg, 92%).

HO OH

N N
0 o LiAH,, THF FF

Reflux, 4 h

3aa 5, 98%

(c) To a stirred cold suspension (ice bath) of 3aa (0.6 mmol) in dry THF (1 mL) was added LiAlH4 (1.2
mL, 1.0 mol/L in THF) slowly under N,. The mixture was slowly warmed to the refluxing temperature
for 4 h. The mixture was then cooled down to room temperature and quenched by addition of MeOH (1
mL) followed by addition of aq. solution of NaOH (10%, 1.6 mL). After the mixture was filtered
through a pad of celite, THF was evaporated from the filtrate in vacuum. The resultant mixture was
extracted with CHCl> 3 x 5 mL). The combined organic layers were washed with brine (2 x 5 mL)
and dried over MgSOs. The solvent was removed in vacuum and the residue was purified by flash
chromatography (PE/EA=2:1)to afford thedesired product 5 (127.0 mg, 98%).



6. Mechanistic Studies.

N Standard condition
(a) +  BrCF,COOEt F F
no CO

1a 2a

3aa
not observed

A 4 mL screw-cap vial was charged with PdCl: (10 mol%, 53 mg), Xantphos (10 mol%, 174 mg),
B(OH); (0.4 mmol, 24.7 mg), CsF (0.3 mmol, 45.6 mg) and an oven-dried stirring bar. The vial was
closed with a Teflon septum and cap and connected to the atmosphere via a needle. Then aryl olefins
(0.3 mmol), bromodifluoracetate (0.9 mmol), DIPEA (12 mmol, 155.1 mg), MeCN (1.5 mL) was
added with a syringe under N, atmosphere, the vial was moved to an alloy plate and put into a Parr
4560 series autoclave (300 mL) under N, atmosphere. At room temperature, the autoclave was flushed
with N, three times. The autoclave was placed on a heating plate equipped with a magnetic stirrer. The

reactionmixture was heated to 80°C for 18 h. And 3aawasnot observed.

Standard conditions
(b) N BrCF,COOEt EtO £ OFt
BHT (3 equiv.)

1a 2a

3aa, trace

(b) A 4 mL screw-cap vial was charged with BHT (0.9 mmol, 1982 mg), PdCl, (10 mol%, 5.3 mg),
Xantphos (10 mol%, 174 mg), B(OH); (04 mmol, 24.7 mg), CsF (0.3 mmol, 456 mg) and an
oven-dried stirring bar. The vial was closed with a Teflon septum and cap and connected to the
atmosphere via a needle. Then aryl olefins (0.3 mmol), bromodifluoroacetate (0.9 mmol), DiPEA (12
mmol, 155.1 mg), MeCN (1.5 mL) was added with a syringe under N, atmosphere, the vial was moved
to an alloy plate and put into a Parr 4560 series autoclave (300 mL) under N2 atmosphere. At room
temperature, the autoclave was flushed with CO three times and charged with 5 bar CO. The autoclave
was placed on a heating plate equipped with a magnetic stirrer. The reaction mixture was heated to 80
°C for 18 h. And 3aa was detected trace (GC yield).

(o] 0}
N Standard conditions EtO OEt
(c) + BrCF,COOEt £
1,1-DPE (3 equiv.)
A B 3aa, trace _____
PhE F Ph R F
Ph/K)kﬂ/o\/ Ph/\)ﬂ(o\/

M= 304.13 detected by GC-MS M= 302.11

(¢) A 4 mL screw-cap vial was charged with TEMPO (0.9 mmol, 140.6 mg), PACI, (10 mol%, 5.3 mg),
Xantphos (10 mol%, 174 mg), B(OH): (04 mmol, 24.7 mg), CsF (0.3 mmol, 456 mg) and an
oven-dried stirring bar. The vial was closed with a Teflon septum and cap and connected to the
atmosphere via a needle. Then aryl olefins (0.3 mmol), bromodifluoroacetate (0.9 mmol), DiPEA (12
mmol, 155.1 mg), MeCN (1.5 mL) was added with a syringe under N, atmosphere, the vial was moved
to an alloy plate and put into a Parr 4560 series autoclave (300 mL) under N2 atmosphere. At room
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temperature, the autoclave was flushed with CO three times and charged with 5 bar CO. The autoclave
was placed on a heating plate equipped with a magnetic stirrer. The reaction mixture was heated to 80
°C for 18 h. And 3aa was detected 23% yield (GC yield).

o) o
N Standard conditions '
(d) +  BrCF,COOEt ———————— EtO OEt : o/ N

TEMPO (3 equiv.) EF ' !

1a 2a FF
3aa, 23% ' M= 279.16, detected by GC-MS

(d) A 4 mL screw-cap vial was charged with 1, 1-DPE (0.9 mol, 162.1 mg), PdCl> (10 mol%, 53 mg),
Xantphos (10 mol%, 174 mg), B(OH); (04 mmol, 24.7 mg), CsF (0.3 mmol, 456 mg) and an
oven-dried stirring bar. The vial was closed with a Teflon septum and cap and connected to the
atmosphere via a needle. Then aryl olefins (0.3 mmol), bromodifluoroacetate (0.9 mmol), DiPEA (12
mmol, 155.1 mg), MeCN (1.5 mL) was added with a syringe under N, atmosphere, the vial was moved
to an alloy plate and put into a Parr 4560 series autoclave (300 mL) under N> atmosphere. At room
temperature, the autoclave was flushed with CO three times and charged with 5 bar CO. The autoclave
was placed on a heating plate equipped with a magnetic stirrer. The reaction mixture was heated to 80
°C for 18 h. And 3aa was detected trace (GC yield).

o) o)
(e) Br
CF,COOE Standard conditon = O o™
+ BrCF,COOEt F F
6 2a 3aa, 56%

(e) A4 mL screw-cap vial was charged with PdCl, (10 mol%, 5.3 mg), Xantphos (10 mol%, 17 4 mg),
B(OH); (0.4 mmol, 24.7 mg), CsF (0.3 mmol, 45.6 mg) and an oven-dried stirring bar. The vial was
closed with a Teflon septum and cap and connected to the atmosphere via aneedle. Then 6 (0.3 mmol),
2a (09 mmol), DiPEA (12 mmol, 155.1 mg), MeCN (1.5 mL) was added with a syringe under N
atmosphere, the vial was moved to an alloy plate and put into a Parr 4560 series autoclave (300 mL)
under N, atmosphere. At room temperature, the autoclave was flushed with CO three times and charged
with 5 bar CO. The autoclave was placed on a heating plate equipped with a magnetic stirrer. The
reaction mixture was heated to 80°C for 18 h. And 3aa was detected 56% (GC yield).



7. Characterization of Substrates and Products

7.1 Substrates

ors
S

3-vinylbenzo[b]thiophene (1p)*

'H NMR @00 MHz, CDCl3) 5 7.99 (d,J = 7.7 Hz, 1H), 7.92 (d,J = 7.6 Hz, 1H), 7.51 (s, 1 H), 7.50 —
7.39 (m, 2H), 704 (dd,J = 17.6, 11.1 Hz, 1H), 587 (dd,J =176, 1.1 Hz, 1H), 545 @dd, J=11.1, 1.1
Hz, 1H).

AN
o |

N
3-vinylquinoline (1q)'
H NMR 400 MHz, CDCl;)  8.95 (d, J =2.0 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.90 (d,J = 1.6 Hz,
1H), 765 (d,] =8.2 Hz, 1H),7.61 =753 (m, 1H),7.41 (t,]=7.5 Hz, 1H), 6.74 dd, ] =177, 11.0 Hz,
1H),5.87(d,J=17.7Hz,1H),5.35(d,J=11.0 Hz, 1H).

O

Br%o/\/\

FF

Butyl 2-bromo-2, 2-difluoroacetate (2b)?

'H NMR (400 MHz, CDCl3) 6 435 (t,J = 6.6 Hz,2H), 1.81 — 1.65 (m, 2H), 1 43 (dd,J=15.0,75 Hz,
2H), 0.95 (t,J =7.4 Hz,3H).

13C NMR (101 MHz,CDCl3) 6 159.7 (t,J=31.2 Hz),108.8 (t, J=314.3 Hz),68.2,30.1,18.8,13.5.

Br F F

o~
@)

Ethyl 4-bromo-2, 2-difluoro-4-phenyIbutanoate (6)
IH NMR (400 MHz, CDCl3)5 7.41 (d,J = 7.4 Hz, 2H), 7.35 (t, ] = 7.5 Hz, 2H), 7.31 (t, J = 7.3 Hz,
1H),5.17 (t, J=7.3 Hz, LH), 4.16 —4.06 (m, 2H), 3.24 — 3.06 (M, 2H), 1.28 (t, = 7.2 Hz, 3H).

7.2 Products

Diethyl 2, 2-difluoro-4-phenylpentanedioate (3aa)

The title compound was prepared from styrene (312 mg, 0.3 mmol) and ethyl bromodifluoroacetate
(1817 mg, 09 mmol) according to general procedure. The crude residue was purified by flash
chromatography (PE/EA=50:1to 20:1) to give the productas a colorless 0il (70.2 mg, 78%).

'H NMR (400 MHz, CDCl3) 6 7.35 - 7.24 (m,5H), 423 - 402 (m, 4H),3.91 (dd, J =8.6,5.2 Hz, 1H),
3.14-2.97(m,1H),2.57-2.41(m,1H),1.28(t,J=7.2Hz,3H),1.18 (t,J=7.1 Hz,3H).

10



13C NMR (101 MHz, CDCl3) § 172.3, 1635 (t, J = 324 Hz), 137.6, 128.8, 127.7, 114.9 (t, J = 2510
Hz),62.9,61.3,44.8(t,J=4.2 Hz),37.9 (t,J= 23.4 Hz),13.8, 13.7.

E NMR (56 MHz, CDCl3) § -109.9 —-110.2 (m, 2F).

HRMS (EI): Calcd. for CisHisF20s [M+H]" 300.1246, found: 300.1249.

Diethyl 2, 2-difluoro-4-(p-tolyl )pentanedioate (3ba)

The title compound was prepared from 1-methyl4-vinylbenzene (354 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colotless oil (68.8 mg,
73%).

'H NMR (400 MHz, CDCl3) 6 7.18 (d,J =8.1 Hz, 2H), 713 (d, J =81 Hz, 2H),4.24 —4.01 (m, 4H),
3.87 (dd, J=8.6,51 Hz, 1H),3.11 - 295 (m, 1H), 2.55 - 2.39 (m, 1H), 2.32 (s,3H), 1.30 (t,J =72
Hz,3H),1.19 (t,J=7.1Hz,3H).

BC NMR (101 MHz, CDCl3) 6 1725, 1636 (t, J =32.4 Hz), 137.5, 134.6, 1295, 1276, 1150 (t,J =
250.9Hz),62.9,61.3,44.5(t,J=4.2Hz),38.0 (t,J =23.3Hz),21.0,13.9,138.

¥F NMR (56 MHz, CDCl3) 6 -110.0 —-110.3 (m, 2F).

HRMS (EI): Calcd. for C1sHa20F204 [M+H]" 315.1402, found: 315.1405.

Diethyl 2, 2-difluoro-4-(o-tolyl)pentanedioate (3ca)

The title compound was prepared from 1-methyl-2-vinylbenzene (354 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colorless oil (424 mg,
45%).

'H NMR (400 MHz, CDCls) 6 725 — 7.13 (m,4H), 422 — 4.02 (m, 5H), 3.15-298 (m, 1H), 251 —
2.35(m,4H),1.29 (t,J=7.1Hz,1H),1.18(t,J=7.1Hz,1H).

BC NMR (101 MHz, CDCl3) 8 172.7, 163.7 (t, J =325 Hz), 136.2, 136.2,130.8, 127.6, 126.7, 126 5,
115.1(t,J=250.8Hz),63.0,61.3,40.3(t,J=4.2Hz),37.6 (t,J =23.6 Hz),19.6,14.0,138.

PF NMR (56 MHz,CDCI3) 6 -109.2--109.4(m, 2F).

HRMS (EI): Calcd. for C1sHa20F204 [M+H]" 315.1402, found: 315.1393.
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Diethyl 2, 2-difluoro-4-(m-tolyl)pentanedioate (3da)

The title compound was prepared from 1-methyl-3-vinylbenzene (354 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (37.7 mg,
40%).

'H NMR (400 MHz, CDCl3) 6 7.21 (t,J =7.4Hz, 1H), 709 (d, J = 8.0 Hz, 3H), 427 — 402 (m, 4H),
3.86 (dd, J=8.7,49 Hz, 1H), 315 - 296 (m, 1H),2.55 -2.39 (m, 1H), 2.34 (5,3H), 130 (t,J =71
Hz,3H),1.20 (t,J=7.1Hz,3H).

BC NMR (101 MHz, CDCl3) 6 1725, 163.7 (t, J = 325 Hz), 1386, 137.6,128.7, 128.5, 128 4, 124 8,
115.0(t,J=251.0Hz),63.0,61.3,44.8(t,J=4.2Hz),38.0 (t,J =23.4Hz),21.4,14.0,1338.

®¥F NMR (56 MHz, CDCls) 6 -109.7 —-110.0(m, 2F).

HRMS (EI): Calcd. for Ci¢HoF204 [M+H]" 315.1402, found: 315.1392.

Diethyl 4-(4-(tert-butyl) phenyl)-2, 2-difluoropentanedioate (3ea)

The title compound was prepared from 1-(tert-butyl)<4-vinylbenzene (48.0 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colodess oil (90 mg,
84%).

'H NMR (400 MHz, CDCl3) 6 734 (d,J =8.3Hz,2H), 722 (d,J =83 Hz, 2H),4.22 —4.02 (m, 4H),
3.88 (dd, J=8.7,5.1Hz, 1H), 3.12 — 296 (m, 1H), 2.57 —2.40 (m, 1H), 1.31 - 1.26 (m, 12H), 1.21 (t,
J=7.1Hz,3H).

BC NMR (101 MHz, CDCl3) 6 1725, 163.7 (t,J =32.5Hz), 150.7, 134.5, 1274,1258, 1151 (t, J =
250.9Hz),62.9,61.3,44.4(t,J=4.2Hz),38.1 (t,J =23.5Hz),31.4,31.3,14.0,13.8.

¥F NMR (56 MHz, CDCls) 6 -109.8 —-110.2(m, 2F).

HRMS (EI): Calcd. for CioHasF204 [M+NH4]" 374.2137, found: 374.2139.

OMe
Diethyl 2, 2-difluoro-4-(4-methoxyphenyl )pentanedioate (3fa)
The title compound was prepared from 1-methoxy-4-vinylbenzene (422 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was

purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (87.1 mg,
12



88%).

IH NMR (400 MHz, CDCls) § 721 (d, J = 8.6 Hz, 2H), 684 (d, J =8.7 Hz, 2H),4.25 —4.01 (m, 4H),
3.84 (dd, J=8.4,54 Hz, 1H), 3.78 (s, 3H), 3.10 — 2.93 (m, 1H), 2.56 — 2.39 (m, 1H), 129 (t,J =72
Hz,3H),1.19 (t,J= 7.1 Hz, 3H).

15C NMR (101 MHz, CDCls) § 17256, 1636 (t, J =324 Hz), 159.1, 129.5, 128.8, 115.0 (t, J = 251.0
Hz),114.1,62.9,61.2,55.2,44.0 (t,J=4.2 Hz),38.0 (t,J = 23.4 Hz) 13.9, 13.7.

1F NMR (56 MHz, CDCL) § -109.8 —-110.6 (m), 2F).

HRMS (EI): Calcd. for Ci6HaoF20s [M+H]" 331.1352, found: 331.1348.

OPh
Diethyl 2, 2-difluoro-4-(4-phenoxyphenyl)pentanedioate (3ga)
The title compound was prepared from 1-phenoxy-4-vinylbenzene (58.8 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (882 mg,
75%).
!H NMR (400 MHz, CDCls) 6 7.33 (t, J =79 Hz, 2H), 7.25 (d,J =86 Hz, 2H), 711 (t,J = 7.4 Hz,
1H),7.00 (d, J =7.8 Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H), 4.27 —4.04 (m,4H), 3.89 (dd, J =8.6, 5.2 Hz,
1H),3.13-2.95(m, 1H),2.57-2.34(m,1H),1.31(t,J=7.1Hz,3H),1.21 (t,J= 7.1 Hz,3H).
BC NMR (101 MHz, CDCls) 8 1724, 163.6 (t, J =324 Hz), 1570, 156.7,132.1, 129.7,129.1, 1235,
119.1,118.8,114.9(t,J=251.1 Hz),62.9,61.3,44.2(t,J=4.1Hz),37.9 (t,J=23.4Hz),13.9,13.8.
¥F NMR (56 MHz, CDCl3) 6 -109.9—-110.2 (m, 2F).
HRMS (EI): Calcd. for C21H2F,0s [M+K]" 431.1067, found: 431.1070.

OMe
OMe

Diethyl 4-(3,4-dimethoxyphenyl)-2, 2-difluoropentanedioate (3ha)

The title compound was prepared from 1, 2-dimethoxy-4-vinylbenzene (492 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (82.1 mg,
76%).

'H NMR (400 MHz, CDCl3) 4 6.85—6.75 (m, 3H), 423 — 401 (m,4H), 3.85 (s, 3H), 3.84 — 3.78 (mm,
4H), 3.09-2.90 (m,1H),2.55-2.36(m,1H),1.27 (t,J=7.1 Hz,3H),1.18 (t, J=7.1 Hz,3H).

BC NMR (101 MHz,CDCl3) 6 1724, 1636 (t,J =32.4Hz), 149.0, 148.5, 1299, 1199, 1149 (t,J =
251.1Hz),111.2,110.7,62.9,61.2,55.8,55.8,44.4(t,J=4.2Hz),38.0 (t,J = 23.4 Hz),13.9,13.7.
¥F NMR (56 MHz, CDCl3) 6 -109.9 —-110.2(m, 2F).

HRMS (EI): Calcd. for C17H2:F206 [M+NH4]" 378.1723 found: 378.1728
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CF,
Diethyl 2, 2-difluoro-4- (4-(trifluoromethyl) phenyl)pentanedioate (3ia)

The title compound was prepared from 1-(trifluoromethyl)-4-vinylbenzene (51.6 mg, 0.3 mmol) and
ethyl bromodifluoacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue
was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colorless oil
(60.7 mg,55%).

'H NMR (400 MHz, CDCl3) 6 7.59 (d,J =8.2Hz,2H), 7.43 (d, J =81 Hz, 2H),4.26 —4.04 (m, 4H),
3.98 (dd, J=8.2,55 Hz, 1H), 3.14 — 298 (m, 1H), 2.57 — 2.37 (m, 1H), 1.30 (t, J = 7.1 Hz,3H), 1.20
(t,J=7.1Hz,3H).

13C NMR (101 MHz, CDCls) 6 1717, 163.5 (t, J = 324 Hz), 14186, 130.1 (q, J = 32.7 Hz), 1283,
1258 (q,J =3.7 Hz), 1239 (q, J =272.3Hz), 114.8 (t,J =251.4 Hz), 631,617,448 (t, ) = 4.0 Hz),
37.7(t,J=23.5Hz),13.9,138.

¥F NMR (56 MHz, CDCl3) 6 -67.9 (s, 3F), -110.2 (t, J = 16.5 Hz, 2F).

HRMS (EI): Calcd. for Ci¢H7F504 [M+Na]" 391.0939, found: 391.0933.

OAc
Diethyl 4-(4-acetoxyphenyl)-2, 2-difluoropentanedioate (3ja)
The title compound was prepared from 4-vinylphenyl acetate (486 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloiess oil (82.7 mg,
77%).
'H NMR (400 MHz, CDCl3) 6 730 (d, J =8.5Hz,2H), 704 (d,J =85Hz, 2H),4.23 —4.01 (m, 4H),
3.89 (dd, J=8.5,52 Hz, 1H),3.10 — 294 (m, 1H),2.56 — 2.38 (m, 1H), 2.27 (5,3H), 128 (t,J =7.1
Hz,3H),1.19 (t,J=7.1Hz,3H).
BC NMR (101 MHz, CDCl3) 6 1721, 1693, 163.5 (t, J =324 Hz), 1502, 134.9, 128.8,1219, 1148
(t,J=251.1Hz),63.0,61.4,44.3(t,J=42.0Hz),37.9(t,J=23.4Hz),21.0,13.9,13.7.
¥F NMR (56 MHz, CDCl3) 6 -109.6 —-110.6 (m, 2F).
HRMS (EI): Calcd. for C17H20F206 [M+NH4]" 376.1566, found: 376.1562.

Diethyl 2, 2-difluoro-4-(4-fluorophenyl)pentanedioate (3ka)
The title compound was prepared from 1-fluoro-4-vinylbenzene (36.6 mg, 0.3 mmol) and ethyl
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bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (62.0 mg,
65%).

'H NMR (400 MHz, CDCl3) 6 730—7.25 (m, 2H), 7.05 -6.99 (m,2H), 426 — 404 (m, 4H), 3.90 (dd,
J=84,55Hz,1H),3.11-294 (m, 1H),255-239 (m,1H),1.31 (t, J=72Hz,3H),120 (t,J=71
Hz,3H).

BC NMR (101 MHz, CDCl3) 81722, 163.5 (t,J =32.4 Hz), 162.3 (d, J =246.7 Hz), 133.3 (d, J =33
Hz),129.4 d,J =8.1 Hz), 115.7 (d,J =21.6 HZz), 1149 (t,J =2513 Hz), 630,614,441 (t, J =42
Hz),37.9(t,J =23.5Hz),13.9,138.

¥F NMR (56 MHz, CDCl;) 6 -110.1 (dd, J = 164, 55 Hz, 1F), -1104 (dd, J = 16.2, 58 Hz, 1F),
-119.2—--120.0 (m, 1F).

HRMS (EI): Calcd. for CisH;7F304 [M+H]" 341.0971, found: 341.0965.

Diethyl 4-(4-chlorophenyl)-2, 2-difluoropentanedioate (31a)

The title compound was prepared from 1-chloro-4-vinylbenzene (414 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (68.1 mg,
68%).

'H NMR (400 MHz, CDCl3) 6 730 (d, J =8.5Hz,2H), 723 (d, J =85Hz, 2H),4.26 —4.03 (m, 4H),
3.88 (dd, J =8.3,55 Hz, 1H), 3.11 — 293 (m, 1H), 2.54 — 2.37 (m, 1H), 1.30 (t, J = 7.2 Hz,3H), 1.19
(t,J=7.1Hz,3H).

BC NMR (101 MHz, CDCl3) 6 1720, 1635 (t,J =32.3Hz), 136.1, 133.7,129.1,1290, 1148 (t, J =
251.3Hz),63.0,61.5,44.3(t,J=4.1Hz),37.7 (t,J =23.5Hz),13.9,1338.

¥F NMR (56 MHz, CDCls) 6 -109.9 —-110.2(m, 2F).

HRMS (EI): Calcd. for CsH7CIF,04 [M+Na]" 357.0676, found: 357.0664.

Cl
Diethyl4-(3-chlorophenyl)-2, 2-difluoropentanedioate (3ma)
The title compound was prepared from 1-chloro-3-vinylbenzene (414 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (662 mg,
66%).
'H NMR (400 MHz, CDCl3) 6 735-7.26 (m, 3H), 724 —7.19 (m, 1H), 429 - 4.07 (m, 4H), 3.90 (dd,
J=7.9,57Hz,1H),315-292 (m, 1H),257-240 (m,1H),1.33 (t, J =71 Hz,3H),123 (t,J=71
Hz,3H).
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13C NMR (101 MHz, CDCl3) 5 1718, 163.5 (t, J = 32.3 Hz), 1395, 134.7,130.1, 128.1, 1280, 126.1,
114.8 (t,J=251.3 Hz),63.1,61.6,44.6(t,J= 4.1 Hz),37.8 (t,J =23.5Hz) 13.9,13.8.

F NMR (56 MHz, CDCl3) § -109.9— -110.0 (m, 2F).

HRMS (EI): Calcd. for CisHi,CIF>04 [M+NH4]* 352.1122, found: 352.1109.

Br
Diethyl 4-(4-bromophenyl)-2, 2-difluoropentanedioate (3na)
The title compound was prepared from 1-bromo-4-vinylbenzene (54.6 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colotess oil (68.0 mg,
60%).
'H NMR (400 MHz, CDCl3) 6 745 (d,J =8.4Hz,2H), 717 (d, J =84 Hz, 2H),4.25 - 4.03 (m, 4H),
3.87 (dd, J=8.3,55 Hz, 1H), 3.10 - 293 (m, 1H), 2.53 — 2.38 (m, 1H), 1.30 (t, J = 7.2 Hz,3H), 1.19
(t,J=7.1Hz,3H).
B3C NMR (101 MHz, CDCls) 61719, 1635 (t, J =32.3Hz), 136.6, 131.9, 1295, 121 8, 1148 (t,J =
251.4Hz),63.0,61.5,44.4(t,J=4.1Hz),37.7 (t,J=23.5Hz),13.9,138.
¥F NMR (56 MHz, CDCl3) 6 -109.7 —-110.0(m, 2F).
HRMS (EI): Calcd. for CisHi7BrF204 [M+NH,]" 396.0617, found: 396.0611.

Br
Diethyl 4-(3-bromophenyl)-2, 2-difluoropentanedioate (30a)
The title compound was prepared from 1-bromo-3-vinylbenzene (54.6 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (181.8 mg, 0.9 mmol) to give the product as a colorless oil (51 mg,
45%).
'H NMR (400 MHz, CDCl3) 6 745 (s, 1H), 742 (d,J=7.5 Hz,1H), 7.25—-7.17 (m, 2H), 427 — 404
(m, 4H), 3.87 (dd, J=8.1,55 Hz, 1H), 3.11 —2.94 (m, 1H), 254 —2.39 (m, 1H), 1.31 (t, J=7.1 Hz,
3H), 1.20 (t,/=7.1 Hz, 3H).
BC NMR (101 MHz, CDCls) 6 1718, 163.5 (t, J = 32.3 Hz), 1398, 131.0,1310, 130.4, 126 .6, 122 8,
114.8(t,J=251.4Hz),63.1,61.6,44.6(t,J=4.0Hz),37.8 (t,J =23.6 Hz),14.0,13.9.
¥F NMR (56 MHz, CDCls) 6 -109.9—-110.2 (m, 2F).
HRMS (EI): Calcd. for CisH7B1F204 [M+NH4]" 396.0617, found: 396.0606.
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Diethyl 4-(benzo[b]thiophen-3-yl)-2, 2-difluoropentanedioate (3pa)

The title compound was prepared from 3-vinylbenzo[bjthiophene 48 mg, 03 mmol) and cthyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (214 mg,
20%).

'H NMR (400 MHz, CDCls) 67.86 (d, J=7.8 Hz,2H), 743 (t,J =74 Hz, 1H), 738 (t,J = 7.5Hz,
1H), 7.34 (s, 1H), 4.38 (dd, J =88, 4.6 Hz, 1H), 4.26 —4.07 (m, 4H), 324 - 304 (m, 1H),2.70 — 254
(m,1H),1.27-1.17 (m,6H).

BC NMR (101 MHz, CDCl3) 6 1718, 163.5 (t, J =324 Hz), 1404, 137.3,131 6, 124.7, 124 4,124 0,
123.0,121.7,115.0(t,J=251.3Hz),63.1,61.6,38.8(t,J=4.5Hz),37.1(t,J=23.5Hz),14.0,13.8.
¥F NMR (56 MHz, CDCls) 6 -108.9 —-109.4 (m, 2F).

HRMS (EI): Calcd. for C17HsF>04S [M+ NH4]" 374.1232, found: 374.1221.

(0] (0]

FF
“ ]
N

Diethyl 2, 2-difluoro-4-(quinolin-3-yl)pentanedioate (3qa)

The title compound was prepared from 3-vinylquinoline (465 mg, 0.3 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (35.8 mg,
34%).

'H NMR (400 MHz, CDCls) 6 8.87 (s, 1H), 8.10 (d, J =8.7 Hz, 2H), 781 (d, J =8.1 Hz,1H), 7.72 (t,
J=7.6Hz,1H), 756 (t,J =75 Hz, 1H), 425 -4.05 (m, 5H),2.71 - 308 (m, 1H), 328 — 254 (m, 1H),
1.27 (t,J=7.1Hz,3H),1.20 (t,J=7.1Hz,3H).

13C NMR (101 MHz, CDCl3) 6 171.7, 163.5 (t, J =324 Hz), 1504, 147.6,134 5, 130.5, 129.8, 129.3,
1278,127.7,127.2,1148 (t, J =251.7Hz), 632, 61.9,42.7 (t,J =40 Hz), 37.7 (t, ) =23.5 Hz), 14 0,
13.8.

¥F NMR (56 MHz, CDCls) 6 -108.7 —-109.0 (m, 2F).

HRMS (EI): Calcd. for CisHioFaNOs [M+NH4]™ 369.1620, found: 369.1623.

Ph
Diethyl 4-([1, 1'-biphenyl]-4-yl)-2, 2-difluoropentanedioate (3ra)
The title compound was prepared from 4-vinyl-1, 1'-biphenyl (54.0 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
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purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (80.1 mg,
71%).

'H NMR (400 MHz, CDCl3) 87.61 —7.55 (m, 4H),7.45 (t, J =75Hz, 2H), 741 - 7.33 (m, 3H), 4.26
—407 (m,4H),398 (dd,J =85,52Hz,1H),320-3.03 (M, 1H),2.64 — 248 (m,1H), 131 (t,J =72
Hz,3H),1.23(t,J=7.1Hz,3H).

BCNMR (101 MHz, CDCls) 6 172.3,163.6 (t,J =324 Hz), 140.7, 140.4,136 5, 128.8, 128.2, 127 5,
127.4,127.0,115.0(t,J=251.1Hz),62.9,61.4,445(t,J=4.2Hz),37.9 (t,J=23.5Hz),13.9,13.8.
¥F NMR (56 MHz, CDCl3) 6 -109.8—-110.1 (m, 2F).

HRMS (EI): Calcd. for C21H2:F,O4 [M+H]" 377.1559, found: 377.1553.

Diethyl 2, 2-difluoro-4-(naphthalen-2-yl)pentanedioate (3sa)

The title compound was prepared from 2-vinylnaphthalene 46.2 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colotless oil (79.8 mg,
76%).

'H NMR (400 MHz, CDCl53) 6 7.85—7.80 (m, 3H), 7.77 (s, 1H), 752 — 7.47 (m, 2H), 7.46 — 741 (m,
1H), 425 - 417 (m, 1H), 416 — 404 (m, 4H), 326 — 3.09 (m, 1H), 2.71 —2.54 (m, 1H), 125 (t,J =
7.2Hz,3H),1.20 (t,J=7.1Hz,3H).

13C NMR (101 MHz, CDCls) 6 1723, 163.6 (t, J =324 Hz), 1349, 133.3,132.7, 128.6, 127 .8, 127 6,
126.8,126.4,126.2,125.4,1150 (t, J =251.1 Hz), 62.9,61.4,450 (t, J =4.2 Hz),379 (t, ) = 235 Hz),
13.9,13.7.

¥F NMR (56 MHz, CDCls) 6 -109.7—-110.0 (m, 2F).

HRMS (EI): Calcd. for C19Hz0F204 [M+Na]* 373.1222, found: 373.1215.

Diethyl 2, 2-difluoro-4-(naphthalen-1-yl) pentanedioate (3ta)

The title compound was prepared from 1-vinylnaphthalene 46.2 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a coloress oil (31.5 mg,
30%).

'H NMR (400 MHz, CDCls) 6 8.13 (d,J =8.5Hz, 1H), 7.88 (d, J =8.0 Hz, 1H), 780 (dd, J =6 .2, 3.0
Hz, 1H),759 (t, J=7.1 Hz, 1H), 752 (t,J =75 Hz, 1H), 7.47 — 740 (m, 2H), 474 (dd,J =8.8,4 1
Hz,1H), 4.25 - 4.04 (m, 4H), 3.26 (ddd, J =319, 16.2,9.0 Hz, 1H), 2.57 (ddd, J = 320, 16.8, 42 Hz,
1H),1.24 (t,J=7.2Hz,3H),1.16 (t,J=7.1 Hz,3H).

BC NMR (101 MHz, CDCls) 6 172.7, 163.6 (t, J =325 Hz), 134.1, 133.9,130.8, 129.0, 128 4, 126.7,
125.9,125.4,125.2,122.9,115.1 (t,J=251.1 Hz),63.0,61.5,40.5,37.8 (t,J = 23.3 Hz),13.9,13.7.
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¥F NMR (56 MHz,CDCI3) 6 -110.0—-110.3(m, 2F).
HRMS (EI): Calcd. for C1oHx0F,04 [M+H]" 373.1222, found: 373.1214.

Dibutyl2, 2-difluoro-4-phenylpentanedioate (3ab)

The title compound was prepared from styrene (312 mg, 0.3 mmol) and butyl 2-bromo-2,
2-difluoroacetate (207.0 mg, 0.9 mmol) according to general procedure. The crude residue was purified
by flash chromatography (PE/EA=150:1to 20:1) to give the productas a colorless oil (72.7 mg, 68%).
'H NMR (400 MHz, CDCl3) 6 7.35 - 7.26 (m,5H), 418 — 399 (m, 4H),3.90 (dd, J =8.3,5.3 Hz, 1H),
3.20— 297 (m, 1H),2.59 — 241 (m, 1H),1.68 — 1.60 (m, 2H), 1.59 — 1.49 (m, 2H), 1.43 —1.33 (M,
2H),1.30-1.20 (m, 2H),0.94 (t,J=7.4Hz,3H),0.85 (t,J=7.4 Hz,3H).

13C NMR (101 MHz, CDCl3) 6 1724, 163.7 (t,J =324 Hz), 137.7,128.8, 127.8, 115.1 (t, J = 251.1
Hz),66.7,65.2,44.9(t,J=3.7Hz),37.8 (t,J=23.4Hz),30.4,30.2,18.9,13.6,13.6.

¥F NMR (56 MHz, CDCls) 6 -108.7—-109.0 (m, 2F).

HRMS (EI): Calcd. for C1oHF204 [M+NH4]" 374.2137, found: 374.2142.

Dipropyl2,2-difluoro-4-phenylpentanedioate (3ac)

The title compound was prepared from styrene (12 mg, 03 mmol) and propyl
2-bromo-2,2-difluoroacetate (1944 mg, 0.9 mmol) according to general procedure. The crude residue
was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colotess oil 522
mg, 53%).

'H NMR (700 MHz,CDCl3) 6 7.33 - 7.25(m,5H),4.11-4.07 (m,1H),4.07—4.02 (m, 2H),4.02 -
3.92(m,1H),3.94-3.90(m,1H),3.12-3.02(m, 1H),2.56—2.45(m, 1H),1.73—-1.65 (m, 2H), 1.62
—1.55(m,2H),0.95 (t,J=7.5Hz,3H),0.83 (t,J=7.5Hz,3H).

BCNMR (176 MHz,CDCl3) 8 172.4,163.7 (t,J=32.4 Hz),137.6,128.8,127.7,127.7,115.0 (t, J =
251.1Hz),68.3,66.9,44.9(t,J=4.0Hz),37.8(t,J=23.4Hz),21.7,21.6,10.1,10.1.

¥F NMR (56 MHz, CDCls) 6 -104.3 —-105.0(m, 2F).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for 329.1559, found: 329.1561.

Diisopentyl 2,2 -difluoro-4-phenyIpentanedioate (3ad)
The title compound was prepared from styrene (312 mg, 03 mmol) and isopentyl
2-bromo-2,2-difluoroacetate (219.6 mg, 0.9 mmol) according to general procedure. The crude residue

was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colorless oil
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(93.4mg, 81%).

'H NMR (700 MHz, CDCl3) 6 728 -7.23 (m, 2H), 723 —7.18 (m,3H), 4.12 - 3.95 (m, 4H), 3.82 (dd,
J=8.0,5.1Hz, 1H), 304 —2.92 (m, 1H), 2.47 — 242 (m, 1H), 164 —1.54 (m, 1H),1.53-1.34 (m, 3H),
1.40-1.34(m,2H),0.85(d,J=6.6 Hz,6H),0.79 -0.73(m, 6H).

BCNMR (176 MHz,CDCls) 6 172.4,163.7 (t,J=32.3Hz),137.6,128.8,127.8,115.0(t,J=251.2
Hz),65.564.0,44.9(t,J=3.9Hz),37.8 (t,J=23.4Hz),37.0,36.8,24.9,24.9,22.3,22.3,22.3,22.3.
BF NMR (56 MHz, CDClIs) 6 -104.3 —-105.0(m, 2F).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for 385.2185, found: 385.2181.

SRS Se

FF

Dicyclohexyl 2,2 -difluoro-4-phenylpentanedioate ( with dicyclohexyl oxalate from substrate ) (3ae)
Dicyclohexyl 2,2 -difluoro-4-phenylpentanedioate: dicyclohexyl oxalate =5:2

The title compound was prepared from styrene (312 mg, 0.3 mmol) and cyclohexyl
2-bromo-2,2-difluoroacetate (2304 mg, 0.9 mmol) according to general procedure. The crude residue
was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colotless oil (a
mixture of dicyclohexyl 2,2-difluoro-4-phenylpentanedioate: dicyclohexyl oxalate = 5:2, 55.1 mg, the
calculated yield is approximately 36%).

'H NMR (700 MHz, CDCls) 6 727 — 7.22 (m,4H), 721 — 7.18 (m, 1H), 487 — 482 (m, 1H), 4.75 —
4.70 (m, 1H),4.70—- 465 (m, 1H), 382 (dd, J =8.8,4.8 Hz, 1H), 3.04 —2.94 (m, 1H), 243 - 234 (m,
1H),187-184 (m,1H),181 —1.77 (m, 1H),1.77 -1.72 (m,2H), 1.72—- 168 (m, 2H), 1.68 -1.63 (m,
2H), 162 - 1.56 (m, 2H), 1.52 — 1.44 (m, 5H), 1.43 — 136 (m, 3H),1.35-1.25 (m, 5H), 1.25 - 1.15
(m,5H).

BC NMR (176 MHz,CDCl3) 6 171.8,163.1(t,J=32.2Hz),157.8,138.0,128.8,127.7,127.6,115.1
(t,J=2513Hz),759,759,73.4,451 (t,J =3.6 Hz),378 (t,J =232 Hz),312,312,31.0,310, 253,
25.1,25.1,23.6,23.4,23.4,23.3.

¥F NMR (56 MHz, CDCls) 6 -104.5—--105.3(m, 2F).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for409.2185, found: 409.2185.

Dicyclohexyl oxalate: HRMS (ESI-TOF) m/z: [M+NH.]" Calcd. for272.1856, found: 272.1855.

0] 0]

o) 0" By

FF

Dineopentyl 2,2 -difluoro-4-phenylpentanedioate (3af)

The title compound was prepared from styrene (312 mg, 03 mmol) and 3-phenylpropyl
2-bromo-2,2-difluoroacetate (219.6 mg, 0.9 mmol) according to general procedure. The crude residue
was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colorless oil
(57.6 mg,50%).

'H NMR (700 MHz,CDCl3)$ 7.35—-7.28 (m,4H),7.28—7.24 (m, 1H),3.98 - 3.94 (m, 1H), 3.85 (d,
J=10.4Hz,1H),3.79(t,J=10.6 Hz,2H),3.72 (d,J=10.5Hz,1H),3.16 —3.05(m, 1H),2.57 - 2.49
(m,1H),0.95(s,9H),0.82 (s, 9H).
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BCNMR (176 MHz,CDCls) 6 172.3,163.7 (t,J=32.4 Hz),137.7,128.8,127.8,127.7,115.1 (t, =
251.2Hz),75.7,74.4,45.0(d,J=3.9Hz),37.6 (t, J=23.3Hz),31.4,31.4,26.2,26.2.

PF NMR (56 MHz,CDCls) 6 -104.1 —-104.9(m, 2F).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for 385.2185, found: 385.2185.

Bis(3-phenylpropyl) 2,2 -difluoro-4-phenylpentanedioate (3ag)

The title compound was prepared from styrene (312 mg, 03 mmol) and 3-phenylpropyl
2-bromo-2,2-difluoroacetate (262.8 mg, 0.9 mmol) according to general procedure. The crude residue
was purified by flash chromatography (PE/EA = 50:1 to 20:1) to give the product as a colorless oil
(60.5 mg,42%).

'H NMR (700 MHz,CDCl3) 6 7.34—7.29 (m,4H),7.27(t,J=7.2Hz,3H),7.23-7.18 (m, 3H),7.14
(t,J=7.2Hz,3H),7.01(d,J=75Hz,2H),4.15-4.10(m, 1H),4.09-4.01(m, 3H),3.96-3.91 (m,
1H),3.14-3.03(m,1H),2.66 (t,J=7.6 Hz,2H),2.56 —2.45(m, 3H),2.00—1.94(m, 2H),1.89—
1.81 (m, 2H).

BC NMR (176 MHz,CDCl3) 8 172.3,163.6 (t,J=32.5Hz),140.9,140.5,137.5,128.9,128.5,128.3,
128.3,128.3,1278, 127.8,126.1, 125.9,1150 (t, J = 2512 Hz), 66.0,64 4, 449 (t, ) =39 Hz), 37.7 (t,
J=23.4Hz),31.7,31.7,30.0,29.6.

¥F NMR (56 MHz, CDCls) 6 -104.1 —-104.8 (m, 2F).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for481.2185, found:481.2180.

HO OH

2, 2-Difluoro-4-phenylpentanedioic acid (4)

White solid (67.3 mg, 92%).

'H NMR (400 MHz, DMSO) & 12.62 (br, 2H), 747 —7.20 (m, 5H), 3.78 (dd, J =8.1, 438 Hz, 1H),
3.10-2.91(m,1H),2.47—2.30 (m, 1H).

3C NMR (101 MHz, DMSO) 6 1734, 1648 (t,J =314 Hz), 138.6,128.7,127.7,127.5,115.6 (t,J =
249.5Hz),44.5,37.0(t,J=23.0 H2).

PF NMR (56 MHz, DMSO) & -109.7 —-110.6 (m, 2F).

HRMS (EI): Calcd. for CHioF204 [M+Na]* 267.0439, found: 267.0429.

HO OH

3, 3-Difluoro-5-phenyltetrahydro-2H-pyran (5)
Colorless 0il (127.0mg, 98%).
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IH NMR (700 MHz, CDCls) § 7.30 (t, J = 7.5 Hz, 2H), 724 — 721 (m, 1H), 7.19 (d, J = 7.7 Hz, 2H),
3.67 (d,J = 3.4 Hz, 2H), 3.57 (dd, J = 12.6 Hz, 1H), 3.47 (dd, J = 25.3, 12,6 Hz, 1H), 3.11 — 3.05 (m,
1H),2.44-2.35(m, 1H)2.27 - 2.17 (m, 1H).

13C NMR (176 MHz, CDCls) § 1416, 1287, 127.7,127.0, 123.1 (t, J = 243.0 Hz), 669, 638 (t,J =
31.9Hz),42.0,35.3(t,J = 23.7 Hz).

19F NMR (56 MHz, CDCls) § -109.91 (t, J =17.2 Hz, 2F).

HRMS (EI): Caled. for C11HisF20, [M+NH.]* 234.1300, found: 234.1303.

Ethyl 3-(3,4-dihydronaphthalen-1-yl)-2,2-difluoropropanoate (8)

The title compound was prepared from (1-cyclopropylvinyl)benzene 432 mg, 03 mmol) and ethyl
bromodifluoroacetate (181.7 mg, 0.9 mmol) according to general procedure. The crude residue was
purified by flash chromatography (PE/EA = 50:1 to 30:1) to give the product as a coloress oil (439 mg,
55%).

'H NMR (700 MHz, CDCl3) 6 7.16 (d,J=5.4Hz, 1H), 711 (t, J =7.3 Hz, 1H), 7.08 — 703 (m, 2H),
6.00 (t, J=4.4Hz,1H), 405 (q,J =7.1 Hz, 2H), 3.16 (t, J =15.9 Hz, 2H), 2.66 (t, J=80 Hz, 2H),
2.21-2.17(m,2H),1.15-1.10(m, 3H).

BC NMR (176 MHz, CDCl3) 5 164.1 (t, J =32.6 Hz), 136.3, 133.8,131 6, 127.6,127.3 (t, J =43 Hz),
127.1,126.3,122.8,115.5(t,J =252.3 Hz),62.7,37.3(t,J = 24.2 Hz),28.0,23.2,13.7.

¥F NMR (56 MHz, CDCls) 6 -102.8 (t,J = 15.9 Hz).

HRMS (ESI-TOF) m/z: [M+H]" Calcd. for267.1191, found: 267.1192.
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9. Copy of 'H and *C NMR Spectra of Substrates and Products
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9.2 Products.
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'H NMR 400 MHz, CDCls
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'H NMR 400 MHz, DMSO
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'H NMR 700 MHz, CDClz
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BC NMR 176 MHz, CDCl3
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'H NMR (700 MHz, CDCl;) 8
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15C NMR (176 MHz, CDCl5) 8
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19F NMR (56 MHz, CDCls) 8
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