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1. General Experimental Details

Unless otherwise noted, all reactants or reagents including dry solvents were obtained from
commercial suppliers and used as received. Ni(COD),, corresponding ligands were obtained from
Leyan, Tansoole and Innochem Chemical. All dry solvents were obtained from Energy Chemical.
Unless otherwise noted, all reactions were performed with dry solvents under an atmosphere of
nitrogen gas in dried glassware using standard vacuum-line techniques. All work-up and
purification procedures were carried out with reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using silica gel HSGF254 precoated
plates (0.25 mm). The developed chromatogram was analyzed by UV lamp (254 nm). Flash
column chromatography was performed with silica gel (200-300 mesh). Preparative thin-layer
chromatography (PTLC) was performed using YanTai jiangyou chemical Plant HuangHai GF254
silica coated plates (0.20 + 0.03mm) prepared in our laboratory. Gas chromatography (GC)
analysis was conducted on Agilent Technologies 7080A gas chromatography instrument with a
FID detector with n-tetradecane as an internal standard. High performance liquid chromatography
(HPLC) was performed on Agilent Technologies 1260 Infinity II High performance liquid
chromatography instrument. The high-resolution mass spectra were conducted on Agilent
Technologies 6545 Q-TOF LC MS spectrometer, or Agilent Technologies 7250 GCQTOF
spectrometer, or Agilent Technologies 6224 TOF LC MS spectrometer, or Thermo Fisher
Scientific LTQ FT Ultra spectrometer, or Bruker micrOTOF-QII spectrometer. Nuclear magnetic
resonance (NMR) spectra were recorded on Bruker Advance III (400 MHz) spectrometers or
Agilent- 400 MHz spectrometer with tetramethylsilane as an internal standard. Chemical shifts for
"H NMR are expressed in parts per million (ppm) relative to tetramethylsilane (& 0.00 ppm) or
residual peak of CDCl; (8 7.26 ppm). Chemical shifts for '*C NMR are expressed in ppm relative
to CDCIs (8 77.00 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, dd = doublet of doublets, t = triplet, dt = doublet of triplets, td = triplet of doublets, tt =
triplet of triplets, q = quartet, m = multiplet), coupling constant (Hz), and integration.
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2. Starting Material Synthesis

2.1 Preparation of Substrates 1 and 3a - 3u

2.1.1 Synthesis Process of Aldehyde

Pd(OAc), cat. 0O
| N | on BTEAC, NaHCO3 | N H
S + N R
DMF, 50 °C, 5h
3xa
o Br 0 0 0
@/\/‘LH ©/\/u\H WH /©/\)‘\H
3aa 3ba 3ca 3da
(6] (0] (0] (0]
WH /©/\)‘\H /@/\)LH /@MH
MeO Ph F Cl
3ea 3fa 3ga 3ha

o
o
(@]

3ia 3ja 3ka 3a
o}
CF
3 RGO
\_s
CF,
3ma 3oa

________________________________________________________________________________________________

Adapted from a literature procedure.! To a round-bottom flask was added palladium acetate
Pd(OAc), (1.00 mol%), benzyl(triethyl)ammonium chloride BTEAC (1.00 equiv.), sodium
bicarbonate NaHCO3 (2.50 equiv.) the correspondent aryl iodide (1.00 equiv.), 2-propen-1-ol (1.50
equiv.) and DMF (0.25 M). The reaction was heated at 50 °C and stirred at this temperature for 5h.
After this time, the mixture was diluted with water and EtOAc, layers were separated, the aq. layer
was washed with EtOAc (2x). The combined organics were sequentially washed with water and
brine, dried over MgSOs, filtered and concentrated under reduced pressure. The crude mixture was
purified by column chromatography on silica to yield the desired aldehyde.

(Note: all iodobenzene were commercially available.)
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O/\/COOH LiAIH, O/\/\OH
THF, 0 °C, 2h

Adapted from a literature procedure.? To an oven-dried 500 mL flask equipped with stir bar was
added LiAlH4 (1.43 g, 37.5 mmol, 1.5 equiv) followed by dry THF (83 mL) under nitrogen
atmosphere. The flask was cooled to 0 °C via an ice-water bath and the suspension was stirred for
10 minutes. After this time, 3-cyclohexylpropanoic acid (CAS No.: 701-97-3, commercially
available) (4.28 mL, 25 mmol, 1 equiv) in dry THF (25 mL) was added very slowly dropwise to
the flask. The mixture was stirred at 0 °C for 2 h and then quenched at 0 °C by very careful
addition of deionized water (1.04 mL), 2 M NaOH (2.08 mL), and additional deionized water
(3.12 mL). The quenched solution was allowed to stir for about 10 minutes, resulting in a white
suspension. The solids were removed by filtration, washing the solids with diethyl ether (100 mL).
The filtrate was transferred to a separatory funnel and washed with saturated NaHCO3 (2 X 100
mL), deionized water (100 mL) and brine (100 mL). The organic layer was dried over Na;SO4 and
the solvent was removed in vacuo by rotary evaporation affording the pure alcohol (3.74 g, 99%).

O/\/\OH PCC, Celite O/\/CHO
CH,Cl,, 0 °C to RT, 2h

3na

To an oven-dried 250 mL flask equipped with stir bar was added PCC (8.47 g, 39.44 mmol, 1.5
equiv), celite (4.23 g) and anhydrous dichloromethane (80 mL) under nitrogen atmosphere. The
flask was cooled to 0 °C via an ice-water bath. After this time, the alcohol (3.74 g, 26.29 mmol,
lequiv) in 20 mL of anhydrous dichloromethane was added dropwise to the flask. Then the
solution was transferred to room temperature and stirred for one hour. After confirming the
complete consumption of the alcohol by TLC analysis, the solution was filtered with silica gel.
and concentrated under reduced pressure. The crude mixture was purified by column
chromatography on silica (PE : EtOAc =200 : 1) to yield the desired aldehyde 3na (2.02 g, 55%).

O/\/OH PCC, Celite OACHO
CH,Cl,, 0 °C to RT, 2h

3ta

2-cyclohexylacetaldehyde (3ta) was prepared by 2-cyclohexylethan-1-ol (CAS No.: 4442-79-9,
commercially available) according to the synthesis process of 3-cyclohexylpropanal (1.41 g,
45%).

COCH LiAIH, OH PCC, Celite CHO
THF, 0 °C, 2h CH,Cl,, 0 °C to RT, 2h

3sa

2-methyl-2-phenylpropanal (3sa) was prepared by 2-methyl-2-phenylpropanoic acid (CAS No.:
826-55-1, commercially available) according to the synthesis processes of
3-cyclohexylpropan-1-o0l (3.63 g, 99%) and 3ta (1.0 g, 31%).
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2.1.2 Synthesis Process of Allyl Alcohol

LiNi-Pry(2.2 equiv)

CF3CH,l = —
THF, -93 °C, 20 min
. OH
CF,=C ILi, THF R._R;
0 -93°Cto0°C
J - BN
R R
1 F
1a or 3xa 1b or 3xb
(R1 =Hor CH3)
' HO HO HO HO ;
N NP~ | F | Fe | Br Fw o |
! F F F F :
; 1b 3ab 3bb 3ch !
| OMe Ph Fi
! HO HO HO HO E
LR | o, P, P, 5
LF F F F :
3db 3eb 3fb 3gb

: Cl CF, '
1 HO HO HO HO !
N | FaAN FaAN Fa N,
A F F F 5
5 3hb 3ib 3jb 3kb :
1 CF3 :
5 SN 5
. H HO HO HO l
;O F CF, = :
L Fus | FaAN, Fa N, FaAN !
LF F F F :
5 3lb 3mb 3nb 3ob :
E 'Bu .
! HO HO HO HO :
| F F F F !
| 3pb 3qgb 3rb 3sb 5
' HO HO :
L Fus | F s |
L F F
- 3tb 3ub !

......................................................................................................
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A 250ml three-necked flask is equipped with a stir bar, an internal thermometer, and a 60ml
dropping funnel. Under a nitrogen atmosphere, diisopropylamine (8.2 mL, 5.9 g, 58.5 mmol, 2.24
equiv) and THF (40 mL) were added to the flask with a dropping funnel, and the mixture was
placed at 0 °C. Within 40 minutes, n-butyllithium (35.7 mL, 1.64 M in n-hexane, 58.5 mmol, 2.24
equiv) was added to the THF solution of diisopropylamine through a dropping funnel at 0 °C. The
inside of the dropping funnel was rinsed with THF (5 mL). The reaction mixture was stirred at
0 °C for another 10 minutes, and then frozen with ethanol and liquid nitrogen (internal
temperature was -93 °C; ice bath temperature was -95 °C). Add 1,1,1-trifluoro-2-iodoethane (2.8
mL, 6.1 g, 28.7 mmol, 1.1 equiv) to the THF solution of LDA via a syringe within 15 minutes,
during which the internal temperature was kept at -90 °C the following. The reaction mixture was
stirred for 30 min. The aldehyde (26.1 mmol, 1 equiv) was dissolved in 10 mL of THF and added
via a dropping funnel within 15 minutes. The inside of the dropping funnel was rinsed with THF
(5 mL). After the aldehyde was added, the solution was slowly raised to 0 °C and then stirred for
another 30 minutes. After confirming the complete consumption of the aldehyde by TLC analysis,
saturated ammonium chloride was added to quench the reaction, liquid separation, the aqueous
layer was extracted three times with EtOAc. The combined organics were sequentially washed
with water, dried over MgSOQs, filtered and concentrated under reduced pressure. The crude
mixture was purified by column chromatography on silica to yield the desired alcohol.

Note: 1a (CAS No.: 104-53-0), 3pa (CAS No.: 80-54-6), 3qa (CAS No.: 2550-26-7), 3ra (CAS
No.: 122-78-1), 3ua (CAS No.: 2043-61-0) are commercially available.

2.1.3 Synthesis Process of Allyl gem-Difluorides 1 and 3a - 3u

RoJ-Ri \/?\ EtCOOH (cat.) R R F O
P2 | 0 (@] > R1W0/\
0,

I K K 140 °C, 6h ,

1b or 3xb (R, = H or CH3) 1 or 3x

Adapted from a literature procedure.® Triethyl orthoacetate (0.92 mL, 5 mmol, 5.0 equiv) and
propanoic acid (7 ulL, 0.01 mmol, 0.01 equiv) were added to allyl alcohol (1 mmol, 1.0 equiv)
under an atmosphere of nitrogen at 0 °C, and the mixture was heated at 140 °C. After being stirred
for 5 h at this temperature, the solution was cooled to room temperature and then poured into 10%
HCI and ice, the aqueous layer was extracted three times with EtOAc. The combined organics
were sequentially washed with saturated sodium bicarbonate solution and water, dried over
MgSOs, filtered and concentrated under reduced pressure. The crude mixture was purified by
column chromatography on silica to yield the desired product.
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2.2 Preparation of Substrates 5a- 5k

2.2.1 Preparation of Substrate 5a

HO ~0 EtCOOH (cat.)
* )40/ g
NG~ | ~0 140 °C, 6h
F
1b 5a

Substrate Sa was prepared according to procedure 2.1.3. Flash column chromatography (eluent:
PE : EtOAc =200 : 1) to afford 5a as a yellow oil (273.6 mg, 72%). R¢= 0.4 (PE : EtOAc = 20:1),

by staining with potassium permanganate.

2.2.2 Preparation of Substrates 5b -5d and 5f — Sh

DIBAL-H
X o™ N OH
| CH,Cly, -78°C to RT |

To a flame dried round-bottom flask was added 1 (394 mg, 1 mmol, 1.0 equiv) and anhydrous
DCM (10 mL) under a nitrogen atmosphere. After cooling down to -78 °C, DIBAL-H (1.5 mol/L
in toluene) (1.3 mL, 2 mmol, 2.0 equiv) was added dropwise. Then the solution was slowly raised

to room temperature and stirred overnight. After the reaction was determined complete by TLC,
the flask was cooled down to 0 °C and quenched with water. The mixture was filtered with a
silicone pad. The organic phase was separated by separating funnel, and the aqueous phase was
extracted with DCM. The combined organic layers were washed with brine, dried over Na>SOs,
filtered and concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: PE : EtOAc =20 : 1) to give 1c as colorless oil (140.8 mg, 40%).
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| o o NEts RF j’\
Ho~ AN © XL NP0 R
R™ 07 R CH,Cly, 1t, 6h
FF '
1c 5b - 5d, 5f - 5h
: R F JOL R F )OL RF o
f N 0" Et N 0" >ph N T
! | | [ ;
5 5b 5¢ 5d ;
E FF o FF © FF o
; = oJl "pr A OJ\/ X o)kca-
; I I ! |
; 5f 5¢ 5h '

Adapted from a literature procedure.* Under a nitrogen atmosphere, the synthesized alcohol 1¢
(704 mg, 2 mmol, 1.0 equiv) was dissolved in dichloromethane (10 mL), N,
N-dimethylaminopyridine (49 mg, 0.4 mmol, 0.2 equiv), triethylamine (1.2 mL, 8 mmol, 4.0 equiv)
and anhydride (12 mmol, 6.0 equiv) were sequentially added. The resulting mixture was stirred for
6 hours at room temperature. The solution was washed with saturated sodium bicarbonate solution
and then with brine. The organic layer was dried over MgSO4 and concentrated to orange-yellow
oil. The residue was purified by column chromatography on silica gel to give the desired allyl

gem-difluorides.

2.2.3 Preparation of Substrate Se

' TEA '
HO N + TsCl TsO N
DCM, 0 °C to RT

F F
1c 5e

Adapted from a literature procedure.® Under a nitrogen atmosphere, a 25 mL round-bottom flask
was charged with a stir bar and alcohol 1¢ (704 mg, 2 mmol, 1.0 equiv), and then taken up in 2 mL
of dichloromethane. The reaction mixture was submerged in an ice bath. Triethylamine (1 mL, 7.2
mmol, 3.6 equiv) was added via syringe, followed by p-toluenesulfonyl chloride (477 mg, 2.5
mmol, 1.3 equiv). The reaction mixture was allowed to warm to room temperature and stir for 15
h. The solution was washed twice with 2M HCI, then with saturated sodium bicarbonate solution,
and then with brine. The organic layer was dried over MgSOj4 and concentrated to orange-yellow
oil. Purification on silica ( PE : EtOAc = 20 : 1) afforded Se as a clear oil (814 mg, 80% yield),
which solidified at reduced temperature.



2.2.4 Preparation of Substrates Si and 5j

y ; [
~
\© _N N
| _ FF
100 °C overnight 5
TsO X + i
5

7 Oy
N N
Se HI\O
FF

]

Under a nitrogen atmosphere, a flame dried round-bottom flask was added 5e (506 mg, 1 mmol,
1.0 equiv) and N-methylaniline or piperidine (45.0 equiv). The mixture was stirred and heated at
100 °C overnight. The mixture was cooling to room temperature. Most of the unreacted
N-methylaniline or piperidine was removed by vacuum distillation. The rest oil was purified by
flash column chromatography on silica to yield the desired 5i (340 mg, 75% yield) or 5j (324 mg,
91% yield).

2.2.5 Preparation of Substrate Sk

o)
o)
[ . DMF, 100 °C |
TsO x + KN _ N S~
FF o 0 FF
5k

5e
A 50 mL round-bottom flask was charged with Se (759 mg, 1.5 mmol, 1.5 equiv), potassium
phtalimide (185 mg, 1.0 mmol, 1.0 equiv) and 10 mL DMF. The solution was stirred over night at
100 °C. Cooling the mixture to room temperature, 10 mL of water were added. Then the mixture
was extracted three times with EtOAc, the combined organic fractions were washed two times
with water. The organic layer was dried over MgSQOys, filtered and concentrated to orange-yellow
oil. Purification on silica ( PE : EtOAc =20 : 1) afforded Sk as a clear oil (302 mg, 60% yield).

2.3 Preparation of Substrates 51 - 5s

2.3.1 Synthesis Process of 6-bromohexanal

. PCC, DCM o
HO RT, 2h B H

50a

6-bromohexanal (50a) was prepared by PCC oxidation of alcohol 6-bromo-1-hexanol (CAS No.:



4286-55-9 commercially available) according to the synthesis process of 3na (997mg, 56%).

2.3.2 Synthesis Process of Propargyl Alcohols

OH
o n-BuLi
Ri—CHO + =R, é R4
THF, -78 °C to RT R;
5xb
| OH OH OH !
E y . = cl
\ CqHg CeHis CqHg :
5 51b 5mb 5nb 5
i OH OH OH !
i Br :
: /V\N /V /K* 5
i C4Hg CeHi3 CeHi3 |
i 50b 5pb 5qb 5

Adapted from a literature procedure.® To a flame dried round-bottom flask was added the alkyne
(20 mmol, 1.0 equiv) and anhydrous THF (30 mL) under a nitrogen atmosphere. After cooling
down to -78 °C, n-BuLi (1.6 M solution in hexanes, 21 mmol, 1.05 equiv) was added dropwise
over the course of 15 minutes. After 2 hours at -78 °C, the aldehyde (24 mmol, 1.2 equiv) was
added dropwise and the reaction mixture was slowly warmed up to ambient temperature over the
course of 16 hours. After the reaction was determined complete by TLC, the flask was cooled
down to 0 °C and quenched with saturated aqueous NH4Cl. The reaction mixture was extracted
with diethyl ether. The combined organic layers were washed with brine, dried over anhydrous
NaySO;4 and filtered. After evaporation, the residue was purified by column chromatography on
silica gel to give the desired propargyl alcohols.

e 9 N,, THF OH TBSCI, Et;N, DMAP oTBS
gBr
= T OH Z Z
0°Cto RT DCM, Ny, 0 °C, overnight
overnight
MeLi, THF, Etl, N, oTBS TBAF, THF OH
= =
= =z
0 °C to RT overnight \/\O 0 °C to RT overnight \/\O
5rb

Undec-3-yn-5-ol (5rb) was prepared according to the literature procedure. [
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2.3.3 Synthesis Process of Propargyl Fluorides

oH DAST, -78 °C to RT F
RZ/\R1 DCM, N,, overnight RZ/\R1

5xb 5xc
F F F
+ CaHg CeH13 C4Hg |
. 5lc Smc 5nc :
F F F
/\/\NBr /\/ /K)\
i C4Hg CeHi3 CeH13 '
i 50c 5pc 5qc .
o
, Src :

Adapted from a literature procedure.® To a solution of propargyl alcohols (1.0 equiv) in dried
DCM (4 mL/mmol) under N, at -78 °C was added DAST (1.3 equiv) dropwise. Then, the solution
was warmed to room temperature and stirred overnight. The reaction was quenched carefully by
addition of saturated NaHCOs aqueous solution dropwise, until no bubbles were observed. The
organic phase was separated by separating funnel, and the aqueous phase was extracted with DCM
(4 mL/mmol x 2). The combined organic layers were washed with brine, dried over Na;SO4, and
concentrated under reduced pressure. The residue was purified by flash column chromatography to
give the desired propargyl fluorides.

S 12



2.3.4 Synthesis Process of Allyl gem-Difluorides 51 - 5s

. 0
10 mol% PhSPh RF
/\Rz + N—I * HBF, - OEt, R1>S/\R2
R CHCl3, RT, 12h
1 5 I
| | | ! |
~_-CaHg - Cetis Cl AN Calle
E FF FF FF
51 5m 5n :

_25_

%\g
(@]
~
T
[{e])
\
O
(o)}
T
=
\
(@)
(e}
T
®

n
n
n
n
n
-n

é

___________________________________________________________________________________________

Adapted from a literature procedure.® To a solution of propargyl fluorides (0.2 mmol, 1.0 equiv) in
CHCIs (8 mL) were added NIS (67.5 mg, 0.3 mmol, 1.5 equiv), PhSPh (3.4 pL, 0.02 mmol, 10
mol%), and HBF4 OEt; (27.2 pL, 0.2 mmol, 1.0 equiv) successively. The reaction was stirred at
room temperature for 12 h and quenched by saturated Na>S,;03 aqueous solution until the color of
the mixture faded. The mixture was extracted with DCM. The combined organic layers were
washed with brine, dried over Na;SOs, and concentrated under reduced pressure. The residue was
purified by flash column chromatography to give disubstituted iodinated allyl gem-difluorides .

2.4 Characterization Data of Allyl gem-Difluorides

|
= o~
FF O

Ethyl (Z)-3,3-difluoro-4-iodo-7-phenylhept-4-enoate (1)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 1 as a light-yellow oil (289.9 mg, 74%, 1 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) & 7.32 - 7.29 (m, 2H), 7.24 -7.20 (m, 3H), 6.42 (it, J = 6.9, 1.6 Hz,
1H), 4.15 (q, J = 6.7 Hz, 2H), 3.19 (t, J = 16.0 Hz, 2H), 2.77 (t, J = 8.0 Hz, 2H), 2.58 -2.51 (m,
2H), 1.25 (t, J= 6.0 Hz, 3H).
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13C NMR (101 MHz, CDCl3) § 166.04 (t, J = 5.6 Hz), 140.89 (t, J = 8.1 Hz), 140.54, 128.56,
128.43, 126.33, 117.53 (t, J = 248.6 Hz), 98.42 (t, J = 27.3 Hz), 61.31, 41.99 (t, J =29.3 Hz),
37.71, 33.78, 14.11.

19F NMR (376 MHz, CDCls) § -89.98 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CysH;7F2I0,Na [(M+Na)']: 417.0139, found: 417.0134.

|
= o~
FF O

Ethyl (Z)-3,3-difluoro-4-iodo-7-(o-tolyl)hept-4-enoate (3a)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3a as a light-yellow oil (253.1 mg, 62%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.18 — 7.13 (m, 4H), 6.46 (tt, J = 6.9, 1.7 Hz, 1H), 4.17 (g, J = 6.7
Hz, 2H), 3.21 (t,J = 14.0 Hz, 2H), 2.77 — 2.73 (m, 2H), 2.54 -2.47 (m, 2H), 2.35 (s, 3H), 1.26 (t, J
= 8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) & 166.02 (t, J = 6.1 Hz), 140.95 (t, J = 8.1 Hz), 138.65, 135.96,
130.35, 128.82, 126.46, 126.14, 117.52 (t, J = 247.5 Hz), 98.29 (t, J = 27.3 Hz), 61.28, 41.97 (t, J
=29.3 Hz), 36.53, 31.09, 19.39, 14.09.

F NMR (376 MHz, CDCl3) § -90.03 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CisH19F2I0,Na [(M+Na)*]: 431.0295, found: 431.0290.

|
= o~
Br FF O

Ethyl (Z)-7-(2-bromophenyl)-3,3-difluoro-4-iodohept-4-enoate (3b)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3b as a light-yellow oil (282.6 mg, 60%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 8 7.54 (d, J= 7.9 Hz, 1H), 7.28 — 7.21 (m, 2H), 7.11 — 7.07 (m, 1H),
6.44 (tt, J=6.9, 1.7 Hz, 1H), 4.17 (g, J = 7.1 Hz, 2H), 3.20 (t, J = 14.8 Hz, 2H), 2.89 (t,] = 8.0 Hz,
2H), 2.59 -2.52 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 165.99 (t, J = 5.6 Hz), 140.44 (t, J = 8.1 Hz), 139.71, 132.96
130.51, 128.12, 127.60, 124.46, 117.50 (t, J = 248.0 Hz), 98.71 (t, J = 27.3 Hz), 61.28, 41.99 (t, J
=28.8 Hz), 36.05, 34.08, 14.10.

YF NMR (376 MHz, CDCl3) 6 -90.15 (t,J = 15.0 Hz).

HRMS (ESI) m/z calcd for C1sHi6BrF210,Na [(M+Na)*]: 494.9244, found: 494.9239.



Ethyl (Z)-3,3-difluoro-4-iodo-7-(m-tolyl)hept-4-enoate (3¢c)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA =200:1)
to afford 3c as a light-yellow oil (333.9 mg, 82%, 1 mmol scale). Rt = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.19 (td, J=7.2, 1.3 Hz, 1H), 7.04 — 6.99 (m, 3H), 6.42 (it, J = 6.8,
1.6 Hz, 1H), 4.15 (q, J = 6.7 Hz, 2H), 3.19 (t, /= 14.0 Hz, 2H), 2.73 (t, J = 8.0 Hz, 2H), 2.56 -2.50
(m, 2H), 2.34 (s, 3H), 1.25 (t,J= 6.0 Hz, 3H).

13C NMR (101 MHz, CDClIs) 6 166.00 (t, J = 5.6 Hz), 140.99 (t, J = 8.6 Hz), 140.47, 138.13,
129.23, 128.45, 127.05, 125.40, 117.52 (t, J = 246.9 Hz), 98.35 (t, J = 27.3 Hz), 61.27, 42.03 (t, J
=29.3 Hz), 37.71, 33.70, 21.42, 14.09.

F NMR (376 MHz, CDCl3) & -90.05 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CisHioF210,Na [(M+Na)*]: 431.0295, found: 431.0299.
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Ethyl (Z)-3,3-difluoro-4-iodo-7-(p-tolyl)hept-4-enoate (3d)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3d as a light-yellow oil (249.1 mg, 61%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.13 — 7.08 (m, 4H), 6.42 (tt, J = 6.8, 1.6 Hz, 1H), 4.15 (g, J = 6.7
Hz, 2H), 3.19 (t, J = 16.0 Hz, 2H), 2.73 (t, J = 8.0 Hz, 2H), 2.55 -2.49 (m, 2H), 2.33 (s, 3H), 1.25
(t,J=8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.01 (t, J = 6.1 Hz), 141.02 (t, J = 8.1 Hz), 137.46, 135.79,
129.22, 128.27, 117.51 (t, J = 247.5 Hz), 98.29 (t, J = 27.8 Hz), 61.26, 42.02 (t, J =29.3 Hz),
37.83, 33.34, 21.03, 14.09.

YF NMR (376 MHz, CDCl3)  -89.94 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CigHioF210,Na [(M+Na)*]: 431.0295, found: 431.0294.
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Ethyl (Z)-3,3-difluoro-4-iodo-7-(4-methoxyphenyl)hept-4-enoate (3e)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 100:1)
to afford 3e as a light-yellow oil (237.9 mg, 56%, 1 mmol scale). Rr = 0.2 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) § 7.13 — 7.10 (m, 2H), 6.86 — 6.83 (m, 2H), 6.41 (tt, J = 6.8, 1.7 Hz,
1H), 4.15 (q, J = 6.7 Hz, 2H), 3.79 (s, 3H), 3.19 (t,J = 16.0 Hz, 2H), 2.71 (t, / = 8.0 Hz, 2H), 2.54
-2.47 (m, 2H), 1.25 (t, J= 8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) & 166.00 (t, J = 6.1 Hz), 158.13, 140.99 (t, J = 8.1 Hz), 132.61,
129.34, 117.50 (t, J = 248.0 Hz), 113.95, 98.31 (t, J = 27.3 Hz), 61.26, 55.29, 42.01 (t, J =28.8
Hz), 37.95, 32.89, 14.09.



F NMR (376 MHz, CDCl3) & -89.95 (t,J = 13.2 Hz).
HRMS (ESI) m/z caled for CisHi9F2103Na [(M+Na)*]: 447.0245, found: 447.0239.
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Ethyl (Z)-7-([1,1'-biphenyl]-4-yl)-3,3-difluoro-4-iodohept-4-enoate (3f)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3f as a light-yellow oil (264.3 mg, 56%, 1 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3)  7.60 — 7.53 (m, 4H), 7.46 — 7.42 (m, 2H), 7.36 — 7.32 (m, 1H), 7.30
—7.27 (m, 2H), 6.46 (tt, J = 6.8, 1.6 Hz, 1H), 4.15 (q, J = 6.7 Hz, 2H), 3.21 (t, J = 14.0 Hz, 2H),
2.82 (t,J=8.0 Hz, 2H), 2.62 -2.55 (m, 2H), 1.25 (t, /= 8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.02 (t, J = 5.6 Hz), 140.96, 140.88 (t, J = 8.1 Hz), 139.65,
139.32, 128.87, 128.80, 127.30, 127.20, 127.05, 117.56 (t, J = 248.0 Hz), 98.57 (t, J = 27.3 Hz),
61.30, 42.03 (t, J =28.8 Hz), 37.67, 33.43, 14.12.

F NMR (376 MHz, CDCl3) § -90.01 (t,J = 13.2 Hz).

HRMS (ESI) m/z caled for Co1Ha 1 FolO,Na [(M+Na)™]: 493.0452, found: 493.0447.
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Ethyl (Z)-3,3-difluoro-7-(4-fluorophenyl)-4-iodohept-4-enoate (3g)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3g as a light-yellow oil (235.5 mg, 57%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 8 7.18 — 7.13 (m, 2H), & 7.01 — 6.95 (m, 2H), 6.40 (it, J = 6.9, 1.6 Hz,
1H), 4.15 (q, J = 6.7 Hz, 2H), 3.19 (t, J = 16.0 Hz, 2H), 2.74 (t, J = 8.0 Hz, 2H), 2.55 -2.48 (m,
2H), 1.25 (t, J= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 165.96 (t, J = 5.6 Hz), 161.54 (d, J = 245.5Hz), 140.57 (t, J = 8.1
Hz), 136.11 (d, J = 4.0), 129.83 (d, J = 8.1Hz), 117.50 (t, J = 247.5 Hz), 115.29 (d, J = 21.2Hz),
98.65 (t, J =27.3 Hz), 61.26, 41.94 (t, J =28.8 Hz), 37.73, 32.96, 14.08.

F NMR (376 MHz, CDCl3) 6 -90.01 (t,J = 13.2 Hz), -116.98 - -117.06 (m).

HRMS (ESI) m/z caled for CisHi6F310,Na [(M+Na)*]: 435.0045, found: 435.0039.
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Ethyl (Z)-7-(4-chlorophenyl)-3,3-difluoro-4-iodohept-4-enoate (3h)
Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3h as a light-yellow oil (214.5 mg, 50%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by



staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 8 7.28 - 7.25 (m, 2H), 7.15 — 7.11 (m, 2H), 6.40 (it, J = 6.8, 1.7 Hz,
1H), 4.15 (q, J = 8.0 Hz, 2H), 3.19 (t, J = 16.0 Hz, 2H), 2.74 (t, J = 8.0 Hz, 2H), 2.55 -2.48 (m,
2H), 1.25 (t, J= 8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) & 165.95 (t, J = 5.6 Hz), 140.42 (t, J = 8.1 Hz), 138.90, 132.06,
129.77, 128.62, 117.49 (t, J = 248.0 Hz), 98.73 (t, J = 27.3 Hz), 61.27, 41.90 (t, J =29.3 Hz),
37.47,33.09, 14.07.

F NMR (376 MHz, CDCl3) & -90.05 (t,J = 13.2 Hz).

HRMS (ESI) m/z caled for CisH;6CIF2I0;Na [(M+Na)*]: 450.9749, found: 450.9744.
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Ethyl (Z)-3,3-difluoro-4-iodo-7-(4-(trifluoromethyl)phenyl)hept-4-enoate (3i)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3i as a light-yellow oil (321.5 mg, 70%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCI3) 6 7.56 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 7.8 Hz, 2H), 6.44 — 6.38 (m,
1H), 4.14 (q, J = 6.7 Hz, 2H), 3.19 (t, J = 14.0 Hz, 2H), 2.83 (t, J = 8.0 Hz, 2H), 2.59 -2.52 (m,
2H), 1.25 (t, J= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 165.93 (t, J = 6.1 Hz), 144.53, 140.18 (t, J = 8.1 Hz), 128.77,
128.75 (d, J = 33.3 Hz), 125.48 (q, J = 10.6 Hz), 122.91, 117.50 (t, J = 247.5 Hz), 98.98 (t, J =
27.3 Hz), 61.26, 41.89 (t, J =28.8 Hz), 37.23, 33.56, 14.05.

F NMR (376 MHz, CDCls) 6 -62.41, -90.03 (t, J = 13.2 Hz).

HRMS (ESI) m/z caled for Ci6H,7Fs10, [(M+H)"]: 463.0193, found: 463.0188.
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Ethyl (Z)-7-(3,4-dimethylphenyl)-3,3-difluoro-4-iodohept-4-enoate (3j)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3j as a light-yellow oil (270.1 mg, 64%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.06 (d, J = 7.6 Hz, 1H), 6.98 (d, J = 1.8 Hz, 1H), 6.94 (dd, J = 7.6,
2.0 Hz, 1H), 6.42 (tt, J= 6.8, 1.6 Hz, 1H), 4.16 (q, J = 6.7 Hz, 2H), 3.19 (t, /= 14.0 Hz, 2H), 2.70
(t,J=8.0 Hz, 2H), 2.55 -2.48 (m, 2H), 2.25 (d, J=4.0 Hz, 6H), 1.25 (t,J = 6.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 166.02 (t, J = 6.1 Hz), 141.13 (t, J = 8.1 Hz), 137.98, 136.65,
134.43,129.78, 129.75, 125.71, 117.53 (t, J = 248.0 Hz), 98.22 (t, J = 27.3 Hz), 61.27, 42.04 (t, J
=28.8 Hz), 37.88, 33.31, 19.77, 19.35, 14.10.

F NMR (376 MHz, CDCl3) 6 -89.97 (t,J = 15.0 Hz).

HRMS (ESI) m/z calcd for C17Hz F2IOoNa [(M+Na)*]: 445.0447, found: 445.0441.
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Ethyl (Z)-7-(3,5-dimethylphenyl)-3,3-difluoro-4-iodohept-4-enoate (3k)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3k as a light-yellow oil (265.9 mg, 63%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 8 6.86 (s, 1H), 6.82 (s, 2H), 6.42 (tt, J= 6.8, 1.6 Hz, 1H), 4.16 (q,J =
6.7 Hz, 2H), 3.19 (t, J = 14.0 Hz, 2H), 2.69 (t, J = 8.0 Hz, 2H), 2.55 -2.48 (m, 2H), 2.30 (s, 6H),
1.26 (t,J= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls3) § 166.01 (t, J = 5.6 Hz), 141.10 (t, J = 8.1 Hz), 140.46, 138.03,
127.94, 126.24, 117.54 (t, J = 248.0 Hz), 98.25 (t, J = 27.8 Hz), 61.27, 42.04 (t, J =28.8 Hz),
37.74,33.61, 21.30, 14.10.

F NMR (376 MHz, CDCl3) § -90.02 (t,J = 13.2 Hz).

HRMS (ESI) m/z caled for Ci17Hz1F2IO;Na [(M+Na)™]: 445.0447, found: 445.0443.
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Ethyl (Z)-3,3-difluoro-7-(3-fluoro-4-methylphenyl)-4-iodohept-4-enoate (31)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3l as a light-yellow oil (183.4 mg, 43%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 8 7.10 (t, J = 8.0 Hz, 1H), 6.88 — 6.84 (m, 2H), 6.40 (tt, J = 6.8, 1.6
Hz, 1H), 4.16 (q, J = 6.7 Hz, 2H), 3.19 (t,J = 16.0 Hz, 2H), 2.72 (t, /= 8.0 Hz, 2H), 2.54 -2.48 (m,
2H), 2.24 (d, J=2.0 Hz, 3H), 1.25 (t, /= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 165.97 (t, J = 6.1 Hz), 161.31 (d, J = 246.4 Hz), 140.58 (t, J= 8.1
Hz), 140.14 (d, J = 7.1 Hz), 131.42 (d, J = 6.1 Hz), 123.75 (d, J = 3.0 Hz), 122.56 (d, J = 17.2 Hz),
117.51 (t, J = 247.5 Hz), 114.88 (d, J = 22.2 Hz), 98.63 (t, J = 27.3 Hz), 61.27, 41.95 (t, J =29.3
Hz), 37.48, 33.14, 14.18 (d, J = 4.0 Hz), 14.08.

F NMR (376 MHz, CDCls) 6 -90.05 (t,J = 15.0 Hz), -117.76 (t, J = 9.4 Hz).

HRMS (ESI) m/z caled for Ci6HisF310:Na [(M+Na)*]: 449.0196, found: 449.0202.
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Ethyl (Z)-7-(3,5-bis(trifluoromethyl)phenyl)-3,3-difluoro-4-iodohept-4-enoate (3m)
Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 100:1)
to afford 3m as a light-yellow oil (233.2 mg, 44%, 1 mmol scale). Rr = 0.3 (PE/EA = 10:1), by



staining with potassium permanganate.

"H NMR (400 MHz, CDCls) & 7.75 (s, 1H), 7.66 (s, 2H), 6.42 (tt, J= 7.0, 1.7 Hz, 1H), 4.15 (9, J =
6.7 Hz, 2H), 3.19 (t, J = 14.0 Hz, 2H), 2.92 (t, /= 8.0 Hz, 2H), 2.63 -2.57 (m, 2H), 1.26 (t, /= 6.0
Hz, 3H).

13C NMR (101 MHz, CDCls) 5 165.89 (t, J = 6.6 Hz), 142.74, 139.38 (t, J = 8.1 Hz), 131.78 (q, J
=16.7 Hz), 128.75 (d, J = 3.0 Hz), 134.69 (t, J = 273.7 Hz), 120.49 (m), 117.50 (t, J = 247.5 Hz),
99.75 (t, J = 27.3 Hz), 61.26, 41.74 (t, J =29.3 Hz), 36.90, 33.39, 14.05.

F NMR (376 MHz, CDCls) 6 -62.88, -90.27 (t, J = 13.2 Hz).

HRMS (ESI) m/z caled for Ci7H;sFsIO,Na [(M+Na)™]: 552.9881, found: 552.9884.
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Ethyl (Z)-7-cyclohexyl-3,3-difluoro-4-iodohept-4-enoate (3n)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3n as a light-yellow oil (277.7 mg, 69%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 6.35 (tt, J = 6.9, 1.6 Hz, 1H), 4.17 (q, J = 8.0 Hz, 2H), 3.21 (t, J =
14.0 Hz, 2H), 2.26 — 2.19 (m, 2H), 1.75 — 1.64 (m, 6H), 1.37 — 1.29 (m, 2H), 1.27 (t, J = 6.0 Hz,
3H), 1.22 - 1.12 (m, 3H), 0.90 (qd, J=13.6, 12.5, 3.8 Hz, 2H).

13C NMR (101 MHz, CDCl3) 6 166.07 (t, J = 5.6 Hz), 142.36 (t, J = 8.1 Hz), 117.53 (t, J = 247.5
Hz), 97.24 (t, J = 27.3 Hz), 61.24, 42.04 (t, J =28.8 Hz), 37.22, 35.19, 33.52, 33.17, 26.58, 26.26,
14.09.

YF NMR (376 MHz, CDCl3) § -89.79 (t,J = 13.2 Hz).

HRMS (ESI) m/z caled for CisHa3F2IO,Na [(M+Na)*]: 423.0603, found: 423.0605.
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Ethyl (Z)-3,3-difluoro-4-iodo-7-(thiophen-2-yl)hept-4-enoate (30)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 100:1)
to afford 30 as a light-yellow oil (296.1 mg, 74%, 1 mmol scale). Rr = 0.2 (PE/EA = 10:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.15 (dd, J= 5.1, 1.2 Hz, 1H), 6.93 (dd, J= 5.1, 3.4 Hz, 1H), 6.84 -
6.82 (m, 1H), 6.44 (tt, J = 6.8, 1.6 Hz, 1H), 4.16 (q, J = 6.7 Hz, 2H), 3.20 (t, J = 14.0 Hz, 2H),
3.00 (t, /= 8.0 Hz, 2H), 2.63 -2.56 (m, 2H), 1.26 (t, /= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls) & 165.96 (t, J = 5.6 Hz), 143.08, 140.36 (t, J = 8.6 Hz), 126.89,
124.74, 123.58, 117.48 (t, J = 248.0 Hz), 98.87 (t, J = 27.3 Hz), 61.28, 41.94 (t, J =28.8 Hz),
37.85, 27.88, 14.07.

YF NMR (376 MHz, CDCl5) 6 -90.11 (t, J = 13.2 Hz).

HRMS (ESI) m/z caled for Ci3H;5F210,S Na [(M+Na)*]: 422.9698, found: 422.9700.
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Ethyl (Z)-7-(4-(tert-butyl)phenyl)-3,3-difluoro-4-iodo-6-methylhept-4-enoate (3p)
Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3p as a light-yellow oil (282.4 mg, 61%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.
"H NMR (400 MHz, CDCls) § 7.35 — 7.28 (m, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.21 (dt, J=8.8, 1.4
Hz, 1H), 4.15 (q, J = 8.0 Hz, 2H), 3.25 — 3.06 (m, 2H), 2.81 — 2.71 (m, 2H), 2.58 — 2.52 (m, 1H),
1.31 (s, 9H), 1.26 (t,J= 8 Hz, 3H), 1.02 (d, J= 8.0 Hz, 3H).
13C NMR (101 MHz, CDCls) § 165.96 (t, J = 5.6 Hz), 149.07, 146.35 (t, J = 8.1 Hz), 135.86,
128.90, 125.16, 117.42 (t, J = 248.5 Hz), 96.23 (t, J = 27.3 Hz), 61.23, 42.41, 42.02 (t, J =28.8
Hz), 41.03, 34.36, 31.37, 18.13, 14.07.
F NMR (376 MHz, CDCls) 6 -90.19 (td, J = 14.9, 9.3 Hz).
HRMS (ESI) m/z caled for C0Ha7F2I0,Na [(M+Na)™]: 487.0916, found: 487.0909.
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Ethyl -3,3-difluoro-4-iodo-5-methyl-7-phenylhept-4-enoate (Z/E = 1:0.8) (3q)
Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3q as a light-yellow oil (242.9 mg, 12%, 5 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.
"H NMR (400 MHz, CDCls) § 7.33 — 7.18 (m, 5H), 4.19 (dq, J = 10.3, 7.1 Hz, 2H), 3.17 (dt, J =
28.2,15.0 Hz, 2H), 2.80 — 2.64 (m, 4H), 2.12 (dt, J=25.8, 2.9 Hz, 3H), 1.31 — 1.25 (m, 3H).
13C NMR (101 MHz, CDCls) § 166.05 (t, J = 4.0 Hz), 150.31 (t, J = 3.0 Hz), 149.46 (t, J = 4.0 Hz),
141.06, 140.75, 128.52 (d, J = 4.0 Hz), 128.38 (d, J = 4.0 Hz), 126.26, 126.22, 124.46, 123.99,
118.67 (t, J = 249.0 Hz), 118.47 (t, J = 249.5 Hz), 94.07 (t, J = 28.3 Hz), 61.36, 61.30, 49.20,
43.17 (t, J =28.3 Hz), 42.90 (t, J =28.8 Hz), 38.20 (t, J = 4.5 Hz), 35.12, 32.90 (t, J = 2.0 Hz),
32.68, 31.44,30.19, 20.24 (t, J =5.1 Hz), 14.12, 14.08.
YF NMR (376 MHz, CDCls) 6 -80.54 (td, J = 15.0, 3.7 Hz), -81.03 (tq, J = 15.1, 2.3 Hz).
HRMS (ESI) m/z caled for Ci6Hi9F210,Na [(M+Na)*]: 431.0290, found: 431.0296.
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Ethyl (Z)-3,3-difluoro-4-iodo-6-phenylhex-4-enoate (3r)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3r as a light-yellow oil (271.5 mg, 71%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) § 7.34 — 7.30 (m, 2H), 7.24 — 7.20 (m, 3H), 6.55 (tt, J = 6.9, 1.6 Hz,
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1H), 4.12 (q, J = 8.0 Hz, 2H), 3.59 (dt, J = 7.0, 2.7 Hz, 2H), 3.24 (t, J = 16.0 Hz, 2H), 1.21 (t, J =
8.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 165.98 (t, J = 6.1 Hz), 140.80 (t, J = 8.6 Hz), 137.44, 128.78,
128.53, 126.83, 117.64 (t, J = 248.0 Hz), 98.63 (t, J = 27.3 Hz), 61.33, 42.03 (t, J =28.8 Hz),
42.21,14.03.

19F NMR (376 MHz, CDCl) & -89.74 (t,J = 13.2 Hz).

HRMS (ESI) m/z caled for Ci4H;sF210, [(M)']: 380.0073, found: 380.0073.
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Ethyl (Z)-3,3-difluoro-4-iodo-6-methyl-6-phenylhept-4-enoate (3s)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3s as a light-yellow oil (253.7 mg, 31%, 2 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.33 — 7.28 (m, 4H), 7.24 — 7.19 (m, 1H), 7.12 (t, J = 1.7 Hz, 1H),
4.20 (q,J = 8.0 Hz, 2H), 3.21 (t, /= 14.0 Hz, 2H), 1.54 (s, 6H), 1.30 (t, /= 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.10 (t, J = 6.1 Hz), 149.75 (t, J = 8.6 Hz), 146.87, 128.32,
127.12, 126.01, 118.11 (t, J = 248.5 Hz), 95.25 (t, J = 26.3 Hz), 61.27, 41.99 (t, J =29.3 Hz),
41.98, 29.90, 14.15.

F NMR (376 MHz, CDCl3) § -90.03 (t,J = 13.2 Hz).

HRMS (ESI) m/z calcd for Ci6Hi9F2102Na [ (M+Na)*]: 431.0293, found: 431.0290.
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Ethyl (Z)-6-cyclohexyl-3,3-difluoro-4-iodohex-4-enoate (3t)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 3t as a light-yellow oil (185.1 mg, 48%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 6.37 (tt, J = 7.0, 1.7 Hz, 1H), 4.16 (q, J = 6.7 Hz, 2H), 3.21 (t, J =
14.0 Hz, 2H), 2.15 — 2.10 (m, 2H), 1.73 — 1.61 (m, 6H), 1.54 — 1.44 (m, 1H), 1.26 (t, J = 6.0 Hz,
3H), 1.21 - 1.12 (m, 2H), 1.04 — 0.94 (m, 2H).

13C NMR (101 MHz, CDCls) 6 166.06 (t, J = 6.1 Hz), 141.07 (t, J = 8.1 Hz), 117.55 (t, J = 247.5
Hz), 98.11 (t, J = 26.8 Hz), 61.24, 43.45, 42.06 (t, J =29.3 Hz), 37.29, 33.04, 26.27, 26.18, 14.07.
YF NMR (376 MHz, CDCl3) 6 -89.51 (t,J = 15.0 Hz).

HRMS (ESI) m/z calcd for C14Hz F2IO2Na [(M+Na)*]: 409.0447, found: 409.0449.
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Ethyl (Z)-5-cyclohexyl-3,3-difluoro-4-iodopent-4-enoate (3u)

Prepared according to the procedure 2.1.3. Flash column chromatography (eluent: PE/EA =200:1)
to afford 3u as a light-yellow oil (246.4 mg, 66%, 1 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 8 6.14 (dt, J = 8.0, 1.5 Hz, 1H), 4.15 (q, J = 6.7 Hz, 2H), 3.19 (t, J =
14.0 Hz, 2H), 2.33 — 2.25 (m, 1H), 1.75 — 1.64 (m, 5H), 1.37 — 1.30 (m, 2H), 1.26 (t, J = 8.0 Hz,
3H), 1.21 - 1.11 (m, 3H).

13C NMR (101 MHz, CDCl3) 6 166.06 (t, J = 5.6 Hz), 146.32 (t, J = 7.6 Hz), 117.51 (t, J = 248.0
Hz), 94.87 (t, J = 27.3 Hz), 61.25, 44.97, 42.06 (t, J =29.3 Hz), 30.86, 25.70, 25.32, 14.09.

F NMR (376 MHz, CDCl3) & -89.78 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for Ci3Hi9F210;Na [(M+Na)*]: 395.0290, found: 395.0292.
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Methyl (Z)-3,3-difluoro-4-iodo-7-phenylhept-4-enoate (5a)

Prepared according to the procedure 2.2.1. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 5a as a light-yellow oil (274.3 mg, 72%, 1 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.33 — 7.29 (m, 2H), 7.24 — 7.20 (m, 3H), 6.43 (tt, J = 6.8, 1.6 Hz,
1H), 3.70 (s, 3H), 3.21 (t, J = 16.0 Hz, 2H), 2.77 (t, J = 8.0 Hz, 2H), 2.58 — 2.51 (m Hz, 2H).

13C NMR (101 MHz, CDCls) § 166.46 (t, J = 5.6 Hz), 141.00 (t, J = 8.1 Hz), 140.50, 128.55,
128.43, 126.32, 117.43 (t, J = 247.5 Hz), 98.30 (t, J = 27.3 Hz), 52.26, 41.77 (t, J =29.3 Hz),
37.65, 33.76.

YF NMR (376 MHz, CDCl3) § -90.18 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for C14H;sF2I0,Na [(M+Na)*]: 402.9977, found: 402.9980.
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(Z2)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl acetate (Sb)

Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 5b as a light-yellow oil (527.8 mg, 67%, 2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) & 7.34 — 7.30 (m, 2H), 7.25 — 7.20 (m, 3H), 6.37 (tt, J = 6.8, 1.5 Hz,
1H), 4.17 (t, J= 8.0 Hz, 2H), 2.78 (t, J = 8.0 Hz, 2H), 2.59 — 2.44 (m, 4H), 2.05 (s, 3H).

13C NMR (101 MHz, CDCls) & 170.73, 140.44, 140.18 (t, J = 8.1 Hz), 128.55, 128.40, 126.32,
119.33 (t, J = 246.9 Hz), 99.46 (t, J = 27.8 Hz), 58.18 (t, J = 5.1 Hz), 37.62, 35.31 (t, J = 26.8 Hz),
33.82, 20.87.

F NMR (376 MHz, CDCl3) 6 -92.26 (t,J = 16.9 Hz).

HRMS (ESI) m/z calced for CisH;7F2102 [(M)*]: 394.0230, found: 394.0230.
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(Z)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl benzoate (5c)

Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 5c as a colorless oil (610.6 mg, 67%, 2 mmol scale). Rr=0.5 (PE/EA = 20:1), by staining
with potassium permanganate.

"H NMR (400 MHz, CDCls) 6 8.03 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 8.0
Hz, 2H), 7.29 — 7.14 (m, 5H), 6.38 (t, /= 6.0 Hz, 1H), 4.41 (t, J= 6.0 Hz, 2H), 2.72 (t, J = 8.0 Hz,
2H), 2.68 — 2.57 (m, 2H), 2.54 — 2.47 (m, 2H).

13C NMR (101 MHz, CDCls) & 166.25, 140.42, 140.23 (t, J = 8.1 Hz), 133.14, 129.82, 129.68,
128.51, 128.40, 128.35, 126.28, 119.43 (t, J = 246.9 Hz), 99.46 (t, J = 27.8 Hz), 58.71 (t, J =5.1
Hz), 37.58, 35.41 (t, J = 26.8 Hz), 33.79.

YF NMR (376 MHz, CDCl3) § -91.86 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for C0H;9F2I0,Na [(M+Na)™]: 479.0289, found: 479.0290.

(Z2)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl pivalate (5d)

Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford Sd as a colorless oil (573.2 mg, 66%, 2 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.31 (t, J = 8.0 Hz, 2H), 7.21 (t, J = 8.0 Hz, 3H), 6.36 (t,J= 6.0 Hz,
1H), 4.15 (t, J = 8.0 Hz, 2H), 2.78 (t, J = 8.0 Hz, 2H), 2.57 — 2.51 (m, 2H), 2.49 — 2.42 (m, 2H),
1.20 (s, 9H).

13C NMR (101 MHz, CDCls) & 178.26, 140.44, 140.13 (t, J = 8.1 Hz), 128.53, 128.40, 126.30,
119.40 (t, J = 246.4 Hz), 99.55 (t, J = 27.8 Hz), 58.16 (t, J = 5.1 Hz), 38.65, 37.61, 35.32 (t, J =
26.8 Hz), 33.84, 27.11.

YF NMR (376 MHz, CDCl3) § -91.82 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CisHa3F2I0,Na [(M+Na)*]: 459.0606, found: 459.0603.
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(Z2)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl 4-methylbenzenesulfonate (Se)

Prepared according to the procedure 2.2.3. Flash column chromatography (eluent: PE/EA = 50:1)
to afford Se as a colorless oil (863.0 mg, 85%, 2 mmol scale). Rr= 0.5 (PE/EA = 5:1), by staining
with potassium permanganate.

"H NMR (400 MHz, CDCls) 8 7.79 (d, J = 8.0 Hz, 2H), 7.37 — 7.29 (m, 4H), 7.24 — 7.18 (m, 3H),
6.31 (t, J= 6.0 Hz, 1H), 4.13 (t, J = 6.0 Hz, 2H), 2.74 (t, J = 8.0 Hz, 2H), 2.56 — 4.47 (m, 4H),
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2.45 (s, 3H).

13C NMR (101 MHz, CDCls) § 145.12, 140.71 (t, J = 8.1 Hz), 140.40, 132.71, 129.97, 128.57,
128.41, 127.99, 126.37, 118.76 (t, J = 246.9 Hz), 98.78 (t, J = 27.8 Hz), 63.70 (t, J = 5.1 Hz),
37.58, 35.76 (t, J = 26.8 Hz), 33.73, 21.70.

19F NMR (376 MHz, CDCl3) § -92.34 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CaoHa F2103SNa [(M+Na)']: 529.0116, found: 529.0114.
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(Z)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl butyrate (5f)
Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 5f as a colorless oil (565.6mg, 67%, 2 mmol scale). Rr= 0.5 (PE/EA = 20:1), by staining
with potassium permanganate.
"H NMR (400 MHz, CDCl3) & 7.33 — 7.29 (m, 2H), 7.24 — 7.20 (m, 3H), 6.36 (tt, J = 6.9, 1.6 Hz,
1H), 4.17 (t, J= 6.7 Hz, 2H), 2.78 (t, J = 8.0 Hz, 2H), 2.58 — 2.42 (m, 4H), 2.28 (t, /= 7.4 Hz, 2H),
1.66 (p,J=7.4 Hz, 2H), 0.95 (t, /= 7.4 Hz, 3H).
13C NMR (101 MHz, CDCls) & 177.35, 140.45, 140.15 (t, J = 8.1 Hz), 128.54, 128.40, 126.31,
119.35 (t, J = 246.4 Hz), 99.49 (t, J = 28.3 Hz), 57.95 (t, J = 5.6 Hz), 37.61, 36.05, 35.38 (t, J =
27.3 Hz), 33.83, 18.34, 13.67.
F NMR (376 MHz, CDCl3) § -92.10 (t,J = 15.0 Hz).
HRMS (ESI) m/z caled for Ci7H21F210; [(M)*]: 422.0549, found: 422.0546.
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(Z2)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl acrylate (5g)

Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 5¢g as a colorless oil (544.1 mg, 67%, 2 mmol scale). Rr= 0.5 (PE/EA = 20:1), by staining
with potassium permanganate.

"H NMR (400 MHz, CDCls) § 7.32 — 7.28 (m, 2H), 7.23 — 7.18 (m, 3H), 6.42 (dd, J=17.3, 1.4 Hz,
1H), 6.36 (tt, J=6.9, 1.6 Hz, 1H), 6.10 (dd, J=17.4, 10.5 Hz, 1H), 5.85 (dd, J=10.5, 1.4 Hz, 1H),
4.25 (t,J=8.0 Hz, 2H), 2.76 (t, J = 8.0 Hz, 2H), 2.58 — 2.47 (m, 4H).

13C NMR (101 MHz, CDCls) & 165.79, 140.44, 140.19 (t, J = 8.1 Hz), 131.27, 128.54, 128.38,
128.06, 126.31, 119.32 (t, J = 246.4 Hz), 99.41 (t, J = 27.8 Hz), 58.28 (t, J = 5.6 Hz), 37.61, 35.32
(t, J=27.3 Hz), 33.81.

YF NMR (376 MHz, CDCl3) 6 -92.12 (t,J = 15.0 Hz).

HRMS (ESI) m/z calcd for Ci6H 7F2102 [(M)*]: 406.0230, found: 406.0231.
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(Z)-3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl 2,2,2-trifluoroacetate (Sh)

Prepared according to the procedure 2.2.2. Flash column chromatography (eluent: PE/EA =200:1)
to afford 5h as a light-yellow oil (354.1 mg, 40%, 2 mmol scale). Rr = 0.6 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) & 7.34 — 7.28 (m, 2H), 7.25 — 7.17 (m, 3H), 6.38 (t, J = 6.8 Hz, 1H),
443 (t,J= 6.5 Hz, 2H), 2.79 (t,J = 7.8 Hz, 2H), 2.65 — 2.54 (m, 4H).

13C NMR (101 MHz, CDCls)  157.18 (q, J = 42.8), 140.84 (t, J = 8.6 Hz), 140.33, 128.58, 128.42,
126.39, 118.84 (t, J = 246.9 Hz), 115.80, (t, J = 286.8 Hz), 98.59 (t, J = 27.3 Hz), 61.63 (1, J=5.1
Hz), 37.53, 35.00 (t, J = 27.3 Hz), 33.75.

F NMR (376 MHz, CDCl3) & -75.00 (s), -92.70 (t, J = 15.0 Hz).

HRMS (ESI) m/z caled for CisHi4FsI0, [(M)*]: 447.9955, found: 447.9957.
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(Z)-N-(3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl)-N-methylaniline (5i)
Prepared according to the procedure 2.2.4. Flash column chromatography (eluent: PE/EA = 400:1)
to afford 5i as a yellow oil (338.9 mg, 77%, 1 mmol scale). Rr= 0.5 (PE/EA = 40:1), by staining
with potassium permanganate.
"H NMR (400 MHz, CDCl3) § 8 7.33 — 7.26 (m, 3H), 7.26 — 7.18 (m, 4H), 6.78 — 6.62 (m, 3H),
6.33 (tt, J= 6.9, 1.6 Hz, 1H), 3.47 — 3.38 (m, 2H), 2.91 (s, 3H), 2.77 (t, J = 8.0 Hz, 2H), 2.58 —
2.51 (m, 2H), 2.42 — 2.30 (m, 2H).
13C NMR (101 MHz, CDCls) & 148.46, 140.48, 139.93 (t, J = 8.1 Hz), 129.36, 128.56, 128.43,
126.36, 120.07 (t, J = 245.4 Hz), 116.71, 112.34, 100.02 (t, J = 28.3 Hz), 46.15 (t, J = 4.5 Hz),
38.20, 37.56, 33.86, 32.42 (t, J = 25.8 Hz).
F NMR (376 MHz, CDCl3) § -92.78 (t,J = 15.0 Hz).
HRMS (ESI) m/z caled for CoHa3F2IN [(M+H)™]: 442.0838, found: 442.0843.

(Z2)-4-(3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl)morpholine (5j)

Prepared according to the procedure 2.2.4. Flash column chromatography (eluent: PE/EA = 40:1)
to afford 5j as a colorless oil (382.8 mg, 91%, 1 mmol scale). Rf= 0.3 (PE/EA = 5:1), by staining
with potassium permanganate.

"H NMR (400 MHz, CDCl3) 4 7.30 (t, J = 7.4 Hz, 2H), 7.21 (t, J = 8.5 Hz, 3H), 6.31 (t,J= 6.9 Hz,
1H), 3.70 (t, /= 4.0 Hz, 4H), 2.78 (t, J = 7.7 Hz, 2H), 2.58 — 2.52 (m, 2H), 2.44 — 2.36 (m, 6H),
2.34-2.25 (m, 2H).

13C NMR (101 MHz, CDCl3) 6 140.48, 139.74 (t, J = 8.1 Hz), 128.55, 128.42, 126.34, 120.08 (t, J
=245.9 Hz), 100.15 (t, J = 28.3 Hz), 66.90, 53.61, 51.88 (t, J = 4.5 Hz), 37.48, 33.86, 3341 (t, J =
26.3 Hz).
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F NMR (376 MHz, CDCl3) 8 -92.32 (t, J = 15.0 Hz).
HRMS (ESI) m/z caled for Ci7H23F2INO [(M+H)*]: 422.0787, found: 422.0787.

I
@\W\/N
F F @)
(Z2)-2-(3,3-difluoro-4-iodo-7-phenylhept-4-en-1-yl)isoindoline-1,3-dione (5k)
Prepared according to the procedure 2.2.5. Flash column chromatography (eluent: PE/EA = 50:1)
to afford Sk as a colorless oil (432.9 mg, 60%, 1.5 mmol scale). R = 0.5 (PE/EA = 5:1), by
staining with potassium permanganate.
"H NMR (400 MHz, CDCl3) & 7.86 — 7.83 (m, 2H), 7.75 — 7.70 (m, 2H), 7.30 (t, J = 7.6 Hz, 2H),
7.22 — 7.18 (m, 3H), 6.40 (t, J = 6.7 Hz, 1H), 3.81 (t, J = 7.3 Hz, 2H), 2.78 (t, J = 7.9 Hz, 2H),
2.62 —2.48 (m, 4H).
13C NMR (101 MHz, CDCls) & 167.90, 140.81 (t, J = 8.6 Hz), 140.56, 134.11, 132.01, 128.53,
128.44, 126.27, 123.35, 119.44 (t, J = 246.4 Hz), 99.02 (t, J = 27.8 Hz), 37.70, 34.38 (t, J =26.8
Hz), 33.80, 31.90 (t, J = 5.6 Hz).
YF NMR (376 MHz, CDCl3) § -92.94 (t,J = 16.9 Hz).
HRMS (ESI) m/z caled for Co1H;sF2INO>Na [(M+Na)*]: 504.0243, found: 504.0242.
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(Z)-(5,5-difluoro-4-iodonon-3-en-1-yl)benzene (51)

Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford 51
as a colorless oil (412.7 mg, 63%, 1.8 mmol scale). Rf = 0.6 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl3) 6 7.33 — 7.29 (m, 2H), 7.24 — 7.20 (m, 3H), 6.29 (tt, J = 6.9, 1.6 Hz,
1H), 2.78 (t, J = 8.0 Hz, 2H), 2.59 — 2.52 (m, 2H), 2.14 — 2.02 (m, 2H), 1.37 — 1.28 (m, 4H), 0.91
(t,J=6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 140.57, 139.39 (t, J = 8.1 Hz), 128.48, 128.42, 126.25, 120.77 (t, J
= 245.9 Hz), 100.65 (t, J = 28.8 Hz), 37.53, 35.72 (t, J =26.3 Hz), 33.91, 24.31 (t, J = 4.0 Hz),
22.22,13.81.

YF NMR (376 MHz, CDCl3) § -92.67 (t,J = 15.0 Hz).

HRMS (ESI) m/z caled for CisHaoFolI [(M+H)*]: 365.0578, found: 365.0572.
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(Z)-(5,5-difluoro-4-iodoundec-3-en-1-yl)benzene (5m)
Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford
5m as a colorless oil (451.8 mg, 64%, 1.8 mmol scale). Ry = 0.6 (PE), by staining with potassium
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permanganate.

"H NMR (400 MHz, CDCl3) & 7.33 — 7.29 (m, 2H), 7.24 — 7.20 (m, 3H), 6.29 (tt, J = 6.9, 1.6 Hz,
1H), 2.78 (t, J = 8.0 Hz, 2H), 2.59 — 2.52 (m, 2H), 2.13 — 2.01 (m, 2H), 1.35 — 1.26 (m, 8H), 0.90
(t,J= 8.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 140.58, 139.38 (t, J = 8.1 Hz), 128.48, 128.41, 126.24, 120.76 (t, J
= 245.9 Hz), 100.66 (t, J = 28.3 Hz), 37.53, 36.01 (t, J =26.8 Hz), 33.91, 31.48, 29.76, 22.48,
22.17 (t, J =4.0 Hz), 14.03.

F NMR (376 MHz, CDCl3) § -92.70 (t,J = 16.9 Hz).

The spectra are in accordance with those of the compound reported in the literature!®,
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(Z)-1-chloro-7,7-difluoro-6-iodoundec-5-ene (5n)
Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford Sn
as a light-yellow oil (435.7 mg, 69%, 1.8 mmol scale). Rr = 0.7 (PE), by staining with potassium
permanganate.
"H NMR (400 MHz, CDCl3) 8 6.25 (tt, J = 6.9, 1.6 Hz, 1H), 3.56 (t, J = 6.5 Hz, 2H), 2.30 — 2.23
(m, 2H), 2.16 — 2.04 (m, 2H), 1.85 - 1.79 (m, 2H), 1.67 — 1.60 (m, 2H), 1.40 — 1.33 (m, 4H), 0.92
(t,J=6.0 Hz, 3H).
13C NMR (101 MHz, CDCl3) & 139.59 (t, J = 8.1 Hz), 120.74 (t, J = 245.4 Hz), 100.59 (t, J = 28.8
Hz), 44.62, 35.74 (t, J =26.3 Hz), 35.06, 31.86, 25.09, 24.35 (t, J = 4.0 Hz), 22.22, 13.82.
F NMR (376 MHz, CDCl3) § -92.92 (t,J = 16.9 Hz).
HRMS (ESI) m/z caled for Ci1HigCIF,I [(M)*]: 350.0104, found: 350.0106.
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(Z)-1-bromo-8.8-difluoro-7-iodododec-6-ene (50)
Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford 5o
as a colorless oil (506.7 mg, 69%, 1.8 mmol scale). Rr = 0.7 (PE), by staining with potassium
permanganate.
"H NMR (400 MHz, CDCl3) 8 6.24 (t,J = 7.0 Hz, 1H), 3.42 (t, J = 6.8 Hz, 2H), 2.27 — 2.21 (m,
2H), 2.16 — 2.04 (m, 2H), 1.92 — 1.85 (m, 2H), 1.51 — 1.48 (m, 4H), 1.40 — 1.33 (m, 4H), 0.92 (t, J
= 6.0 Hz, 3H).
13C NMR (101 MHz, CDCl3) 6 139.95 (t, J = 8.1 Hz), 120.79 (t, J = 246.4 Hz), 100.22 (t, J = 28.8
Hz), 35.74 (t, J =26.8 Hz), 35.63, 33.62, 32.45, 27.62, 26.97, 24.36 (t, J = 4.0 Hz), 22.23, 13.85.
F NMR (376 MHz, CDCl3) 6 -92.81 (t,J = 16.9 Hz).
HRMS (ESI) m/z caled for CioHaoBrFaI [(M)*]: 407.9756, found: 407.9764.
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(Z)-5.,5-difluoro-4-iodoundec-3-ene (5p)
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Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford Sp
as a colorless oil (313.7 mg, 55%, 1.8 mmol scale). Rf = 0.8 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl;) 6 6.24 (tt, J = 6.8, 1.6 Hz, 1H), 2.28 — 2.18 (m, 2H), 2.15 — 2.02 (m,
2H), 1.38 — 1.25 (m, 8H), 1.05 (t,J=7.6 Hz, 3H), 0.89 (t, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 141.77 (t, J = 8.1 Hz), 120.75 (t, J = 246.4 Hz), 99.15 (t, J = 28.3
Hz), 36.02 (t, J =25.3 Hz), 31.60, 29.46, 28.77, 22.48, 22.19 (t, J = 3.5 Hz), 14.04, 12.29.

F NMR (376 MHz, CDCl3) & -92.85 (t,J = 16.9 Hz).

The spectra are in accordance with those of the compound reported in the literature!®

|
W\A

F F
(Z)-6,6-difluoro-5-iodo-2-methyldodec-4-ene (5q)
Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford 5q
as a colorless oil (254.4 mg, 41%, 1.8 mmol scale). Rf = 0.8 (PE), by staining with potassium
permanganate.
"H NMR (400 MHz, CDCl3) 6 6.25 (tt, J = 7.0, 1.6 Hz, 1H), 2.19 — 2.03 (m, 4H), 1.87 — 1.77 (m,
1H), 1.40 — 1.28 (m, 8H), 0.95 (d, J = 6.7 Hz, 6H), 0.88 (t, /= 6.8 Hz, 3H).
13C NMR (101 MHz, CDCl3) 6 139.52 (t, J = 8.1 Hz), 120.88 (t, J = 245.4 Hz), 100.41 (t, J = 28.3
Hz), 44.62, 36.05 (t, J =26.3 Hz), 31.51, 28.75, 27.89, 22.47, 22.36, 22.26 (t, J = 4.0 Hz), 14.04.
F NMR (376 MHz, CDCl3) § -92.61 (t,J = 16.9 Hz).

The spectra are in accordance with those of the compound reported in the literature!®

I
/\/\W

F F
(Z7)-3,3-difluoro-4-iodoundec-4-ene (5r)
Prepared according to the procedure 2.3.4. Flash column chromatography (eluent: PE) to afford 5r
as a colorless oil (243.9 mg, 43%, 1.8 mmol scale). Rr = 0.8 (PE), by staining with potassium
permanganate.
"H NMR (400 MHz, CDCl3) 6 6.25 (tt, J = 6.9, 1.6 Hz, 1H), 2.25 — 2.18 (m, 2H), 2.16 — 2.07 (m,
2H), 1.49 — 1.42 (m, 2H), 1.37 - 1.27 (m, 6H), 0.96 (t, J = 7.5 Hz, 3H), 0.89 (t, /= 8.0 Hz, 3H).
13C NMR (101 MHz, CDCl3) 6 140.87 (t, J = 8.1 Hz), 121.04 (t, J = 245.4 Hz), 99.27 (t, J = 28.3
Hz), 35.92, 31.60, 29.43 (t, J =27.8 Hz), 28.83, 27.82, 22.55, 14.06, 6.65 (t, J = 4.5 Hz).
F NMR (376 MHz, CDCls) 6 -94.70 (t,J = 15.0 Hz).
The spectra are in accordance with those of the compound reported in the literature!®!
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3. Optimization of the Reaction

3.1 The Influence of Temperature

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.005 mmol, 1.4 mg, 5 mol%), PCys (0.01 mmol, 2.8 mg, 10 mol%), and zinc
powder (0.4 mmol, 26.2 mg, 4.0 equiv) in 1 mL DMF under a nitrogen atmosphere, and the
mixture was run for one day. Then the mixture was passed through a short pad of silica gel with
EtOAc. Yield of the product 2 was determined by GC (n-tetradecane as internal standard).

Table S1: The influence of temperature

Ni(cod), (5 mol%)

F
R F PCys (10 mol%)
CO,Et
BnMCOzEt /.71\/ 2
Zn powder (4 equiv), DMF /I/

Bn

1 2
Entry Temp. Yield of 2 (%) Recovery of 1 (%)
1 -20 °C 0 92
2 0°C 4 75
3 RT 96 0

3.2 The Influence of Ligands

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.005 mmol, 1.4 mg, 5 mol%), ligand, and zinc powder (0.4 mmol, 26.2 mg, 4.0
equiv) in 1 mL DMF under a nitrogen atmosphere, and the mixture was run at room temperature
for one day. Then the mixture was passed through a short pad of silica gel with EtOAc. Yield of
the product 2 was determined by GC (n-tetradecane as internal standard).

Table S2: The influence of ligands

Ni(cod), (5 mol%)

F
R F L
CO,Et
BnNQ/COZEt . /.71\/ 2
Zn powder (4 equiv), DMF, r.t. /I/

Bn
1 2
. Yield of 2 Recovery of 1
Entry Ligand
(o) (o)
PCys;l 96 0
2 RuPhos!?! 73l 19
3 XantPhos!! 92 0



4 DPPB] 14 0
5 Rac-BINAP!®! 15[ 0
6 2,2'-Dipyridyl®! 0 90
7 4,4-Dimethyl-2,2-bipyridyl® 0 92
8 1,10-Phenanthroline!® 0 88
9 4,7-diphenyl-1,10-phenanthroline!® 0 87

[a] 0.01 mmol, 10 mol%. [b] 0.005 mmol, 5 mol%. [c] Reaction for 16 hours.

3.3 The Influence of Solvents

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.005 mmol, 1.4 mg, 5 mol%), PCys (0.01 mmol, 2.8 mg, 10 mol%), and zinc
powder (0.4 mmol, 26.2 mg, 4.0 equiv) in 1 mL solvent under a nitrogen atmosphere, and the
mixture was run for one day at room temperature. Then the mixture was passed through a short
pad of silica gel with EtOAc. Yield of the product 2 was determined by GC (n-tetradecane as

internal standard).

Table S3: The influence of solvents

Ni(cod), (5 mol%)

R F PCys, (10 mol%) F
an\%@coza /.)\/COZEt
Zn powder (4 equiv), Solvent, r.t. /I/

Bn

1 2
Entry Solvent Yield of 2 (%) Recovery of 1 (%)
1 THF 0 95
2 MeCN 0 99
3 DMA 93 0
4 MTBE 0 95
5 n-Hexane 0 93
6 Benzonitrile 5 91
7 tert-Butanol 0 92
8 Benzotrifluoride 4 91
9 Chlorobenzene 0 91
10 DMSO 62 0

3.4 Screen Metal Reducing Agent

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.005 mmol, 1.4 mg, 5 mol%), PCys (0.01 mmol, 2.8 mg, 10 mol%), and metal
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reducing agent (0.4 mmol, 4.0 equiv) in 1 mL DMF under a nitrogen atmosphere, and the mixture

was run for one day at room temperature. Then the mixture was passed through a short pad of

silica gel with EtOAc. Yield of the product 2 was determined by GC (n-tetradecane as internal

standard).

Table S4: The influence of metal reducing agent

Ni(cod), (5 mol%)
PCy3 (10 mol%)

R F metal reducing agent (4 equiv)
Bn MCOZEt
DMF, r.t.

F
/.)\/cozEt

Bn

1 2
Entry Metal reducing agent Yield of 2 (%) Recovery of 1 (%)
1 Fe 4 90
2 Mg 2 95
3 Mnf 23 59
4 Mn] 6 72

[a] With 1 equiv TFA. [b] With 1 equiv TMSCI..

3.5 Screen for Other Conditions

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1
equiv), Ni(cod), or others catalysts (0.005 mmol, 1.4 mg, 5 mol%), PCys (0.01 mmol, 2.8 mg, 10
mol%), and zinc powder (0.4 mmol, 26.2 mg, 4 equiv) in | mL DMF, and the mixture was run for

one day at room temperature. Then the mixture was passed through a short pad of silica gel with

EtOAc. Yield of the product 2 was determined by GC (n-tetradecane as internal standard).

Table S5: Screen for other conditions

Ni(cod), (5 mol%)

R F PCys; (10 mol%)
BnMCOZEt .
Zn powder (4 equiv), DMF

F
f.)\/cozEt

1 Bn™
Entry Condition Yield of 2 (%) Recovery of 1 (%)
1 Without Ni(cod) 0 97
2 Without PCy; 67 0
3 Without zinc powder 3 93
4 Pd(PPh3), as cat 0 94
5 CuCl as cat 0 99
6 CuCl, as cat 0 94
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Cu(OAc); as cat 0 95
8 CuTc as cat 0 99

4 Catalytic Access to Functionalized Allenyl Monofluoride

R F Ni(cod), (5 mol%), PCy; (10 mol%) %1\
R1/\2<R2 . _* RZ
i Zn powder (4 equiv), DMF (0.2 M), r.t. [/

R4
1,30r5 2,40r6

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1, 3 or 5 (0.2 mmol, 1.0
equiv), Ni(cod), (0.01 mmol, 2.8 mg, 5 mol%), PCy3 (0.02 mmol, 5.6 mg, 10 mol%), and zinc
powder (0.8 mmol, 52.4 mg, 4.0 equiv) in 2 mL DMF under a nitrogen atmosphere, and the
mixture was run for one day at room temperature. Then the mixture was passed through a short
pad of silica gel with EtOAc. The mixture was washed 7 times with water to remove the DMF.
The organic layers were dried over Na SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography to give allenyl monofluoride 2, 4 or 6.

For 5m the reaction was run for 48 h; Sp the reaction was run at 40 °C for 48 h; 5q the reaction
was run at 50 °C for 48 h.

@N'MO/\

Ethyl 3-fluoro-7-phenylhepta-3,4-dienoate (2)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 2 as a light-yellow oil (45.1 mg, 91%, 0.2 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.32 — 7.26 (m, 2H), 7.22 — 7.17 (m, 3H), 6.02 - 5.97 (m, 1H), 4.20
(q,J=17.1 Hz, 2H), 3.24 (dt, J=16.4, 2.2 Hz, 2H), 2.80 (td, J = 8.0, 7.5, 2.4 Hz, 2H), 2.53 - 2.46
(m, 2H), 1.28 (t,J= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) & 190.83 (d, J = 23.2 Hz), 168.68, 141.04, 134.60 (d, J = 237.4 Hz),
128.48, 128.40, 126.07, 109.10 (d, J = 11.1 Hz), 61.29, 37.63 (d, J =36.4 Hz), 34.16 (d, J = 3.0
Hz), 32.08, 14.17.

F NMR (376 MHz, CDCls) 6 -133.11 - -133.20 (m).

HRMS (ESI) m/z caled for CisHi7FO, [(M)*]: 248.1216, found: 248.1212.

QO S N

Ethyl 3-fluoro-7-(o-tolyl)hepta-3,4-dienoate (4a)
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Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4a as a light-yellow oil (45.7 mg, 87%, 0.2 mmol scale). Ry = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

1H NMR (400 MHz, CDCI3) & 7.15 - 7.10 (m, 4H), 6.04 — 6.00 (m, 1H), 4.20 (q, /= 7.1 Hz, 2H),
3.26 (dd, J = 16.3, 2.1 Hz, 2H), 2.78 (td, J = 7.4, 2.9 Hz, 2H), 2.47 — 2.40 (m, 2H), 2.31 (s, 3H),
1.29 (t,J=7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 190.71 (d, J = 24.2 Hz), 168.68, 139.19, 135.98, 134.62 (d, J =
237.4 Hz), 130.26, 128.81, 126.24, 126.00, 109.24 (d, J = 11.1 Hz), 61.28, 37.64 (d, J =35.4 Hz),
31.58 (d, J=3.0 Hz), 30.89 (t, J=62.1 Hz), 19.29, 14.18.

F NMR (376 MHz, CDCl3) & -132.99 - -133.12 (m).

HRMS (ESI) m/z caled for CisH20FO, [(M+H)*]: 263.1442, found: 263.1444.

Br F O
@N’Mo/\

Ethyl 7-(2-bromophenyl)-3-fluorohepta-3.,4-dienoate (4b)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4b as a light-yellow oil (59.5 mg, 92%, 0.2 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls)  7.53 (d, J = 7.9 Hz, 1H), 7.24 — 7.21 (m, 2H), 7.09 — 7.04 (m, 1H),
6.03 - 5.98 (m, 1H), 4.20 (g, J = 7.2 Hz, 2H), 3.27 (dt, /= 16.2, 1.9 Hz, 2H), 2.95 — 2.87 (m, 2H),
2.52-2.45 (m, 2H), 1.28 (t,J= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 190.88 (d, J = 23.2 Hz), 168.61, 140.30, 134.72 (d, J = 238.4 Hz),
132.88, 130.53, 127.89, 127.46, 124.45, 108.74 (d, J = 10.1 Hz), 61.32, 37.67 (d, J =35.4 Hz),
3451 (d, J = 3.0 Hz), 30.50, 14.18.

YF NMR (376 MHz, CDCl3) & -132.84 - -132.97 (m).

HRMS (ESI) m/z caled for CisH7BrFO, [(M+H)™]: 327.0379, found: 327.0379.

JOPP S SN

Ethyl 3-fluoro-7-(m-tolyl)hepta-3,4-dienoate (4c)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4c¢ as a light-yellow oil (41.9 mg, 80%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

1H NMR (400 MHz, CDCI3) 6 7.20 — 7.16 m, 1H), 7.04 — 6.97 (m, 3H), 6.01 — 5.97 (m, 1H), 4.20
(q,J=17.1 Hz, 2H), 3.25 (dt, J=16.5, 2.5 Hz, 2H), 2.76 (td, /= 8.0, 7.5, 2.0 Hz, 2H), 2.51 — 2.43
m, 2H), 2.33 (s, 3H), 1.28 (d, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 190.73 (d, J = 24.2 Hz), 168.67, 140.98, 137.93, 134.54 (d, J =
237.4 Hz), 129.30, 128.28, 126.78, 125.45, 109.15 (d, J = 10.1 Hz), 61.28, 37.63 (d, J =35.4 Hz),
34.14 (d,J=3.0 Hz), 32.13, 21.37, 14.16.

YF NMR (376 MHz, CDCI3) & -133.12 - -133.25 (m).

HRMS (ESI) m/z caled for CisH20FO, [(M+H)*]: 263.1442, found: 263.1446.
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Ethyl 3-fluoro-7-(p-tolyl)hepta-3,4-dienoate (4d)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4d as a light-yellow oil (43.7 mg, 83%, 0.2 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 8 7.11 — 7.07 (m, 4H), 6.00 — 5.96 (m, 1H), 4.20 (q, J = 7.2 Hz, 2H),
3.25(dt,J=16.2, 1.8 Hz, 2H), 2.80 — 2.72 (m, 2H), 2.50 — 2.42 (m, 2H), 2.32 (s, 3H), 1.29 (d, J =
7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 190.77 (d, J = 24.2 Hz), 168.67, 137.98, 135.52, 134.56 (d, J =
237.4 Hz), 129.09, 128.36, 109.18 (d, J = 10.1 Hz), 61.27, 37.65 (d, J =35.4 Hz), 33.76 (d, J = 4.0
Hz), 32.25, 21.00, 14.17.

F NMR (376 MHz, CDCl3) & -133.13 - -133.26 (m).

HRMS (ESI) m/z caled for CisH20FO, [(M+H)']: 263.1442, found: 263.1447.

_0 F O
@\/\/’Mo/\
“

Ethyl 3-fluoro-7-(4-methoxyphenyl)hepta-3,4-dienoate (4¢)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 100:1) to
afford 4e as a light-yellow oil (47.5 mg, 85%, 0.2 mmol scale). Rf = 0.2 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCI3) 6 7.10 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 6.00 — 5.95 (m,
1H), 4.19 (q, J = 7.1 Hz, 2H), 3.79 (s, 3H), 3.25 (dt, /= 16.3, 1.7 Hz, 2H), 2.73 (td, /= 7.9, 7.4,
1.8 Hz, 2H), 2.48 — 2.40 (m, 2H), 1.27 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 190.76 (d, J = 23.2 Hz), 168.68, 157.96, 134.53 (d, J = 237.4 Hz),
133.11, 129.37, 113.81, 109.16 (d, J = 11.1 Hz), 61.28, 55.26, 37.65 (d, J =35.4 Hz), 33.29 (d, J =
4.0 Hz), 32.36, 14.16.

YF NMR (376 MHz, CDCl3) & -133.14 - -133.27 (m).

HRMS (ESI) m/z caled for CisH20FO3 [(M+H)*]: 279.1391, found: 279.1387.

,MOA

Ethyl 7-([1,1'-biphenyl]-4-yl)-3-fluorohepta-3,4-dienoate (4f)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4f as a light-yellow oil (54.5 mg, 84%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) 6 7.61 — 7.48 (m, 4H), 7.43 (t, J = 7.7 Hz, 2H), 7.34 — 7.31 (m, 1H),
7.27 (d, J =4 Hz, 2H), 6.04 — 5.99 (m, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.25 (dt, /= 16.3, 1.9 Hz,
2H), 2.84 (td, J=17.5, 2.5 Hz, 2H), 2.58 — 2.44 (m, 2H), 1.27 (t, /= 7.1 Hz, 3H).
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13C NMR (101 MHz, CDCls) 4 190.89 (d, J = 24.2 Hz), 168.68, 141.00, 140.17, 139.03, 134.65 (d,
J =237.4 Hz), 128.92, 128.76, 127.14, 127.11, 127.02, 109.05 (d, J = 10.1 Hz), 61.32, 37.64 (d, J
=35.4 Hz), 33.79 (d, J = 3.0 Hz), 32.06, 14.17.

F NMR (376 MHz, CDCls) 6 -133.03 - -133.16 (m).

HRMS (ESI) m/z caled for C21H22FO, [(M+H)']: 325.1598, found: 325.1594.

F F O
\©\/\¢°MO/\

Ethyl 3-fluoro-7-(4-fluorophenyl)hepta-3,4-dienoate (4g)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4g as a light-yellow oil (67.9 mg, 85%, 0.3 mmol scale). Ry = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) & 7.14 (dd, J = 8.4, 5.4 Hz, 2H), 6.96 (t, J = 8.6 Hz, 2H), 5.99 — 5.95
m, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.25 (dd, J = 16.3, 2.0 Hz, 2H), 2.77 (t, J = 7.5 Hz, 2H), 2.51 —
2.42 (m, 2H), 1.27 (t,J="7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 190.95 (d, J = 23.2 Hz), 168.61, 161.38 (d, J = 244.4 Hz), 136.64
(d, J=3.0 Hz), 134.69 (d, J = 237.4 Hz), 129.82 (d, J = 7.1 Hz), 115.12 (d, J = 21.2 Hz), 108.80
(d,J=10.1 Hz), 61.30, 37.98 (d, J =35.4 Hz), 33.28 (d, J = 3.0 Hz), 32.14, 14.14.

F NMR (376 MHz, CDCls) 6 -117.35 - -117.42 (m), -133.04 - -133.17 (m).

HRMS (ESI) m/z caled for CisHi6F20, [(M)*]: 266.1113, found: 266.1111.

Cl F O
\©\N.Mo/\

Ethyl 7-(4-chlorophenyl)-3-fluorohepta-3,4-dienoate (4h)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4h as a light-yellow oil (75.4 mg, 89%, 0.3 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) & 7.24 (d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 5.99 — 5.94 (m,
1H), 4.19 (g, J=7.1 Hz, 2H), 3.25 (dd, /= 16.3, 2.1 Hz, 2H), 2.76 (t,J = 7.2 Hz, 2H), 2.49 — 2.42
(m, 2H), 1.27 (t,J=7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 190.99 (d, J = 23.2 Hz), 168.60, 139.48, 134.77 (d, J = 237.4 Hz),
131.80, 129.83, 128.48, 108.71 (d, J = 10.1 Hz), 61.33, 37.60 (d, J =35.4 Hz), 33.40 (d, J = 3.0
Hz), 31.90, 14.16.

YF NMR (376 MHz, CDCl3) & -132.95 - -133.09 (m).

HRMS (ESI) m/z caled for CisH7CIFO [(M+H)]: 283.0896, found: 283.0892.

FsC F O
\©\M°MO/\

Ethyl 3-fluoro-7-(4-(trifluoromethyl)phenyl)hepta-3,4-dienoate (4i)
Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4i as a light-yellow oil (73.2 mg, 77%, 0.3 mmol scale). R = 0.4 (PE/EA = 20:1), by
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staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) & 7.54 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.00 — 5.96 (m,
1H), 4.19 (q, J = 7.2 Hz, 2H), 3.24 (dd, J = 16.2, 2.2 Hz, 2H), 2.86 (t, J = 7.6 Hz, 2H), 2.54 — 2.46
(m, 2H), 1.27 (t,J="7.1 Hz, 3H).

3C NMR (101 MHz, CDCl5) 6 191.13 (d, J = 24.2 Hz), 168.52, 145.15, 134.94 (d, J = 237.4 Hz),
128.79, 128.66, 125.65 (t, J = 272.2 Hz), 125.31 (q, J = 4.0 Hz), 108.76 (d, J = 10.1 Hz), 61.30,
37.56 (d, J=35.4 Hz), 33.82 (d, /= 3.0 Hz), 14.12.

YF NMR (376 MHz, CDCls) 6 -62.39, -132.82 - -132.96 (m).

HRMS (ESI) m/z caled for Ci6Hi6F402 [(M)*]: 316.1074, found: 316.1077.

T A

Ethyl 7-(3,4-dimethylphenyl)-3-fluorohepta-3,4-dienoate (4j)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4j as a light-yellow oil (72.3 mg, 87%, 0.3 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) & 7.05 (d, J = 7.6 Hz, 1H), 6.97 (s, 1H), 6.93 (d, J = 7.6 Hz, 1H),
6.01 — 5.97 (m, 1H), 4.20 (q, /= 7.1 Hz, 2H), 3.26 (dt, J = 16.4, 2.3 Hz, 2H), 2.72 (t, J = 7.4 Hz,
2H), 2.50 — 2.41 (m, 2H), 2.23 (d, /=4.0 Hz, 6H), 1.28 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 191.64 (d, J = 23.2 Hz), 168.67, 138.45, 136.44, 134.46 (d, J =
237.4 Hz), 134.13, 129.82, 129.61, 125.76, 109.26 (d, J = 11.1 Hz), 61.25, 37.63 (d, J =36.4 Hz),
33.71 (d, J = 3.0 Hz), 32.28, 19.70, 19.27, 14.16.

YF NMR (376 MHz, CDCl3) & -133.12 - -133.25 (m).

HRMS (ESI) m/z caled for Ci7H2FO, [(M+H)*]: 277.1598, found: 277.1594.

J< P S N

Ethyl 7-(3,5-dimethylphenyl)-3-fluorohepta-3,4-dienoate (4Kk)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4k as a light-yellow oil (77.2 mg, 93%, 0.3 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 6 6.84 (s, 1H), 6.82 (s, 2H), 6.02 — 5.97 (m, 1H), 4.20 (q, J = 7.2 Hz,
2H), 3.26 (dt, J = 16.5, 2.5 Hz, 2H), 2.72 (td, J = 7.4, 1.7 Hz, 2H), 2.50 — 2.42 (m, 2H), 2.29 (s,
6H), 1.29 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 190.72 (d, J = 24.2 Hz), 168.71, 140.98, 137.87, 134.51 (d, J =
237.4 Hz), 127.69, 126.33, 109.27 (d, J = 11.1 Hz), 61.30, 37.66 (d, J =36.4 Hz), 34.40 (d, J = 4.0
Hz), 32.21, 21.26, 14.18.

F NMR (376 MHz, CDCls) 6 -133.13 - -133.26 (m).

HRMS (ESI) m/z caled for Ci7H22FO, [(M+H)*]: 277.1598, found: 277.1598.
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Ethyl 3-fluoro-7-(3-fluoro-4-methylphenyl)hepta-3,4-dienoate (41)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 41 as a light-yellow oil (77.3 mg, 92%, 0.3 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) 6 7.08 (t, J = 8.0 Hz, 1H), 6.88 — 6.81 (m, 2H), 5.99 — 5.95 (tq, J =
6.1,2.0 Hz, 1H),4.20 (q, J= 7.1 Hz, 2H), 3.25 (dd, /= 16.4, 2.2 Hz, 2H), 2.75 (t, /= 7.3 Hz, 2H),
2.50-2.41 (m, 2H), 2.23 (s, 3H), 1.28 (t, /= 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 190.90 (d, J = 24.2 Hz), 168.62, 161.26 (d, J = 244.2 Hz), 140.69
(d, J=8.1Hz), 134.72 (d, J = 237.4 Hz), 131.25 (d, J = 5.1 Hz), 123.81 (d, J = 4.0 Hz), 122.26 (d,
J =17.2 Hz), 114.90 (d, J = 22.2 Hz), 108.82 (d, J = 11.1 Hz), 61.32, 37.79, 37.44, 37.62 (d, J
=35.4 Hz), 33.46 (d, J = 1.3 Hz), 14.16 (t, J = 1.5 Hz).

F NMR (376 MHz, CDCl3) 6 -118.07 (t, J= 9.4 Hz), -133.03 - -133.16 (m).

HRMS (ESI) m/z caled for CisH 9F20> [(M+H)"]: 281.1348, found: 281.1348.

CF3
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Ethyl 7-(3,5-bis(trifluoromethyl)phenyl)-3-fluorohepta-3,4-dienoate (4m)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4m as a light-yellow oil (92.4 mg, 80%, 0.3 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) & 7.72 (s, 1H), 7.66 (s, 2H), 6.02 — 5.98 (m, 1H), 4.20 (q, J = 7.1 Hz,
2H), 3.27 (dd, J=16.4, 2.1 Hz, 2H), 2.96 (t, J= 7.5 Hz, 2H), 2.60 — 2.50 (m, 2H), 1.28 (t,/=17.1
Hz, 3H).

13C NMR (101 MHz, CDCls) § 191.45 (d, J = 24.2 Hz), 168.46, 143.48, 135.37 (d, J = 239.4 Hz),
131.63 (q, J = 33.3 Hz), 128.71 (d, J = 3.0 Hz), 123.38 (d, J = 273.7 Hz), 120.22 (m), 107.88 (d, J
=10.1 Hz), 61.39, 37.52 (d, J =35.4 Hz), 33.38 (d, J = 3.0 Hz), 31.32, 14.11.

YF NMR (376 MHz, CDCls) 6 -62.88 (s), -132.37 - -132.50 (m).

HRMS (ESI) m/z caled for Ci7Hi6F70, [(M+H)™]: 385.1033, found: 385.1033.

Ol _A T

Ethyl 7-cyclohexyl-3-fluorohepta-3,4-dienoate (4n)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4n as a light-yellow oil (61.6 mg, 81%, 0.3 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) 8 5.97 — 5.93 (m, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.31 (dd, J = 16.1,
2.2 Hz, 2H), 2.20 — 2.11 (m, 2H), 1.71 — 1.63 (m, 5H), 1.35 (g, /= 7.1 Hz, 2H), 1.27 (t,J = 7.1 Hz,
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3H), 1.24 — 1.07 (m, 4H), 0.92 — 0.84 (m, 2H).

13C NMR (101 MHz, CDCl3) & 190.03 (d, J = 23.2 Hz), 168.71, 134.06 (d, J = 236.3 Hz), 110.38
(d, J=11.1 Hz), 61.21, 37.72 (d, J = 35.4 Hz), 37.05, 35.53 (d, J = 3.0 Hz), 33.14 (d, J = 6.1 HZ),
28.03, 26,59, 26.31 (d, J = 1.0 Hz), 14.12.

19F NMR (376 MHz, CDCl3) § -133.27 - -133.40 (m).

HRMS (ESI) m/z caled for CisHagFO, [(M+H)']: 255.1755, found: 255.1759.

S F O
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Ethyl 3-fluoro-7-(thiophen-2-yl)hepta-3,4-dienoate (40)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 40 as a light-yellow oil (59.4 mg, 78%, 0.3 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.12 (d, J = 4.0 Hz, 1H), 6.92 (t , J = 4.0 Hz, 1H), 6.81 (d, /= 4.0
Hz, 1H), 6.03 — 5.99 (m, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.28 (dt, /= 16.4, 1.8 Hz, 2H), 3.02 (t, J =
7.4 Hz, 2H), 2.58 — 2.50 (m, 2H), 1.28 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 191.01 (d, J = 24.2 Hz), 168.65, 143.77, 134.90 (d, J = 238.4 Hz),
126.78, 124.61, 123.31, 109.54 (d, J = 11.1 Hz), 61.34, 37.64 (d, J =35.4 Hz), 32.32,28.23 (d, J =
3.0 Hz), 14.18.

F NMR (376 MHz, CDCl3) & -132.94 - -133.08 (m).

HRMS (ESI) m/z caled for Ci13H6FO,S [(M+H)]: 255.0850, found: 255.0846.

‘Bu F O
A

Ethyl 3-fluoro-7-(4-(trifluoromethyl)phenyl)hepta-3,4-dienoate (4p) (dr = 1:1)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4p as a light-yellow oil (89.4 mg, 94%, 0.3 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate. The two configurations have the same polarity and cannot
be separated.

"H NMR (400 MHz, CDCl3) & 7.30 (dd, J = 8.3, 2.1 Hz, 2H), 7.09 (d, J = 7.9 Hz, 2H), 6.01 — 5.86
(m, 1H), 4.22 — 4.15 (m, 2H), 3.28 — 3.04 (m, 2H), 2.78 — 2.52 (m, 3H), 1.31 (s, 9H), 1.30 — 1.25
(m, 3H), 1.08 (dd, J=19.2, 6.4 Hz, 3H).

13C NMR (101 MHz, CDCls) & 189.52 (d, J = 24.2 Hz), 189.41 (d, J=24.2 Hz), 168.71, 148.88,
148.86, 136.99, 136.69, 135.29 (d, J = 2374 Hz), 134.61 (d, J = 237.4 Hz), 128.86, 128.82,
125.13, 125.12, 115.00 (d, J = 10.1 Hz), 114.55 (d, J = 10.1 Hz), 61.26, 61.22, 42.05 (d, J =57.6
Hz), 42.06 (d, J =57.6 Hz), 37.70 (d, J = 36.4 Hz), 37.56 (d, J = 35.4 Hz), 37.58, 36.42, 34.36,
31.38,19.34 (d,J=3.0 Hz), 18.80 (d, J = 3.0 Hz), 14.15.

F NMR (376 MHz, CDCl3) § -132.93 - -133.04 (m), -133.12 - -133.23 (m).

HRMS (ESI) m/z calcd for CooHasFO, [(M+H)*]: 319.2068, found: 319.2064.
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Ethyl 3-fluoro-5-methyl-7-phenylhepta-3,4-dienoate (4q)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4q as a light-yellow oil (46.7 mg, 89%, 0.2 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls)  7.30 — 7.25 (m, 2H), 7.20 — 7.14 (m, 3H), 4.19 (q, J = 7.1 Hz, 2H),
3.20 (d, J =159 Hz, 2H), 2.80 (t, J = 7.8 Hz, 2H), 2.48 — 2.35 (m, 2H), 1.87 (d, J = 8.1 Hz, 3H),
1.27 (t,J="7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 185.86 (d, J = 22.2 Hz), 168.92, 141.42, 132.75 (d, J = 237.4 Hz),
128.40, 128.34, 125.93, 119.27 (d, J = 12.1 Hz), 61.15, 37.83 (d, J =38.4 Hz), 37.21, 33.35(d, J =
2.0 Hz), 21.20, 14.15.

F NMR (376 MHz, CDCl3)  -129.01 - -129.16 (m).

HRMS (ESI) m/z caled for CisHx0FO, [(M+H)*]: 263.1442, found: 263.1447.

Ethyl 3-fluoro-6-phenylhexa-3,4-dienoate (4r)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4r as a light-yellow oil (36.6 mg, 78%, 0.2 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.31 (t, J = 7.3 Hz, 2H), 7.25 — 7.20 (m, 3H), 6.10 — 6.05 (m, 1H),
4.19 (q,J=7.1 Hz, 2H), 3.49 (t, /= 7.3 Hz, 2H), 3.31 (dd, J = 16.0, 2.1 Hz, 2H), 1.27 (t, J=17.1
Hz, 3H).

13C NMR (101 MHz, CDCls) § 191.36 (d, J = 25.4 Hz), 168.55, 138.29, 134.30 (d, J = 238.4 Hz),
128.57, 128.56, 126.59, 108.69 (d, J = 11.1 Hz), 61.32, 37.60 (d, J =34.3 Hz), 37.30, 14.13.

F NMR (376 MHz, CDCl3) § -133.20 - -133.33 (m).

HRMS (ESI) m/z caled for Ci4Hi6FO, [(M+H)*]: 235.1129, found: 235.1125.

Ethyl 3-fluoro-6-methyl-6-phenylhepta-3,4-dienoate (4s)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4s as a light-yellow oil (48.3 mg, 92%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.39 — 7.30 (m, 4H), 7.25 — 7.19 (m, 1H), 6.14 — 6.11 (m, 1H), 4.20
(q, J=7.1 Hz, 2H), 3.38 (dd, J = 15.8, 2.2 Hz, 2H), 1.47 (d, /= 4.4 Hz, 6H), 1.29 (t,J = 7.1 Hz,
3H).
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13C NMR (101 MHz, CDCls) & 188.14 (d, J = 24.2 Hz), 168.56, 147.26 (d, J = 4.0 Hz), 135.76 (d,
J = 238.4 Hz), 128.32, 126.30, 125.90, 119.62 (d, J = 11.1 Hz), 61.33, 37.89 (d, J =35.3 Hz),
28.71 (d, J = 3.0 Hz), 28.32 (d, J = 2.0 Hz), 14.12.

19F NMR (376 MHz, CDCls) 3 -131.48 (t, J = 15.0 Hz).

HRMS (ESI) m/z caled for C16Ha0FO, [(M+H)']: 263.1442, found: 263.1440.

Ethyl 6-cyclohexyl-3-fluorohexa-3,4-dienoate (4t)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4t as a light-yellow oil (42.4 mg, 88%, 0.2 mmol scale). Rt = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) § 5.91 — 5.86 (m, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.34 — 3.25 (m, 2H),
2.03(q,J=7.2Hz, 2H), 1.76 — 1.61 (m, 5H), 1.47 — 1.37 (m, 1H), 1.27 (t, /= 7.1 Hz, 3H), 1.24 —
1.10 (m, 3H), 0.97 — 0.87 (m, 2H).

13C NMR (101 MHz, CDCl3) 6 190.74 (d, J = 25.3 Hz), 168.72, 133.55 (d, J = 237.4 Hz), 108.58
(d,J=11.1 Hz), 61.22, 38.47,37.70 (d, J = 35.4 Hz), 37.20 (d, J = 4.0 Hz), 32.91 (d, J = 6.1 Hz),
26.38, 26.15, 14.12.

YF NMR (376 MHz, CDCl3) & -134.06 - -134.19 (m).

HRMS (ESI) m/z caled for Ci14H2FO, [(M+H)']: 241.1598, found: 241.1595.

DA~

Ethyl 5-cyclohexyl-3-fluoropenta-3,4-dienoate (4u)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 4u as a light-yellow oil (41.3 mg, 91%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) & 5.93 — 5.90 (m, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.31 (dd, J = 15.9,
2.2 Hz, 2H), 2.18 — 2.05 (m, 1H), 1.84 — 1.59 (m, 6H), 1.28 (t, J = 7.2 Hz, 3H), 1.24 — 1.07 (m,
4H).

13C NMR (101 MHz, CDCl3) 6 188.91 (d, J = 23.2 Hz), 168.75, 134.81 (d, J = 236.3 Hz), 115.55
(d,J =11.1 Hz), 61.23, 39.01, 37.82 (d, J = 36.4 Hz), 31.96 (dd, J = 4.0, 3.0 Hz), 25.96, 25.74 (d,
J=2.0 Hz), 14.10.

YF NMR (376 MHz, CDCl3) & -132.95 - -133.06 (m).

HRMS (ESI) m/z caled for Ci3Hi9FO, [(M)*]: 226.1364, found: 226.1366.

Methyl 3-fluoro-7-phenylhepta-3,4-dienoate (62a)
Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
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afford 6a as a light-yellow oil (40.2 mg, 86%, 0.2 mmol scale). Ry = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.33 — 7.26 (m, 2H), 7.21 - 7.18 (m, 3H), 6.01 — 5.97 (m, 1H), 3.74
(s, 3H), 3.24 (ddd, J = 16.8, 4.3, 2.1 Hz, 2H), 2.80 (td, J = 8.0, 7.6, 2.7 Hz, 2H), 2.53 — 2.45 (m,
2H).

13C NMR (101 MHz, CDCls) & 190.80 (d, J = 24.2 Hz), 169.14, 141.00, 134.37 (d, J = 237.4 Hz),
128.48, 128.41, 126.09, 109.13 (d, J = 11.1 Hz), 52.33, 37.37 (d, J = 35.4 Hz), 34.16 (d, J = 3.0
Hz), 32.04.

F NMR (376 MHz, CDCl3) & -133.16 - -133.29 (m).

HRMS (ESI) m/z caled for Ci14H;sFO,Na [(M+Na)]: 257.0954, found: 257.0951.

Q\N'j\ﬁoi

3-fluoro-7-phenylhepta-3,4-dien-1-yl acetate (6b)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6b as a light-yellow oil (45.2 mg, 91%, 0.2 mmol scale). R = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 8 7.29 (t, J = 4.0 Hz, 2H), 7.19 (t, J = 6.0 Hz, 3H), 5.98 — 5.94 (m,
1H), 4.13 (td, J = 6.7, 2.7 Hz, 2H), 2.78 (t, /= 7.7 Hz, 2H), 2.63 — 2.56 (m, 2H), 2.51 — 2.42 (m,
2H), 2.04 (s, 3H).

13C NMR (101 MHz, CDCls) § 190.02 (d, J = 24.2 Hz), 170.87, 141.07, 137.80 (d, J = 237.4 Hz),
128.45, 128.43, 126.10, 109.17 (d, J = 11.1 Hz), 60.55 (d, J = 2.0 Hz), 34.29 (d, J = 4.0 Hz), 32.31,
30.46 (d, J = 34.3 Hz), 20.90.

F NMR (376 MHz, CDCl3) & -134.83 - -134.95 (m).

HRMS (ESI) m/z caled for CisH;7FO,Na [(M+Na)*]: 271.1105, found: 271.1109.

3-fluoro-7-phenylhepta-3,4-dien-1-yl benzoate (6¢)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6c¢ as a light-yellow oil (59.0 mg, 95%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCls) 6 8.05 (d, J = 7.4 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 741 (t, J = 7.7
Hz, 2H), 7.26 (d, J = 14.7 Hz, 2H), 7.19 (d, /= 7.1 Hz, 1H), 7.10 (d, J = 6.7 Hz, 2H), 5.99 — 5.94
(m, 1H), 4.40 (t,J= 6.4 Hz, 2H), 2.79 — 2.70 (m, 4H), 2.46 — 2.38 (m, 2H).

13C NMR (101 MHz, CDCls) $ 190.07 (d, J = 24.2 Hz), 166.40, 141.01, 137.83 (d, J = 238.4 Hz),
133.04, 130.07, 129.62, 128.40, 128.37, 126.03, 109.25 (d, J = 11.1 Hz), 61.02 (d, J = 1.0 Hz),
34.36 (d, J = 3.0 Hz), 32.34, 30.64 (d, J = 33.3 Hz), 20.90.

F NMR (376 MHz, CDCls) 6 -134.74 - -134.86 (m).

HRMS (ESI) m/z calcd for CaoH20FO2 [(M+H)*]: 311.1442, found: 311.1443.
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3-fluoro-7-phenylhepta-3,4-dien-1-yl pivalate (6d)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6d as a light-yellow oil (51.6 mg, 89%, 0.2 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl5) & 7.30 (t, J = 7.1 Hz, 2H), 7.18 (t, J = 7.4 Hz, 3H), 5.97 — 5.90 (m,
1H), 4.12 (t, /= 6.5 Hz, 2H), 2.78 (t, J = 7.6 Hz, 2H), 2.63 — 2.53 (m, 2H), 2.50 — 2.42 (m, 2H),
1.19 (s, 9H).

13C NMR (101 MHz, CDCls) § 190.13 (d, J = 26.3 Hz), 178.31, 140.99, 137.85 (d, J = 238.4 Hz),
128.41, 128.39, 126.05, 108.90 (d, J = 11.1 Hz), 60.45 (d, J = 1.0 Hz), 38.69, 34.42 (d, J = 3.0 Hz),
32.23,30.56 (d, J = 33.3 Hz), 27.14.

F NMR (376 MHz, CDCl3) & -134.82 - -134.93 (m).

HRMS (ESI) m/z caled for Ci1sHx3FO,Na [(M+Na)*]: 313.1580, found: 313.1579.

©\N.7I’F\A0Ts

3-fluoro-7-phenylhepta-3.4-dien-1-yl 4-methylbenzenesulfonate (6e)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 5:1) to
afford 6e as a light-yellow oil (61.9 mg, 86%, 0.2 mmol scale). Rr= 0.4 (PE/EA = 5:1), by staining
with potassium permanganate.

'"H NMR (400 MHz, CDCl3) & 7.78 (d, J = 7.8 Hz, 2H), 7.37 — 7.27 (m, 4H), 7.17 (t, J = 6.1 Hz,
3H), 5.95 -5.91 (m, 1H), 4.09 —4.01 (m, 2H), 2.74 (t, /= 7.6 Hz, 2H), 2.63 — 2.56 (m, 2H), 2.45 -
2.39 (m, 5H).

13C NMR (101 MHz, CDCls) § 189.85 (d, J = 23.2 Hz), 144.96, 141.02, 136.44 (d, J = 237.4 Hz),
132.94, 129.91, 128.46, 128.42, 127.93, 126.10, 109.79 (d, J = 11.1 Hz), 66.04 (d, J = 1.0 Hz),
34.14 (d, J = 3.0 Hz), 32.12, 30.86 (d, J = 34.3 Hz), 21.66.

F NMR (376 MHz, CDCl3) § -135.52 - -135.64 (m).

HRMS (ESI) m/z caled for CooH22FO3S [(M+H)']: 361.1268, found: 361.1272.

3-fluoro-7-phenylhepta-3,4-dien-1-yl butyrate (6f)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6f as a light-yellow oil (42.5 mg, 77%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.31 — 7.26 (m, 2H), 7.19 (t, J = 7.3 Hz, 3H), 5.98 — 5.94 (m, 1H),
4.14 (td, J = 6.6, 2.9 Hz, 2H), 2.78 (t, J = 7.8 Hz, 2H), 2.63 — 2.56 (m, 2H), 2.51 — 2.42 (m, 2H),

S 42



2.28 (t,J=17.4 Hz, 2H), 1.65 (q, J=7.4 Hz, 2H), 0.93 (t, J = 7.5 Hz, 3H).

13C NMR (101 MHz, CDCls) § 190.03 (d, J = 24.2 Hz), 173.48, 141.05, 137.84 (d, J = 238.4 Hz),
128.45, 128.41, 126.07, 109.17 (d, J = 12.1 Hz), 60.30 (d, J = 2.0 Hz), 36.11, 34.31 (d, J = 3.0 Hz),
32.29, 30.53 (d, J = 33.3 Hz), 18.41, 13.64.

F NMR (376 MHz, CDCl;3) & -134.79 - -134.91 (m).

HRMS (ESI) m/z caled for Ci17H21FO,Na [(M+Na)™]: 299.1423, found: 299.1418.

©\/v'j\ﬂoj\/

3-fluoro-7-phenylhepta-3,4-dien-1-yl acrylate (6g)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6g as a light-yellow oil (28.6 mg, 55%, 0.2 mmol scale). Rf = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCls) § 7.29 (t, J= 7.5 Hz, 2H), 7.19 (t, J= 7.7 Hz, 3H), 6.41 (dd, J = 17.3,
1.4 Hz, 1H), 6.11 (dd, J = 17.3, 10.4 Hz, 1H), 5.96 (tt, J = 6.3, 2.7 Hz, 1H), 5.98 — 5.94 (m, 1H),
4.23 (t,J=6.5 Hz, 2H), 2.77 (t,J = 7.7 Hz, 2H), 2.68 — 2.61 (m, 2H), 2.50 — 2.40 (m, 2H).

13C NMR (101 MHz, CDCls) § 190.00 (d, J = 24.2 Hz), 165.97, 141.06, 137.73 (d, J = 237.4 Hz),
131.05, 128.43, 128.42, 128.24, 126.07, 109.22 (d, J = 11.1 Hz), 60.59 (d, J = 2.0 Hz), 34.31 (d, J
= 3.0 Hz), 32.30, 30.48 (d, J = 33.3 Hz).

YF NMR (376 MHz, CDCl3) & -134.81 - -134.92 (m).

HRMS (ESI) m/z caled for Ci6H sFO, [(M+H)*]: 261.1285, found: 261.1283.

(j\/\/.j\ﬁoj\w3

3-fluoro-7-phenylhepta-3.4-dien-1-yl 2,2,2-trifluoroacetate (6ha)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 200:1) to
afford 6ha as a light-yellow oil (28.4 mg, 47%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl3) 8 7.30 (t, J = 7.4 Hz, 2H), 7.19 (t, J = 7.7 Hz, 3H), 6.01 — 5.96 (m,
1H), 4.35 (td, J=6.5, 2.1 Hz, 2H), 2.79 (t, J = 7.8 Hz, 2H), 2.72 — 2.65 (m, 2H), 2.53 - 2.44 (dq, J
=15.4,7.6 Hz, 2H).

13C NMR (101 MHz, CDCl3) 6 189.85 (d, J = 24.2 Hz), 157.29 (q, J = 42.4 Hz), , 140.89, 136.26
(d,J =237.4 Hz), 128.45, 128.44, 126.12, 114.48 (d, J = 205.0 Hz), 109.85 (d, J = 11.1 Hz), 60.86
(d,J=1.0Hz), 34.22 (d, J = 3.0 Hz), 32.15, 30.03 (d, J = 34.3 Hz).

YF NMR (376 MHz, CDCl3) § -75.03 (s), -135.44 - -135.55 (m).

HRMS (ESI) m/z caled for CisHisF40; [(M+H)*]: 303.1008, found: 303.1012.

3-fluoro-7-phenylhepta-3,4-dien-1-ol (6hb)
Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 20:1) to
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afford 6hb as a light-yellow oil (19.5 mg, 47%, 0.2 mmol scale). Rf = 0.2 (PE/EA = 5:1), by
staining with potassium permanganate.

'"H NMR (400 MHz, CDCl5) & 7.30 (t, J = 8.0 Hz, 2H), 7.21 (t, J = 8.0 Hz, 3H), 5.99 — 5.94 (m,
1H), 3.68 (td, J= 6.3, 2.0 Hz, 2H), 2.82 — 2.75 (m, 2H), 2.55 — 2.44 (m, 4H).

13C NMR (101 MHz, CDCls) § 190.31 (d, J = 24.2 Hz), 141.07, 138.44 (d, J = 238.4 Hz), 128.48,
128.43, 126.09, 108.85 (d, J = 11.1 Hz), 59.16 (d, J = 2.0 Hz), 34.37 (d, J =3.0 Hz), 34.34 (d, J =
32.3 Hz), 32.39.

F NMR (376 MHz, CDCl3) & -134.64 - -134.76 (m).

HRMS (ESI) m/z caled for Ci3H;sFONa [(M+Na)*]: 229.0999, found: 229.0994.

N-(3-fluoro-7-phenylhepta-3,4-dien-1-yl)-N-methylaniline (6i)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 40:1) to
afford 6i as a light-yellow oil (50.8 mg, 86%, 0.2 mmol scale). Rr = 0.2 (PE/EA = 400:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) § 7.29 (t, J = 7.7 Hz, 2H), 7.25 — 7.15 (m, 5H), 6.70 (d, J = 8.1 Hz,
3H), 5.93 - 5.89 (m, 1H), 3.45 (dt, J= 6.7, 4.6 Hz, 2H), 2.94 (s, 3H), 2.75 (t, J = 7.7 Hz, 2H), 2.55
—2.40 (m, 4H).

13C NMR (101 MHz, CDCls) § 190.32 (d, J = 24.2 Hz), 148.78, 141.19, 139.18 (d, J = 238.4 Hz),
129.34, 128.53, 128.48, 126.15, 116.49, 112.29, 108.55 (d, J = 11.1 Hz), 49.41, 38.38, 34.47 (d, J
=4.0 Hz), 32.40, 28.38 (d, J = 31.3 Hz).

YF NMR (376 MHz, CDCl3) & -134.14 - -134.26 (m).

HRMS (ESI) m/z calcd for CooH23FN [(M+H)™]: 296.1809, found: 296.1807.

4-(3-fluoro-7-phenylhepta-3,4-dien-1-yl)morpholine (6j)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 20:1) to
afford 6j as a light-yellow oil (32.1 mg, 58%, 0.2 mmol scale). Rr= 0.2 (PE/EA = 5:1), by staining
with potassium permanganate.

'"H NMR (400 MHz, CDCl3) & 7.29 (t, J = 7.4 Hz, 2H), 7.19 (t, J = 7.4 Hz, 3H), 5.94 — 5.91 (m,
1H), 3.71 (t, J=4.6 Hz, 4H), 2.78 (t,J = 7.6 Hz, 2H), 2.47 — 2.43 (m, 10H).

13C NMR (101 MHz, CDCls) $ 190.04 (d, J = 25.3 Hz), 141.14, 139.70 (d, J = 237.4 Hz), 128.44,
128.42, 126.08, 108.57 (d, J = 11.1 Hz), 66.94, 55.06 (d, J = 2.0 Hz), 53.54, 34.38 (d, J = 4.0 Hz),
32.34,28.38 (d, J = 32.3 Hz).

YF NMR (376 MHz, CDCl5) 6 -133.61 - -133.71 (m).

HRMS (ESI) m/z caled for Ci7H23FNO [(M+H)*]: 276.1758, found: 276.1758.
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0]
2-(3-fluoro-7-phenylhepta-3,4-dien-1-yl)isoindoline-1,3-dione (6k)
Prepared according to the procedure 4. Flash column chromatography (eluent: PE/EA = 50:1) to
afford 6k as a light-yellow oil (45.7 mg, 68%, 0.2 mmol scale). Rf = 0.5 (PE/EA = 5:1), by
staining with potassium permanganate.
"H NMR (400 MHz, CDCl3)  7.85 — 7.79 (m, 2H), 7.70 — 7.63 (m, 2H), 7.26 — 7.21 (m, 2H), 7.16
(d,J=17.2Hz, 1H), 7.07 (d, J = 7.5 Hz, 2H), 5.90 — 5.85 (m, 1H), 3.88 — 3.74 (m, 2H), 2.72 — 2.60
(m, 4H), 2.37 — 2.28 (m, 2H).
13C NMR (101 MHz, CDCls) § 190.05 (d, J = 24.2 Hz), 168.05, 140.99, 137.68 (d, J = 238.4 Hz),
134.00, 131.99, 128.39, 128.35, 126.00, 123.28, 109.02 (d, J = 12.1 Hz), 34.79, 34.30 (d, J = 3.0
Hz), 32.30, 29.94 (d, J = 34.3 Hz).
F NMR (376 MHz, CDCl3) & -134.47 - -134.59 (m).
HRMS (ESI) m/z caled for Co1H;sFNO:Na [(M+Na)*]: 358.1214, found: 358.1217.

Dl A

(5-fluoronona-3.,4-dien-1-yl)benzene (61)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6l as a
light-yellow oil (41.1 mg, 94%, 0.2 mmol scale). Rr = 0.7 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl3) § 7.32 — 7.27 (m, 2H), 7.22 — 7.18 (m, 3H), 5.94 — 5.87 (m, 1H), 2.78
(t,J=17.7 Hz, 2H), 2.51 — 2.42 (m, 2H), 2.30 — 2.21 (m, 2H), 1.42 — 1.33 (m, 4H), 091 (t, /=7.1
Hz, 3H).

13C NMR (101 MHz, CDCls) § 190.11 (d, J = 26.3 Hz), 141.78 (d, J = 237.4 Hz), 141.33, 128.48,
128.40, 126.03, 108.03 (d, J = 11.1 Hz), 34.53 (d, J = 4.0 Hz), 32.57, 30.60 (d, J = 31.3 Hz), 27.98
(d,J=1.0 Hz), 22.07, 13.85.

YF NMR (376 MHz, CDCl3) § -133.25 - -133.37 (m).

HRMS (ESI) m/z caled for CisHioF [(M)*]: 218.1464, found: 218.1464.

(5-fluoroundeca-3.,4-dien-1-yl)benzene (6m)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6m as
a light-yellow oil (42.2 mg, 86%, 0.2 mmol scale). Rr = 0.7 (PE), by staining with potassium
permanganate.

'"H NMR (400 MHz, CDCl3) § 7.31 — 7.27 (m, 2H), 7.23 — 7.16 (m, 3H), 5.92 — 5.88 (m, 1H), 2.77
(t,J=17.7 Hz, 2H), 2.49 — 2.41 (m, 2H), 2.29 — 2.21 (m, 2H), 1.42 — 1.26 (m, 8H), 0.89 (t, /= 6.5
Hz, 3H).
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13C NMR (101 MHz, CDCls) § 190.13 (d, J = 25.3 Hz), 141.81 (d, J = 237.4 Hz), 141.32, 128.46,
128.38, 126.01, 108.00 (d, J = 12.1 Hz), 34.51 (d, J = 3.0 Hz), 32.55, 31.59, 30.66 (d, J = 31.3 Hz),
28.64, 25.83 (d, J = 2.0 Hz), 22.61, 14.10.

19F NMR (376 MHz, CDCl3) & -133.24 - -133.35 (m).

HRMS (ESI) m/z caled for Ci7HysF [(M+H)']: 247.1857, found: 247.1859.

F

M

Cl\/\/\/’

1-chloro-7-fluoroundeca-5,6-diene (6n)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6n as
a light-yellow oil (33.2 mg, 81%, 0.2 mmol scale). Rf = 0.6 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl3) 6 5.89 — 5.81 (m, 1H), 3.55 (t, J = 6.6 Hz, 2H), 2.35 — 2.25 (m, 2H),
2.16 (dt, J = 14.9, 7.2 Hz, 2H), 1.87 — 1.77 (m, 2H), 1.65 — 1.58 (m, 2H), 1.48 — 1.33 (m, 4H),
0.92 (t,J=7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 190.00 (d, J = 25.3 Hz), 141.63 (d, J = 237.4 Hz), 108.09 (d, J =
12.1 Hz), 44.77, 31.82, 30.32 (d, J = 31.3 Hz), 30.08, 27.99 (d, J = 1.0 Hz), 25.38 (d, /= 3.0 Hz),
22.03, 13.83.

F NMR (376 MHz, CDCl3) & -133.41 - -133.52 (m).

HRMS (ESI) m/z caled for Ci1H9CIF [(M+H)*]: 205.1161, found: 205.1156.

NN
Br =

12-bromo-5-fluorododeca-5,6-diene (60)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 60 as
a light-yellow oil (27.9 mg, 53%, 0.2 mmol scale). Rr = 0.6 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl3) 6 5.88 — 5.81 (m, 1H), 3.40 (t, J = 6.8 Hz, 2H), 2.37 — 2.21 (m, 2H),
2.18 - 2.04 (m, 2H), 1.94 — 1.81 (m, 2H), 1.53 — 1.31 (m, 8H), 0.90 (t, /= 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 189.82 (d, J = 25.3 Hz), 141.31 (d, J = 238.4 Hz), 108.44 (d,J =
12.1 Hz), 33.70, 32.59, 30.69, 30.35 (d, J = 32.3 Hz), 28.05, 27.58, 27.36 (d, J = 4.0 Hz), 22.04,
13.82.

YF NMR (376 MHz, CDCl3) & -133.44 - -133.56 (m).

HRMS (ESI) m/z caled for Ci1oHaiBrF [(M+H)™]: 263.0805, found: 263.0805.

P

5-fluoroundeca-3.,4-diene (6p)

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6p as
a light-yellow oil (23.2 mg, 68%, 0.2 mmol scale). Rr = 0.8 (PE), by staining with potassium
permanganate.
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'H NMR (400 MHz, CDCls) & 5.94 — 5.89 (m, 1H), 2.33 - 2.30 (m, 2H), 2.17 — 2.08 (m, 2H), 1.49
— 1.42 (m, 2H), 1.37 — 1.26 (m, 6H), 1.03 (t, J= 7.4 Hz, 3H), 0.88 (t, J= 6.7 Hz, 3H).

13C NMR (101 MHz, CDCls) & 189.04 (d, J = 25.3 Hz), 141.91 (d, J = 237.4 Hz), 110.49 (d, J =
12.1 Hz), 31.56, 30.62 (d, J = 31.6 Hz), 28.58, 25.90 (d, J = 1.0 Hz), 24.11, 22.55, 14.02, 12.46 (d,
J=3.0 Hz).

19F NMR (376 MHz, CDCl) & -133.04 - -133.16 (m).

HRMS (ESI) m/z calcd for CyiHioF [(M)']: 170.1465, found: 170.1467.

M
\(\y'
6-fluoro-2-methyldodeca-4,5-diene (6q)
Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6q as
a light-yellow oil (30.4 mg, 77%, 0.2 mmol scale). Rr = 0.8 (PE), by staining with potassium
permanganate.
"H NMR (400 MHz, CDCl3)  5.83 — 5.78 (m, 1H), 2.33 —2.26 (m, 2H), 2.07 — 1.96 (m, 2H), 1.79
—1.71 (m, 1H), 1.49 — 1.43 (m, 2H), 1.38 — 1.27 (m, 6H), 0.94 (d, /= 6.7 Hz, 6H), 0.89 (t, J= 6.5
Hz, 3H).
13C NMR (101 MHz, CDCls) § 190.41 (d, J = 25.3 Hz), 140.83 (d, J = 236.4 Hz), 107.63 (d, J =
11.1 Hz), 40.34, 31.59, 30.69 (d, J = 31.3 Hz), 28.62, 27.95 (d, J = 4.0 Hz), 25.90 (d, J = 1 Hz),
22.60,22.25 (d, J=10.1 Hz), 14.07.
YF NMR (376 MHz, CDCl3)  -134.41 - -134.51 (m).
HRMS (ESI) m/z caled for Ci3HosF [(M+H)']: 199.1852, found: 199.1857.

A

3-fluoroundeca-3,4-diene (6r)

PN~

Prepared according to the procedure 4. Flash column chromatography (eluent: PE) to afford 6r as
a light-yellow oil (22.2 mg, 65%, 0.2 mmol scale). Rr = 0.8 (PE), by staining with potassium
permanganate.

"H NMR (400 MHz, CDCl3) 8 5.92 — 5.86 (m, 1H), 2.36 — 2.28 (m, 2H), 2.16 — 2.08 (m, 2H), 1.48
—1.39 (m, 2H), 1.35 - 1.26 (m, 6H), 1.03 (t,J=7.5 Hz, 3H), 0.89 (t, /= 6.6 Hz, 3H).

13C NMR (101 MHz, CDCls) § 189.01 (d, J = 25.3 Hz), 142.72 (d, J = 236.3 Hz), 109.64 (d, J =
12.1 Hz), 31.65, 30.99, 28.72, 28.26 (d, J = 3.0 Hz), 23.81 (d, J = 33.3 Hz), 22.60, 14.07, 10.47 (d,
J=3.0 Hz).

F NMR (376 MHz, CDCl3) 6 -133.04 - -133.14 (m).

HRMS (ESI) m/z caled for Ci11HioFK [(M+K)*]: 209.1108, found: 209.1107.
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5. Scale-Up Reactions and Derivatizations of Allenyl Monofluorides.

5.1 Scale-Up Reaction
Ni(cod), (5 mol%)

R F PCys (10 mol%) F
BnMCOZEt s /.)\/cozEt
Zn powder (4 equiv), DMF J/

1 Bn 2

To an oven-dried 50 mL flask equipped with a magnetic stirring bar, dissolve 1 (2 mmol, 788 mg,
1.0 equiv), Ni(cod), (0.1 mmol, 28 mg, 5 mol%), PCys (0.2 mmol, 56 mg, 10 mol%), and zinc
powder (8 mmol, 520 mg, 4.0 equiv) in 20 mL DMF under a nitrogen atmosphere, and the mixture
was run for one day at room temperature. Then the mixture was passed through a short pad of
silica gel with EtOAc. The mixture was washed 7 times with water to remove the DMF. The
organic layers were dried over Na>SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography to give 2 (0.39 g, 80%).

5.2 Derivatizations of Allenyl Monofluorides

5.2.1 Synthesis of 7

| rt., 24h

F /@ Pd/C (10 mol%) P /@

N

©\/\40NN H, 2 MPa, MeOH ©/\/\)\/\ |
6i 7

To an oven-dried autoclave equipped with a magnetic stirring bar was added 6i (0.6 mmol, 177.1
mg, 1 equiv), Pd/C (5%, with 55% water) (10 mol%, 127.7 mg) and 6 mL methanol, then the
autoclave was filled with hydrogen to 2 MPa. The resulting mixture was stirred for 24 hours at
room temperature, then the pressure of autoclave was reduced to normal pressure. The mixture
was passed through a short pad of silica gel with EtOAc. The solution was concentrated under
reduced pressure. The residue was purified by flash column chromatography (PE : EtOAc =400 :
1) to give 7 as yellow oil (0.1109 g, 62%).
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N-(3-fluoro-7-phenylheptyl)-N-methylaniline (7)

Prepared according to the procedure 5.2.1. Flash column chromatography (eluent: PE/EA = 400:1)
to afford 7 as a yellow oil (110.9 mg, 62%, 0.6 mmol scale). R¢= 0.5 (PE/EA =40:1).

"H NMR (400 MHz, CDCl3) § 7.30 — 7.16 (m, 7H), 6.72 — 6.08 (m, 3H), 4.63-4.46 (m, 1H), 3.55 —
3.40 (m, 2H), 2.93 (s, 3H), 2.61 (t, J="7.7 Hz, 2H), 1.92 — 1.58 (m, 6H), 1.53 — 1.38 (m, 2H).

13C NMR (101 MHz, CDCl3) & 149.09, 142.41, 129.27, 128.40, 128.33, 125.75, 116.26, 112.21,
92.46 (d, J = 167.7 Hz), 48.78 (d, J = 4.0 Hz), 38.43, 35.83, 35.29 (d, J = 20.2 Hz), 32.40 (d, J =
21.2 Hz), 31.29, 24.85 (d, J =5.1 Hz).

YF NMR (376 MHz, CDCl3) & -182.41 - -182.81 (m).

HRMS (ESI) m/z caled for Co0Ha7FN [(M+H)*]: 300.2122, found: 300.2120.

5.2.2 Synthesis of 8
F o) LiAIH,4, THF F
= 0°Ctor.t. =
2 6hb

To an oven-dried 25 mL flask equipped with stir bar was added LiAlH4 (56.9 mg, 1.5 mmol, 1.5
equiv) followed by dry THF (5 mL) under nitrogen atmosphere. The flask was cooled to 0 °C via

an ice-water bath and the suspension was stirred for 10 minutes. After this time, 2 (248.1 mg, 1
mmol, 1.0 equiv) in dry THF (5 mL) was added dropwise to the flask. The mixture was stirred at
0 °C for 2 h and then quenched at 0 °C by very careful addition of deionized water (1.0 mL), 2 M
NaOH (2 mL), and additional deionized water (3 mL). The quenched solution was allowed to stir
for about 10 minutes, resulting in a white suspension. The solids were removed by filtration,
washing the solids with diethyl ether (10 mL). The filtrate was transferred to a separatory funnel
and washed with saturated NaHCO; (2 X 10 mL), deionized water (10 mL) and brine (10 mL).
The organic layer was dried over Na;SO4 and the solvent was removed in vacuo by rotary
evaporation. The residue was purified by flash column chromatography (PE : EtOAc = 20:1) to
give 6hb as colorless liquid (146.5 mg, 71%).

F AgNO3 (10 mol%)
® OH H,O/Acetone = 2:3, r.t.

6hb 8

To an oven-dried tube equipped with stir bar was added 6hb (72.1 mg, 0.35 mmol, 1.0 equiv),
CaCO; (35.0 mg, 035 mmol, 1.0 equiv), AgNOs (5.9 mg, 0.035 mmol, 0.1 equiv) and
water/acetone = 1.0 mL : 1.5 mL under a nitrogen atmosphere. The solution was placed in the dark
and stirred for 48 hours at room temperature. Then 10 mL ether was added and the solution was
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washed three times with water. The organic layer was dried over Na,SOs, filtered and the solvent
was removed in vacuo by rotary evaporation. The residue was purified by flash column
chromatography (PE : EtOAc =200:1) to give 8 as colorless liquid (39.1 mg, 54%).

)

4-fluoro-6-phenethyl-3,6-dihydro-2H-pyran (8)

Prepared according to the procedure 5.2.2. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 8 as a colorless oil (39.1 mg, 54%, 0.35 mmol scale). Rr= 0.5 (PE/EA =20:1).

"H NMR (400 MHz, CDCl3) 6 7.28 (t,J = 7.7 Hz, 2H), 7.19 (t, J = 7.4 Hz, 3H), 5.16 (d, J = 16.0
Hz, 1H), 4.18 — 4.06 (m, 2H), 3.73 — 3.65 (m, 1H), 2.80 — 2.74 (m, 2H), 2.55 — 2.45 (m, 1H), 2.16
—2.06 (m, 1H), 1.91 — 1.75 (m, 2H).

13C NMR (101 MHz, CDCls) § 157.67 (d, J = 262.6 Hz), 141.89, 128.50, 128.41, 125.88, 105.00
(d,J=10.1Hz), 72.29 (d, J = 7.1 Hz), 63.24 (d, J = 9.1 Hz), 37.26 (d, J = 2.0 Hz), 31.36, 26.70 (d,
J=20.2 Hz).

YF NMR (376 MHz, CDCl3) & -101.46 - -101.56 (m).

HRMS (ESI) m/z caled for Ci3H;sFONa [(M+Na)*]: 229.1005, found: 229.0999.

5.2.3 Synthesis of 10

F
F Benzene
NH
©\/\/ )\/\ * ©/\ P ©\/\/ ')\/\N
_* OTs Reflux = H
6e 9

To an oven-dried 25 mL flask equipped with stir bar was added benzylamine (0.23 mL, 2.1 mmol,
3.0 equiv) and benzene (5 mL) under a nitrogen atmosphere. Then 6e (0.24 g, 0.67 mmol, 1.0
equiv) in benzene (5 mL) was added dropwise to the flask. The mixture was placed at 110 °C
under stirring and refluxing overnight. The mixture was cooled to room temperature and washed
with 5 M NaOH, the aqueous layer was extracted three times with benzene. The organic phases
were combined, dried with Na;SOs, filtered, and the solvent was removed in vacuo by rotary
evaporation. The residue was purified by flash column chromatography (PE : EtOAc =20 : 1) to
give 9 as yellow oil(134.4 mg, 68%).

Iz

Acetone, r.t.

F AgNO; (10 mol%) ~
.)\/\ T - N
2
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To an oven-dried tube equipped with stir bar was added 9 (73.7 mg, 0.25 mmol, 1.0 equiv),
AgNOs (4.2 mg, 0.025 mmol, 0.1 equiv) and acetone (2.5 mL) under a nitrogen atmosphere. The
solution was placed in the dark and stirred for 48 hours at room temperature. Then 10 mL ether
was added and the solution was washed three times with water. The organic layer was dried over
NayS0s, filtered and the solvent was removed in vacuo by rotary evaporation. The residue was
purified by flash column chromatography (PE : EtOAc =200 : 1) to give 10 as yellow 0il(38.4 mg,
52%).

1-benzyl-4-fluoro-6-phenethyl-1,2,3,6-tetrahydropyridine (10)

Prepared according to the procedure 5.2.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 8 as a yellow oil (38.4 mg, 52%, 0.25 mmol scale). R¢= 0.5 (PE/EA =20:1).

"H NMR (400 MHz, CDCl3) 6 7.42 — 7.31 (m, 4H), 7.28 (dd, J = 13.2, 5.9 Hz, 3H), 7.17 (dd, J =
18.0, 7.5 Hz, 3H), 5.21 (dd, J=17.3, 3.4 Hz, 1H), 3.85 (d, /= 13.5 Hz, 1H), 3.52 (d, J = 13.5 Hz,
1H), 3.16 — 3.09 (m, 1H), 3.06 — 3.00 (m, 1H), 2.72 — 2.64 (m, 3H), 2.35 - 2.28 (m, 1H), 2.13 (d, J
=17.2 Hz, 1H), 1.86 (q, J = 6.8 Hz, 2H).

13C NMR (101 MHz, CDCl3) & 158.05 (d, J = 260.6 Hz), 142.54, 139.36, 128.83, 128.41, 128.35,
128.33, 127.06, 125.70, 104.35 (d, J = 11.1 Hz), 57.28 (d, J = 1.0 Hz), 66.86 (d, J = 8.1 Hz), 44.82
(d,J=8.1Hz),35.81 (d,J =3.0 Hz), 31.84, 23.64 (d, J = 21.2 Hz).

F NMR (376 MHz, CDCl3) & -101.25 (d, J = 15.0 Hz).

HRMS (ESI) m/z calcd for CooH23FN [(M+H)™]: 296.1815, found: 296.1809.

6. Mechanistic Studies

6.1 Stoichiometric Reaction

Ni(cod), (1 equiv)

R F PCyj; (2 equiv) F
DMF, r.t. N

[ Bn

1 2

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.1 mmol, 27.5 mg, 1.0 equiv) and PCy;3 (0.2 mmol, 56.1 mg, 2.0 equiv) in 1 mL
DMF under a nitrogen atmosphere, and the mixture was run for one day at room temperature.
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Then the mixture was passed through a short pad of silica gel with EtOAc. Yield of the product 2
was determined by GC (56%) (n-tetradecane as internal standard).

6.2 Radical Scavenger Tests

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod)2 (0.005 mmol, 1.4 mg, 5 mol%), PCy; (0.01 mmol, 2.8 mg, 10 mol%), zinc
powder (0.4 mmol, 26.2 mg, 4.0 equiv), and radical scavenger (0.2 mmol, 2.0 equiv) in 1 mL
DMF under a nitrogen atmosphere, and the mixture was run for one day. Then the mixture was
passed through a short pad of silica gel with EtOAc. Yield of the product 2 was determined by GC
(n-tetradecane as internal standard).

Table S6: Radical scavenger tests

R F
Std. Cond. F
Bn\/%%k/002Et - )\/C02Et
i additives Bn~ >~
1 2
Entry Radical Scavenger Yield of 2 (%) Recovery of 1 (%)
1 TEMPO 36 0
2 BHT 96 0
x'lglg +ES| Scan (rt: 0.366-1.127 min, 47 scans) Frag=175.0V yym-1.d
N 311.2521
25
24
] 4783255 9116724
1] 1421882 2632413 §15.4438 B
05 2491571 737.4850

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 250 SO0 850 1000 1050 1100 1150 1200
Counts vs. Mass-to-Charge (miz)

Picture 1: HRMS spectra of entry 1

6.3 Hydrolysis Side Product

Ni(cod), (5 mol%)
F F

R F PCy; (10 mol%)
BnMCOzEt BnMCOZEt
Zn powder (4 equiv), EtOH

H

1 1"
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To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.2 mmol, 1.0 equiv),
Ni(cod); (0.01 mmol, 2.8 mg, 5 mol%), PCys (0.02 mmol, 5.6 mg, 10 mol%), and zinc powder
(0.8 mmol, 52.4 mg, 4.0 equiv) in 2 mL EtOH, and the mixture was run for one day at room
temperature. Then the mixture was passed through a short pad of silica gel with EtOAc. The
organic layers was filtered and concentrated under reduced pressure. The residue was purified by
flash column chromatography (PE : EtOAc =200 : 1) to give 11.

% o~
FF O

Ethyl (E)-3,3-difluoro-7-phenylhept-4-enoate (11)

Prepared according to the procedure 6.3. Flash column chromatography (eluent: PE/EA = 200:1)
to afford 11 as a light-yellow oil (44.5 mg, 83%, 0.2 mmol scale). Rr = 0.4 (PE/EA = 20:1), by
staining with potassium permanganate.

"H NMR (400 MHz, CDCl3) 6 7.30 (t, J = 7.5 Hz, 2H), 7.22 — 7.17 (m, 3H), 6.22 — 6.14 (m, 1H),
5.80 — 5.70 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 2.96 (t, J = 14.2 Hz, 2H), 2.74 (t, J = 8.0 Hz,2H),
2.48 —2.40 (m, 2H), 1.27 (t,J=17.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.75 (t, J = 7.1 Hz), 141.01, 135.80 (t, J = 9.1 Hz), 128.45,
128.40, 126.11, 124.71 (t, J = 25.8 Hz), 118.15 (t, J = 241.4 Hz), 61.16, 43.39 (t, J =29.8 Hz),
34.79, 33.55, 14.11.

F NMR (376 MHz, CDCl3) § -91.71 - -91.82 (m).

HRMS (ESI) m/z caled for CisH sF20:Na [(M+Na)*]: 291.1173, found: 291.1167.

Ni(cod), (5 mol%)

R F PCy; (10 mol%) F
Bn\/\)Q/COﬁt Bn\/\)Q/COZEt N A _coet
Zn powder (4 equiv), DMF N

D Bn
10 equiv CD;0D
1 11-D 2

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.2 mmol, 1.0 equiv),
Ni(cod), (0.01 mmol, 2.8 mg, 5 mol%), PCys (0.02 mmol, 5.6 mg, 10 mol%), CD3OD (2 mmol,
81.2 uL, 10 equiv) and zinc powder (0.8 mmol, 52.4 mg, 4.0 equiv) in 2 mL DMF under a
nitrogen atmosphere, and the mixture reacts for one day at room temperature. Then the mixture
was passed through a short pad of silica gel with EtOAc. The yield of 11-D (25%) and 2 (73%)
was determined by NMR (by adding 2-hydroxyfluorobenzene (0.2 mmol, 18.2 pL) as internal
standard).

Note: The polarities of 2 and 11-D are so similar that they are difficult to separate.
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Picture 2: Fluorometric yield of 11-D and 2
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Picture 3: Comparison of hydrogen spectra between 11 and 11-D
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6.4 Asymmetric synthesis of fluorinated allenes

________________________________

O/\O O
U
/
w
c

OMe
i tBU 2
Ni(cod), (5 mol%)
L (6 mol%)
R F Zn powder (4 equiv) F
i DMF, RT, 24h Bn~ >°
1 2

To an oven-dried tube equipped with a magnetic stirring bar, dissolve 1 (0.1 mmol, 39.4 mg, 1.0
equiv), Ni(cod), (0.005 mmol, 1.4 mg, 5 mol%), L (0.006 mmol, 7.1 mg, 6 mol%), zinc powder
(0.4 mmol, 26.2 mg, 4.0 equiv) in 1 mL DMF under a nitrogen atmosphere, and the mixture was
run for one day at room temperature. Then the mixture was passed through a short pad of silica gel
with EtOAc. Yield of the product 2 was determined by GC (n-tetradecane as internal standard).
The ee (10%) was determined by HPLC analysis (IC column, A = 210 nm, n-hexane/isopropanol =

99.0/1.0, flow rate = 0.5 mL/min): tr(minor) = 8.8 min, tr(major) = 9.8 min.
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HPLC Data of 6.4

DADIC, Sig=210,4 Ref=off
110 I ? F
1004 M Il
904 | | || || BHM.)VCOQH
804 |
704 ‘ || rac. 2
Il
1
40 | | |
301 | || || ||
20- || II| II |I
101 _; B _J_J.' '\\ ) Fod S |
0-5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15
[min]
Signal: DADIC,Sig=210.4 Ref=off
Time[min] Type Widthimin] Height Area Area%
8.883 MBm 0.1571 112.8479 1152.2817 50.6923
9917 VB 0.6507 101.0219 1120.8079 493077
DADIC, Sig=210,4 Ref=off
18 5
161 T&
= | £
141 o _A__COEt
12- I || || B~
|
2" || 2
: gl A | A
6- I|'I |||"|I i | | | |
I| I'ull ‘|| | II | |
4 [ [ || \". B
27 |II II'Il II'. ’y |I I". ||‘ I|
S \Jo~r s
5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15
[min]
Signal: DADIC,Sig=210.4 Ref=off
Time[min] Type Widthmin] Height Area Area%
8.821 VB 0.7367 12.4460 161.4073 44 9054
9.835 BB 1.0611 16.9245 198.0309 55.0946
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8. NMR Spectra

"H NMR (400 MHz, CDCls) spectrum of compound 1
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YF NMR (376 MHz, CDCl3) spectrum of compound 1
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3C NMR (101 MHz, CDCIs) spectrum of compound 3a
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"H NMR (400 MHz, CDCls) spectrum of compound 3b
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YF NMR (376 MHz, CDCls) spectrum of compound 3b
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3C NMR (101 MHz, CDCI3) spectrum of compound 3¢
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"H NMR (400 MHz, CDCls) spectrum of compound 3d
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YF NMR (376 MHz, CDCls) spectrum of compound 3d
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3C NMR (101 MHz, CDCI3) spectrum of compound 3e
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"H NMR (400 MHz, CDCls) spectrum of compound 3f
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13C NMR (101 MHz, CDCIs) spectrum of compound 3f
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3C NMR (101 MHz, CDCI3) spectrum of compound 3g
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"H NMR (400 MHz, CDCls) spectrum of compound 3h
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YF NMR (376 MHz, CDCls) spectrum of compound 3h
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3C NMR (101 MHz, CDCI3) spectrum of compound 3i
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"H NMR (400 MHz, CDCls) spectrum of compound 3
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F NMR (376 MHz, CDCl3) spectrum of compound 3j
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3C NMR (101 MHz, CDCI3) spectrum of compound 3k
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"H NMR (400 MHz, CDCls) spectrum of compound 31
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YF NMR (376 MHz, CDCl3) spectrum of compound 31
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3C NMR (101 MHz, CDCI3) spectrum of compound 3m
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"H NMR (400 MHz, CDCls) spectrum of compound 3n
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YF NMR (376 MHz, CDCls) spectrum of compound 3n
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3C NMR (101 MHz, CDCIs) spectrum of compound 30
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"H NMR (400 MHz, CDCls) spectrum of compound 3p

W
tBu,
cHy I
G O\/CHa
F F o / [
[ / Sy
Il
[T I i
1 I
i I
1 S WY
17 z T T Ty 73]
;0 9‘.0 9‘.0 8“) 8‘0 7‘.: 7‘0 b‘.: 6‘.0 5‘.5 5‘.0 1‘.5 ’1‘.0 3‘.5 3‘.0 Z‘S 2‘0 1‘,5 1‘0 . 5
£1 (ppm)
13C NMR (101 MHz, CDCls) spectrum of compound 3p
o W NP [ i T
tBu,
cHy I
G O\/CHa
F F o
1] !
I
| | |
I
l j ‘ Lendvibomenl i ’
00 10 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 10 30 20 lo

£1 (ppm)

S 82



T T T T T T
0 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160
£1 (ppm)

"H NMR (400 MHz, CDCls) spectrum of compound 3q

=

T
180

T
190

S 83




13C NMR (101 MHz, CDCIs) spectrum of compound 3q
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"H NMR (400 MHz, CDCls) spectrum of compound 3r
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9F NMR (376 MHz, CDCl3) spectrum of compound 3r
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3C NMR (101 MHz, CDCI3) spectrum of compound 3s
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"H NMR (400 MHz, CDCls) spectrum of compound 3t
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YF NMR (376 MHz, CDCl3) spectrum of compound 3t
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3C NMR (101 MHz, CDCI3) spectrum of compound 3u
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"H NMR (400 MHz, CDCls) spectrum of compound 5a

2.0

T T T T
6.5 6.0 5.5 5.0 4.5
£1 (ppm)

13C NMR (101 MHz, CDCIs) spectrum of compound 5a

W K N
I
a
= o,
F F o

T T
100 90

T T T
00 190 180
£1 (ppm)

S 91



YF NMR (376 MHz, CDCl3) spectrum of compound 5a
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3C NMR (101 MHz, CDCI3) spectrum of compound 5b
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"H NMR (400 MHz, CDCls) spectrum of compound 5¢
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YF NMR (376 MHz, CDCl3) spectrum of compound S¢
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3C NMR (101 MHz, CDCI3) spectrum of compound 5d
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YF NMR (376 MHz, CDCl3) spectrum of compound Se
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3C NMR (101 MHz, CDCIs) spectrum of compound 5f
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"H NMR (400 MHz, CDCls) spectrum of compound 5g
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YF NMR (376 MHz, CDCl3) spectrum of compound 5g
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3C NMR (101 MHz, CDCI3) spectrum of compound 5h
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"H NMR (400 MHz, CDCls) spectrum of compound 5i
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YF NMR (376 MHz, CDCl3) spectrum of compound 5i
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3C NMR (101 MHz, CDCIs) spectrum of compound 5j
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"H NMR (400 MHz, CDCls) spectrum of compound 5k
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YF NMR (376 MHz, CDCl3) spectrum of compound 5k
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3C NMR (101 MHz, CDCI3) spectrum of compound 51
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"H NMR (400 MHz, CDCls) spectrum of compound 5m
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YF NMR (376 MHz, CDCls) spectrum of compound Sm
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3C NMR (101 MHz, CDCI3) spectrum of compound 5n
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"H NMR (400 MHz, CDCls) spectrum of compound 50
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YF NMR (376 MHz, CDCl3) spectrum of compound 50
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3C NMR (101 MHz, CDCI3) spectrum of compound 5p
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"H NMR (400 MHz, CDCls) spectrum of compound 5q
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YF NMR (376 MHz, CDCl3) spectrum of compound 5q
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3C NMR (101 MHz, CDCI3) spectrum of compound 5r
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"H NMR (400 MHz, CDCls) spectrum of compound 2
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YF NMR (376 MHz, CDCl3) spectrum of compound 2

©\/\¢'MO/\

T T T T T T T T
0 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
£1 (ppm)

CEEE 55

238

Ny» NVERNVEANpIES N

1013

6.0 5.5
£1 (ppm)

o) o] e

] 226
3. 17
152

S 119



3C NMR (101 MHz, CDCIs) spectrum of compound 4a
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"H NMR (400 MHz, CDCls) spectrum of compound 4b
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YF NMR (376 MHz, CDCls) spectrum of compound 4b
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3C NMR (101 MHz, CDCI3) spectrum of compound 4¢
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"H NMR (400 MHz, CDCls) spectrum of compound 4d
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YF NMR (376 MHz, CDCls) spectrum of compound 4d
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3C NMR (101 MHz, CDCI3) spectrum of compound 4e
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"H NMR (400 MHz, CDCls) spectrum of compound 4f
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YF NMR (376 MHz, CDCl3) spectrum of compound 4f
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3C NMR (101 MHz, CDCI3) spectrum of compound 4g
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"H NMR (400 MHz, CDCls) spectrum of compound 4h
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YF NMR (376 MHz, CDCls) spectrum of compound 4h
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3C NMR (101 MHz, CDCI3) spectrum of compound 4i
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"H NMR (400 MHz, CDCls) spectrum of compound 4j
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YF NMR (376 MHz, CDCl3) spectrum of compound 4j
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3C NMR (101 MHz, CDCI3) spectrum of compound 4k
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"H NMR (400 MHz, CDCls) spectrum of compound 41
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YF NMR (376 MHz, CDCl3) spectrum of compound 41
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3C NMR (101 MHz, CDCI3) spectrum of compound 4m
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"H NMR (400 MHz, CDCls) spectrum of compound 4n
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YF NMR (376 MHz, CDCls) spectrum of compound 4n
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3C NMR (101 MHz, CDCIs) spectrum of compound 40
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"H NMR (400 MHz, CDCls) spectrum of compound 4p
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YF NMR (376 MHz, CDCls) spectrum of compound 4p
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3C NMR (101 MHz, CDCIs) spectrum of compound 4q
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"H NMR (400 MHz, CDCls) spectrum of compound 4r
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YF NMR (376 MHz, CDCl3) spectrum of compound 4r
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3C NMR (101 MHz, CDCI3) spectrum of compound 4s
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"H NMR (400 MHz, CDCls) spectrum of compound 4t
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YF NMR (376 MHz, CDCl3) spectrum of compound 4t
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3C NMR (101 MHz, CDCI3) spectrum of compound 4u
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"H NMR (400 MHz, CDCls) spectrum of compound 6a
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YF NMR (376 MHz, CDCl3) spectrum of compound 6a

T T T
170 180 190

T T T T T
120 130 140 150 160

T
60 70 80 90 100 110
£1 (ppm)

A /

]

|

J‘ i

A |

o 7 7 EF
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
£1 (ppm)

S 152



3C NMR (101 MHz, CDCI3) spectrum of compound 6b
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"H NMR (400 MHz, CDCls) spectrum of compound 6¢
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YF NMR (376 MHz, CDCl3) spectrum of compound 6¢
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3C NMR (101 MHz, CDCI3) spectrum of compound 6d
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"H NMR (400 MHz, CDCls) spectrum of compound 6e
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YF NMR (376 MHz, CDCl3) spectrum of compound 6e
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3C NMR (101 MHz, CDCIs) spectrum of compound 6f
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"H NMR (400 MHz, CDCls) spectrum of compound 6g
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YF NMR (376 MHz, CDCl3) spectrum of compound 6g
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3C NMR (101 MHz, CDCI3) spectrum of compound 6ha

v v AN VeI NPV

§§
-

| A T | Y | Il

‘00 1‘90 1‘80 170 1‘60 1‘50 140 130 1‘20 110 100 &;U 80 70 60 50 40 30 20 10
£1 (ppm)
19F NMR (376 MHz, CDCl5) spectrum of compound 6ha
F 0}
©\/\¢.)\/\o CF;
0 lo 20 50 -0 50 60 70 k0 90  -loo -l10  -l20  -is0  -110  -is0 160 170  -1s0 190

£1 (ppm)

S 162



"H NMR (400 MHz, CDCls) spectrum of compound 6hb
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YF NMR (376 MHz, CDCl3) spectrum of compound 6hb
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3C NMR (101 MHz, CDCI3) spectrum of compound 6i

19. 41

—148.78

190,44
< 190. 20

r T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

T T T T T T T T T T
0 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
£1 (ppm)

S 165



"H NMR (400 MHz, CDCls) spectrum of compound 6j
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F NMR (376 MHz, CDCl3) spectrum of compound 6j
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3C NMR (101 MHz, CDCI;3) spectrum of compound 6k
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"H NMR (400 MHz, CDCls) spectrum of compound 61
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YF NMR (376 MHz, CDCl3) spectrum of compound 61
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3C NMR (101 MHz, CDCI3) spectrum of compound 6m
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"H NMR (400 MHz, CDCls) spectrum of compound 6n

g

z
;.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7[0 6‘.3 6.0 5‘.3 5‘.0 1‘.5 ’1‘.0 3‘.5 3‘.0 ‘.5 2‘.0 1[5 l‘.O U‘.E
£1 (ppm)
13C NMR (101 MHz, CDCls) spectrum of compound 6n
Y [ v Nz Sy
F
Cl \/\/v.M

] i ’ ‘

L LA
00 10 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 10 30 20 lo

£1 (ppm)

S 172



YF NMR (376 MHz, CDCls) spectrum of compound 6n
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3C NMR (101 MHz, CDCIs) spectrum of compound 60
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"H NMR (400 MHz, CDCls) spectrum of compound 6p
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YF NMR (376 MHz, CDCls) spectrum of compound 6p
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3C NMR (101 MHz, CDCIs) spectrum of compound 6q
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"H NMR (400 MHz, CDCls) spectrum of compound 6r
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YF NMR (376 MHz, CDCl3) spectrum of compound 6r
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3C NMR (101 MHz, CDCI3) spectrum of compound 7
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"H NMR (400 MHz, CDCls) spectrum of compound 8
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YF NMR (376 MHz, CDCl3) spectrum of compound 8
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3C NMR (101 MHz, CDCIs) spectrum of compound 10
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"H NMR (400 MHz, CDCls) spectrum of compound 11
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YF NMR (376 MHz, CDCl3) spectrum of compound 11
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