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1. General Remarks.

Melting points were determined on a digital melting point apparatus and temperatures were
uncorrected. NMR spectra were recorded with a Bruker spectrometer at 400 MHz (*H NMR), 600
MHz (*H NMR), 101 MHz (33C NMR), 151 MHz (:3C NMR) and 565 MHz (**F NMR) in CDCls,
respectively. Chemical shift was reported in ppm down field from internal TMS. Infrared spectra
were recorded on a Perkin-Elmer PE-983 spectrometer with absorption in cm™. Mass spectra were
recorded by ESI, ElI and HRMS was measured on a HP-5989 instrument. X-ray structure was
determined on a Bruker Smart-1000 X-ray Diffraction meter. Commercially available reagents were
used without further purification. Organic solvents used were dried by standard methods when
necessary. All reactions were monitored by TLC with Huanghai GF2s4 silica gel coated plates. Flash
column chromatography was performed by using 300-400 mesh silica gel eluting with ethyl and
petroleum at increased pressure. All reactions were performed under argon using standard Schlenk
techniques.

The photoreaction setup is reassembled as following picture with a blue-LED, a fan and a
magnetic stirrer. The reaction tube was about 5 cm far from the light source. The 30 W Blue LED

(Wavelength: 455 — 460 nm) was directly purchased online from Taobao.com.

WRHTTTTL AW

Figure S1. The photoreaction setup without an oil bath and the photoreaction setup in an oil bath
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2. Optimization of Reaction Conditions

In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1la,
1-bromo-4-(trifluoromethyl)benzene (3.0 equiv), Photocatalyst (2.0 mol%), Electron donor, and
Base, Nickel source, and Ligand were added. The tube was degassed by alternating vacuum
evacuation (10 min) and argon backfill for three times. Then the Solvent was injected under Ar. The
mixture was stirred for 10 min before being placed 5.0 cm away from the blue LED (30 W) and
stirred for 36 h at room temperature. Upon completion, 1,3,5-trimethoxybenzen (1.0 equiv) used as
an internal standard was added after removal of the tube from the light source. EtOAc (20 mL) was
added into the tube and the mixture was washed with water for 3 times (3 <8 mL), the organic layer
was dried over Na,SOs, filtered, and concentrated to dryness. The crude was analyzed by *H NMR.
Note: although the side product 67 was also detected in the reactions, its analysis was omitted in
the following conditions optimization process for the trace amount (< 10% in most reactions) of this
side product. The analysis of other side products in the reaction will be discussed at length in the

section on mechanistic studies.

2.1 Table S1. Nickel and Ligand Loading Optimization

Ir(dF(CF3)ppy),(dtbbpy)PFg (2.0 mol%)
NiBry-DME (X mol%)
dtbbpy (Y mol%)
HEH (1.5 equiv), Li,CO3 (3.0 equiv)

NMP (0.05 M), rt, 36 h

30 W blue LED CF3
0.1 mmol 0.3 mmol
Entry X Y 3, Yield (%)@l
1 10 10 6
2 10 15 —
3 15 10 30
4 15 7.5 50

1@l yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard.
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2.2 Table S2. HEH loading, Base loading, and concentration Optimization

CF3
\/ Ir(dF(CF3)ppy).(dtbbpy)PFg (2.0 mol%) O
| Br NiBr,-DME (15 mol%)
dtbbpy (7.5 mol%)
OO Ho, fo HEH, Li,COs | O
NMP, rt, 36 h H CF4
1a 2a 30 W blue LED
0.1 mmol 0.3 mmol 3
Entry HEH (equiv) Li,COj3 (equiv) Conc. (M) 3, Yield (%)@
1 1.0 2.0 0.05 39
2 15 — 0.05 25
3 15 3.0 0.05 50
4 15 4.0 0.05 52
5 1.5 4.0 0.1 42
6 3.0 4.0 0.05 57
7 4.0 6.0 0.05 58
8 3.0 4.0 0.033 56
9 3.0 4.0 0.025 50

[l Yields were determined by "H NMR using 1,3,5-trimethoxybenzen as an internal standard.
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2.3 Table S3. Photocatalyst Optimization

v Photocatalyst (2.0 mol%)
‘ Br NiBr,-DME (15 mol%)
dtbbpy (7.5 mol%)
OO Ho, HEH (3.0 equiv), Li,COj (4.0 equiv)
FaC NMP (0.05 M), rt, 36 h
1a 22 30 W blue LED CFs
0.1 mmol 0.3 mmol
Entry Photocatalyst 3, Yield (%)

1 Ir(dF(CF3)ppy),(dtbbpy)PFg 57
2 4CzIPN 56
3 Ir(dF(Me)ppy),(dtbbpy)PFg 60
4 Ir(dtbbpy)(ppy).PFg 62

@l Yields were determined by "H NMR using 1,3,5-trimethoxybenzen as an internal standard.

2.4 Table S4. Electron donor (ED) Optimization

CF;

Ir(dtbbpy)(ppy),PFs (2.0 mol%) O
\/ NiBr,:DME (15 mol%)
\ Br dtbbpy (7.5 mol%)
OO H /©/ ED (3.0 equiv), Li,COj3 (4.0 equiv) |
FsC NMP (0.05 M), rt, 36 h
1a 2a 30 W blue LED OO H CFs
3

0.1 mmol 0.3 mmol
Entry Electron donor 3, Yield (%)@
1 HEH 62
2 TEOA —
3 Pr,NEt 7
4 w/o —

[al yields were determined by "H NMR using 1,3,5-trimethoxybenzen as an internal standard.
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2.5 Table S5. Base Optimization

\/ Ir(dtbbpy)(ppy)2PFg (2.0 mol%)
‘ Br NiBr,-DME (15 mol%)
H dtbbpy (7.5 mol%)
OO + B HEH (3.0 equiv), Base (4.0 equiv)
8 NMP (0.05 M), t, 36 h
1a 2a 30 W blue LED cF
3
0.1 mmol 0.3 mmol
Entry Base 3, Yield (%)
1 Li,CO; 62
2 Na,CO3 32
3 K,CO3 30
4 Cs,CO3 55
5 KoHPO, 41
6 EtsN _
7 iProNEt 20
8 w/o 35
9 Li,CO3 (3.0 equiv) 56

[@lYields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard.
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2.6 Table S6. Ligand Optimization

v Ir(dtbbpy)(ppy)2PFe (2.0 mol%)
NiBry-DME (15 mol%)

| Br Ligand (7.5 mol%)
Ho HEH (3.0 equiv), Li,COj (4.0 equiv)
FsC

NMP (0.05 M), rt, 36 h

1a 2a 30 W blue LED CF3
0.1 mmol 0.3 mmol

Entry Ligand 3, Yield (%)M

1 L1 62

2 L2 50

3 L3 6

4 L4 8

5 L5 62

6 L6 50

7 L7 4

glbl L8 <10

9 L9 33

10 L10 37

1 L11 -
1201 Pyridine <5
13[°] PPh, <5

14 — 8

[l yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard. PlLigand loading was
7.5 mol% or 15 mol%.

By Bu MeO OMe MeO,C CO,Me  FiC CFj
/ \ / \ / \ / \
\ ¢ N7/ NIVARY / \ /" N7 /N /
L1 L2 L3 L4
‘ X
N« = N -
B Mo oo N o
=N N= <?/ = N
L5 L6 L7 L8
/ \ / \
\ N N / \ N N /
L9 L10 L1
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2.7 Table S7. Nickel Source Optimization

"
+
F3C
1a

CF3

g
H CF,

Ir(dtbbpy)(ppy),PFg (2.0 mol%)
Nickel source (15 mol%)
dtbbpy (7.5 mol%)

HEH (3.0 equiv), Li,CO3 (4.0 equiv)

NMP (0.05 M), rt, 36 h

o

2a 30 W blue LED OO
0.1 mmol 0.3 mmol 3

Entry Nickel source 3, Yield (%)@
1 NiBry'DME 62
2 NiBr, 55
3 Ni(acac), 8
4 NiCl,-DME 59
5 NiBr,-diglyme 68
6 Ni(COD), 56
7 w/o —

1@l yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard.

2.8 Table S8. Solvent Optimization
CF3

H
+ FC
1a

Ir(dtbbpy)(ppy).PFgs (2.0 mol%)
NiBr;-diglyme (15 mol%)
dtbbpy (7.5 mol%)

HEH (3.0 equiv), Li,CO3 (4.0 equiv)

Solvent (0.05 M), rt, 36 h

/©/Br
‘
H ! CF,

2a 30 W blue LED OO
0.1 mmol 0.3 mmol 3
Entry Solvent 3, Yield (%)@
1 NMP 68
2 THF 37
3 DMF 7
4 CH3CN —
5 DMAc 58
6 DMSO —
7Ibl NMP 63

@l Yields were determined by
stirred at 50 °C.

"H NMR using 1,3,5-trimethoxybenzen as an internal standard. PIThe mixture was
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2.9 Table S9. Further Ligand Optimization

Ir(dtbbpy)(ppy).PFg (2.0 mol%)
NiBr,-diglyme (15 mol%)

\/
‘ Br
OO Y /©/ Ligand (7.5 mol%)
HEH (3.0 equiv), Li,CO3 (4.0 equiv
+ Ry ( quiv), Li,COg ( quiv)
2a

NMP (0.05 M), t, 36 h

1a

30 W blue LED CFs
0.1 mmol 0.3 mmol
Entry Ligand 3, Yield (%)@
1 L1 68
2 L2 59
3 L5 74 (70)P!
4[] L5 61
5ldl L5 73
6 L6 53

@l Yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard. Plisolated yield on 0.2
mmol scale. [°INiBr,-diglyme (10 mol%), L5 (5 mol%). [INiBr,-diglyme (20 mol%), L5 (10 mol%).

By 'Bu MeQ OMe

ZX
=7

L1 L2 L5 L6
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2.10 Table S10. Ligand Loading Optimization

\/ Ir(dtbbpy)(ppy):PFs (2.0 mol%)
B

| r NiBr,-diglyme (15 mol%)
H /©/ L5 (Y mol%)
+ FsC HEH (3.0 equiv), Li,CO3 (4.0 equiv)

NMP (0.05 M), rt, 36 h

1a 2a 30 W blue LED
0.2 mmol 0.6 mmol
Entry Y 3, Yield (%)
1 0 "
2 25 49
3 5 53
4 7.5 72
5 10 55
6 12.5 41
7 15 5
8 17.5 —
9 20 -

[l yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard.
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3. Preparation of Substrates

The substrates of methylenecyclopropanes 1 were prepared according to the previous reports and

the substrates of ArBr 2 were all commercially available.

3.1 General Procedure for the Synthesis of Substrates 1.

"ot ol gt b oy ok

Qi - moi ;5 @f& @fi
©L in @i o olo oo,

Substrates 1a — 1t, 1y — lag, and 1laj — 1lam were synthesized according to the general procedure
A, the corresponding ketones or aldehydes are commercially available and directly used without

further purification.
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General procedure A

o}
lL Br(CH,)3PhsP*Br, NaH Y

1 2 1 2
R_K THF, reflux, 12 h ROR

A solution of 3-bromopropyltriphenylphosphonium bromide (2.8 g, 6.0 mmol, 1.2 equiv) and NaH
(60% in oil, 0.48 g, 12.0 mmol, 2.4 equiv) in THF (20.0 mL) was stirred at 65 °C in an oil bath
under Ar for 4 h. Afterwards the corresponding ketone or aldehyde (5.0 mmol, 1.0 equiv) in THF
(5.0 mL) was added and the solution was stirred at 65 °C for another 8 h. Upon completion, the
solution was cooled to room temperature and the mixture was filtered through a celite. The filtrate
was concentrated under reduced pressure and the residue was purified by a silica gel flash
chromatography (petroleum ether/ethyl acetate = 20/1) to afford the products in moderate to good
yields.

Compounds 1a — 1f, 1h — 11, 1n, 1o, 1s, 1y — 1ah, and 1aj — 1lam are known products that have

been reported in the previous literature.? 3

Synthesis of substrate 1m (procedure b)

(0]
O,

H N\

H H
EtsN Br(CH,)sPhsP*Br, NaH
§ e \ \
DCM,0°C -rt, 12 h N THF, reflux, 12 h

H Ts N

Ts
B 1m

Step 1: A solution of 1H-indole-3-carbaldehyde (1.16 g, 8.0 mmol) and 4-methylbenzenesulfonyl
chloride (2.29 g, 12.0 mmol) in DCM (20 mL, 0.4 M) was stirred at 0 °C in an ice bath under Ar for
5 mins, then EtsN (2.2 mL, 16.0 mmol) was injected in one portion. The temperature of the reaction
system gradually was warmed to room temperature for 1.0 h later and the mixture was reacted for
another 11 h. Upon completion, the reaction was quenched by sat. NH4Cl solution (20.0 mL) and
extracted with CHCI> for 3 times (3 <10 mL). The combined organic layer was washed with brine
and dried over anhydrous Na>SOj4. The solvent was removed under reduced pressure and the residue
was purified by a flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10/1)
to afford the compound B (2.15 g, 90% yield) as a yellow solid.

Step 2: A solution of 3-bromopropyltriphenylphosphonium bromide (2.79 g, 6.0 mmol) and NaH
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(60% in oil, 0.48 g, 12 mmol) in THF (20.0 mL) was stirred at 65 °C in an oil bath under Ar for 4.0
h. Afterwards the compound B (1.50 g, 5.0 mmol) in THF (5.0 mL) was added and the solution was
stirred at 65 °C for another 8 h. Upon completion, the solution was cooled to room temperature and
the mixture was filtered through a celite. The filtrate was concentrated under reduced pressure and
the residue was purified by a silica gel flash chromatography (petroleum ether/ethyl acetate = 10/1)

to afford the substrate 1m (0.70 g, 43% yield) as a yellow solid.

Synthesis of substrate 1u (procedure c)

o) o ‘
COH + EtOH DCC, DMAP CO,Et  Br(CH5)sPhsP*Br, NaH CO,Et
DCM,0°C-rt,12h THF, reflux, 12 h

c 1u

Step 1: A solution of 4-oxo0-4-phenylbutanoic acid (1.78 g, 10.0 mmol), EtOH (0.58 mL, 10.0 mmol)
and 4-dimethylaminopyridine (122.2 mg, 1.0 mmol) in DCM (30.0 mL) was stirred at 0 °C in an ice
bath for 10 min. Afterwards, the solution of dicyclohexylcarbodiimide (2.27 g, 11.0 mmol) in DCM
(10.0 mL) was added dropwise for 25 min. The mixture was warmed to room temperature and
stirred for 12 h. Upon completion, the mixture was filtered through a celite. The filtrate was
concentrated under reduced pressure and the residue was purified by a silica gel flash
chromatography (petroleum ether/ethyl acetate = 4/1) to afford the compound C (2.00 g, 97% yield)
as a colorless oil.

Step 2: A solution of 3-bromopropyltriphenylphosphonium bromide (4.18 g, 9.0 mmol) and NaH
(60% in oil, 720.0 mg, 18.0 mmol) in THF (25.0 mL) was stirred at 65 °C in an oil bath under Ar
for 4.0 h. Afterwards the compound C (1.54 g, 7.5 mmol) in THF (5.0 mL) was added and the
solution was stirred at 65 °C for another 8.0 h. Upon completion, the solution was cooled to room
temperature and the mixture was filtered through a celite. The filtrate was concentrated under
reduced pressure and the residue was purified by a silica gel flash chromatography (petroleum

ether/ethyl acetate = 10/1) to afford the substrate 1u (0.83 g, 48% yield) as a yellow oil.

Synthesis of substrate 1v (procedure d)
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o] o] |
DCC, DMAP NBny  Br(CH,)sPhsP*Br, NaH NBn
CO,H + Bn,NH (CHz)sPhg 2
DCM,0°C -rt, 12 h o THF, reflux, 12 h 0

D 1v

Step 1: A solution of 4-oxo-4-phenylbutanoic acid (1.78 g, 10.0 mmol), dibenzylamine (1.97 g, 10
mmol) and 4-dimethylaminopyridine (122.0 mg, 1.0 mmol) in DCM (30.0 mL) was stirred at 0 °C
in an ice bath for 10 min. Afterwards, the solution of dicyclohexylcarbodiimide (2.2 g, 11.0 mmol)
in DCM (10.0 mL) was added dropwise for 25 min. The reaction system was warmed to room
temperature and stirred overnight. Upon completion, the mixture was filtered through a celite. The
filtrate was concentrated under reduced pressure and the residue was purified by a silica gel flash
chromatography (petroleum ether/ethyl acetate = 4/1) to afford the compound D (2.68 g, 75% yield)
as a yellow solid.

Step 2: A solution of 3-bromopropyltriphenylphosphonium bromide (4.18 g, 9.0 mmol) and NaH
(60% in oil, 720.0 mg, 18.0 mmol) in THF (20.0 mL) was stirred at 65 °C in an oil bath under Ar
for 4.0 h. Afterwards the compound D (2.68 g, 7.5 mmol) in THF (5.0 mL) was added and the
solution was stirred at 65 °C for another 8.0 h. Upon completion, the solution was cooled to room
temperature and the mixture was filtered through a celite. The filtrate was concentrated under
reduced pressure and the residue was purified by a silica gel flash chromatography (petroleum

ether/ethyl acetate = 10/1) to afford the substrate 1u (2.10 g, 73% vyield) as a white solid.

Synthesis of substrate 1w and 1x (procedure e)*

0 0
OH Imidazole Br(CH,)sPhsP*Br, NaH |
+ TBDPSCI d OTBDPS Br(CHz)3Phj OTBDPS
DCM,0°C-rt, 12 h THF, reflux, 12 h
E1 E2
| OTBDPS BuyN*F~ ‘ OH BnBr, NaH | OBn
THF, rt, 3 h THF, 0°C-rt,8h

E2 E3 1w

Step 1: A solution of 2-hydroxy-1-phenylethan-1-one (4.08 g, 30.0 mmol) and imidazole (3.06 g, 45
mmol) in CH2Cl> (45.0 mL) under Ar was stirred at 0 °C in an ice bath for 5.0 min, then
tert-butylchlorodiphenylsilane (11.7 mL, 45.0 mmol) was added dropwise into the mixture. The

reaction system was warmed to room temperature and stirred for 12 h. Upon completion, the
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resulting mixture was treated with water (20.0 mL) and extracted with CH2Cl> (3 % 15 mL). The
combined organic layer was washed with brine and dried over anhydrous Na>SOas. The solvent was
removed under reduced pressure and the residue was purified by a flash column chromatography on
silica gel (petroleum ether/ethyl acetate = 10/1) to afford the compound E1 (5.98 g, 53% vyield) as a
white solid.

Step 2: A solution of 3-bromopropyltriphenylphosphonium bromide (8.36 g, 18.0 mmol) and NaH
(60% in oil, 1.44 g, 36.0 mmol) in THF (50.0 mL) was stirred at 65 °C in an oil bath under Ar for
4.0 h. Afterwards the compound E1 (5.61 g, 15.0 mmol) in THF (10.0 mL) was added and the
solution was stirred at 65 °C for another 8.0 h. Upon completion, the solution was cooled to room
temperature and the mixture was filtered through a celite. The filtrate was concentrated under
reduced pressure and the residue was purified by a silica gel flash chromatography (petroleum
ether/ethyl acetate = 10/1) to afford the compound E2 (5.08 g, 85% yield) as a white solid.

Step 3: Tetrabutylammonium fluoride (25.4 mL, 25.4 mmol, 1.0 M) was added to a solution of
compound S2 (5.08 g, 12.7 mmol) in THF (25.0 mL). The mixture was stirred under Ar at room
temperature for 3 h. the solvent was removed under reduced pressure and the residue was purified
by a silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to afford compound E3
(1.85 g, 91% yield) as a pale green solid.

Step 4: A solution of E3 (0.80 g, 5.0 mmol) and NaH (60% in oil, 0.26 g, 6.5 mmol) in THF (15.0
mL) was stirred at 0 °C in an ice bath for 30 min, then benzyl bromide (0.65 mL, 5.5 mmol) was
added in one portion. The mixture was warmed to room temperature and stirred for 8.0 h. Upon
completion, the mixture was filtered through a celite and concentrated under reduced pressure. The
residue was purified by a silica gel flash chromatography (petroleum ether/ethyl acetate = 30/1) to

afford the substrate 1w (0.60 g, 48% yield) as a white solid.

Synthesis of substrate 1x (procedure f)*
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| Ts
PPhs, DEAD |
OH , TsNHBoc — =72 N.goe
THF, 0°C-rt, 12 h

E3 F4
H
R NaOH LR
“Boc > Ts
EtOH, reflux, 5 h
Fa F5
‘ Me
\ H Mel, K,CO5 N.
Ts acetone, reflux, 12 h Ts
F5 x

Step 1: A solution of E3 (0.80 g, 5.0 mmol), N-Boc p-toluenesulfonamide (1.62 g, 6.0 mmol),
triphenylphosphine (1.96 g, 7.5 mmol) in THF (15.0 mL) was stirred at 0 °C in an ice bath under Ar,
then diethyl azodicarboxylate (1.2 mL, 7.5 mmol) was added dropwise into the solution. The
mixture was warmed to room temperature and stirred for 12 h. Then, the mixture was filtered
through a celite and concentrated under reduced pressure. The residue was purified by a silica gel
flash chromatography (petroleum ether/ethyl acetate = 10/1) to afford the compound F4 (0.80 g,
39% yield) as a yellow solid.

Step 2: A solution of F4 (620.3 mg, 1.5 mmol) and NaOH (180.0 mg, 4.5 mmol) in EtOH (8.0 mL)
was stirred under reflux for 5.0 h. The resulting mixture was treated with water (10.0 mL) and
extracted with CH2Cl> (3 <8 mL). The combined organic layer was washed with brine and dried
over anhydrous Na;SOs4. The solvent was removed under reduced pressure and the residue was
purified by a flash column chromatography on silica gel (petroleum ether/ethyl acetate = 2/1) to
afford the compound F5 (438.8 mg, 93% yield) as a white solid.

Step 3: A solution of F5 (313.4 mg, 1.0 mmol), K2COs (690.0 mg, 5.0 mmol) and iodomethane
(0.31 mL, 5.0 mmol) in acetone (5.0 mL) was stirred under reflux for 12 h. The mixture was filtered
through a celite and concentrated under reduced pressure. The residue was purified by a silica gel
flash chromatography (petroleum ether/ethyl acetate = 4/1) to afford the substrate 1x (0.31 g, 95%

yield) as a yellow solid.

Synthesis of substrate 1ah (procedure g)*

S16



PPhs
OEt

[ OEt MeOH (0] ‘
OTMS 20 h, rt PhCO,H CO,Et

cyclohexane, reflux, 3 h

1ah

A solution of (1-ethoxycyclopropoxy)trimethylsilane (1.74 g, 10.0 mmol) in methanol (4.9 mL) was
stirred at room temperature for 20 h. Then the solvent was removed under reduced pressure. The
resulting residue and benzoic acid (0.24 g, 2.0 mmol) were dissolved in cyclohexane (50.0 mL).
The  mixture was stired at 80 °C in an oil bath and ethyl
2-(triphenyl-A5-phosphaneylidene)propanoate (4.35 g, 12.0 mmol) was added gradually. The
solution was allowed to reflux for 3.0 h. Upon completion, the solution was cooled to room
temperature. The solvent was removed under reduced pressure and the residue was purified by a
silica gel flash chromatography (petroleum ether/ethyl acetate = 10/1) to afford the substrate 1ah

(0.74 g, 53%) as a colorless oil.

Synthesis of substrate lai (procedure h)

o) o)
G Mel, KOH G Br(CH,);Ph;P*Br", NaH
Oe H DMF, 0°C-rt, 3 h Oe H THF, reflux, 12 h
HO MeO
G

Step 1: A solution of Estrone (1.35 g, 5.0 mmol), KOH (561.1 mg, 10.0 mmol) and iodomethane

(0.63 mL, 10.0 mmol) in DMF (25.0 mL) was stirred at 0 °C in an ice bath. The reaction mixture
was warmed to room temperature and stirred for 3.0 h. The solution was poured onto ice/water and
extracted with ethyl acetate (3 > 25 mL). The combined organic layer was washed with brine and
dried over anhydrous Na,SOs. The solvent was removed under reduced pressure to yield G (1.29 g,
91% yield) as a white solid.>

Step 2: A solution of 3-bromopropyltriphenylphosphonium bromide (2.23 g, 4.8 mmol) and NaH
(60% in oil, 0.38 g, 9.6 mmol) in THF (15.0 mL) was stirred at 65 °C in an oil bath under Ar for 4.0
h. Afterwards the compound G (1.14 g, 4.0 mmol) in THF (5.0 mL) was added and the solution was
stirred at 65 °C for another 8.0 h. Upon completion, the solution was cooled to room temperature
and the mixture was filtered through a celite. The filtrate was concentrated under reduced pressure

and the residue was purified by a silica gel flash chromatography (petroleum ether/ethyl acetate =
s17



50/1) to afford the substrate 1ai (0.63 g, 51% yield) as a white solid.

Substrates of ArBr
é é é : é 5 Br Br
CF,4 F o] Me Bu ?F ?e
2a 29 2h
Br © © © Q et
? é\? CO,Me SO,Me
2i 2k 2m 2n 20

Q@@@ @@B“@@

BP|n
S Ph
g o) /
“/O ) Q q O )
‘ B
Br Q r Q Br
2x 2y 2z

2v

2w

3.2 Unsuccessful examples

For the substrates of methylenecyclopropanes

\ | = \
H H s \ A H
NC O,N S

For the substrates of ArBr

Br
Br Br Br Br O Br
N Br
‘ P = ‘ N, .~
N~ CFs N N ©
o
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4. General Procedure B for the Synthesis of Products

Ir(dtbbpy)(ppy),PFs (2.0 mol%)
NiBr,-diglyme (15 mol%)
L5 (7.5 mol%)

Br
Y . HEH (3.0 equiv), Li,CO3 (4.0 equiv)
1 2
R R NMP (0.05 M), rt, 36 h 1‘ ) @
ROR
1 N

30 W blue LED

2
0.2 mmol 3.0 equiv

In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1 (0.2 mmol),
ArBr 2 (0.6 mmol, 3.0 equiv), Ir(dtbbpy)(ppy)2PFs (3.7 mg, 2.0 mol%), HEH (152.0 mg, 3.0 equiv),
and Li>CO3 (58.9 mg, 4.0 equiv), ligand L5 (2.8 mg, 7.5 mol%), NiBr. diglyme (10.6 mg, 15 mol%)
degassed NMP (4.0 mL, 0.05 M) were added. The tube was degassed by alternating vacuum
evacuation (10 min) and argon backfill for three times. The mixture was stirred for 10 min before
being placed 5.0 cm away from the blue LED (30 W) and stirred for 36 h at room temperature.
Upon completion, EtOAc (20 mL) was added into the reaction tube and the reaction mixture was
washed with water for 3 times (3 %8 mL), the organic layer was dried over anhydrous Na>SOg,

filtered, and concentrated to dryness. The crude product was purified by using PTLC.
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5. Mechanistic Studies
5.1 Radical Trapping Experiments

N/ CF3

H . Standard Conditions
Additive (2.0 equiv)
Br
0.2 mmol 3.0 equiv
Additive TEMPO BHT DPE
Yield (%) 69% 66% 59%

In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (36.0 mg, 0.2
mmol), 1-bromo-4-(trifluoromethyl)benzene (84 pL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0
mol%), HEH (152.0 mg, 3.0 equiv), and Li-COz (58.9 mg, 4.0 equiv), NiBrz diglyme (10.6 mg, 15
mol%), ligand L5 (2.8 mg, 7.5 mol%), radical scavenger (0.4 mmol, 2.0 equiv), and degassed NMP
(4.0 mL, 0.05 M) were added. The reaction tube was degassed by alternating vacuum evacuation
(10 min) and argon backfill for three times. The mixture was stirred for 10 min before being placed
5.0 cm away from the blue LED (30 W) and stirred for 36 h at room temperature. Upon completion,
1,3,5-trimethoxybenzen (33.6 mg, 1.0 equiv) used as an internal standard was added after removal
of the reaction tube from the light source. EtOAc (20 mL) was added into the tube and the mixture
was washed with water for 3 times (3 < 8.0 mL), the organic layer was dried over anhydrous
Na,SOs, filtered, and concentrated to dryness. The crude product was analyzed by H NMR
spectroscopy.

The reaction can proceed well in the presence of these radical scavengers, which may imply that

the free radical pathway was not involved in the process of generating products.

5.2 Emission Quenching Studies

All the emission intensities were recorded by Varian Cary Eclipse spectrometer. Solutions of
Ir(dtbpy)(ppy)2PFs (2 <107 M) in dry NMP were excited at 380 nm and the emission intensity was
collected at the maximum wavelength 571 — 572 nm. Solutions of different concentration of HEH,
NiBrz diglyme and substrate 1a were prepared respectively and introduced to a 1.0 cm path length

quartz cuvette equipped with a Teflon® septum.
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Figure S2. Stern-Volmer Quenching of Photocatalyst with HEH

2007 —— Tr(dtbbpy)ppy 2PF6
1 — Irt1la(12.5 equiv)
400 - — Irt1a(62.5 equiv)
— Irtla(125 equiv)
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Figure S3. Stern-Volmer Quenching of Photocatalyst with Substrate 1a
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— I(dtbbpy)ppy2PF6
Ir+NiBr2-diglyme(1.25 equiv)
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Ir+NiBr2-diglyme(3.75 equiv)
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300
=
w
=]
3
5 200+
100
0
T T T T T

400 500 600 700

Wavelength (nm)
Figure S4. Stern-Volmer Quenching of Photocatalyst with NiBr, diglyme
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Figure S5. Stern-Volmer Quenching of Photocatalyst with HEH, 1a, and NiBr; diglyme

5.3 Quantum Yield Determination®
To further investigate the mechanism of the reactions, we employed the model reaction of 1a to 3 to

measure the quantum vyield. The photo flux was determined by ILT1400 Portable

Radiometer/Photometer. AE was calculated by deduction of the recorded data directly read from the

apparatus. AE and nx both were measured three times and their average values were taken

respectively.
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N/ Ir(dtbbpy)(ppy)aPFs (2.0 mol%)
| NiBr,-diglyme (15 mol%)

" Br L5 (7.5 mol%)
OO HEH (3.0 equiv), LioCOj3 (4.0 equiv)
+ F3C
NMP (0.033 M), rt, 1 h
1a 2a 100 W blue LED

0.1 mmol 3.0 equiv

3,18%
A cuvette equipped with a magnetic stir bar was added substrate la (18.0 mg, 0.1 mmol),
1-bromo-4-(trifluoromethyl)benzene (42 pL, 3.0 equiv), Ir(dtbpy)(ppy)2PFe (1.8 mg, 2.0 mol%),
HEH (76.0 mg, 3.0 equiv), and Li2COz (29.4 mg, 4.0 equiv), NiBr, diglyme (5.3 mg, 15 mol%),
ligand L5 (1.4 mg, 7.5 mol%), and degassed NMP (3.0 mL, 0.033 M) were added. The reaction
tube was degassed by alternating vacuum evacuation (10 min) and argon backfill for three times.
The mixture was stirred for 10 min before being placed 5.0 cm away from the blue LED (100 W)
and stirred for 1.0 h at room temperature. Upon completion, 1,3,5-trimethoxybenzen (16.8 mg, 1.0
equiv) used as an internal standard was added after removal of the reaction tube from the light
source. EtOAc (20 mL) was added into the reaction tube and the mixture was washed with water for
3 times (3 <8 mL), the organic layer was dried over Na2SQg, filtered, and concentrated to dryness.

The crude product was analyzed by *H NMR. The quantum yield is calculated to be 0.0365.

(,‘!):E: Ny :nxXNAXhXc
n, AEXSXt AEXSXtXA
NAhU

~ 0.018 X 10™3mol X 6.022 X 107 X 6.626 X 10734/ - 5 X 2.998 X 10%m - s

= 0.0365
(12.0 x 1073W - ecm™2 X 3ecm?) X 3600s X 455 X 10™%m

nx is the amount of photochemical or photophysical events x occurred during irradiation, np is the
number of photons absorbed by the reactant. E is the radiant power. S is the irradiated area: 3 cm?; t
is the irradiated time: 3600 s; Na is the Avogadro constant: 6.022>10%%/mol; h is the Planck constant:
6.626>1034 J s; v is the frequency of incident light; c is velocity of light 2.998x108 m/s). A is the
wavelength: 455 nm; nx was analyzed by *H NMR, AE was measured by ILT1400 Portable

Radiometer/Photometer.
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5.4 Dark-light Experiment?
In the process of conditions optimization, we realized the reaction could not be initiated in the
absence of light source. To further have a better insight on the effect of light source in this reaction,

we conduct dark-light experiment employed the model reaction of 1a to 3.

Ir(dtbbpy)(ppy)2PFs (2.0 mol%)
NiBr,-diglyme (15 mol%)
L5 (7.5 mol%)
HEH (3.0 equiv), Li,CO3 (4.0 equiv)

NMP (0.05 M), r
30 W blue LED

1.0 mmol 3.0 mmol

In a flame dried Schlenk tube (80 mL) equipped with a magnetic stir bar, substrate 1a (180.1 mg,
1.0 mmol), 1-bromo-4-(trifluoromethyl)benzene (0.42 mL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (18.3 mg,
2.0 mol%), HEH (759.9 mg, 3.0 equiv) and Li2COs3 (294.3 mg, 4.0 equiv), NiBr2 diglyme (52.8 mg,
15 mol%), and ligand L5 (13.8 mg, 7.5 mol%)were added. The reaction tube was degassed by
alternating vacuum evacuation (10 min) and argon backfill for three times. Then degassed NMP
(20.0 mL, 0.05 M) was added. The mixture was stirred for 10 min before being placed 5.0 cm away
from the blue LED (30 W) and stirred vigorously. The lights were turned on and off per one hour,
and samples taken from the solution (0.5 mL per time) were analyzed by 'H NMR with

1,3,5-trimethoxybenzen as an internal standard.

Time (h) o 1 2 3 4 5 6 7 8 9 10

Yield (%) 0 12 12 31 31 47 47 57 57 64 64
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Dark-light experiment

Yield (%)
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=
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Figure S6. Light/dark cycle experiments

5.5 Cyclic Voltammetry Experiments

Cyclic Woltammetry was performed on a CH Instruments Electrochemical Workstation model
Chi660e. Except for the substrate 1a in MeCN (0.001 M) was tested with BusNPFs (0.1 M) as the
supporting electrolyte, other samples were all tested in DMAc (0.01 M) with BusNBFs (0.1 M) as
the supporting electrolyte using a glassy carbon as the working electrode, a Pt as the counter
electrode, and a saturated calomel electrode reference electrode. Argon was bubbled into the system
for 20 min to degas the solution. Scan rate = 0.1 V/s, 2 sweep segments, a sample interval of 0.001

V.
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Figure S7. Cyclic Voltammogram of 1la
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Figure S8. Cyclic Voltammogram of 1a
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Figure S9. Cyclic Voltammogram of the Solvent DMAc
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Figure S10. Cyclic Voltammogram of the Ligand L5
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0. 0002 ] NiBr,-diglyme

0. 0000
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—0. 0004

—0. 0006 E,,=-0.75V (vs SCE)

Current/A

-0. 0008
—0. 0010
-0. 0012

-0. 0014

-0.0016 T T T T T T T T T T T T T
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
Potential/V
Figure S11. Cyclic Voltammogram of the NiBrz diglyme; The first irreversible reduction at Ep. = -
0.75 V vs. SCE should correspond to Ni''/Ni' redox couple, and irreversible second reduction at Ep
=-1.96 V vs. SCE should correspond to second reduction of Ni'/Ni° redox couple.

0. 0002 NiBr,-diglyme + L5 (0.5 equiv)
0. 0000 - /—/
-0. 0002 4 T
< -0.0004 =068V (v
3 ] E,,=-1.72 V (vs SCE) Epn =068 V (v SCE)
§ 0. 0006 | E,,=-1.10 V (vs SCE)
& ]
—0. 0008
-0.0010
-0. 0012
-0.0014
T T T T T T T T T T T T T
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
Potential/V
Figure S12. Cyclic Voltammogram of the NiBr. diglyme with L5 (0.5 equiv); The first irreversible
reduction at Epz = - 0.68 V vs. SCE should correspond to Ni'/Ni' redox couple; The second
irreversible reduction at Epe = - 1.10 V vs. SCE should correspond to second reduction of

Ni'(L5)/Ni°(L5) redox couple; The third irreversible reduction at Epz = - 1.72 V vs. SCE possibly
correspond to second reduction of Ni'/Ni° redox couple.
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0. 0002 ] NiBr,-diglyme + L5 (1.0 equiv)
0. 0000 4

-0. 0002 +

-0. 0004 E,,=-0.68 V (vs SCE)

0. 0006 E,,=-103 V (vs SCE)

Current/A

-0. 0008 +
—0. 0010 +
-0. 0012

-0. 0014 +
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-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0

Potential/V
Figure S13. Cyclic Voltammogram of the NiBr. diglyme with L5 (1.0 equiv); The first irreversible
reduction at Epz = - 0.68 V vs. SCE should correspond to Ni''(L5)/Ni'(L5) redox couple; The

second irreversible reduction at Ep2 = - 1.03 V vs. SCE should correspond to second reduction of
Ni'(L5)/Ni°(L5) redox couple;

0.0002 NiBr, diglyme + L5 (2.0 equiv)

0. 0000

0. 0002
: E,,=-0.73 V (vs SCE)
-0. 0004
] E,,=-1.07 V (vs SCE)
0. 0006

Current/A

—0. 0008
—0. 0010
-0. 0012

—0. 0014

-0. 0016 T T T T T T T T T T
-3.0 2.5 2.0 -L5 -L0 0.5 0.0
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Figure S14. Cyclic Voltammogram of the NiBr. diglyme with L5 (2.0 equiv); The first irreversible
reduction at Epz = - 0.73 V vs. SCE should correspond to Ni'"'(L5)/Ni'(L5) redox couple; The
second irreversible reduction at Ep2 = - 1.07 V vs. SCE should correspond to second reduction of
Ni'(L5)/Ni°(L5) redox couple;
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Figure S15. Stacked Cyclic Voltammograms of Figures S10-S14

S30



5.6 Control experiments

5.6.1 Investigation on transformations of substrate la in the absence of nickel catalyst and

Ir(dtbbpy)(ppy)2PFe (2.0 mol%)
OO HEH (3.0 equiv), Li,COj3 (4.0 equiv) OO OO
NMP (0.05 M), rt, 24 h

ligand

30 W blue LED
0.91

0,
0.2 mmol 3.0 equiv (2a, > 95% recovered)

In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (36.0 mg, 0.2
mmol), 1-bromo-4-(trifluoromethyl)benzene (84 uL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0
mol%), HEH (152.0 mg, 3.0 equiv), and Li2COz (58.9 mg, 4.0 equiv) were added. The tube was
degassed by alternating vacuum evacuation (2.0 min) and argon backfill for three times. Then
degassed NMP (4.0 mL, 0.05 M) were added under Ar. The reaction tube was placed 5.0 cm away
from the blue LED (30 W) and stirred for 24 h at room temperature. Upon completion, EtOAc (20
mL) was added into the reaction tube and the reaction mixture was washed with water for 3 times (3
%8 mL), the organic layer was dried over Na,SOs, filtered, and concentrated to dryness. The crude
product was purified by using PTLC (Pure Hexanes).

Apart from the recovered 1a was detected, the reduced product of 1a was also monitored’ in the *H
NMR spectrum. Other side products transformed from 1a were not observed. Notably, owing to the
similar polarity and molecular weight, it was hard to separate these two compounds. In addition, the

substrate 2a was kept unchanged under such conditions.
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Figure S16. 'H NMR (400 MHz, CDClIs) spectrum of a mixture (1a & a reduced product, 1 : 0.91)

"BuygNBr (1.0 equiv)
Ir(dtbbpy)(ppy)2PFs (2.0 mol%)
OO HEH (3.0 equiv), Li;CO3 (4.0 equiv) OO OO
NMP (0.05 M), rt, 12 h

30 W blue LED

0.62
2a

0.2 mmol 3.0 equiv

According to the above procedure, when "BuNBr (1.0 equiv) used as a bromide source was added
into the reaction, the reduced product was still the only product obtained after 12 h photoirradiation.
No ring-opening product was observed under this condition excluding the possibility that MCPs

activation with bromide.

5.6.2 Investigation of Ni/L loading influence
In the process of conditions optimization, yields of product 3 in the presence of different ligand
loading were provided in the section 2.10. In terms of the results, ligand loading has a significant

impact on the yield of desired product 3. To gain more insights into the details of the reaction,
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herein we analyzed the transformations of the substrates under diverse Ni/L loading conditions. For

Entry 4 and Entry 5 in the following table, most substrate 1a was transformed into other complexes

that failed to be figured out.

\V4 CF3 Ir(dtbbpy)(ppy)2PFg (2.0 mol%)
NiBr,-diglyme (15 mol%)
‘ L5 (7.5 mol%)
OO H, HEH (3.0 equiv), Li,CO3 (4.0 equiv)
NMP (0.05 M), rt, 36 h

Br

1a 2a 30 W blue LED O CF, OO H 1a : 5
0.2 mmol 3.0 equiv 'Standard Conditions’ 67 2a" 2a
L
Entry Deviation from Standard Conditions 3, Yield (%) 67, Yield (%)@ 1a, Recovery (%)@ 2a', Yield (%)) 2a", Yield (%)®! 2a, Recovery (%)®!
1 None 72 8 0 i 21 trace n.d.
2 NiBr;-diglyme (10 mol%), L5 (12 mol%) 0 0 96 45 trace n.d.
3 NiBry(dtbpy) (10 mol%) 7 0 92 i 41 trace nd.
4 NiBr,-diglyme (15 mol%), w/o Ligand 1" 7 13 10 37 13
5 NiBr; (15 mol%), w/o Ligand 8 30 5 ‘ 8 43 15
6 NiBry(dtbpy) (7.5 mol%), NiBr,-diglyme (7.5 mol%) 62 4 0 ‘ 17 trace n.d.

lelyields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard. Plisolated yields calculated on 0.6 mmol scale. n.d. = not detected.

Noticing that the substrate 1a was almost kept unchanged in entry 2 and entry 3, we wondered
whether the complex NiL, (Nickel/L, < 1) was able to react with the methylenecyclopropanes

substrate. Hence, we conducted experiments in the absence of ArBr.

In the absence of ArBr

Ir(dtbbpy)(ppy)-PFg (2.0 mol%)
H

Nickel/Ligand

OO H  HEH (3.0 equiv), Li,CO; (4.0 equiv) OO
NMP (0.05 M), rt, 36 h
1a

30 W blue LED
1a

0.2 mmol not observed

Condition A: NiBr,-diglyme (15 mol%), L5 (7.5 mol%)
Condition B: NiBr,-diglyme (10 mol%), L5 (12 mol%)
Condition C: NiBr,-diglyme (10 mol%), wlo Ligand
Condition D: NiBr,(dtbpy)

The substrate 1a was completely decomposed under the above conditions A, B, C, and D. However,
except the compounds 3b and 3c (will be discussed in section 5.6.4) were observed, other resulting
ring-opening products were mixed together owing to their similar polarity and molecular weight

and we failed to figure out their structures.

The title compound 67 was obtained as a yellow oil.

IH NMR (400 MHz, CDCls) & 7.84 — 7.76 (m, 3H), 7.57 — 7.52 (m, 3H), 7.49 — 7.43 (m, 2H), 7.31
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—7.24 (m, 4H), 4.96 (d, J = 1.9 Hz, 1H), 4.89 (d, J = 1.9 Hz, 1H), 3.43 (s, 2H), 3.34 (s, 2H); 13C
NMR (151 MHz, CDCl3) & 147.3, 143.6, 136.6, 133.5, 132.2, 129.4, 129.2, 128.6 (q, J = 32.6 Hz),
128.0, 127.6, 127.47, 127.46, 127.4, 126.0, 125.4, 125.2 (q, J = 4.0 Hz), 124.3 (q, J = 271.8 Hz),
114.4, 42.5, 41.9; °F NMR (565 MHz, CDCls) § -62.3; IR (acetone): v 2911, 1616, 1507, 1417,
1322, 1162, 1120, 1066, 1018, 901, 817, 755 cm™’; HRMS (DART) m/z: [M]* Calcd. for CaiHi7Fs
326.1277; found 326.1270.

5.6.3 Investigation of the potential transformations of 67

CF3 :
Ir(dtbbpy)(ppy)2PFgs (2.0 mol%) O :
NiBr,-diglyme, L5 3
HEH (3.0 equiv), Li,CO3 (4.0 equiv) '
NMP (0.05 M), rt, 36 h '
30 W blue LED OO Ho OO
> 95% recovered not detected

0.2 mmol 3.0 equiv

Condition A: NiBr,-diglyme (10 mol%), L5 (12 mol%)

Condition B: NiBr,-diglyme (15 mol%), L5 (7.5 mol%)

In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, compound 67 (65.2 mg,
0.2 mmol), 1-bromo-4-(trifluoromethyl)benzene (84 pL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0
mol%), HEH (152.0 mg, 3.0 equiv), and Li2CO3z (58.9 mg, 4.0 equiv), L5 (Condition A: 12 mol%
or Condition B: 7.5 mol%), NiBr. diglyme (Condition A: 10 mol% or Condition B: 15 mol%), and
degassed NMP (4.0 mL, 0.05 M) were added. The reaction tube was degassed by alternating
vacuum evacuation (10 min) and argon backfill for three times. The reaction tube was placed 5.0
cm away from the blue LED (30 W) and stirred for 36 h at room temperature. The crude was
analyzed by *H NMR relative to 1,3,5-trimethoxybenzen as an external standard.

Whether under the Condition A or Condition B, the compound 3 was not observed and compound

67 was kept unchanged.

5.6.4 Control Experiments with (dtbpy)Ni(p-CF3Ar)Br
Synthesis of (dtbpy)Ni(p-CF3Ar)Br
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— = Ni(COD), (1.0 equiv) (10 0 equiv)

\ " N7 THF, 1t, 12 h 4hort

1.0 equiv Q

F3C

The (dtbpy)Ni(p-CFsAr)Br was prepared according to the literature procedure.® In an Ar-filled
glove-box, a solution of Ni(COD). (275.1 mg, 1.0 mmol) and 4,4'-di-tert-butyl-2,2'-bipyridine
(268.4 mg, 1.0 mmol) was stirred in dry THF (5.0 mL) for 12 h at room temperature, then
1-bromo-4-(trifluoromethyl)benzene (1.4 mL, 10.0 mmol) into the dark purple solution. The
mixture was stirred for another 4.0 h and the color turned into deep red. Dry pentane (30 mL) was
added into the flask and the resulting mixture was filtered. The precipitate was washed with dry
pentane (3 <15 mL) and dried to afford (dtbpy)Ni(p-CF3Ar)Br (336.8 mg, 61% yield) as a brown
solid. The product was directly used without further purification.

The 'THNMR data of (dtbpy)Ni(p-CF3sAr)Br are consistent with those in the previous report.?

IH NMR (400 MHz, CD2Cly) 6 9.14 (s, 1H), 7.77 — 7.63 (m, 4H), 7.44 (br, 1H), 7.10 (br, 4H), 1.34
(s, 18H).

Stoichiometric Experiments using (dtbpy)Ni(p-CF3Ar)Br as catalyst

\ /) Ir(dtbbpy)(PPy)oPF (2.0 mol%) 3, 9% 67, 26%

/
OO H 4 N\Ni/N HEH (3.0 equiv), Li,CO3 (4.0 equiv)
SBr NMP (0.05 M), rt, 18 h
30 W blue LED
F4C “/\/\
0.1 mmol 1.0 eqiuv

. 3b, 17% @ 3¢, 13%
25/0
In an oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (18.0 mg, 0.1
mmol), Ir(dtbpy)(ppy)2PFs (1.8 mg, 2.0 mol%), HEH (76.0 mg, 3.0 equiv), and Li.COs (29.4 mg,
4.0 equiv) were added. The reaction tube was degassed by alternating vacuum evacuation (2.0 min)

and argon backfill for three times. Then the reaction tube was brought into the Ar-filled glove-box,
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where (dtbpy)Ni(p-CFsAr)Br (55.2 mg, 1.0 equiv) and degassed NMP (2.0 mL, 0.05 M) were added.
The mixture was stirred for 10 min before removed from the glove-box. Then the reaction tube was
placed 5.0 cm away from the blue LED (30 W) and stirred for 18 h at room temperature. Upon
completion, 1,3,5-trimethoxybenzen (16.8 mg, 1.0 equiv) used as an internal standard was added
after removal of the tube from the light source. EtOAc (20 mL) was added into the tube and the
mixture was washed with water for 3 times (3 %8 mL), the organic layer was dried over anhydrous
Na2SOs, filtered, and concentrated to dryness. The crude product was analyzed by *H NMR relative
to 1,3,5-trimethoxybenzen [6 6.08 (s, 3H)] as an external standard. Also,

4.,4'-bis(trifluoromethyl)-1,1'-biphenyl was isolated in 25% vyield.

6.774
8
401
358
219
194
963
885
852
793
3.653

L M i L

0=

0=

M
o
RS 6&
e

0.18=

Figure S17. 'H NMR analysis of the crude product
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Stoichiometric experiments wusing (dtbpy)Ni(p-CFsAr)Br as catalyst with external

NiBr2 diglyme

HEH (3.0 equiv), Li,COj3 (4.0 equiv) 3, 23% . 67, 15%
NMP (0.05 M), rt, 18 h

30 W blue LED O CF3
.
0.1 mmol 1.0 eqiuv O OO
FsC

18% @ 3b.51%

CF;
+
O
Ir(dtbbpy)(ppy)2PFe (2.0 mol%) H CF3 H
NiBr,-diglyme (10 mol%)

In an oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (18.0 mg, 0.1
mmol), Ir(dtbpy)(ppy)2PFs (1.8 mg, 2.0 mol%), HEH (76.0 mg, 3.0 equiv), and Li>COs (29.4 mg,
4.0 equiv) were added. The reaction tube was degassed by alternating vacuum evacuation (2.0 min)
and argon backfill for three times. Then the reaction tube was brought into the Ar-filled glove-box,
where NiBr, diglyme (3.5 mg, 10 mol%), (dtbpy)Ni(p-CF3Ar)Br (55.2 mg, 1.0 equiv) and degassed
NMP (2.0 mL, 0.05 M) were added. The mixture was stirred for 10 min before removed from the
glove-box. Then the reaction tube was placed 5.0 cm away from the blue LED (30 W) and stirred
for 18 h at room temperature. Upon completion, 1,3,5-trimethoxybenzen (16.8 mg, 1.0 equiv) used
as an internal standard was added after removal of the reaction tube from the light source. EtOAc
(20 mL) was added into the reaction tube and the mixture was washed with water for 3 times (3 %8
mL), the organic layer was dried over anhydrous Na>SQg, filtered, and concentrated to dryness. The
crude product was analyzed by *H NMR relative to 1,3,5-trimethoxybenzen [§ 6.08 (s, 3H)] as an
external standard. Also, 4,4'-bis(trifluoromethyl)-1,1'-biphenyl was isolated in 18% yield.
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Substoichiometric experiments using (dtbpy)Ni(p-CF3Ar)Br as catalyst

tBu

/ Ir(dtbbpy)(ppy)-PFe (2.0 mol%) ~
HEH (3.0 equiv), Li,CO3 (4.0 equiv) OO OO B
OO NMP (0.05 M), rt, 18 h
Br

30 W blue LED
. 90% recovered @ 3c. 10%

0.2 mmol 3.0 equiv 10 mol%

In an oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (36.0 mg, 0.2

mmol), 1-bromo-4-(trifluoromethyl)benzene (84 uL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0

mol%), HEH (152.0 mg, 3.0 equiv), and Li>COs (58.9 mg, 4.0 equiv) were added. The reaction tube

was degassed by alternating vacuum evacuation (2 min) and argon backfill for three times. Then the

tube was brought into the Ar-filled glove-box, where (dtbpy)Ni(p-CFzAr)Br (11.0 mg, 10 mol%)

and degassed NMP (4.0 mL, 0.05 M) were added. The mixture was stirred for 10 min before

removed from the glove-box. Then the reaction tube was placed 5.0 cm away from the blue LED

(30 W) and stirred for 18 h at room temperature. Upon completion, 1,3,5-trimethoxybenzen (16.8
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mg, 0.5 equiv) used as an internal standard was added after removal of the tube from the light
source. EtOAc (20 mL) was added into the reaction tube and the mixture was washed with water for
3 times (3 <8 mL), the organic layer was dried over anhydrous Na SO, filtered, and concentrated
to dryness. The crude product was analyzed by *H NMR relative to 1,3,5-trimethoxybenzen [5 6.08

(s, 3H)] as an external standard.
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Figure S19. 'H NMR analysis of the crude product

Substoichiometric experiments using (dtbpy)Ni(p-CFsAr)Br as catalyst with external

NiBr2 diglyme
‘Bu ‘Bu
\/ CF3 M Ir(dtbbpy)(ppy)2PFg (2.0 mol%)
| N N NiBr,-diglyme (7.5 mol%)
H o+ . Ni\Br HEH (3.0 equiv), Li,CO3 (4.0 equiv)
Q NMP (0.05 M), rt, 24 h
Br 30 W blue LED
1a 2a FsC
0.2 mmol 3.0 equiv 7.5 mol% 3,63%

In an oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (36.0 mg, 0.2
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mmol), 1-bromo-4-(trifluoromethyl)benzene (84 uL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0
mol%), HEH (152.0 mg, 3.0 equiv), and Li>COs (58.9 mg, 4.0 equiv) were added. The reaction tube
was degassed by alternating vacuum evacuation (2.0 min) and argon backfill for three times. Then
the tube was brought into the Ar-filled glove-box, where NiBrz diglyme (5.3 mg, 7.5 mol%),
(dtbpy)Ni(p-CF3Ar)Br (8.3 mg, 7.5 mol%) and degassed NMP (4.0 mL, 0.05 M) were added. The
mixture was stirred for 10 min before removed from the glove-box. Then the reaction tube was
placed 5.0 cm away from the blue LED (30 W) and stirred for 18 h at room temperature. Upon
completion, EtOAc (20 mL) was added into the tube and the mixture was washed with water for 3
times (3 x8 mL), the organic layer was dried over anhydrous Na,SQu, filtered, and concentrated to

dryness. The product 3 was isolated in 63% yield.

The spectroscopic data of compound 3b were in good agreement with those in the previously
reported literature.®

IH NMR (400 MHz, CDCls) & 7.83-7.77 (m, 3H), 7.64 (s, 1H), 7.48-7.40 (m, 2H), 7.34 (dd, 1H, J
=7.6, 1.6 Hz), 4.86 (s, 1H), 4.79 (s, 1H), 3.48 (s, 2H), 1.71 (s, 3H).

The spectroscopic data of compound 3c were in good agreement with those in the previously
reported literature.°

IH NMR (600 MHz, CDCl3) & 7.84 — 7.73 (m, 4H), 7.62 (dd, J = 8.6, 1.8 Hz, 1H), 7.49 — 7.39 (m,
2H), 6.92 (dd, J = 15.6, 10.4 Hz, 1H), 6.73 (d, J = 15.6 Hz, 1H), 6.57 (dt, J = 16.9, 10.2 Hz, 1H),
5.38 (dd, J=17.0, 1.4 Hz, 1H), 5.21 (dd, J = 10.0, 1.4 Hz, 1H);

The spectroscopic data of compound homo-coupling product from
1-bromo-4-(trifluoromethyl)benzene were in good agreement with those in the previously reported
literature.

IH NMR (400 MHz, CDCl3) § 7.77 — 7.69 (m, 8H); °F NMR (565 MHz, CDCls) & -62.6.

5.6.5 Replacement of additional Nickel(I1) bromide with other Lewis acids

To investigate whether the additional Nickel(Il) bromide plays the role of Lewis acid in the catalytic
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process, other Lewis acids were introduced to the reaction system for comparison.

Ir(dtbbpy)(ppy),PFg (2.0 mol%)
WV CF3 NiBr,-diglyme (7.5 mol%)
\ L5 (7.5 mol%), Lewis acid (7.5 mol%)

H HEH (3.0 equiv), Li,CO3 (4.0 equiv)
+
OO NMP (0.05 M), rt, 36 h

Br 30 W blue LED
0.2 mmol 3.0 equiv
1a 2a
Entry Lewis acid 3, Yield (%)l
1 Yb(OTf), —
2 Sc(OTf), —
3 Sn(OTf), <5
4 Cu(OTf), -
5 Zn(0OTf), —
6 FeBr, —
7 None <5

1@l Yields were determined by 'H NMR using 1,3,5-trimethoxybenzen as an internal standard.

In terms of results, the introduction of other Lewis acids did not promote the progress of the
reaction, and the additional Ni(ll) salts seemed to play an indispensable role in the catalytic process

rather than the role of Lewis acid.
5.6.6 Catalytic reactions with Ni/Mn & Ni/Zn strategies

V4 CFs NiBr,-diglyme (15 mol%) N
| L5 (7.5 mol%) \

oo+ <> Li,CO3 (4.0 equiv), Zn (3.0 equiv) OO H
OO NMP (0.05 M), rt, 36 h

Br
1a 2a >95% recovered
0.2 mmol 3.0 equiv

CF;

V4 CFs NiBr,-diglyme (15 mol%) O

‘ L5 (7.5 mol%)

OO H o+ Li,COj3 (4.0 equiv), Mn (3.0 equiv) OO Ho | O
NMP (0.05 M), rt, 36 h
( ) H CF,

Br
0,
1a 2a 35% recovered OO 3 26%

0.2 mmol 3.0 equiv

In an oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1a (36.0 mg, 0.2
mmol), 1-bromo-4-(trifluoromethyl)benzene (84 pL, 3.0 equiv), and Li2CO3 (58.9 mg, 4.0 equiv),
NiBr2 diglyme (10.6 mg, 15 mol%), L5 (7.5 mol%, 2.8 mg), Zn or Mn (3.0 equiv), and degassed
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NMP (4.0 mL, 0.05 M) were added. The reaction tube was degassed by alternating vacuum
evacuation (10 min) and argon backfill for three times. The reaction mixture was stirred for 10 min
before being placed 5.0 cm away from the blue LED (30 W) and stirred for 36 h at room
temperature. The crude product was analyzed by *H NMR relative to 1,3,5-trimethoxybenzen as an
external standard.

Compared to the photoreduction protocol, metallic reductant Mn could also afford the product 3

with relatively lower efficiency at room temperature.

5.6.7 Deuterium labeling studies
To exclude the possibility of the involvement of Ni-H species in the process of product generation,?
we used deuterated Hantzsch Esters to investigate the results of the reaction.

Synthesis of deuterated Hantzsch esters

D.__D
o o Hy0 Et0,C CO,Et
MO/\ + DCDO + NHO0Ac —————— |

N

86°C, 3 h
H
d,-HEH
D.__D
EtOZC COzEt EtOZC COzEt EtO,C CO,Et
CD;0D |
Twoon rt, 24 h N

D
d2 -HEH

The deuterated Hantzsch Esters was prepared according to the previously reported procedure.’

Step 1: In an oven-dried round bottom flask equipped with a magnetic stir bar, ethyl acetoacetate
(1.5 mL, 12.0 mmol, 4.0 equiv), d2-paraformaldehyde (96.1 mg, 3.0 mmol, 1.0 equiv), ammonium
acetate (0.46 g, 6.0 mmol, 2.0 equiv) and water (6.0 mL) was added. The mixture was stirred
vigorously at 86 °C in an oil bath for 3 hours. After cooling down to room temperature, the reaction
mixture was filtered and the obtained precipitate was dried to afford compound d>-HEH (0.52 g,
68% yield) as a yellow solid.

Step 2: A solution of compound d>-HEH (0.51 g, 2.0 mmol) in CD3OD (4.0 mL) was stirred under
Ar at room temperature for 20 h. The solvent was evaporated and another CDsOD (2.0 mL) was
added. The mixture was allowed to stir for another 24 h. The deuterated Hantzsch Esters was
obtained after removing the solvent as a pale green solid (505.2 mg, 99% yield). The spectral data

of deuterated Hantzsch Esters are consistent with those in the previous reports.®* H NMR (400
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MHz, CDCls) § 4.17 (q, J = 7.1 Hz, 4H), 2.19 (s, 6H), 1.29 (t, J = 7.1 Hz, 6H).

Deuterated Hantzsch esters used as the electron donor instead
Ir(dtbbpy)(ppy),PFs (2.0 mol%)

EtOzC COzEt NiBry-diglyme (15 mol%)
5 (7.5 mol%), Li,CO3 (4.0 equiv)
OO NMP (0.05 M), rt, 36 h
30 W blue LED

0.2 mmol 3.0 equiv 3.0 equiv

3,76%
0% deuterium incorporation

According to general procedure B, when deuterated Hantzsch esters was used as the electron donor
instead, product 3 was obtained in 76% yield with no D incorporation. The yield of 3 was slightly

increased presumably due to the side reactions involving Ni-H species being suppressed.
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5.7 Crossover experiment

R’ R?

CF3 0
1_ 2_ o
| Standard Conditions O O 34, R1 CFs, F: CFs, 20%
+ + 50, R' = Ac, R“ = Ac, 22%
Br Br ‘

12 2 _ o
1af 73, R" = CF3, R“ = Ac, 38%

0.2 mmol 15equv 15 equiv
In a flame dried Schlenk tube (10 mL) equipped with a magnetic stir bar, substrate 1af (33.2 mg,
0.2 mmol), 1-bromo-4-(trifluoromethyl)benzene (42 uL, 1.5 equiv), 1-(4-bromophenyl)ethan-1-one
(59.7 mg, 1.5 equiv), Ir(dtbpy)(ppy)2PFs (3.7 mg, 2.0 mol%), HEH (152.0 mg, 3.0 equiv), and
LioCOs (58.9 mg, 4.0 equiv), NiBr2 diglyme (10.6 mg, 15 mol%), ligand L5 (2.8 mg, 7.5 mol%),
and degassed NMP (4.0 mL, 0.05 M) were added. The reaction tube was degassed by alternating
vacuum evacuation (10 min) and argon backfill for three times. The mixture was stirred for 10 min
before being placed 5.0 cm away from the blue LED (30 W) and stirred for 36 h at room
temperature. Upon completion, EtOAc (20 mL) was added into the tube and the mixture was
washed with water for 3 times (3 < 8.0 mL), the organic layer was dried over anhydrous Na>SOg,
filtered, and concentrated to dryness. The residue was purified by a flash column chromatography
on silica gel (petroleum ether/ethyl acetate = 10/1) to afford the product 34 was in 20% yield and
product 50 in 22% yield. In addition, compound 73 was also obtained (33.0 mg, 38% yield) as a
colorless oil. tH NMR (400 MHz, CDCl3) & 7.89 — 7.84 (m, 2H), 7.51 (d, J = 8.0 Hz, 2H), 7.20 —
7.12 (m, 4H), 3.33 (s, 4H), 2.59 (s, 3H), 2.24 — 2.15 (m, 4H), 1.51 — 1.42 (m, 4H), 1.41 — 1.30 (m,
4H), 0.93 (t, J = 7.2 Hz, 6H); 3C NMR (151 MHz, CDCls) & 197.8, 146.4, 144.6, 139.9, 135.2,
128.7, 128.6, 128.5, 128.3 (q, J = 32.0 Hz), 127.8, 125.2 (g, J = 4.2 Hz), 124.3 (g, J = 271.9 Hz),
36.6, 36.5, 32.2, 31.5, 26.5, 23.08, 23.06, 14.1; 1°%F NMR (565 MHz, CDCls)  -62.3; IR (neat): v
2956, 2930, 2860, 1683, 1605, 1412, 1323, 1266, 1161, 1122, 1106, 1066, 1018, 955, 850, 818 cm™™;
HRMS (El) m/z: [M]* Calcd. for Co7H33FsO 430.2478; found 430.2487.
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6. Proposed Reaction Mechanisms

Scheme S1. Mechanism involving a disproportionation process (aryl transfer event) between two
Ni(Il) species.
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Scheme S2. Another possible mechanism involving the aryl transfer event occurring between Ni(ll)
species and Ni(lll) species.
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7. Synthetic Application of the Obtained Products
7.1 A scale-up experiment of la.

Ir(dtbbpy)(ppy)2PFg (1.0 mol%)

\/ CFs NiBr,-diglyme (15 mol%)
\ L5 (7.5 mol%)
Ho, HEH (3.0 equiv), Li,CO3 (4.0 equiv)
NMP (0.05 M), rt, 48 h
30 W blue LED
Br
3.0 mmol 3.0 equiv 0.98 g, 69%

An oven-dried Schlenk tube (80 mL) equipped with a magnetic stir bar was added 1a (0.54 g, 3.0
mmol), 1-bromo-4-(trifluoromethyl)benzene (1.3 mL, 3.0 equiv), Ir(dtbpy)(ppy)2PFs (27.4 mg, 1.0
mol%), NiBr. diglyme (158.7 mg, 15 mol%), ligand L5 (41.0 mg, 7.5 mol%), HEH (2.28 g, 3.0
equiv), and Li.COs3 (0.87 g, 4.0 equiv). The reaction tube was degassed by alternating vacuum
evacuation (2.0 min) and argon backfill for three times. Then degassed NMP (60 mL, 0.05 M) was
injected into the tube under Ar. The reaction mixture was stirred for 10 min before placed 10 cm
away from the blue LED (30 W) and stirred for 48 h at room temperature. Upon completion, EtOAc
(100 mL) was added into the reaction tube and the reaction mixture was washed with water for 3
times (3 x50 mL). The organic layer was dried over anhydrous Na SO, filtered, and concentrated
to dryness. The residue was purified by a flash column chromatography on silica gel (pure

petroleum ether) to afford the product 3 (0.98 g, 69% yield) as a white solid.

o s
Figure S23. Setup of the scale-up experiment

7.2 Hydrogenative reductive reaction
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H,, Pd/C

MeOH, rt, 48 h O

68, 72%

CF3

To a flask was added compound 3 (94.1 mg, 0.2 mmol), Pd/C (21.3 mg, 0.1 equiv, 10%) and
menthol (8.0 mL). The reaction mixture was stirred vigorously at room temperature for 48 hours
under 1 atm H.. Upon completion, the resulting mixture was filtered with a pad of celite. The
filtrate was concentrated to dryness and the residue was purified by a flash column chromatography
on silica gel (pure petroleum ether) to afford the product 68 (68.0 mg, 72% yield) as a colorless oil.
IH NMR (400 MHz, CDCls) & 7.83 — 7.73 (m, 3H), 7.55 (s, 1H), 7.50 (d, J = 8.0 Hz, 4H), 7.47 —
7.40 (m, 2H), 7.23 — 7.15 (m, 5H), 2.71 (d, J = 7.1 Hz, 2H), 2.69 — 2.56 (m, 4H), 2.46 — 2.36 (m,
1H); 13C NMR (151 MHz, CDClg) § 144.7, 137.6, 133.5, 132.1, 129.4, 128.4 (q, J = 32.6 Hz),
128.1, 127.6, 127.6, 127.4, 126.1, 125.4, 125.3 (q, J = 4.1 Hz), 124.3 (q, J = 271.8 Hz), 43.9, 40.2,
39.8; °F NMR (565 MHz, CDCls) 6 -62.3; IR (neat): v 2928, 2861, 1417, 1321, 1160, 1108, 1066,
1017, 846, 817, 749 cm™!; HRMS (El) m/z: [M]* Calcd. for CasHa2Fs 472.1620; found 472.1629.

7.3 Epoxidation reaction

mCPBA, NaHCO;
—_————
DCM, rt, 48 h

A solution of compound 3 (94.1 mg, 0.2 mmol), 3-chloroperoxybenzoic acid (98.6 mg, 2.0 equiv,
70%) and sodium bicarbonate (33.6 mg, 2.0 equiv) in DCM (10.0 mL)was stirred at room
temperature for 48 h. Upon completion, the resulting mixture was filtered with a pad of celite. The
filtrate was concentrated to dryness and the residue was purified by a flash column chromatography
on silica gel (petroleum ether/ethyl acetate = 5/1) to afford the product 69 (51.0 mg, 52% vyield) as a
yellow oil. tH NMR (400 MHz, CDCl3) & 7.92 — 7.81 (m, 4H), 7.61 (d, J = 8.0 Hz, 2H), 7.56 — 7.45
(m, 5H), 7.37 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 4.15 (s, 1H), 3.09 — 2.95 (m, 2H), 2.70
(s, 2H); 13C NMR (151 MHz, CDCl3) & 141.2, 140.5, 133.1, 133.0, 132.7, 130.1, 129.8, 129.3 (q, J
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=32.6 Hz), 129.0 (q, J = 32.6 Hz), 128.3, 127.9, 127.8, 126.6, 126.3, 125.5, 125.42 (q, J = 4.0 Hz),
125.35 (g, J = 4.0 Hz), 124.14 (q, J = 271.8 Hz), 124.11, 66.2, 62.8, 40.4, 35.2; 1°F NMR (565
MHz, CDCl3) § -62.45, -62.49; IR (neat): v 3013, 2974, 1360, 1219, 1080, 861, 668 cm™*; HRMS
(El) m/z: [M]" Calcd. for C2sH20FsO 486.1413; found 486.1421.

7.4 Hydroxylation reaction??

CFs CF,

O Ks[Fe(CN)g], KoCO3 O

K5[0sO,(OH),4], quinuclidine

| H,O/'BUOH (1:1),0.1 M
NaOH (2 M), 5 h
H CFs OO o) CF

3 70, 55%

An oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar was added compound 3
(94.1 mg, 0.2 mmol), potassium ferricyanide (197.5 mg, 3.0 equiv), potassium ferricyanide (82.9
mg, 3.0 equiv), potassium osmate(V1) dihydrate (1.5 mg, 2 mol%), quinuclidine (1.1 mg, 5 mol%).
Then H20 (1.0 mL), 'BUOH (1.0 mL) and NaOH (0.2 mL, 2.0 M) were injected into the reaction
tube. The reaction mixture was allowed to stir at room temperature for 5.0 h. Upon completion, the
reaction was quenched by HCI (0.5 mL, 2.0 M) and extracted with EtOAc for 3 times (3 <5 mL).
The combined organic layer was washed with brine and dried over anhydrous Na>SOas. The solvent
was removed under reduced pressure and the residue was purified by a flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to afford the product 70 (56.0
mg, 55% vyield) as a yellow oil. *H NMR (400 MHz, CDCls) & 8.35 (s, 1H), 7.90 — 7.79 (m, 4H),
7.63 — 7.51 (m, 2H), 7.33 (d, J = 8.0 Hz, 4H), 7.14 (d, J = 7.9 Hz, 4H), 3.92 (s, 1H), 3.65 (d, J =
13.7 Hz, 2H), 3.32 (d, J = 13.7 Hz, 2H); 13C NMR (151 MHz, CDCls) § 202.1, 139.4, 135.4, 132.2,
131.6, 130.7, 129.8, 129.3 (q, J = 32.4 Hz), 129.2, 128.7, 127.8, 127.2, 125.0 (q, J = 4.0 Hz), 124.9,
124.1 (g, J = 272.7 Hz), 82.5, 46.3; 19F NMR (565 MHz, CDCls) 5 -62.6; IR (neat): v 3431, 1617,
1417, 1323, 1163, 1114, 1067, 1019, 853, 819 cm’; HRMS (DART) m/z: [M+H]* Calcd. for
C28H2102F6 503.1440; found 503.1430.

7.5 Bromination reaction
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CF3

Br,

_— >
CCly, t, 12 h Br O
SOk

An oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar was added compound 3

CF4

71, 99%

(47.0 mg, 0.1 mmol) and CCls (2.0 mL). Then Bromine (8 pL, 1.5 equiv) was added into the tube.
The mixture was allowed to stir at room temperature for 12 h. Upon completion, 10% aqueous
sodium thiosulfate and aqueous saturated sodium bicarbonate were added and the resulting mixture
was extracted with CH2Cl for 3 times (3 x5 mL). The combined organic layer was washed with
brine and dried over anhydrous Na;SO4. The solvent was removed under reduced pressure and the
residue was purified by a flash column chromatography on silica gel (petroleum ether) to afford the
product 71 (62.2 mg, 99% yield) as a white solid. M.p.: 196 — 198 °C. *H NMR (400 MHz, CDCls)
§7.87 — 7.77 (m, 4H), 7.71 (d, J = 8.0 Hz, 2H), 7.64 — 7.57 (m, 5H), 7.55 — 7.45 (m, 4H), 5.26 (s,
1H), 4.10 (d, J = 14.0 Hz, 1H), 3.75 — 3.63 (m, 2H), 2.98 (d, J = 14.4 Hz, 1H); 3C NMR (151 MHz,
CDCl3) § 139.3, 139.2, 134.6, 133.1, 132.3, 132.2, 131.8, 130.8, 129.8 (g, J = 32.6 Hz), 129.7 (q, J
= 32.6 Hz), 128.3, 128.2, 127.6, 127.4, 127.0, 126.6, 125.0 (q, J = 4.1 Hz), 124.9 (q, J = 4.1 Hz),
124.23 (q, J = 272.1 Hz), 124.17 (q, J = 272.1 Hz), 73.9, 61.1, 45.0, 43.5; 1°F NMR (565 MHz,
CDCls) 6 -62.44, -62.45; IR (neat): v 2916, 1507, 1417, 1332, 1163, 1112, 1067, 1019, 852, 753
cmt; HRMS (DART) m/z: [M+H]* Calcd. for CasH21Br2Fs 628.9909; found 628.9866.

7.6 Bromohydroxylation reaction

CF;

NBS

_ N8BS
THF/H,0 (2: 1) » O

O°C-rt,12h OO OH CF

3

72, 65%

An oven-dried Schlenk tube (10 mL) equipped with a magnetic stir bar was added compound 3
(47.0 mg, 0.1 mmol) and N-bromosuccinimide (26.7 mg, 1.5 equiv). Then THF (0.7 mL) and H.O
(0.35 mL) was added into the reaction tube. The reaction mixture was allowed to stir at room

temperature for 12 h. Upon completion, 10% aqueous sodium thiosulfate were added and the
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resulting mixture was extracted with EtOAc for 3 times (3 <5 mL). The combined organic layer
was washed with brine and dried over anhydrous Na>SOa. The solvent was removed under reduced
pressure and the residue was purified by a flash column chromatography on silica gel (petroleum
ether/ethyl acetate = 10/1) to afford the product 72 (37.0 mg, 65% yield) as yellow oil. *H NMR
(400 MHz, CDCl3) & 7.91 (s, 1H), 7.87 — 7.77 (m, 3H), 7.63 — 7.54 (m, 7H), 7.53 — 7.41 (m, 4H),
4.92 (s, 1H), 3.78 (d, J = 14.0 Hz, 1H), 3.60 (d, J = 13.9 Hz, 1H), 3.25 (d, J = 14.0 Hz, 1H), 2.87 (d,
J =13.9 Hz, 1H), 2.40 (s, 1H); 3C NMR (151 MHz, CDCls) & 140.3, 140.1, 136.5, 133.2, 132.5,
131.9, 131.8, 129.32 (q, J = 32.6 Hz), 129.29 (q, J = 32.6 Hz), 128.7, 128.1, 127.6, 127.2, 126.9,
126.5, 126.4, 124.8 (q, J = 4.0 Hz), 124.7 (q, J = 4.0 Hz), 124.3 (q, J = 272.1 Hz), 124.2 (4, J =
272.1 Hz), 76.8, 73.7, 43.9, 42.6; °F NMR (565 MHz, CDClIs) § -62.34, -62.39; IR (neat): v 3435,
2927, 1617, 1417, 1332, 1162, 1111, 1067, 1019, 971, 823 cm; HRMS (DART) m/z: [M-H]
Calcd. for C2gH200BrFs 565.0596; found 565.0555.
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8. X-ray Data.

Single crystals of 3 were grown in CHClIs and hexanes. CHCI3 (2.0 mL) was added to 3 (30 mg in a
4 mL vial) followed by hexanes (0.5 mL). The 4 mL vial was capped with a needle and placed at
room temperature in the experimental cabinet for 48 h, whereupon the crystals were formed.

The crystal data of 3 have been deposited in CCDC with number 2216875. Empirical Formula:
CasHa0Fs; Formula Weight: 470.44; Crystal Color, Habit: colorless, Crystal Dimensions: 0.200 x

0.160 x 0.120 mm; Crystal System: Monoclinic; Lattice Parameters: a = 9.6213(5)A, b

0

11.2948(5)A, ¢ = 21.9100(12)A, o = 90°, B = 92.817(2)°, v = 90°, V = 2378.1(2)A3; Space group:

21/c; Z = 4; Deaic= 1.314 g/cm?®; Fooo = 968; Final R induces [I>2sigma(l)]: R1 = 0.0539; wR2
0.1348.
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Table S11. Crystal data and structure refinement for 3.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242<
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

C28 H20 F6

470.44

293(2) K

0.71073 A

Monoclinic

P 21/c

a=9.6213(5) A a=90<
b=11.2948(5) A
¢ =21.9100(12) A g=90%

2378.1(2) A3
4
1.314 Mg/m3

0.108 mm-1
968
0.200 x 0.160 x 0.120 mm3

2.592 t0 25.999<

-11<=h<=11, -13<=k<=13, -27<=I<=27

35359

4660 [R(int) = 0.0725]

99.8 %

Semi-empirical from equivalents
0.7456 and 0.5071

Full-matrix least-squares on F2
4660/ 84 / 362
1.027

R1 = 0.0539, wR2 = 0.1348
R1 = 0.0896, WR2 = 0.1647
0.027(3)

0.144 and -0.141 e.A-3
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9. Characterization Data of New Substrates

4-(cyclopropylidenemethyl)-1,2-dimethylbenzene (1g). The title compound 1g was

| . . . .
n prepared according to General Procedure A. The product was obtained as a white solid

" e (0.57 g, 72% yield), M.p.: 42 — 44 °C. *H NMR (600 MHz, CDCl3) § 7.30 — 7.25 (m,
2H), 7.08 (d, J = 7.7 Hz, 1H), 6.68 (s, 1H), 2.26 (5, 3H), 2.24 (s, 3H), 1.39 (td, J = 7.7, 2.2 Hz, 2H),
1.14 (td, J = 7.5, 1.8 Hz, 2H); 3C NMR (151 MHz, CDCl3) § 136.4, 136.0, 135.1, 129.7, 127.9,
124.0, 122.8, 118.1, 19.8, 19.5, 4.1, 0.5; IR (neat): v 3084, 2969, 2922, 1610, 1499, 1403, 1020,

934, 882, 827, 764 cm™; HRMS (EI) m/z: [M]* Calcd. for C12H14 158.1090; found 158.1089.

3-(cyclopropylidenemethyl)-1-tosyl-1H-indole (1m). The title compound 1m was

hat prepared according to procedure b. The product was obtained as a yellow solid (0.70 g,

N 43% yield), M.p.: 131 — 133 °C. *H NMR (600 MHz, CDCls) 5 7.99 (d, J = 8.3 Hz, 1H),

7.80 (d, J = 7.9 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.66 (s, 1H), 7.34 — 7.30 (m, 1H), 7.27 — 7.23 (m,

1H), 7.19 (d, J = 8.2 Hz, 2H), 6.86 (s, 1H), 2.31 (s, 3H), 1.44 (td, J = 7.8, 2.2 Hz, 2H), 1.28 (td, J =

7.6, 1.8 Hz, 2H); *C NMR (151 MHz, CDCl3) § 144.8, 135.3, 135.2, 129.8, 129.5, 126.8, 124.9,

124.7,123.2, 122.6, 121.2, 120.3, 113.6, 109.1, 21.5, 4.9, 2.7; IR (neat): v 2977, 2932, 1596, 1437,

1359, 1165, 1120, 1099, 950, 813, 754 739 cm™; HRMS (EI) m/z: [M]* Calcd. for C1gH17NO-S
323.0975; found 323.0972.

5-(1-cyclopropylideneethyl)benzo[d][1,3]dioxole (1p). The title compound 1p was
O]ijz prepared according to General Procedure A. The product was obtained as a white solid

(0.82 g, 87% vyield), M.p.: 70 — 72 °C. 'H NMR (400 MHz, CDCls) § 7.24 (s, 1H),
7.07 (dd, J = 8.3, 1.8 Hz, 1H), 6.79 (d, J = 8.2 Hz, 1H), 5.94 (s, 2H), 2.19 (s, 3H), 1.42 (td, J = 7.1,
1.9 Hz, 2H), 1.10 (t, J = 7.2 Hz, 2H); 3C NMR (151 MHz, CDCls) 6 147.6, 146.2, 135.1, 121.9,
119.0, 118.7, 107.8, 106.0, 100.8, 20.0, 5.8, 0.5; IR (neat): v 2969, 2937, 1608, 1504, 1482, 1371,
1256, 1221, 1103, 1035, 934, 898, 806 cm™; HRMS (ESI) m/z: [M+H]" Calcd. for Ci2H130;
189.0910; found 189.0902.
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2-(4-(1-cyclopropylideneethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

Qz (1g). The title compound 1q was prepared according to General Procedure A. The
o product was obtained as a white solid (0.62 g, 46% yield), M.p.: 62 — 64 °C. 'H NMR
(400 MHz, CDCl3) 6 7.78 (d, J = 7.6 Hz, 2H), 7.64 (d, J = 7.8 Hz, 2H), 2.24 (s, 3H), 1.46 (t, J = 7.3
Hz, 2H), 1.34 (s, 12H), 1.12 (t, J = 7.4 Hz, 2H); 3C NMR (151 MHz, CDCls) § 143.3, 134.6, 124.7,
122.6, 122.0, 83.6, 24.8, 19.6, 5.9, 0.5; IR (neat): v 2975, 2929, 1607, 1396, 1357, 1321, 1271,
1143, 1096, 1017, 962, 859, 828, 744 cm™; HRMS (ESI) m/z: [M+H]" Calcd. for C17H240.B
271.1864; found 271.1851.

6-(tert-butyl)-4-(1-cyclopropylideneethyl)-1,1-dimethyl-2,3-dihydro-1H-indene

X CHs

(1r). The title compound 1r was prepared according to General Procedure A. The

Bu product was obtained as a colorless oil (0.70 g, 52% vyield). 'H NMR (400 MHz,

CDCls) & 7.22 (s, 1H), 7.08 (s, 1H), 2.82 (t, J = 7.1 Hz, 2H), 2.22 (s, 3H), 1.89 (t, J = 7.1 Hz, 2H),

1.33 (s, 9H), 1.28 (s, 6H), 1.26 — 1.20 (m, 2H), 1.18 — 1.09 (m, 2H); 13C NMR (151 MHz, CDCl3) &

152.7, 149.1, 138.3, 137.3, 125.1, 122.5, 121.0, 117.3, 43.8, 41.7, 34.7, 31.7, 30.0, 28.6, 22.1, 5.4,

2.1; IR (neat): v 2956, 2924, 2858, 1683, 1596, 1458, 1360, 1249, 1234, 1143, 991, 875, 728 cm™;
HRMS (El) m/z: [M]" Calcd. for C2oH2s 268.2186; found 268.2185.

(1-cyclopropylidene-3-methylbutyl)benzene (1t). The title compound 1t was prepared
Q%\ according to General Procedure A. The product was obtained as a colorless oil (0.61 g,
66% yield). 'H NMR (400 MHz, CDCls) & 7.61 — 7.55 (m, 2H), 7.35 — 7.26 (m, 2H),
7.22 - 7.15 (m, 1H), 2.53 (d, J = 7.2 Hz, 2H), 1.93 — 1.82 (m, 1H), 1.45 — 1.37 (m, 2H), 1.15 — 1.07
(m, 2H), 0.89 (s, 3H), 0.87 (s, 3H); 3C NMR (101 MHz, CDCls) & 140.3, 128.1, 126.7, 126.3,
126.1, 1215, 43.2, 27.2, 22.6, 5.1, 1.4; IR (neat): v 2952, 2922, 2866, 1592, 1495, 1463, 1381,

1364, 987, 903, 764, 691 cm™; HRMS (EI) m/z: [M]* Calcd. for C14H1s 186.1403; found 186.1396.
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ethyl 4-cyclopropylidene-4-phenylbutanoate (1u). The title compound 1u was
©i/\coza prepared according to procedure c. The product was obtained as a yellow oil (0.83

g, 48% vyield). *H NMR (600 MHz, CDCl3) & 7.58 (d, J = 7.1 Hz, 2H), 7.35 — 7.31
(m, 2H), 7.25 — 7.20 (m, 1H), 4.11 (g, J = 7.1 Hz, 2H), 3.02 — 2.96 (m, 2H), 2.61 — 2.54 (m, 2H),
1.38 — 1.33 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H), 1.21 — 1.16 (m, 2H); 3C NMR (151 MHz, CDCl3) §
173.4, 139.6, 128.2, 126.6, 125.8, 125.7, 121.3, 60.3, 33.2, 29.1, 14.2, 4.4, 1.4; IR (neat): v 2976,
2961, 1730, 1495, 1444, 1371, 1160, 1034, 759 cm™; HRMS (EI) m/z: [M]" Calcd. for CisH150>
230.1301; found 230.1306.

N,N-dibenzyl-4-cyclopropylidene-4-phenylbutanamide  (1v). The title

QLYNB“Z compound 1v was prepared according to procedure d. The product was obtained

’ as a white solid (2.10 g, 73% yield), M.p.: 76 — 78 °C. 'H NMR (600 MHz,

CDCl3) & 7.56 (d, J = 7.7 Hz, 2H), 7.36 — 7.24 (m, 8H), 7.23 — 7.17 (m, 3H), 7.07 (d, J = 7.4 Hz,

2H), 4.61 (s, 2H), 4.34 (s, 2H), 3.10 (t, J = 8.7 Hz, 2H), 2.66 (t, J = 7.8 Hz, 2H), 1.37 — 1.32 (m,

2H), 1.12 — 1.05 (m, 2H); $3C NMR (151 MHz, CDCls) § 173.3, 139.3, 137.4, 136.6, 128.8, 128.5,

128.25, 128.21, 127.5, 127.3, 126.6, 126.2, 126.0, 125.8, 121.5, 49.9, 48.3, 32.0, 29.7, 4.7, 1.1; IR

(neat): v 3026, 2966, 1652, 1365, 1216, 752 cm™; HRMS (ESI) m/z: [M+Na]* Calcd. for
C27H27NONa 404.1985; found 404.1985.

(2-(benzyloxy)-1-cyclopropylideneethyl)benzene (1w). The title compound 1w was
QXOB” prepared according to procedure e. The product was obtained as a colorless oil (0.60 g,

48% yield). 'H NMR (600 MHz, CDCl3) § 7.76 — 7.71 (m, 2H), 7.37 — 7.29 (m, 6H),
7.28 —7.21 (m, 2H), 4.60 (s, 2H), 4.51 (d, J = 1.9 Hz, 2H), 1.49 (td, J = 7.4, 1.5 Hz, 2H), 1.18 (td, J
= 7.7, 1.6 Hz, 2H); 13C NMR (151 MHz, CDCls) 5 138.4, 138.3, 128.3, 128.2, 127.8, 127.5, 126.8,
126.3, 126.1, 123.9, 71.8, 71.5, 5.2, 0.9; IR (acetone): v 3057, 2979, 2858, 1597, 1496, 1452, 1359,
1220, 1090, 1066, 958, 736, 694 cm™; HRMS (ESI) m/z: [M+Na]* Calcd. for C1sH1s0Na 273.1250;
found 273.1244.
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N-(2-cyclopropylidene-2-phenylethyl)-N,4-dimethylbenzenesulfonamide  (1x).
@iﬁm The title compound 1x was prepared according to procedure f. The product was

obtained as a white solid (0.31 g, 95% yield), M.p.: 126 — 128 °C. 'H NMR (600
MHz, CDCls) § 7.78 (d, J = 7.0 Hz, 2H), 7.74 — 7.66 (m, 2H), 7.40 — 7.32 (m, 4H), 7.28 — 7.23 (m,
1H), 4.16 (s, 2H), 2.50 (s, 3H), 2.45 (s, 3H), 1.51 — 1.45 (m, 2H), 1.13 — 1.08 (m, 2H); 3C NMR
(151 MHz, CDCl3) 6 143.4, 137.2, 133.6, 129.7, 128.3, 127.7, 127.2, 126.8, 126.2, 121.6, 53.2, 33.7,
21.5,5.4, 1.1; IR (neat): v 2968, 2927, 2856, 1597, 1497, 1455, 1338, 1161, 1088, 974, 919, 816,
774, 742, 711 cm*; HRMS (ESI) m/z: [M+Na]* Calcd. for CigH21NO2NaS 350.1185; found
350.1182.

> (8S,9S,13S,14S)-17-cyclopropylidene-3-methoxy-13-methyl-7,8,9,11,12,13,1

4,15,16,17-decahydro-6H-cyclopenta[a]phenanthrene  (lai). The title

oo Oe . compound lai was prepared according to procedure h. The product was
obtained as a white solid (0.63 g, 51% yield), M.p.: 93 — 95 °C. *H NMR (400 MHz, CDCls) § 7.23
(dd, J = 8.6, 1.0 Hz, 1H), 6.71 (dd, J = 8.6, 2.8 Hz, 1H), 6.63 (d, J = 2.8 Hz, 1H), 3.78 (s, 3H), 2.97
—2.79 (m, 2H), 2.60 — 2.47 (m, 1H), 2.41 — 2.29 (m, 2H), 2.28 — 2.19 (m, 1H), 2.18 — 2.12 (m, 1H),
1.99 — 1.92 (m, 1H), 1.91 — 1.82 (m, 1H), 1.61 — 1.51 (m, 2H), 1.50 — 1.28 (m, 4H), 1.16 — 0.99 (m,
2H), 0.90 — 0.79 (m, 5H); 3C NMR (151 MHz, CDCl3) § 157.4, 139.1, 138.0, 133.0, 126.3, 113.8,
111.4,107.1, 55.2, 54.3, 45.0, 44.2, 38.6, 36.3, 29.9, 29.0, 27.7, 26.7, 24.3, 17.8, 1.4, -0.6; IR (neat):
v 3042, 2969, 2869, 1609, 1501, 1465, 1279, 1255, 1145, 1147, 882, 825 cm™*; HRMS (EI) m/z:
[M]* Calcd. for C22H2s0 308.2135; found 308.2137.
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10. Characterization Data of Products

2-(2-(4-(trifluoromethyl)benzyl)-3-(4-(trifluoromethyl)phenyl)prop-1-en-

CF3

1-yhnaphthalene (3). The title compound 3 was prepared from la (0.2
mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

General Procedure B, and it was purified by using PTLC (Pure Hexanes).

The product was obtained as a white solid (65.8 mg, 70% yield), M.p.: 118 — 120 °C. 'H NMR (400
MHz, CDCls) & 7.83 — 7.70 (m, 4H), 7.57 (d, J = 7.9 Hz, 2H), 7.55 (d, J = 7.9 Hz, 2H), 7.47 — 7.43
(m, 2H), 7.39 (dd, J = 8.4, 1.7 Hz, 1H), 7.32 — 7.23 (m, 4H), 6.77 (s, 1H), 3.65 (s, 2H), 3.46 (s, 2H);
13C NMR (151 MHz, CDCls) & 143.3, 138.8, 134.7, 133.3, 132.3, 130.4, 129.4, 129.0, 128.83 (q, J
= 32.0 Hz), 128.73 (q, J = 32.0 Hz), 128.0, 127.9, 127.6, 127.1, 126.8, 126.3, 125.9, 125.5 (q, J =
4.1 Hz), 125.4 (q, J = 4.1 Hz), 122.5 (q, J = 272.0 Hz), 122.4 (q, J = 272.0 Hz), 43.1, 36.1; °F
NMR (565 MHz, CDCl3) & -62.4; IR (neat): v 3015, 2912, 2850, 1617, 1434, 1321, 1117, 1062,
819, 756 cm™t; HRMS (EI) m/z: [M]* Calcd. for CagH20Fs 470.1464; found 470.1461.

4,4'-(2-(4-(tert-butyl)benzylidene)propane-1,3-diyl)bis((trifluoromethyl)b
enzene) (4). The title compound 4 was prepared from 1b (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

CF3

Procedure B, and it was purified by using PTLC (Pure Hexanes). The product
was obtained as a colorless oil (70.5 mg, 74% vyield). *H NMR (400 MHz,
CDCl3) § 7.55 (d, J = 8.0, 2H), 7.53 (d, J = 8.0, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.29 — 7.19 (m, 6H),
6.63 (s, 1H), 3.60 (s, 2H), 3.41 (s, 2H), 1.30 (s, 9H); 3C NMR (151 MHz, CDCls) 5 150.1, 143.5,
143.4, 137.5, 134.2, 130.4, 129.3, 128.9, 128.8 (q, J = 32.0 Hz), 128.7 (g, J = 32.0 Hz), 128.1,
125.5 (q, J = 4.1 Hz), 125.4, 125.3 (q, J = 4.1 Hz), 124.3 (q, J = 272.1 Hz), 43.3, 36.0, 34.5, 31.3;
F NMR (565 MHz, CDCls) & -62.33, -62.34; IR (neat): v 2964, 2909, 1615, 1508, 1321, 1160,
1106, 1065, 845, 822, cm™*; HRMS (EI) m/z: [M]* Calcd. for C2sHz6Fs 476.1933; found 476.1946.
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4,4’-(2-(4-methoxybenzylidene)propane-1,3-diyl)bis((trifluoromethyl)be
nzene) (5). The title compound 5 was prepared from 1c (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate =

10 : 1). The product was obtained as a white solid (54.9 mg, 61% yield),
M.p.: 97 — 99 °C. 'H NMR (400 MHz, CDCls) § 7.54 (dd, J = 8.3, 2.5 Hz, 4H), 7.25 (d, J = 8.0 Hz,
2H), 7.24 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 6.58 (s, 1H), 3.79
(s, 3H), 3.57 (s, 2H), 3.40 (s, 2H); 3C NMR (151 MHz, CDCls) § 158.6, 143.55, 143.47, 136.8,
130.1, 129.7, 129.6, 129.4, 128.9, 128.8 (g, J = 32.0 Hz), 128.7 (g, J = 32.0 Hz) 125.5 (g, J = 4.2
Hz), 125.4 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 113.9, 55.3, 43.2, 35.9; 19F NMR (565 MHz,
CDCl3) & -62.34, -62.35; IR (neat): v 2965, 2908, 1597, 1510, 1320, 1117, 1159, 1018, 845, 817
cmt; HRMS (El) m/z: [M]" Calcd. for C2sHaoFsO 450.1413; found 450.1422.

4,4'-(2-benzylidenepropane-1,3-diyl)bis((trifluoromethyl)benzene) (6). The
titte compound 6 was prepared from 1d (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

CF3

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a white solid (54.7 mg, 65% yield), M.p.:73 — 76 °C. H NMR (400 MHz, CDCl3) § 7.55 (d, J =
8.0 Hz, 4H), 7.35 — 7.30 (m, 2H), 7.29 — 7.21 (m, 7H), 6.64 (s, 1H), 3.58 (s, 2H), 3.42 (s, 2H); 13C
NMR (151 MHz, CDCl3) & 143.3, 138.2, 137.2, 130.5, 129.4, 128.9, 128.8 (q, J = 32.6 Hz), 128.7
(g, J = 32.0 Hz), 128.5, 128.4, 127.0, 125.5 (q, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 1243 (q, J =
271.3 Hz), 43.1, 35.9; *F NMR (565 MHz, CDCls) § -62.35, -62.36; IR (neat): v 3076, 3047, 2911,
2851, 1616, 1487, 1406, 1312, 1103, 1064, 846, 833, 759, 746 cm™; HRMS (El) m/z: [M]* Calcd.
for C24H18Fs 420.1307; found 420.1320.
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4,4'-(2-(4-fluorobenzylidene)propane-1,3-diyl)bis((trifluoromethyl)benzen
e) (7). The title compound 7 was prepared from le (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Pure Hexanes). The product

was obtained as a white solid (56.2 mg, 64% yield), M.p.: 74 — 76 °C. 'H
NMR (400 MHz, CDCls) 6 7.55 (d, J = 7.9 Hz, 4H), 7.29 — 7.18 (m, 7H), 7.05 — 6.97 (m, 2H), 6.58
(s, 1H), 3.55 (s, 2H), 3.41 (s, 2H). 3C NMR (151 MHz, CDCls) & 161.8 (d, J = 247.0 Hz), 143.2,
143.1, 138.4, 133.1 (d, J = 3.5 Hz), 130.0 (d, J = 8.3 Hz), 129.40, 129.36, 128.897 (q, J = 32.6 Hz),
128.896, 128.8 (q, J = 32.6 Hz), 125.6 (g, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 124.3 (g, J = 272.0
Hz ), 124.2 (q, J = 272.0 Hz ) 115.4 (d, J = 21.4 Hz), 43.0, 35.9; 19F NMR (565 MHz, CDCl3) &
-62.4, -114.9; IR (neat): v 3041, 2912, 2850, 1616, 1506, 1434, 1322, 1228, 1103, 1064, 1061, 848,
820, 775, 659 cm™; HRMS (EI) m/z: [M]* Calcd. for Ca4H17F7 438.1213; found 438.1229.

4,4'-(2-(4-(trifluoromethyl)benzyl)prop-1-ene-1,3-diyl)bis((trifluorometh
yl)benzene) (8). The title compound 8 was prepared from 1f (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Pure Hexanes). The

product was obtained as a white solid (62.3 mg, 64% yield), M.p.: 76 — 78 °C.
IH NMR (600 MHz, CDCl3) & 7.60 — 7.54 (m, 6H), 7.36 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.0 Hz,
2H), 7.23 (d, J = 7.9 Hz, 2H), 6.63 (s, 1H), 3.57 (s, 2H), 3.45 (s, 2H). 23C NMR (151 MHz, CDCls)
0 142.85, 142.76, 140.8, 140.5, 129.4, 129.15, 129.09 (q, J = 32.6 Hz), 129.04 (q, J = 32.6 Hz),
128.99 (q, J = 32.6 Hz), 128.9, 128.7, 125.7 (q, J = 4.1 Hz), 1255 (q, J = 4.1 Hz) 125.4 (g, J = 4.1
Hz), 124.24 (g, J = 272.1 Hz), 124.21 (q, J = 272.1 Hz), 124.1 (g, J = 272.1 Hz), 43.1, 36.0; 1°F
NMR (565 MHz, CDCl3) § -62.41, -62.42, -62.5; IR (neat): v 3021, 2927, 1615, 1427, 1411, 1411,
1320, 1103, 1064, 892, 827, 674 cm™*; HRMS (El) m/z: [M]* Calcd. for C2sH17F9 488.1181; found
488.1183.
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4,4'-(2-(3,4-dimethylbenzylidene)propane-1,3-diyl)bis((trifluoromethyl)b
enzene) (9). The title compound 9 was prepared from 1g (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Pure Hexanes). The product

was obtained as a white solid (52.4 mg, 58% yield), M.p.: 72 — 74 °C. 'H
NMR (400 MHz, CDCl3) & 7.54 (d, J = 8.0 Hz, 4H), 7.27 — 7.20 (m, 4H), 7.10 — 6.98 (m, 3H), 6.58
(s, 1H), 3.58 (s, 2H), 3.39 (s, 2H), 2.24 (s, 3H), 2.23 (s, 3H); 3C NMR (151 MHz, CDCl3) & 143.6,
137.4, 136.6, 135.5, 134.7, 130.5, 129.9, 129.7, 129.4, 129.0, 128.8 (g, J = 32.0 Hz), 128.6 (g, J =
32.0 Hz), 125.7, 125.5 (q, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 124.3 (g, J = 271.3 Hz), 43.1, 36.0,
19.8, 19.5; °F NMR (565 MHz, CDCls) § -62.33, -62.34; IR (neat): v 3016, 2914, 2853, 1611,
1414, 1320, 1152, 1112, 1017, 843, 828, 817 cm™; HRMS (EI) m/z: [M]* Calcd. for CasH2zFs
448.1620; found 448.1636.

4,4'-(2-(3-chlorobenzylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(10). The title compound 10 was prepared from 1h (36 mg, 0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained

as a colorless oil (65.0 mg, 26% vyield), containing compound 6 due to
dechlorination in the reaction process that failed to be separated. ‘H NMR (400 MHz, CDCls, a
mixture of compound 6 & compound 10) & 7.55 (dd, J = 8.4, 3.1 Hz, 11H, mixtures of compound 6
and compound 10), 7.36 — 7.19 (m, 25H, mixtures of compound 6 and compound 10 ), 7.14 (dd, J =
6.8, 2.0 Hz, 1H), 6.64 (s, 2H, Compound 6), 6.54 (s, 1H), 3.58 (s, 4H, Compound 6), 3.55 (s, 2H),
3.45 — 3.38 (m, 6H, mixtures of compound 6 and compound 10); 3C NMR (151 MHz, CDCls, a
mixture of compound 6 & compound 10) & 143.3 (Compound 6), 142.95, 142.91, 139.9, 139.0,
138.2 (Compound 6), 137.2 (Compound 6), 134.3, 130.5 (Compound 6), 129.7, 129.4 (Compound
6), 129.0, 128.94 (Compound 6), 128.91, 128.8 (q, J = 32.6 Hz), 128.7 (g, J = 32.6 Hz), 128.6,
128.5 (Compound 6), 128.4 (Compound 6), 127.1, 127.0 (Compound 6), 126.5, 125.6 (q, J = 4.2
Hz), 125.5 (q, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 124.3 (g, J = 271.3 Hz), 124.2 (g, J = 271.3 H2),
43.1 (Compound 6), 42.9, 36.0, 35.9 (Compound 6); °F NMR (565 MHz, CDCls, a mixture of
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compound 6 & compound 10) & -62.34 (Compound 6), -62.36 (Compound 6), -62.39; IR (neat): v
3075, 2911, 2850, 1615, 1488, 1321, 1106, 833, 770, 745 cm™*; HRMS (DART) m/z: [M+H]"* Calcd.
for C24H18CIFs 455.0996; found 455.0943.

4,4'-(2-(3-methylbenzylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(11). The title compound 11 was prepared from 1i (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained

as a white solid (55.9 mg, 64% yield), M.p.: 68 — 70 °C.*H NMR (400 MHz,
CDCl3) & 7.54 (d, J = 8.0 Hz, 4H), 7.29 — 7.17 (m, 5H), 7.10 — 7.04 (m, 3H), 6.61 (s, 1H), 3.57 (s,
2H), 3.40 (s, 2H), 2.33 (s, 3H); 13C NMR (151 MHz, CDCls) 6 143.5, 143.4, 138.11, 138.09, 137.2,
130.6, 129.4, 129.3, 129.0, 128.9 (q, J = 32.6 Hz), 128.8 (g, J = 32.0 Hz), 128.4, 127.8, 125.5 (q, J
= 4.2 Hz), 125.4 (q, J = 4.2 Hz) 125.3, 124.3 (q, J = 272.1 Hz), 43.1, 36.0, 21.5; °F NMR (565
MHz, CDCls) 6 -62.33, -62.34; IR (neat): v 2912, 1614, 1420, 1321, 1117, 1065, 1018, 812, 691
cm; HRMS (El) m/z: [M]* Calcd. for CasHaoFs 434.1464; found 434.1473.

4,4'-(2-(2-methylbenzylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(12). The title compound 12 was prepared from 1j (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

o o B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a white solid (57.2 mg, 66% yield), M.p.: 67 — 69 °C.*H NMR (400 MHz, CDCl3) 8 7.56 (d, J =
7.9 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 7.9 Hz, 2H), 7.25 — 7.13 (m, 6H), 6.57 (s, 1H),
3.42 (s, 2H), 3.40 (s, 2H), 2.30 (s, 3H); 3C NMR (151 MHz, CDCls) 5 143.6, 143.5, 138.5, 136.53,
136.46, 130.0, 129.6, 129.3, 129.0, 128.82 (q, J = 32.2 Hz), 128.81 (q, J = 32.2 Hz), 128.7, 127.3,
125.7, 125.4 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 42.5, 35.9, 20.1;2°F NMR (565 MHz, CDCl5)
§ -62.3; IR (neat): v 2926, 1614, 1440, 1316, 1127, 1065, 1018, 847, 761, 655 cm™; HRMS (EI)

m/z: [M]" Calcd. for CasH20Fs 434.1464; found 434.1479.
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4,4'-(2-(3,4,5-trimethoxybenzylidene)propane-1,3-diyl)bis((trifluoromet
hyl)benzene) (13). The title compound 13 was prepared from 1k (0.2 mmol)
and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate =

20 : 1). The product was obtained as a colorless oil (56.3 mg, 55% vyield). *H
NMR (400 MHz, CDCls) § 7.57 (d, J = 6.3 Hz, 4H), 7.28 (d, J = 5.7 Hz, 4H), 6.57 (s, 1H), 6.46 (s,
2H), 3.83 (s, 3H), 3.73 (s, 6H), 3.63 (s, 2H), 3.45 (s, 2H); *C NMR (151 MHz, CDCls) & 153.1,
143.4,143.2, 137.9, 137.2, 132.7, 130.5, 129.4, 128.9 (q, J = 32.6 Hz), 128.80, 128.77 (g, J = 32.0
Hz), 125.5 (q, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 124.2 (g, J = 272.1 Hz),
105.5, 60.9, 56.0, 43.3, 36.3; F NMR (565 MHz, CDCls3) § -62.36, -62.39; IR (neat): v 2937,
2836, 1615, 1583, 1507, 1421, 1321, 1238, 1107, 1065, 1017, 821, 725 cm':; HRMS (EI) m/z: [M]*
Calcd. for C27H24F603 510.1624; found 510.1641.

2-(2-(4-(trifluoromethyl)benzyl)-3-(4-(trifluoromethyl)phenyl)prop-1-en-1-yl
)furan (14). The title compound 14 was prepared from 1l (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

CF3

B, and it was purified by using PTLC (Hexanes : Ethyl acetate = 30 : 1). The
product was obtained as a yellow oil (37.1 mg, 45% yield). *H NMR (400 MHz, CDCls) & 7.53 (d,
J=8.3Hz, 4H), 7.37 (s, 1H), 7.28 (d, J = 7.9 Hz, 2H), 7.24 (d, J = 7.8 Hz, 2H), 6.40 (t, J = 2.6 Hz,
1H), 6.27 (d, J = 3.8 Hz, 2H), 3.83 (s, 2H), 3.41 (s, 2H); *C NMR (151 MHz, CDCl3) & 152.3,
143.3,143.1, 141.7, 137.1, 129.5, 129.0, 128.7 (q, J = 32.0 Hz), 125.44 (g, J = 4.2 Hz), 125.40 (q, J
= 4.2 Hz), 124.28 (q, J = 272.1 Hz), 124.24 (q, J = 272.1 Hz), 118.3, 111.2, 109.5, 43.5, 37.0; °F
NMR (565 MHz, CDCls) ¢ -62.37, -62.40; IR (acetone): v 3010, 2917, 1614, 1322, 1220, 1162,
1107, 1018, 823 cm™!; HRMS (EI) m/z: [M]* Calcd. for C2sH16F6O 410.1100; found 410.1111.
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1-tosyl-2-(2-(4-(trifluoromethyl)benzyl)-3-(4-(trifluoromethyl)phenyl)pro
p-1-en-1-yl)-1H-indole (15). The title compound 15 was prepared from 1m
(0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

General Procedure B, and it was purified by using PTLC (Hexanes : Ethyl

acetate = 10 : 1). The product was obtained as a colorless oil (43.5 mg, 35%
yield). 1H NMR (400 MHz, CDCls) & 8.01 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.58 — 7.49
(m, 5H), 7.43 (s, 1H), 7.36 (t, J = 7.1 Hz, 1H), 7.32 — 7.26 (m, 3H), 7.19 (d, J = 8.0 Hz, 2H), 7.14 (d,
J=8.1Hz, 2H), 6.51 (s, 1H), 3.60 (s, 2H), 3.50 (s, 2H), 2.30 (s, 3H); 3C NMR (151 MHz, CDCl5)
o 145.1, 143.0, 142.6, 140.9, 135.0, 134.8, 130.8, 129.9, 129.4, 128.9 (q, J = 32.6 Hz), 128.85,
128.77 (q, J = 32.6 Hz), 126.7, 125.6 (q, J = 4.2 Hz), 125.5 (q, J = 4.2 Hz), 125.2, 124.2 (g, J =
272.1 Hz), 1235, 122.9, 119.5, 119.1, 118.8, 113.8, 43.5, 37.2, 21.5; 1°F NMR (565 MHz, CDCls) &
-62.35,-62.38; IR (neat): v 2936, 2853, 1617, 1435, 1162, 1107, 1018, 970, 744, 678 cm™; HRMS
(El) m/z: [M]" Calcd. for C3sH25FsNO2S 613.1505; found 613.1502.

4,4'-(2-(1-phenylethylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(16). The title compound 16 was prepared from 1n (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a colorless oil (63.6 mg, 73% yield). 'H NMR (400 MHz, CDCls) § 7.55 (d, J = 8.0 Hz, 2H),
7.48 (d, J = 8.0 Hz, 2H), 7.39 — 7.32 (m, 2H), 7.29 — 7.22 (m, 5H), 7.12 (d, J = 7.9 Hz, 2H), 3.49 (s,
2H), 3.27 (s, 2H), 2.18 (s, 3H); 13C NMR (151 MHz, CDCls) § 144.5, 144.04, 143.99, 136.8, 130.9,
128.9, 128.7, 128.53, 128.52 (q, J = 32.6 Hz), 128.47 (q, J = 32.6 Hz), 127.9, 126.7, 125.4 (q, J =
4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.3 (g, J = 272.1 Hz), 38.2, 36.1, 21.8; °F NMR (565 MHz,
CDClIs) 6 -62.3; IR (neat): v 3003, 2922, 1620, 1419, 1323, 1220, 1119, 1066, 1017, 902, 856, 765,
701 cmt; HRMS (EI) m/z: [M]" Calcd. for CasHzoFs 434.1464; found 434.1475.
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4,4’-(2-(1-(4-methoxyphenyl)ethylidene)propane-1,3-diyl)bis((trifluorom
ethyl)benzene) (17). The title compound 17 was prepared from 1o (0.2

mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

oo General Procedure B, and it was purified by using PTLC (Hexanes : Ethyl
acetate = 20 : 1). The product was obtained as a colorless oil (55.9 mg, 60% vyield). *H NMR (400
MHz, CDCl3) & 7.55 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 7.3 Hz, 2H), 7.19 —
7.09 (m, 4H), 6.89 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H), 3.48 (s, 2H), 3.29 (s, 2H), 2.16 (s, 3H); 3C
NMR (151 MHz, CDClIs) 6 158.3, 144.6, 144.1, 136.34, 136.30, 130.8, 128.98, 128.95, 128.7,
128.6 (g, J = 32.2 Hz), 128.5 (g, J = 32.2 Hz), 125.4 (q, J = 4.2 Hz), 125.2 (g, J = 4.2 Hz), 124.3 (q,
J = 272.1 Hz), 113.9, 55.3, 38.2, 36.3, 21.9; *F NMR (565 MHz, CDCls) § -62.31, -62.32; IR
(neat): v 2928, 2844, 1611, 1509, 1412, 1320, 1234, 1117, 1065, 1032, 1017, 850, 819 cm™;

HRMS (El) m/z: [M]" Calcd. for C2sH22FsO 464.1569; found 464.1579.

5-(3-(4-(trifluoromethyl)benzyl)-4-(4-(trifluoromethyl)phenyl)but-2-en-2-
yl)benzo[d][1,3]dioxole (18). The title compound 18 was prepared from 1p

(0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

CF3

General Procedure B, and it was purified by using PTLC (Hexanes : Ethyl
acetate = 20 : 1). The product was obtained as a colorless oil (38.2 mg, 40% yield). *H NMR (600
MHz, CDCl3) § 7.55 (d, J = 7.9 Hz, 2H), 7.48 (d, J = 7.9 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.12 (d,
J=7.9Hz, 2H), 6.79 (d, J = 7.9 Hz, 1H), 6.72 (s, 1H), 6.68 (dd, J = 7.9, 1.7 Hz, 1H), 5.95 (s, 2H),
3.46 (s, 2H), 3.30 (s, 2H), 2.14 (s, 3H); 23C NMR (151 MHz, CDCl3) § 147.7, 146.2, 144.4, 144.0,
137.8, 136.3, 131.2, 129.0, 128.7, 128.6 (q, J = 32.6 Hz), 128.4 (g, J = 32.6 Hz), 125.4 (q, J = 4.2
Hz), 125.3 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 121.0, 108.5, 108.4, 101.0, 38.2, 36.2, 21.9; *°F
NMR (565 MHz, CDCl3) 6 -62.32, -62.33; IR (neat): v 3015, 2920, 1605, 1485, 1428, 1316, 1226,
1117, 1100, 1017, 935, 814 cm™*; HRMS (EI) m/z: [M]* Calcd. for CsHa0FsO2 478.1362; found
478.1368.
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4,4,5,5-tetramethyl-2-(4-(3-(4-(trifluoromethyl)benzyl)-4-(4-(trifluorome
thyl)phenyl)but-2-en-2-yl)phenyl)-1,3,2-dioxaborolane (19). The title
compound 19 was prepared from 1g (0.2 mmol) and

CF3

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

PinB

Procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate = 20 : 1). The product was
obtained as a colorless oil (52.1 mg, 46% yield). 'H NMR (400 MHz, CDCls) & 7.81 (d, J = 8.0 Hz,
2H), 7.56 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 7.9 Hz, 2H), 7.29 — 7.23 (m, 4H), 7.10 (d, J = 7.9 Hz, 2H),
3.49 (s, 2H), 3.25 (s, 2H), 2.17 (s, 3H), 1.34 (s, 12H); 3C NMR (151 MHz, CDCl3) & 147.1, 144.3,
143.9, 136.7, 135.0, 131.0, 128.9, 128.7, 128.6 (g, J = 32.0 Hz), 128.5 (q, J = 32.0 Hz), 127.3,
125.4 (q, J = 4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 83.8, 38.2, 36.1, 24.8, 21.6; 1°F
NMR (565 MHz, CDCls) § -62.3; IR (neat): v 2981, 2932, 1741, 1608, 1396, 1359, 1320, 1161,
1142, 1120, 1066, 1017, 962, 857, 820, 677 cm™; HRMS (EI) m/z: [M]* Calcd. for CaiH31BFsO2
560.2316; found 560.2333.

cr, O-(tert-butyl)-1,1-dimethyl-4-(3-(4-(trifluoromethyl)benzyl)-4-(4-(trifluo

s O \3 romethyl)phenyl)but-2-en-2-yl)-2,3-dihydro-1H-indene (20). The title
compound 20 was prepared from 1r (0.2 mmol) and

.O By 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
Procedure B, and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
colorless oil (80.5 mg, 72% yield). *H NMR (600 MHz, CDCls) & 7.58 (d, J = 7.9 Hz, 2H), 7.45 (d,
J=7.9Hz, 2H), 7.31 (d, J = 7.8 Hz, 2H), 7.08 (d, J = 8.6 Hz, 3H), 7.01 (s, 1H), 3.73 (d, J = 15.4 Hz,
1H), 3.29 (d, J = 15.4 Hz, 1H), 3.22 (d, J = 14.8 Hz, 1H), 3.02 (d, J = 14.8 Hz, 1H), 2.81 (dt, J =
15.2, 6.8 Hz, 1H), 2.65 (dt, J = 15.2, 6.8 Hz, 1H), 2.13 (s, 3H), 1.99 — 1.86 (m, 2H), 1.30 (s, 12H),
1.23 (s, 3H); *C NMR (151 MHz, CDCl3) 6 152.7, 150.0, 144.7, 144.3, 139.5, 136.0, 131.0, 129.0,
128.8, 128.50 (q, J = 32.0 Hz), 128.48 (q, J = 32.0 Hz), 125.5 (q, J = 4.2 Hz), 125.1 (q, J = 4.2 H2),
124.4 (q, J = 272.1 Hz), 124.3 (g, J = 272.1 Hz), 123.0, 117.2, 44.1, 41.5, 38.0, 36.1, 34.7, 31.6,
28.9, 28.5, 20.6; F NMR (565 MHz, CDCls) § -62.2, -62.3; IR (neat): v 2961, 2858, 1613, 1411,
1361, 1322, 1219, 1161, 1108, 1065, 1018, 843, 802 cm; HRMS (EI) m/z: [M]" Calcd. for

C34H3sFs 558.2716; found 558.2729.
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4,4'-(2-(1-phenylbutylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(21). The title compound 21 was prepared from 1s (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a colorless oil (57.6 mg, 62% yield). *H NMR (400 MHz, CDCls) & 7.55 (d, J
= 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.4 Hz, 2H), 7.29 — 7.19 (m, 5H), 7.11 (d, J =
8.0 Hz, 2H), 3.51 (s, 2H), 3.20 (s, 2H), 2.56 — 2.48 (m, 2H), 1.48 — 1.34 (m, 2H), 0.91 (t, J = 7.3 Hz,
3H); 3C NMR (151 MHz, CDCls) § 144.5, 144.1, 142.7, 141.9, 130.7, 128.9, 128.8, 128.5, 128.35,
128.31 (g, J = 32.6 Hz), 126.7, 125.4 (q, J = 4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 HZ),
38.2, 37.0, 35.8, 21.6, 14.1; 19F NMR (565 MHz, CDCls) & -62.3; IR (neat): v 2961, 2930, 2872,
1620, 1320, 1160, 1106, 1065, 1018, 819, 701 cm™; HRMS (EI) m/z: [M]* Calcd. for Cz7H24Fs
462.1777; found 462.1798.

4,4'-(2-(3-methyl-1-phenylbutylidene)propane-1,3-diyl)bis((trifluoromethyl)
benzene) (22). The title compound 22 was prepared from 1t (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

CF;

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a white solid (63.2 mg, 66% yield). M.p.: 114 — 115 °C. *H NMR (400 MHz, CDCls3) 6 7.54 (d, J
= 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.37 — 7.30 (m, 2H), 7.27 — 7.20 (m, 5H), 7.13 (d, J = 8.0
Hz, 2H), 3.54 (s, 2H), 3.22 (s, 2H), 2.47 (d, J = 7.2 Hz, 2H), 1.67 — 1.56 (m, 1H), 0.93 (d, J = 6.7
Hz, 6H); 3C NMR (151 MHz, CDCls) & 144.7, 144.0, 142.7, 141.2, 131.5, 128.9, 128.8, 128.4,
128.34, 128.32 (q, J = 33.3 Hz), 126.7, 125.4 (q, J = 4.2 Hz), 125.3 (9, J = 4.2 Hz), 124.3 (9, J =
272.1 Hz), 43.8, 38.4, 36.1, 26.6, 22.5; °F NMR (565 MHz, CDCls) § -62.3; IR (neat): v 2947,
2864, 1613, 1463, 1321, 1161, 1120, 1066, 1018, 819, 702 cm™*; HRMS (EI) m/z: [M]* Calcd. for
CosH26Fs 476.1933; found 476.1945.
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N Ethyl 4-phenyl-5-(4-(trifluoromethyl)benzyl)-6-(4-(trifluoromethyl)phen
O O yl)hex-4-enoate (23). The title compound 23 was prepared from 1u (0.2 mmol)
‘ and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
O = procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate = 15 : 1).
The product was obtained as a colorless oil (66.0 mg, 63% yield). *H NMR (600 MHz, CDCls) §
7.56 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.27 (t, J = 8.1 Hz, 3H),
7.21 (d, J = 6.8 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.08 (q, J = 7.1 Hz, 2H), 3.56 (s, 2H), 3.21 (s,
2H), 2.89 (t, J = 7.7 Hz, 2H), 2.34 (t, 3 = 7.7 Hz, 2H), 1.22 (t, J = 7.1 Hz, 3H); 2*C NMR (151 MHz,
CDCl3) 6 172.8, 144.1, 143.8, 141.4, 139.7, 132.3, 128.9, 128.7, 128.57, 128.55, 128.4 (g, J = 32.0
Hz), 127.0, 125.4 (g, J = 4.2 Hz), 125.2 (g, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 60.5, 38.3, 35.9,
32.8,29.9, 14.1; 1F NMR (565 MHz, CDCl3) 5 -62.3; IR (neat): v 2989, 2919, 1731, 1613, 14186,
1321, 1159, 1065, 1017, 850, 819, 767 cm’; HRMS (ESI) m/z: [M+H]* Calcd. for CaoHa7Fs02

521.1910; found 521.1901.

GF, CF N,N-dibenzyl-4-phenyl-5-(4-(trifluoromethyl)benzyl)-6-(4-(trifluoromethyl)p
O O henyl)hex-4-enamide (24). The title compound 24 was prepared from 1v (0.2
‘ . mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
O o 2 Procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate = 15 :
1). The product was obtained as a colorless oil (68.2 mg, 51% yield). *H NMR (600 MHz, CDCls)
0749 (d,J =7.8Hz, 2H), 7.45 (d, J = 7.9 Hz, 2H), 7.32 — 7.23 (m, 9H), 7.22 (d, J = 8.1 Hz, 2H),
7.19 (d, J = 7.7 Hz, 2H), 7.14 (d, J = 8.7 Hz, 2H), 7.09 (d, J = 7.9 Hz, 2H), 6.99 (d, J = 7.5 Hz, 2H),
4.58 (s, 2H), 4.26 (s, 2H), 3.55 (s, 2H), 3.20 (s, 2H), 2.96 (t, J = 7.7 Hz, 2H), 2.40 (t, J = 7.8 Hz,
2H); 13C NMR (151 MHz, CDCls) § 172.5, 144.2, 143.9, 141.5, 140.1, 137.3, 136.4, 131.9, 128.9,
128.7, 128.6, 128.5, 128.29 (q, J = 32.0 Hz), 128.26, 127.6, 127.4, 126.9, 126.2, 125.4 (g, J = 4.2
Hz), 125.2 (g, J = 4.2 Hz), 124.3 (q, J = 272.7 Hz) 49.9, 48.5, 38.4, 36.0, 31.5, 30.2; °F NMR (565
MHz, CDCls) 6 -62.27, -62.30; IR (neat): v 3036, 2934, 1647, 1618, 1416, 1320, 1161, 1107, 1065,

1017, 819, 730 cm™*; HRMS (ESI) m/z: [M+H]* Calcd. for C41H3sNOFs 672.2695; found 672.2697.

S67



. CF, 4,4'-(2-(2-(benzyloxy)-1-phenylethylidene)propane-1,3-diyl)bis((trifluoromethyl)

O O benzene) (25). The title compound 25 was prepared from 1w (0.2 mmol) and
o 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure B,
O and it was purified by using PTLC (Hexanes : Ethyl acetate = 15 : 1). The product
was obtained as a colorless oil (77.0 mg, 71% yield). *H NMR (400 MHz, CDCls3) 6 7.53 (d, J = 8.0
Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.39 — 7.33 (m, 2H), 7.33 — 7.22 (m, 8H), 7.21 — 7.15 (m, 2H),
7.11 (d, J = 8.0 Hz, 2H), 4.51 (s, 2H), 4.39 (s, 2H), 3.52 (s, 2H), 3.29 (s, 2H); 3C NMR (151 MHz,
CDCIs) 6 143.7, 143.5, 141.5, 138.10, 138.06, 136.8, 129.01, 128.99, 128.6, 128.424, 128.417 (q, J
= 32.6 Hz), 128.3, 127.63, 127.61, 127.0, 125.4 (g, J = 4.2 Hz), 125.3 (q, J = 4.2 Hz), 124.3 (g, J =
272.1 Hz), 124.2 (q, J = 272.1 Hz), 72.8, 70.7, 38.1, 36.1; 1°F NMR (565 MHz, CDCls) & -62.30,
-62.32; IR (neat): v 3031, 2950, 2856, 1616, 1408, 1322, 1161, 1119, 1108, 1066, 1018, 851, 820,

735 cmt; HRMS (ESI) m/z: [M+K]* Calcd. for Cs;H2sFsOK 579.1519; found 579.1512.

CF, CF, N,4-dimethyl-N-(2-phenyl-3-(4-(trifluoromethyl)benzyl)-4-(4-(trifluoromethyl)p
O O henyl)but-2-en-1-yl)benzenesulfonamide (26). The title compound 16 was prepared
@ from 1x (0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according
O M to General Procedure B, and it was purified by using PTLC (Hexanes : Ethyl acetate
=10 : 1). The product was obtained as a colorless oil (54.1 mg, 44% yield). *H NMR (600 MHz,
CDCl3) & 7.55 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.3 Hz, 4H), 7.37 — 7.31 (m, 2H), 7.31 — 7.27 (m,
1H), 7.24 — 7.19 (m, 6H), 7.10 (d, J = 7.9 Hz, 2H), 4.12 (s, 2H), 3.61 (s, 2H), 3.30 (s, 2H), 2.58 (s,
3H), 2.40 (s, 3H); 3C NMR (151 MHz, CDCl3) 5 143.5, 143.4, 143.2, 140.1, 137.1, 136.1, 134.2,
129.6, 128.9, 128.75, 128.71, 128.61 (g, J = 32.6 Hz), 128.59, 128.55 (q, J = 32.6 Hz), 127.44,
127.35,125.5 (q, J = 4.2 Hz), 125.4 (q, J = 4.2 Hz), 124.2 (q, J = 272.1 Hz), 52.1, 38.7, 35.9, 34.8,
21.4; F NMR (565 MHz, CDCls) § -62.37, -62.38; IR (neat): v 2955, 2928, 2859, 1738, 1488,
1361, 1090, 1015, 841, 802 cm™; HRMS (ESI) m/z: [M+Na]* Calcd. for CasHaoNO.FsNaS

640.1715; found 640.1720.
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. CF, 4,4'-(2-(diphenylmethylene)propane-1,3-diyl)bis((trifluoromethyl)benzene) (27).
O O The title compound 27 was prepared from 1y (0.2 mmol) and
‘ 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure B,
O O and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
white solid (54.8 mg, 55% vyield), M.p.: 96 — 97 °C. 'H NMR (400 MHz, CDCl3) & 7.53 (d, J = 8.0
Hz, 4H), 7.36 — 7.21 (m, 10H), 7.18 (d, J = 8.0 Hz, 4H), 3.43 (s, 4H); 13C NMR (151 MHz, CDCls)
0 144.1, 143.0, 142.1, 134.1, 129.1, 128.9, 128.53 (q, J = 31.9 Hz), 128.48, 127.0, 125.4 (q, J = 4.2
Hz), 124.3 (g, J = 272.1 Hz), 37.3; 9F NMR (565 MHz, CDCls) 5 -62.3; IR (acetone): v 3024,
2914, 2851, 1612, 1492, 1364, 1320, 1218, 1161, 1065, 1018, 842, 806, 699 cm™*; HRMS (EI) m/z:

[M]* Calcd. for CagH22Fs 496.1620; found 496.1636.

G, CF, 4,4'-(2-(bis(4-chlorophenyl)methylene)propane-1,3-diyl)bis((trifluoromethyl
O O )benzene) (28). The title compound 28 was prepared from 1z (0.2 mmol) and

‘ 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

. O O o B, and it was purified by using PTLC (Pure Hexanes). The product was obtained
as a white solid (51.0 mg, 45% yield), M.p.: 135 — 137 °C. 'H NMR (400 MHz,

CDCls) § 7.54 (d, J = 8.0 Hz, 4H), 7.31 (d, J = 8.5 Hz, 4H), 7.21 — 7.11 (m, 8H), 3.43 (s, 4H); 13C
NMR (151 MHz, CDClz3) 6 143.5, 140.6, 140.0, 135.6, 133.3, 130.6, 128.9, 128.84, 128.79 (9, J =
32.0 Hz), 125.5 (q, J = 4.2 Hz), 124.2 (q, J =272.1 Hz), 37.3; 1°F NMR (565 MHz, CDCl3) § -62.3;
IR (neat): v 2917, 2854, 1617, 1488, 1416, 1321, 1157, 1116, 1091, 1064, 898, 829, 821 cm™;

HRMS (EI) m/z: [M]" Calcd. for CsoH20Cl2Fs 564.0841; found 564.0861
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4,4'-(2-(3-phenylpropylidene)propane-1,3-diyl)bis((trifluoromethyl)benzen
e) (29). The title compound 29 was prepared from laa (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

CF3

Procedure B, and it was purified by using PTLC (Pure Hexanes). The product
was obtained as a colorless oil (60.3 mg, 67% yield). *H NMR (400 MHz, CDCls) & 7.51 — 7.44 (m,
4H), 7.33 — 7.14 (m, 5H), 7.09 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 7.9 Hz, 2H), 5.48 (t, J = 7.2 Hz, 1H),
3.23 (s, 2H), 3.19 (s, 2H), 2.76 (t, J = 7.4 Hz, 2H), 2.52 (td, J = 7.6, 7.2 Hz, 2H); 3C NMR (151
MHz, CDCl3) 6 143.8, 143.6, 141.5, 136.2, 129.4, 129.2, 128.8, 128.6, 128.5 (g, J = 31.9 Hz), 128.4,
126.0, 125.3 (g, J = 4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.32 (g, J = 272.1 Hz), 124.29 (q, J = 272.1
Hz), 42.8, 35.9, 35.2, 30.1; 1°F NMR (565 MHz, CDCls) & -62.28, -62.31; IR (neat): v 2934, 2853,
1616, 1454, 1319, 1159, 1117, 1098, 1064, 1018, 842, 814, 698 cm™; HRMS (EI) m/z: [M]" Calcd.
for CasH22Fs 448.1620; found 448.1632.

4,4'-(2-nonylidenepropane-1,3-diyl)bis((trifluoromethyl)benzene)
(30). The title compound 30 was prepared from lab (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Pure Hexanes). The
product was obtained as a colorless oil (56.1 mg, 61% yield). '"H NMR (400 MHz, CDCls3) & 7.55 —
7.48 (m, 4H), 7.23 — 7.16 (m, 4H), 5.49 (t, J = 7.2 Hz, 1H), 3.33 (s, 2H), 3.23 (s, 2H), 2.18 (td, J =
7.3, 7.2 Hz, 2H), 1.48 — 1.38 (m, 2H), 1.35 — 1.24 (m, 10H), 0.89 (t, J = 6.7 Hz, 3H); 3C NMR
(151 MHz, CDCl3) & 144.0, 143.9, 135.2, 130.8, 129.2, 128.9, 128.53 (q, J = 32.8 Hz), 128.48 (g, J
= 32.8 Hz), 125.3 (q, J = 4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.33 (q, J = 272.1 Hz), 124.30 (q, J =
272.1 Hz), 42.9, 35.2, 31.9, 29.9, 29.5, 29.4, 29.3, 28.3, 22.7, 14.1; **F NMR (565 MHz, CDCls) &
-62.3; IR (neat): v 2956, 2850, 1615, 1322, 1161, 1122, 1066, 1018, 861, 608 cm™; HRMS (EI)
m/z: [M]* Calcd. for CosH3zoFs 456.2246; found 456.2258.
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4,4'-(2-(cyclohexylmethylene)propane-1,3-diyl)bis((trifluoromethyl)benzene)
(31). The title compound 31 was prepared from lac (0.2 mmol) and
1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained

as a colorless oil (57.9 mg, 68% yield). *H NMR (400 MHz, CDCls3) & 7.56 —
7.47 (m, 4H), 7.23 — 7.14 (m, 4H), 5.35 (d, J = 9.4 Hz, 1H), 3.33 (s, 2H), 3.19 (s, 2H), 2.40 — 2.26
(m, 1H), 1.80 — 1.62 (m, 5H), 1.36 — 1.12 (m, 5H); *C NMR (151 MHz, CDCls) & 144.1, 143.8,
136.9, 133.2, 129.1, 128.9, 128.51 (g, J = 32.6 Hz), 128.49 (q, J = 32.6 Hz), 125.3 (q, J = 4.2 Hz),
125.2 (g, J = 4.2 Hz), 124.34 (q, J = 272.1 Hz), 124.32 (g, J = 272.1 Hz), 42.7, 37.3, 35.3, 33.5,
25.95, 25.90; 1°F NMR (565 MHz, CDCls) & -62.33, -62.34; IR (neat): v 2924, 2851, 1617, 1499,
1416, 1321, 1106, 1109, 1065, 1018, 848, 819 cm™; HRMS (El) m/z: [M]* Calcd. for CasH24Fs
426.1777; found 426.1782.

oF, 4,4'-(2-cyclohexylidenepropane-1,3-diyl)bis((trifluoromethyl)benzene)

/ O ©F: (32). The title compound 32 was prepared from lad (0.2 mmol) and

‘ 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
Procedure B, and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
colorless oil (60.5 mg, 73% yield). *H NMR (600 MHz, CDCls) & 7.50 (d, J = 7.9 Hz, 4H), 7.21 (d,
J = 7.9 Hz, 4H), 3.39 (s, 4H), 2.36 (t, J = 5.7 Hz, 4H), 1.68 — 1.60 (m, 6H); 1*C NMR (151 MHz,
CDCl3) & 144.8, 138.7, 128.7, 128.3 (q, J = 32.0 Hz), 125.2 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz),
36.6, 31.1, 28.4, 26.8; 1%F NMR (565 MHz, CDCls) § -62.3; IR (neat): v 2920, 2850, 1619, 1414,
1332, 1159, 1117, 1065, 1017, 850, 817 cm™*; HRMS (El) m/z: [M]* Calcd. for C2sHx2Fs 412.1620;
found 412.1637.

o5, (1,3-bis(4-(trifluoromethyl)phenyl)propan-2-ylidene)cycloheptane (33).
O O CFs  The title compound 33 was prepared from lae (0.2 mmol) and
/ 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General

Procedure B, and it was purified by using PTLC (Pure Hexanes). The

product was obtained as a colorless oil (69.2 mg, 81% yield). 'TH NMR (400 MHz, CDCls) § 7.50
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(d, J = 8.0 Hz, 4H), 7.19 (d, J = 7.9 Hz, 4H), 3.39 (s, 4H), 2.44 (t, J = 6.2 Hz, 4H), 1.71 — 1.54 (m,
8H): 13C NMR (151 MHz, CDCls) & 144.6, 140.1, 128.7, 128.3 (g, J = 32.6 Hz), 125.3 (q, J = 4.2
Hz), 124.3 (g, J = 272.1 Hz), 36.7, 31.9, 28.9, 27.9; 1°F NMR (565 MHz, CDCl3) § -62.3; IR (neat):
v 2912, 2858, 1622, 1420, 1319, 1162, 1105, 1065, 1018, 851, 817 cm’; HRMS (EI) m/z: [M]*
Calcd. for CaHa4Fs 426.1777; found 426.1794.

— 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis((trifluoromethyl)benzene) (34).
O O The title compound 34 was prepared from Zlaf (0.2 mmol) and
‘ 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General Procedure B,

and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
colorless oil (68.0 mg, 75% yield). *H NMR (400 MHz, CDCls) & 7.51 (d, J = 8.0 Hz, 4H), 7.17 (d,
J=8.0 Hz, 4H), 3.33 (s, 4H), 2.24 — 2.15 (t, J = 8.0 Hz, 4H), 1.51 — 1.42 (m, 4H), 1.41 — 1.31 (m,
4H), 0.93 (t, J = 7.2 Hz, 6H); 13C NMR (151 MHz, CDCls) & 144.6, 140.1, 128.7, 128.3 (q, J = 32.0
Hz), 125.3 (g, J = 4.2 Hz), 124.4 (g, J = 272.1 Hz), 36.4, 32.2, 31.5, 23.1, 14.1; F NMR (565
MHz, CDCls3) 6 -62.3; IR (neat): v 2962, 2937, 2856, 1614, 1319, 1120, 1103, 1064, 1017, 849, 817,

688 cm™t; HRMS (EI) m/z: [M]" Calcd. for CasHsoFs 456.2246; found 456.2254.

oF. 2-(1,3-bis(4-(trifluoromethyl)phenyl)propan-2-ylidene)adamantane (35).
/ O “* The title compound 35 was prepared from lag (0.2 mmol) and
te 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
Procedure B, and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
colorless oil (53.1 mg, 57% yield). *H NMR (400 MHz, CDCls) § 7.51 (d, J = 7.9 Hz, 4H), 7.22 (d,
J=8.0 Hz, 4H), 3.38 (s, 4H), 3.03 (t, J = 3.2 Hz, 2H), 2.06 — 1.91 (m, 6H), 1.90 — 1.79 (m, 6H); 13C
NMR (151 MHz, CDCl3) & 146.1, 144.9, 128.7, 128.2 (q, J = 32.6 Hz), 125.2 (q, J = 4.2 Hz), 124.3
(q, J = 272.1 Hz), 39.3, 36.9, 36.2, 33.5, 27.9; 1°F NMR (565 MHz, CDCl3) 5 -62.3; IR (neat): v
2908, 2849, 1615, 1450, 1320, 1160, 1122, 1106, 1017, 850, 817 cm™’; HRMS (E1) m/z: [M]* Calcd.
for C27H26Fs 464.1933; found 464.1934
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CF, ethyl 2-methyl-3-(4-(trifluoromethyl)benzyl)-4-(4-(trifluoromethyl)ph
O enyl)but-2-enoate (36). The title compound 36 was prepared from lah (0.2

O ‘ mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

o oo General Procedure B, and it was purified by using PTLC (Hexanes : Ethyl
acetate = 15 : 1). The product was obtained as a colorless oil (60.2 mg, 70% yield). *H NMR (600
MHz, CDCls) & 7.55 — 7.49 (m, 4H), 7.29 (d, J = 7.9 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H), 4.25 (g, J =
7.1 Hz, 2H), 3.64 (s, 2H), 3.43 (s, 2H), 2.07 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H); 3C NMR (151 MHz,
CDCls) 5 169.6, 143.1, 142.2, 141.7, 129.3, 128.74, 128.70 (q, J = 32.6 Hz), 128.67 (q, J = 32.6 Hz),
128.4, 125.5 (g, J = 4.2 Hz), 125.3 (q, J = 4.2 Hz), 124.24 (g, J = 272.1 Hz), 124.15 (q, J = 272.1
Hz), 60.8, 38.8, 37.2, 16.3, 14.2; 1°F NMR (565 MHz, CDCls) § -62.4, -62.5; IR (acetone): v 2961,
2940, 1737, 1615, 1324, 1229, 1122, 1066, 1018, 910, 822 cm*; HRMS (EI) m/z: [M]* Calcd. for

C22H20Fs02 430.1362; found 430.1370.

(8S,9S,13S,14S5)-17-(1,3-bis(4-(trifluoromethyl)phenyl)propan-2-yli
dene)-3-methoxy-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6
H-cyclopenta[a]phenanthrene (37). The title compound 37 was

prepared from lai (0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene

(0.6 mmol) according to General Procedure B, and it was purified by
using PTLC (Hexanes : Ethyl acetate = 20 : 1). The product was obtained as a colorless oil (77.0 mg,
64% vyield). 'H NMR (600 MHz, CDCls) & 7.53 (d, J = 7.9 Hz, 2H), 7.50 (d, J = 7.9 Hz, 2H), 7.23
(d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.2 Hz, 3H), 6.70 (dd, J = 8.6, 2.8 Hz, 1H), 6.64 (d, J = 2.7 Hz, 1H),
3.77 (d, J = 15.8 Hz, 1H), 3.76 (s, 3H), 3.36 (d, J = 15.8 Hz, 2H), 3.15 (d, J = 15.8 Hz, 1H), 2.96 —
2.83 (M, 2H), 2.58 — 2.45 (m, 2H), 2.37 — 2.24 (m, 3H), 2.02 — 1.95 (m, 1H), 1.92 — 1.78 (m, 2H),
1.60 — 1.49 (m, 3H), 1.48 — 1.36 (M, 2H), 1.06 (s, 3H); 3C NMR (151 MHz, CDCls) § 157.5, 150.4,
144.7, 144.2, 137.9, 132.5, 129.0, 128.5, 128.3 (q, J = 32.6 Hz), 126.2, 125.3 (q, J = 4.2 Hz), 125.2
(0, J =4.2 Hz), 1244 (q, J = 272.1 Hz), 124.0, 113.8, 111.5, 55.5, 55.1, 45.2, 43.5, 38.44, 38.37,
37.9, 36.3, 30.6, 29.8, 27.6, 27.1, 24.0, 18.1; *®F NMR (565 MHz, CDCls) § -62.17, -62.21; IR
(acetone): v 2934, 2869, 2832, 1615, 1499, 1322, 1159, 1103, 1065, 1017, 905, 850, 817, 733 cm™;

HRMS (EI) m/z: [M]* Calcd. for CssHzsFsO 598.2665; found 598.2686.
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(1R,5S)-6,6-dimethyl-2-(2-(4-(trifluoromethyl)benzyl)-3-(4-(trifluorometh
yl)phenyl)prop-1-en-1-yl)bicyclo[3.1.1]hept-2-ene (38). The title compound

38 was prepared from laj (0.2 mmol) and

1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to General
Procedure B, and it was purified by using PTLC (Pure Hexanes). The product was obtained as a
colorless oil (49.3 mg, 53% yield), containing a trace amount of impurity that failed to be separated.
IH NMR (600 MHz, CDCl3) & 7.55 — 7.50 (m, 4H), 7.23 — 7.17 (m, 4H), 5.88 (s, 1H), 5.50 (s, 1H),
3.58 —3.49 (m, 2H), 3.24 (s, 2H), 2.43 — 2.39 (m, 1H), 2.35 — 2.27 (m, 3H), 2.21 (t, J = 4.9 Hz, 1H),
2.12 - 2.09 (m, 1H), 1.28 (s, 3H), 0.89 (s, 3H); 13C NMR (151 MHz, CDCl3) & 144.6, 144.0, 143.7,
135.1, 131.4, 129.3, 128.9, 128.8 (q, J = 32.6 Hz), 128.7 (g, J = 32.6 Hz), 125.3 (q, J = 4.2 H2),
125.2 (q, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 121.4, 46.7, 43.0, 40.4, 37.9, 36.4, 31.8, 31.6, 26.3,
21.2; F NMR (565 MHz, CDCls) & -62.3, -62.4; IR (acetone): v 2987, 2917, 2858, 1617, 1417,
1321, 1161, 1120, 1065, 888, 827 cm™’; HRMS (El) m/z: [M]" Calcd. for Ca7H2sFs 464.1933; found
464.1946.

(3R,3aS,7R,8aS)-3,6,8,8-tetramethyl-5-(3-(4-(trifluoromethyl)benzyl)-4-(
4-(trifluoromethyl)phenyl)but-2-en-2-yl)-2,3,4,7,8,8a-hexahydro-1H-3a,7
-methanoazulene) (39). The title compound 39 was prepared from lak (0.2

mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol) according to

General Procedure B, and it was purified by using PTLC (Pure Hexanes).
The product was obtained as a colorless oil (61.8 mg, 55% yield), which was composed of a pair of
isomers (major : minor = 3 : 2). 'H NMR (400 MHz, CDCls) § 7.50 (dd, J = 8.3, 2.7 Hz, 7H,
mixtures of major and minor isomer), 7.15 (dd, J = 8.3, 3.1 Hz, 7H, mixtures of major and minor
isomer), 3.52 — 3.40 (m, 3H, mixtures of major and minor isomer), 3.29 — 3.14 (m, 3H, mixtures of
major and minor isomer), 2.45 (d, J = 16.4 Hz, 1H, minor isomer), 2.15 (d, J = 16.5 Hz, 1H, major
isomer), 1.98 (d, J = 16.5 Hz, 1H, major isomer), 1.92 — 1.82 (m, 8H, mixtures of major and minor
isomer), 1.81 — 1.59 (m, 13H, mixtures of major and minor isomer), 1.47 — 1.30 (m, 6H, mixtures of

major and minor isomer), 1.06 (s, 3H, major isomer), 0.98 — 0.93 (m, 7H, mixtures of major and
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minor isomer), 0.86 (d, J = 7.2 Hz, 5H, mixtures of major and minor isomer); *C NMR (151 MHz,
CDCl3) 6 144.9, 144.7, 144.5, 137.0, 136.3, 134.0, 133.9, 132.3, 131.7, 129.5, 129.3, 129.3, 128.8,
128.7 (there are multiple peaks of major and minor isomers between 149.9 — 128.7 ), 128.3 (g, J =
32.6 Hz), 128.2 (g, J = 32.6 Hz), 125.3 (g, J = 4.2 Hz), 125.2 (q, J = 4.2 Hz), 124.3 (g, J = 272.1
Hz), 59.2, 58.9 (minor isomer), 55.4 (minor isomer), 55.2, 54.2, 48.5, 48.3 (minor isomer), 42.9
(minor isomer), 42.4, 41.44, 41.35 (minor isomer), 40.9, 38.1 (minor isomer), 37.7, 36.1, 35.9
(minor isomer), 35.7 (minor isomer), 35.6, 27.9, 27.8 (minor isomer), 25.73 (minor isomer), 25.69,
24.8, 24.7 (minor isomer), 21.6 (minor isomer), 21.5, 18.4 (minor isomer), 18.0, 15.43, 15.38
(minor isomer); **F NMR (565 MHz, CDCls) § -62.28, -62.30; IR (neat): v 2963, 2934, 2869, 1623,
1322, 1161, 1122, 1066, 1018, 905, 862 cm'*; HRMS (EI) m/z: [M]* Calcd. for CasHzsFs 560.2872;
found 560.2883.

(S)-4,4'-(2-(3,7-dimethyloct-6-en-1-ylidene)propane-1,3-diyl)bis((trif

“F:luoromethyl)benzene) (40). The title compound 40 was prepared from

lal (0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6 mmol)
according to General Procedure B, and it was purified by using PTLC (Pure Hexanes). The product
was obtained as a colorless oil (67.0 mg, 72% yield). *H NMR (600 MHz, CDCls) & 7.54 — 7.49 (m,
4H), 7.22 — 7.17 (m, 4H), 5.52 (t, J = 7.3 Hz, 1H), 5.10 (tt, J = 7.1, 1.4 Hz, 1H), 3.33 (s, 2H), 3.25
(s, 2H), 2.24 — 2.16 (m, 1H), 2.08 — 1.93 (m, 3H), 1.69 (s, 3H), 1.65 — 1.55 (M, 4H), 1.45 — 1.36 (m,
1H), 1.25 — 1.18 (m, 1H), 0.95 (d, J = 6.7 Hz, 3H); 13C NMR (151 MHz, CDCl3) & 144.1, 143.8,
136.0, 131.4, 129.4, 129.2, 128.9, 128.54 (q, J = 32.6 Hz), 128.50 (g, J = 32.6 Hz), 125.3 (q, J = 4.2
Hz), 125.2 (q, J = 4.2 Hz), 124.6, 124.3 (q, J = 272.1 Hz), 43.0, 36.8, 35.4, 35.2, 33.3, 25.7, 25.6,
19.7, 17.6; °F NMR (565 MHz, CDCls)  -62.3; IR (acetone): v 2968, 2913, 2853, 1615, 1321,
1161, 1065, 850, 819 cm™; HRMS (EI) m/z: [M]* Calcd. for Co7H30Fs 468.2246; found 468.2255.
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ok (S)-4,4'-(2-((4-(prop-1-en-2-yl)cyclohex-1-en-1-yl)methylene)propane-1,3
‘ _ -diyl)bis((trifluoromethyl)benzene) (41). The title compound 41 was
prepared from lam (0.2 mmol) and 1-bromo-4-(trifluoromethyl)benzene (0.6

mmol) according to General Procedure B, and it was purified by using PTLC
( Pure Hexanes). The product was obtained as a colorless oil (47.1 mg, 51%

yield). 1H NMR (600 MHz, CDCls) & 7.54 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 7.22 (d, J =
7.9 Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H), 5.93 (s, 1H), 5.70 — 5.65 (m, 1H), 4.72 (d, J = 10.9 Hz, 2H),
3.56 (d, J = 15.4 Hz, 1H), 3.49 (d, J = 15.4 Hz, 1H), 3.26 (s, 2H), 2.25 — 2.11 (m, 4H), 2.07 — 1.97
(m, 1H), 1.87 — 1.81 (m, 1H), 1.73 (s, 3H), 1.55 — 1.45 (m, 1H); 3C NMR (151 MHz, CDCls) &
149.6, 144.1, 143.8, 135.2, 134.4, 132.8, 129.3, 128.9, 128.6 (g, J = 32.6 Hz), 128.5 (q, J = 32.6
Hz), 125.9, 125.4 (q, J = 4.2 Hz), 125.3 (g, J = 4.2 Hz), 124.3 (q, J = 272.1 Hz), 108.7, 43.2, 40.6,
36.2, 31.0, 29.6, 27.7, 20.8; °F NMR (565 MHz, CDCls) & -62.3, -62.4; IR (acetone): v 2963,
2937, 2827, 1615, 1417, 1361, 1321, 1219, 1161, 1119, 1065, 1018, 890, 849, 821 cm™*; HRMS

(ESI) m/z: [M+H]" Calcd. for Co7H27Fs 465.2011; found 465.2016.

£ 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(fluorobenzene) (42). The title
O O compound 42 was prepared from laf (0.2 mmol) and 1-bromo-4-fluorobenzene
‘ (0.6 mmol) according to General Procedure B, and it was purified by using PTLC

(Pure Hexanes). The product was obtained as a colorless oil (46.5 mg, 65% vyield).
IH NMR (400 MHz, CDCl3) § 7.04 — 6.98 (m, 4H), 6.97 — 6.91 (m, 4H), 3.23 (s, 4H), 2.17 (t, J =
8.0 Hz, 4H), 1.49 — 1.40 (m, 4H), 1.38 — 1.30 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H); *C NMR (151
MHz, CDCls) & 161.3 (d, J = 243.4 Hz), 138.5, 136.1 (d, J = 3.5 Hz), 129.7 (d, J = 7.6 Hz), 129.4,
114.5 (d, J = 20.8 Hz), 35.5, 32.1, 31.6, 23.1, 14.1; F NMR (565 MHz, CDCls) § -117.8; IR
(neat): v 2956, 2928, 2859, 1603, 1505, 1465, 1220, 1155, 1091, 1016, 851, 822, 775 cm™*; HRMS

(El) m/z: [M]" Calcd. for C2sHsoF2 356.2310; found 356.2311.
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o a 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(chlorobenzene) (43). The title
O O compound 43 was prepared from laf (0.2 mmol) and 1-bromo-4-chlorobenzene
‘ (0.6 mmol) according to General Procedure B, and it was purified by using PTLC

(Pure Hexanes). The product was obtained as a colorless oil (49.0 mg, 63% vyield).
IH NMR (400 MHz, CDCls) § 7.24 — 7.19 (m, 4H), 6.99 (d, J = 8.3 Hz, 4H), 3.22 (s, 4H), 2.16 (t, J
= 8.0 Hz, 4H), 1.49 — 1.38 (m, 4H), 1.38 — 1.29 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H); 3C NMR (151
MHz, CDCl3) 6 139.1, 139.0, 131.5, 129.8, 128.7, 128.4, 35.7, 32.1, 31.5, 23.1, 14.1; IR (acetone):
v 2955, 2928, 2859, 1488, 1090, 1015, 841, 802 cm™*; HRMS (EI) m/z: [M]* Calcd. for C24Hz0Cl2

388.1719; found 388.1724.

(2-(nonan-5-ylidene)propane-1,3-diyl)dibenzene (44). The title compound 44

was prepared from laf (0.2 mmol) and bromobenzene (0.6 mmol) according to
General Procedure B, and it was purified by using PTLC (Pure Hexanes). The
product was obtained as a colorless oil (37.3 mg, 58% vyield). 'TH NMR (400 MHz, CDCls3) 6 7.30 —
7.22 (m, 4H), 7.20 — 7.14 (m, 2H), 7.13 — 7.06 (m, 4H), 3.29 (s, 4H), 2.19 (t, J = 8.0 Hz, 4H), 1.51 —
1.41 (m, 4H), 1.40 — 1.29 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H); 3C NMR (151 MHz, CDCl3) 5 140.8,
138.1, 129.5, 128.5, 128.2, 125.7, 36.4, 32.1, 31.6, 23.1, 14.1; IR (acetone): v 3055, 3026, 2954,
2858, 1601, 1493, 1493, 1451, 1377, 1072, 1029, 743 cm™; HRMS (EI) m/z: [M]* Calcd. for
C24H32 320.2499; found 320.2503.

4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(methylbenzene) (45). The title
O O compound 45 was prepared from laf (0.2 mmol) and 1-bromo-4-methylbenzene
(0.6 mmol) according to General Procedure B, and it was purified by using PTLC
(Pure Hexanes). The product was obtained as a colorless oil (34.0 mg, 49% vyield).
IH NMR (400 MHz, CDCl3) 6 7.07 (d, J = 7.8 Hz, 4H), 6.99 (d, J = 8.0 Hz, 4H), 3.24 (s, 4H), 2.32
(s, 6H), 2.18 (t, J = 8.0 Hz, 4H), 1.49 — 1.40 (m, 4H), 1.39 — 1.29 (m, 4H), 0.91 (t, J = 7.2 Hz, 6H);
13C NMR (151 MHz, CDCls) & 137.75, 137.69, 135.1, 129.8, 128.9, 128.4, 35.9, 32.0, 31.6, 23.1,
21.0, 14.1; IR (neat): v 2955, 2926, 2859, 1512, 1456, 1365, 1216, 830 cm™’; HRMS (EI) m/z:
[M]" Calcd. for C2sHzs 348.2812; found 348.2815.
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- 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(tert-butylbenzene) (46). The title
O O compound 46  was prepared from laf (0.2 mmol) and

‘ 1-bromo-4-(tert-butyl)benzene (0.6 mmol) according to General Procedure B, and

it was purified by using PTLC (Pure Hexanes). The product was obtained as a

colorless oil (36.2 mg, 42% yield). *H NMR (400 MHz, CDCls) § 7.28 (d, J = 7.9 Hz, 4H), 7.04 (d,
J = 7.9 Hz, 4H), 3.27 (s, 4H), 2.18 (t, J = 8.0 Hz, 4H), 1.51 — 1.41 (m, 4H), 1.38 — 1.28 (m, 22H),
0.91 (t, J = 7.2 Hz, 6H); 13C NMR (151 MHz, CDCls) & 148.4, 137.8, 137.7, 129.7, 128.1, 125.1,
36.0, 34.3, 32.0, 31.6, 31.5, 23.1, 14.1; IR (neat): v 2971, 2856, 1613, 1365, 1216, 1156, 858, 816,

790 cm™t; HRMS (EI) m/z: [M]" Calcd. for Cs,Has 432.3751; found 432.3762.

OCFa OCFs 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis((trifluoromethoxy)benzene) (47).
O O The title compound 47 was prepared from laf (0.2 mmol) and
‘ 1-bromo-4-(trifluoromethoxy)benzene (0.6 mmol) according to General Procedure

B, and it was purified by using PTLC (Hexanes : Ethyl acetate = 20 : 1). The
product was obtained as a colorless oil (40.3 mg, 41% vyield). 'TH NMR (400 MHz, CDCl3) § 7.14 —
7.03 (m, 8H), 3.27 (s, 4H), 2.18 (t, J = 8.0 Hz, 4H), 1.50 — 1.40 (m, 4H), 1.40 — 1.30 (m, 4H), 0.93
(t, J = 7.2 Hz, 6H); 3C NMR (151 MHz, CDCls) § 147.5, 139.4, 139.2, 129.6, 128.6, 120.9, 120.5
(q, J = 257.2 Hz), 35.8, 32.1, 31.6, 23.1, 14.0; 1°F NMR (565 MHz, CDCl3) 5 -57.9; IR (neat): v
2961, 2931, 2861, 1505, 1461, 1253, 1218, 1156, 1102, 1019, 920, 851, 811 cm™*; HRMS (EI) m/z:

[M]" Calcd. for C2sHz0FsO2 488.2145; found 488.2153.

ove ome  44'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(methoxybenzene) (48). The title
O O compound 48 was prepared from laf (0.2 mmol) and 1-bromo-4-methoxybenzene
‘ (0.6 mmol) according to General Procedure B, and it was purified by using PTLC

(Hexanes : Ethyl acetate = 15 : 1). The product was obtained as a colorless oil
(30.0 mg, 39% yield). IH NMR (400 MHz, CDCls) & 7.03 — 6.97 (m, 4H), 6.84 — 6.79 (m, 4H),
3.79 (s, 6H), 3.21 (s, 4H), 2.17 (t, J = 8.0 Hz, 4H), 1.51 — 1.39 (m, 4H), 1.39 — 1.29 (m, 4H), 0.92 (t,

J=7.2 Hz, 6H); 13C NMR (151 MHz, CDCls) 6 157.7, 137.5, 132.8, 130.2, 129.3, 113.6, 55.2, 35.3,
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32.0, 31.6, 23.1, 14.1; IR (neat): v 2953, 2928, 2861, 2835, 1610, 1507, 1463, 1299, 1241, 1172,
1037, 818, 780 cm™; HRMS (EI) m/z: [M]* Calcd. for C2sH360, 380.2710; found 380.2718.

oh ph 4,4"-(2-(nonan-5-ylidene)propane-1,3-diyl)di-1,1'-biphenyl  (49). The title
O O compound 49 was prepared from laf (0.2 mmol) and 4-bromo-1,1'-biphenyl (0.6
‘ mmol) according to General Procedure B, and it was purified by using PTLC (Pure

Hexanes). The product was obtained as a colorless oil (56.9 mg, 60% vyield). ‘H
NMR (400 MHz, CDCls) § 7.61 — 7.56 (m, 4H), 7.54 — 7.47 (m, 4H), 7.45 — 7.36 (m, 4H), 7.35 —
7.25 (m, 2H), 7.19 (d, J = 8.2 Hz, 4H), 3.38 (s, 4H), 2.24 (t, J = 8.0 Hz, 4H), 1.55 — 1.45 (m, 4H),
1.43 — 1.32 (m, 4H), 0.94 (t, J = 7.2 Hz, 6H); 13C NMR (151 MHz, CDCls) & 141.1, 139.9, 138.7,
138.4, 129.3, 128.9, 128.7, 127.01, 126.96, 126.9, 36.2, 32.1, 31.6, 23.1, 14.1; IR (neat): v 3060,
3031, 2954, 2926, 2857, 1486, 1007, 848, 819, 758, 695 cm™; HRMS (EI) m/z: [M]* Calcd. for

CasHa0 472.3125; found 472.3138.

o o 1,1'-((2-(nonan-5-ylidene)propane-1,3-diyl)bis(4,1-phenylene))bis(ethan-1-one)
O O (50). The title compound 50 was prepared from 1l1af (0.2 mmol) and
1-(4-bromophenyl)ethan-1-one (0.6 mmol) according to General Procedure B, and

| it was purified by using PTLC (Hexanes : Ethyl acetate = 15 : 1). The product was
obtained as a colorless oil (61.0 mg, 75% yield). *H NMR (400 MHz, CDCl3) 6 7.91 — 7.83 (m, 4H),
7.17 (d, J = 8.2 Hz, 4H), 3.34 (s, 4H), 2.59 (s, 6H), 2.20 (t, J = 8.0 Hz, 4H), 1.53 — 1.43 (m, 4H),
1.40 — 1.30 (m, 4H), 0.93 (t, J = 7.3 Hz, 6H); 3C NMR (151 MHz, CDCl3) § 197.8, 146.4, 139.8,
135.1, 128.6, 128.5, 127.9, 36.6, 32.1, 31.4, 26.5, 23.0, 14.0; IR (neat): v 2955, 2928, 2858, 1714,
1681, 1604, 1410, 1356, 1265, 1219, 1016, 956, 850, 813 cm™; HRMS (ESI) m/z: [M+Na]* Calcd.

for CosH3602Na 427.2608; found 427.2606.
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oN N 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)dibenzonitrile ~ (51). The title
O O compound 51 was prepared from laf (0.2 mmol) and 4-bromobenzonitrile (0.6
‘ mmol) according to General Procedure B, and it was purified by using PTLC

(Hexanes : Ethyl acetate = 15 : 1). The product was obtained as a colorless oil
(23.2 mg, 31% yield). 'H NMR (400 MHz, CDCls) 5 7.60 — 7.52 (m, 4H), 7.16 (d, J = 8.1 Hz, 4H),
3.32 (s, 4H), 2.17 (t, J = 8.0 Hz, 4H), 1.51 — 1.41 (m, 4H), 1.39 — 1.29 (m, 4H), 0.93 (t, J = 7.2 Hz,
6H); C NMR (151 MHz, CDCls) & 146.0, 141.1, 132.2, 129.1, 126.7, 119.0, 109.9, 36.8, 32.2,
31.4, 23.0, 14.0; IR (neat): v 2955, 2928, 2859, 2227, 1605, 1502, 1464, 1412, 1173, 1107, 1020,

907, 850, 818, 755 cmt; HRMS (EI) m/z: [M]* Calcd. for CasHsoN2 370.2404; found 370.2410.

weo,c  come dimethyl 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)dibenzoate (52). The title
O O compound 52 was prepared from 1af (0.2 mmol) and methyl 4-bromobenzoate (0.6
‘ mmol) according to General Procedure B, and it was purified by using PTLC

(Hexanes : Ethyl acetate = 15 : 1). The product was obtained as a colorless oil
(48.4 mg, 55% yield). 'H NMR (400 MHz, CDCl3) § 7.97 — 7.90 (m, 4H), 7.13 (d, J = 8.1 Hz, 4H),
3.90 (s, 6H), 3.32 (s, 4H), 2.19 (t, J = 8.0 Hz, 4H), 1.50 — 1.41 (m, 4H), 1.40 — 1.30 (m, 4H), 0.92 (t,
J = 7.2 Hz, 6H); *C NMR (151 MHz, CDCls) 6 167.1, 146.1, 139.6, 129.7, 128.5, 128.1, 127.9,
51.9, 36.6, 32.1, 31.4, 23.0, 14.0; IR (neat): v 2953, 2928, 2859, 1719, 1609, 1434, 1273, 1191,
1104, 1019, 860, 759, 710 cm™; HRMS (ESI) m/z: [M+H]" Calcd. for C2sH3704 437.2686; found

437.2686.

Moy SOMe 4,4'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis((methylsulfonyl)benzene)  (53).
O O The title compound 53 was prepared from 1laf (0.2 mmol) and
‘ 1-bromo-4-(methylsulfonyl)benzene (0.6 mmol) according to General Procedure B,

and it was purified by using PTLC (Hexanes : Ethyl acetate = 20 : 1). The product
was obtained as a colorless oil (54.3 mg, 57% yield). *H NMR (400 MHz, CDCls) & 7.86 — 7.79 (m,
4H), 7.26 — 7.23 (m, 4H), 3.37 (s, 4H), 3.05 (s, 6H), 2.20 (t, J = 8.0 Hz, 4H), 1.52 — 1.43 (m, 4H),
1.42 - 1.32 (m, 4H), 0.93 (t, J = 7.2 Hz, 6H); 3*C NMR (151 MHz, CDCls) 6 147.0, 141.0, 138.3,
129.3, 127.5, 127.0, 445, 36.7, 32.2, 31.5, 23.1, 14.0; IR (neat): v 2955, 2928, 2858, 1595, 1398,
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1305, 1150, 1090, 956, 761 cm™; HRMS (ESI) m/z: [M+H]" Calcd. for CasHs704S, 477.2128;
found 477.2125.

5,5'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(1,3-bis(trifluoromethyl)b

CF3 CF;

Q)
CF3 CF;

General Procedure B, and it was purified by using PTLC (Pure Hexanes). The product was obtained

enzene) (54). The title compound 54 was prepared from laf (0.2 mmol)

and 1-bromo-3,5-bis(trifluoromethyl)benzene (0.6 mmol) according to

as a colorless oil (25.0 mg, 21% vyield). *H NMR (400 MHz, CDCls) § 7.68 (s, 2H), 7.46 (s, 4H),
3.44 (s, 4H), 2.23 (t, J = 8.0 Hz, 4H), 1.53 — 1.43 (m, 4H), 1.42 — 1.31 (m, 4H), 0.94 (t, J = 7.2 Hz,
6H); 13C NMR (151 MHz, CDCls) & 142.42, 142.40, 131.6 (q, J = 33.3 Hz), 128.4 (q, J = 4.4 Hz),
125.1 (q, J = 272.7 Hz), 120.2 (q, J = 4.2 Hz), 36.8, 32.0, 31.2, 22.9, 13.9; 1°F NMR (565 MHz,
CDCls) & -63.0; IR (neat): v 2958, 2934, 2864, 1618, 1373, 1290, 1170, 1129, 891, 706 cm™;
HRMS (El) m/z: [M]" Calcd. for C2sH2sF12 592.1994; found 592.2000.

5,5'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(1,3-dichlorobenzene) (55).

The title compound 55 was prepared from laf (0.2 mmol) and

Cl Cl
>95e
Cl Cl

and it was purified by using PTLC (Pure Hexanes). The product was obtained as a colorless oil

1-bromo-3,5-dichlorobenzene (0.6 mmol) according to General Procedure,

(31.2 mg, 34% vyield), containing homo-coupling product from 1-bromo-3,5-dichlorobenzene that
failed to be separated.’* 'H NMR (400 MHz, CDCl3) 6 7.18 (t, J = 1.9 Hz, 2H), 6.92 (d, J = 1.9 Hz,
4H), 3.24 (s, 4H), 2.16 (t, J = 8.0 Hz, 4H), 1.49 — 1.41 (m, 4H), 1.40 — 1.30 (m, 4H), 0.93 (t, J = 7.2
Hz, 6H);3C NMR (101 MHz, CDCls) § 143.7, 141.2, 134.8, 126.9, 126.7, 126.3, 36.2, 32.1, 31.3,
23.0, 14.0. IR (neat): v 2956, 2929, 2860, 1585, 1565, 1557, 1427, 1375, 1229, 1204, 1098, 852,
800, 668 cm™t; HRMS (EI) m/z: [M]* Calcd. for C24H2sCls 456.0940; found 456.0942.
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5,5'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(1,3-dimethylbenzene) (56).

The title compound 56 was prepared from laf (0.2 mmol) and

Me Me
»90e
Me Me

B, and it was purified by using PTLC (Pure Hexanes). The product was obtained as a colorless oil

1-bromo-3,5-dimethylbenzene (0.6 mmol) according to General Procedure

(37.0 mg, 49% vield). *H NMR (400 MHz, CDCl3) § 6.81 (s, 2H), 6.72 (s, 4H), 3.23 (s, 4H), 2.27
(s, 12H), 2.18 (t, J = 8.0 Hz, 4H), 1.50 — 1.41 (m, 4H), 1.40 — 1.30 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H);
13C NMR (151 MHz, CDCls) & 140.8, 137.6, 137.5, 129.8, 127.3, 126.4, 36.3, 31.9, 31.5, 23.0, 21.3,
14.1; IR (neat): v 3013, 2954, 2924, 2858, 1602, 1463, 1376, 1217, 1037, 843, 727, 685 cm'’;
HRMS (EI) m/z: [M]* Calcd. for CasHao 376.3125; found 376.3132.

. o 3,3'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(chlorobenzene) (57). The title

O O compound 57 was prepared from laf (0.2 mmol) and 1-bromo-3-chlorobenzene

| (0.6 mmol) according to General Procedure B, and it was purified by using PTLC

(Pure Hexanes). The product was obtained as a colorless oil (49.7 mg, 64% yield). '"H NMR (400

MHz, CDCl3) § 7.21 — 7.13 (m, 4H), 7.05 (s, 2H), 6.95 (dt, J = 6.9, 1.8 Hz, 2H), 3.26 (s, 4H), 2.17

(t, J = 8.0 Hz, 4H), 1.50 — 1.41 (m, 4H), 1.40 — 1.29 (m, 4H), 0.93 (t, J = 7.2 Hz, 6H); 3C NMR

(151 MHz, CDCl3) 6 142.6, 139.7, 134.2, 129.5, 128.5, 128.1, 126.7, 126.1, 36.2, 32.1, 31.5, 23.1,

14.1; IR (neat): v 2955, 2927, 2858, 1594, 1571, 1471, 1428, 1091, 1076, 861, 776, 720 cm™;
HRMS (EI) m/z: [M]" Calcd. for C24H30Cl2 388.1719; found 388.1725.

Vo ve 3:3'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(methylbenzene) (58). The title

O O compound 58 was prepared from laf (0.2 mmol) and 1-bromo-3-methylbenzene

| (0.6 mmol) according to General Procedure B, and it was purified by using PTLC

(Pure Hexanes). The product was obtained as a colorless oil (46.1 mg, 66% yield). '"H NMR (400

MHz, CDCls) & 7.19 — 7.09 (m, 2H), 6.99 (d, J = 7.5 Hz, 2H), 6.93 — 6.88 (m, 4H), 3.26 (s, 4H),

2.31 (s, 6H), 2.19 (t, J = 8.0 Hz, 4H), 1.51 — 1.41 (m, 4H), 1.40 — 1.29 (m, 4H), 0.92 (t, J = 7.3 Hz,

6H); 3C NMR (151 MHz, CDCls) § 140.8, 137.9, 137.7, 129.6, 129.4, 128.1, 126.4, 125.5, 36.4,

32.0,315,23.1,21.4, 14.1; IR (acetone): v 3010, 2955, 2926, 2858, 1605, 1488, 1361, 1219, 1090,
788, 751, 700 cm; HRMS (EI) m/z: [M]* Calcd. for C26H3s 348.2812; found 348.2816.
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Moo ome  3:3'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(methoxybenzene) (59). The

O O titte compound 59 was prepared from laf (0.2 mmol) and

| 1-bromo-3-methoxybenzene (0.6 mmol) according to General Procedure B, and

it was purified by using PTLC (Hexanes : Ethyl acetate = 15 : 1). The product was obtained as a

colorless oil (57.0 mg, 75% yield). *H NMR (400 MHz, CDCls) 6 7.17 (t, J = 7.9 Hz, 2H), 6.75 —

6.64 (m, 6H), 3.76 (s, 6H), 3.28 (s, 4H), 2.19 (t, J = 8.0 Hz, 4H), 1.51 — 1.42 (m, 4H), 1.40 — 1.31

(m, 4H), 0.92 (t, J = 7.3 Hz, 6H); 13C NMR (151 MHz, CDCls) 5 159.6, 142.5, 138.4, 129.3, 129.1,

121.0, 114.0, 111.1, 55.0, 36.5, 32.0, 31.5, 23.1, 14.1; IR (neat): v 2954, 2928, 2858, 1598, 1487,

1257, 1146, 1049, 875, 781, 752 cm™; HRMS (El) m/z: [M]* Calcd. for C2sH3zs02 380.2710; found
380.2714.

2,2'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(fluorobenzene) (60). The title

OION

compound 60 was prepared from laf (0.2 mmol) and 1-bromo-2-fluorobenzene
(0.6 mmol) according to General Procedure B, and it was purified by using PTLC
(Pure Hexanes). The product was obtained as a colorless oil (43.1 mg, 60% yield). '"H NMR (600
MHz, CDCls) 6 7.17 — 7.12 (m, 2H), 7.09 (t, J = 7.2 Hz, 2H), 7.06 — 7.01 (m, 2H), 6.96 (t, J = 8.5
Hz, 2H), 3.34 (s, 4H), 2.15 (t, J = 8.0 Hz, 4H), 1.48 — 1.40 (m, 4H), 1.38 — 1.31 (m, 4H), 0.91 (t, J =
7.3 Hz, 6H); 13C NMR (151 MHz, CDCl3) § 161.4 (d, J = 244.8 Hz), 140.4, 129.7 (d, J = 4.9 Hz),
127.4 (d, J = 8.3 Hz), 127.2 (d, J = 16.0 Hz), 126.1, 123.9 (d, J = 4.2 Hz), 114.9 (d, J = 22.9 Hz),
32.0, 31.4, 29.4, 23.1, 14.1; *F NMR (565 MHz, CDCls) 6 -117.6; IR (acetone): v 2956, 2929,
2860, 1584, 1487, 1455, 1226, 1091, 972, 753 cm; HRMS (EI) m/z: [M]* Calcd. for Cz4H30F2
356.2310; found 356.2313.

S83



sen sen 22 -((2-(nonan-5-ylidene)propane-1,3-diyl)bis(4,1-phenylene))bis(4,4,5,5-tetra
O O methyl-1,3,2-dioxaborolane) (61). The title compound 61 was prepared from laf
‘ (0.2 mmol) and 2-(4-bromophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.6
mmol) according to General Procedure B, and it was purified by using PTLC
(Hexanes : Ethyl acetate = 15 : 1). The product was obtained as a colorless oil (68.0 mg, 59% yield).
IH NMR (400 MHz, CDCls) § 7.75 — 7.67 (m, 4H), 7.10 (d, J = 7.9 Hz, 4H), 3.28 (s, 4H), 2.18 (t, J
= 8.0 Hz, 4H), 1.50 — 1.40 (m, 4H), 1.35 — 1.32 (m, 28H), 0.91 (t, J = 7.2 Hz, 6H); 3C NMR (151
MHz, CDCl3) 6 144.3, 138.3, 134.8, 129.1, 128.0, 127.7, 83.6, 36.6, 32.0, 31.5, 24.8, 23.0, 14.1; IR
(acetone): v 3021, 2971, 1434, 1361, 1218, 805 cm; HRMS (ESI) m/z: [M+Na]* Calcd. for
CasHs4B204Na 595.4100; found 595.4099.
~o  om 5,5'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(benzo[d][1,3]dioxole) (62). The
° O O ° titte compound 62 was prepared from laf (0.2 mmol) and
‘ 5-bromobenzo[d][1,3]dioxole (0.6 mmol) according to General Procedure B, and it
was purified by using PTLC (Hexanes : Ethyl acetate = 15 : 1). The product was
obtained as a colorless oil (57.5 mg, 70% yield). 'H NMR (400 MHz, CDCl3) 8 6.71 (d, J = 7.9 Hz,
2H), 6.59 (d, J = 1.7 Hz, 2H), 6.53 (dd, J = 7.9, 1.7 Hz, 2H), 5.91 (s, 4H), 3.19 (s, 4H), 2.16 (t, 4H),
1.49 — 1.39 (m, 4H), 1.39 — 1.28 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H); 13C NMR (151 MHz, CDCl3) &
147.6, 145.5, 138.1, 134.6, 129.9, 121.3, 108.8, 108.0, 100.7, 35.8, 32.0, 31.6, 23.1, 14.1; IR (neat):
v 2958, 2850, 1365, 1228, 810 cm™t; HRMS (EI) m/z: [M]* Calcd. for CzHs204 408.2295; found

408.2306.

2,2'-(2-(nonan-5-ylidene)propane-1,3-diyl)dinaphthalene  (63). The title
O O compound 63 was prepared from laf (0.2 mmol) and 2-bromonaphthalene (0.6

‘ mmol) according to General Procedure B, and it was purified by using PTLC (Pure
Hexanes). The product was obtained as a colorless oil (36.0 mg, 43% yield). *H

NMR (400 MHz, CDCl3) 6 7.80 (d, J = 7.7 Hz, 2H), 7.77 — 7.72 (m, 4H), 7.51 (s, 2H), 7.49 — 7.37
(m, 4H), 7.26 (d, J = 8.4 Hz, 2H), 3.49 (s, 4H), 2.29 (t, J = 8.0 Hz, 4H), 1.59 — 1.49 (m, 4H), 1.46 —
1.33 (m, 4H), 0.95 (td, J = 7.3, 1.4 Hz, 6H); 3C NMR (151 MHz, CDCls) § 138.7, 138.3, 133.6,
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132.1,129.3, 127.8, 127.6, 127.5, 127.4, 126.6, 125.8, 125.1, 36.6, 32.2, 31.6, 23.1, 14.1; IR (neat):
v 3051, 2954, 2857, 1632, 1600, 1507, 1464, 1364, 1227, 852, 815, 754, 736 cm™*; HRMS (EI) m/z:
[M]* Calcd. for Ca2Hzs 420.2812; found 420.2821.

3,3'-(2-(nonan-5-ylidene)propane-1,3-diyl)dithiophene (64). The title compound
64 was prepared from 1laf (0.2 mmol) and 3-bromothiophene (0.6 mmol) according
to General Procedure B, and it was purified by using PTLC (Pure Hexanes). The
product was obtained as a colorless oil (21.5 mg, 32% vyield). 'TH NMR (400 MHz, CDCls3) 6 7.24 —
7.20 (m, 2H), 6.86 — 6.81 (M, 4H), 3.29 (s, 4H), 2.15 (t, J = 8.0 Hz, 4H), 1.47 — 1.37 (m, 4H), 1.36 —
1.28 (m, 4H), 0.91 (t, J = 7.2 Hz, 6H); $3C NMR (151 MHz, CDCl3) § 141.3, 137.2, 129.4, 128.4,
125.1, 120.5, 31.9, 31.8, 31.5, 23.1, 14.1; IR (acetone): v 2954, 2926, 2857, 1456, 1360, 1219, 835,
765 cm™; HRMS (EI) m/z: [M]" Calcd. for C2oH2sS2 332.1627; found 332.1632.

Q O 3,3'-(2-(nonan-5-ylidene)propane-1,3-diyl)didibenzo[b,d]furan (65). The title
° O O O compound 65 was prepared from laf (0.2 mmol) and 3-bromodibenzo[b,d]furan
(0.6 mmol) according to General Procedure B, and it was purified by using PTLC

| (Pure Hexanes). The product was obtained as a colorless oil (58.4 mg, 58% vyield).

'H NMR (600 MHz, CDCl3) § 7.89 (d, J = 6.3 Hz, 2H), 7.81 (d, J = 7.8 Hz, 2H), 7.53 (d, J = 8.1
Hz, 2H), 7.42 — 7.37 (m, 2H), 7.34 — 7.27 (m, 4H), 7.09 (d, J = 6.5 Hz, 2H), 3.49 (s, 4H), 2.28 (t, J
= 8.1 Hz, 4H), 1.57 — 1.51 (m, 4H), 1.43 — 1.36 (m, 4H), 0.95 (t, J = 7.3 Hz, 6H); 3C NMR (151
MHz, CDCls) 6 156.7, 156.2, 140.7, 139.0, 129.4, 126.6, 124.3, 123.6, 122.6, 122.1, 120.3, 120.2,
111.5, 111.2, 36.7, 32.2, 31.6, 23.2, 14.1; IR (neat): v 2954, 2927, 2857, 1603, 1456, 1424, 1323,
1200, 1124, 1104, 1015, 847, 745, 723 cmt; HRMS (EI) m/z: [M]* Calcd. for CssHzs02 500.2710;

found 500.2724.

2,2'-(2-(nonan-5-ylidene)propane-1,3-diyl)bis(9-phenyl-9H-carbazole) (66).

o N N_p, The title compound 66 was prepared from 1laf (0.2 mmol) and
O O 2-bromo-9-phenyl-9H-carbazole (0.6 mmol) according to General Procedure B,

| and it was purified by using PTLC (Pure Hexanes). The product was obtained
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as a colorless oil (59.0 mg, 45% yield). H NMR (600 MHz, CDCls) & 8.08 (d, J = 7.7 Hz, 2H),
7.98 (d, J = 7.9 Hz, 2H), 7.50 — 7.43 (m, 8H), 7.39 — 7.32 (m, 6H), 7.26 — 7.22 (m, 2H), 7.09 (s, 2H),
7.03 (d, 3 = 7.9 Hz, 2H), 3.46 (s, 4H), 2.16 (t, J = 7.8 Hz, 4H), 1.42 — 1.35 (m, 4H), 1.34 — 1.26 (m,
4H), 0.88 (t, J = 7.2 Hz, 6H); 13C NMR (151 MHz, CDCls) & 141.2, 140.8, 139.1, 138.3, 137.7,
129.7,127.1, 126.9, 125.3, 123.4, 121.4, 121.0, 120.0, 119.9, 119.8, 109.6, 109.3, 37.1, 32.0, 31.53,
31.52, 23.05, 23.03, 14.20, 14.18; IR (acetone): v 2953, 2926, 2848, 1597, 1503, 1457, 1435, 1361,
1231, 760, 743 cm; HRMS (ESI) m/z: [M+Na]* Calcd. for CasHssN2Na 673.3553; found
673.3545.
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11. Spectroscopic Data of New Substrates (NMR Spectrum)
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12. Spectroscopic Data of Products (NMR Spectrum)

CF;

CF;

("H NMR, 400 MHz, CDCl3)

iy

F00'¢
66°L

=101

/oot

6°L

LTV

f1 (ppm)

¥80°9¢€ —
€oLey —

68.°9L

0007

e#ba et

YrEEZL |
19€°€Z1 1
SPL'GZL
891621 1
198621
¥6€°6Z1
LZ'GZL
PhY Gzl A
£9v'5Z1
067521 7]
s15°6z)
Zv5'szL
sv6'szL ]
592°9Z1 |
652921
116921
sz ]
v19221
168221 %
1£0'821

Y0v'8Z1 ]
716821 ]
029'8Z1 |
0£2'821 ]
z£8'821 |
2.6'821 ]
150°6Z1 1
191°621 1
0zv'6zl |
22 0gl |
ZLezeL |
Z1E°€EL |
999'vElL |
181°8€1
vzeevl

CF3

CF3

("3C NMR, 151 MHz, CDCls)

100

(ppm)

r1

S98



CF3

H CF;

("F NMR, 565 MHz, CDCl3)

-62.354

T T
100 -110
£1 (ppm)

S99



0000 —

voe L —

eLr'e —
86G°€ —

8299 —
PATAVA
cLeL
yA&AVA
ove' L
Sve L
v9C° L
9€e’L
15€°L
€25,
9€G°L
€VSL
966 L

CF3

CF;

Bu

('"H NMR, 400 MHz, CDCly)

86°L
F00¢C

Feo'L
.02
6'e

0

5

£1 (ppm)

992°1¢

VeSS Ve
wmm.mm\
[A°TA N

26192

<UU Z.
v1Z'1L
267121
v2E°€ZL A
9/1°5Z1 1
652°521 1
162'SZ1
81E'GZL |
LYESZL A
18€°G21
£EY'GZL
L9Y'GZL ]
88Y'SZL 7
lgszl ]
816'9Z1
eiLszi ]
1¥€'8T1 ]
llad: A%
£96'821
559821
g11821 |
128'8Z1 %
Sv6'8ZL
000621
260°6Z1 ]
202°621 ]
ove6ZL ]
£ry0EL ]
GLLVEL ]
LI LEL
zZevepl |
18V°EVL |
¥20°0G1

CF;

Bu

("3C NMR, 151 MHz, CDCly)

-10

(ppm)

r1

S100



H CFs

Bu
("°F NMR, 565 MHz, CDCl3)

-62.325
-62.339

<

T
100
£1 (ppm)

S101



0000 —

cor'e —
€.6°€
26L°e ~

¥86°'9
8v8'9
0.8'9
881,
6022
zeT L
0SZ'L
99z' L7
1252
vESL
8vS'L
¥55'L

CF;

MeO

("H NMR, 400 MHz, CDCl3)

=66'L
=86'L
=00'¢

H/co.r
®00C
6L
zTY

meo.v

£1 (ppm)

626°G€ —
gLzey —

v12°9G —

1189,

8TOL

ove'LL

068°clLl
oee’ech

c6l'sel //
Lesel

vreszL
99€°621
v6€°521
851'5Z1 -
98t°5Z |
A%
1vSSZL ] [
¥66'921 |

6,181 |
65€'8Z1 %
Lyb'8zL

515821 ]
159'8Z1
162'8Z1 1
698'8Z1 |
££6'821 |
110621 ]
680°6Z1 |
¥8€°6Z1 |
609°6Z1 |
559°6Z1 |
650°0€1L |
918°9¢l |
99v'EvL |
SYGEYL |

029'8G1 -

CF3

MeO

("3C NMR, 151 MHz, CDCl3)

(ppm)

r1

S102



H CFy

MeO
("°F NMR, 565 MHz, CDCl3)

-62.338
-62.349

<

T
100
£1 (ppm)

S103



0000 —

9Ly'e —
11.G6°€ —

099 —
52zl

82z,

vz L
SveL \w
62,7

vsz L]
Lt
siz L]
60€L ]
vieL ]
vze'L |
1282 ]
ogg’L
LpEL
SheL
9eG'.
9562

—

CF;

CF;

("H NMR, 400 MHz, CDCl3)

il

F00'¢
F00'¢

Wmev.h
X4

F50v

£1 (ppm)

0¥6°9€ —

090°ey —

1819,

<UU L.
Y121l
6v5 121 1
SGEeTL
251621
126521
EERRAE
z8e'52l
S0b'G2ZL
L¥'STLA
YivSTL
205521 7]
625'6Z1
¥56'921
v10°221
L0v°821
157821 ]
¥09'8Z1 1
129'821
102821 |
PIRAR
118’8zl %
116'821L
ov6'8zL
2€0°621
€EL'62L ]
90Z'621
zLE621 ]
68%°0€1
€51 €1
vez'gel |

oeeevl -

CF3

CF;

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S104



CF;

H (O

("°F NMR, 565 MHz, CDCl3)

-62.345
-62.357

<

T
100
£1 (ppm)

S105



(ppm)

S106

r1

0000 — -— E
-
L 268'5E —
0€0'€h —
Z18'9.1
Fe ¥20'LL
ovz 2L
Zire— J o0z €EE°GhE
ovg'e — 2 =e6) [ Sl ]
) 8€5° 121
195'L2)
L2 OvE €2t
£9€°€Z1
Y16zl |
2. poLszLy
2 gseszig
- szl
Le ovY'SZL
sovszL
1£5°621
L ¥95°GZ 1
‘ 265°GZL
6L9'521 7
L2 £v6°9Z1 7
N 996'9Z} 4
mom.wmi
. e 045821 |
185°9 — - =01 z2182)
1869 98.°821 u
266'9\ _ - 968'8Z1
cooL - B Az [ pedaag |
S . |
600 fw Fego 200621 |
vL0'L ] d ey L2 6v1'62L
seo'zff & _ n v1Z'62L ]
002 | 5} g 59¢°6Z1 ]
8£0°L - Zov'6zL ]
20z, ] w [~ 600°0€
2022 1 N #90°0€1
91z'L] b - veELeEel |
2z ] T 2 E LS1°EEL
£€z'L % . __ ) 0zv'8elL |
Lez ] s} « - zzLevL |
8YZL | s re 00Z'EvL |
5922 1 4 £86°091
LrS'L ] T 619291 "
0952 T s
-

CF;

("3C NMR, 151 MHz, CDCl3)




o
N N
N o
[ <
q -~
{0 -
;
CF,
H CF;
F

("°F NMR, 565 MHz, CDCl3)

|
1‘0 z‘n Qn l‘n l’) ‘IO 20 30 ‘10 50 ‘60 ‘70 ‘RO ‘00 I‘OO 110 I‘EO I‘SO 140 I‘SO I‘F\O 170 I‘RO I‘OO 200 2‘10 2‘.2 230 2‘/10
f1 (ppm)

S107



0000 —

8vy'e ~
0.6°€

L€9'9 —
LeeL
veT L
Ve L
652 L
clLT L
8G€°L
L2€°L
985°L
045,
G89°L

CF3

CF3

CF3

("H NMR, 600 MHz, CDCl3)

L

=00'¢
=66

=101

%m.r
6L

(k4
Mwm.m

£1 (ppm)

870°9€ —

850°€Y —

8089/

61042

S€T L2
zer LTl
905121
€€5°1Z1
8€7°€Z1 1
LOEETL
GEEETL
0v0°'SZL
601621 1
L€1°521
68€'5Z1 1
[AVET
ovr'szTl
891Gz
S6%°GT
815'GZL

9rs'GzL
519'6ZL
Zr9'szl ]
g99'szL ]
£€69°GZ1 |
Zv8'9zl
116'9Z1
£v6'921
z0z'8z1 |
615821 %
159821

1€2821
£88'821
££6'821
86821
680621
SrL62L ]
00Z'621
¥9Z'621 |
S0£'62L ]
95€'6Z1 ]
6£v621 |
6£5°0VL |
508°0¥L |
6522l |
orgzylL "

CF;

CF3

("3C NMR, 151 MHz, CDCly)

(ppm)

r1

S108



H CFs
CF3

("°F NMR, 565 MHz, CDCl3)

-62.413
-62.424
-62.546

¢

T
100
£1 (ppm)

S109



YeZZ~
zvee”

68€°€ —
8.G°¢ —

€8G9 —
0002

5002

610°L]
¥20°2
Sv0°L ]
6902
680
€zz'L
€vZ L]
1vZ° L]
€92°2
125°21
19527

e

CF3

Me

Me

('"H NMR, 400 MHz, CDCly)

=00'¢
F66°L

f1 (ppm)

SOP6L
8zg8'6L 7

2109 —
Svley —

1189,

oCVU L.
vz LL
2091211
YOP'EZL
10Z'GZ1 |
LSzl
6£€°GZ1 1
99e°G21
68£°GZ1
ZL'S2L
orbszL
891521 ]
S67°SZL 7
v19'5ZL ]
100221
eLe'ezl
zZer'8TL |
€€5'8Z1 1
89821 |
Sv.82ZL
0988z |
866821 %
580621
62£°62Z1
502621
088621
005°0€L
veLvEL ]
8.t°GEL
z€9'9¢1
12 1L ]
1957l -

CF;

Me

("3C NMR, 151 MHz, CDCls)

|

~10

(ppm)

r1

S110



Me
Me

("°F NMR, 565 MHz, CDCl3)

-62.329
-62.343

<

T
100
£1 (ppm)

S111



0000 —

vov'e

giv'e V
vSS'e 7
whm.m\

PhG9~
88997
Sl
051
20z L f
FNN.TW
mmm.iﬁ
1ez'L ]
1622
8vZ L ]
9522 1
12272
9.2 1
1822
10872
9zg'L
Shes
GegL
ZvsL
G562
€95

CF3

CF;

Cl

("H NMR, 400 MHz, CDCl3)

"

e

¥ 189

00'g

18'¢

7y LY

£1 (ppm)

8€6°6G¢
66°G€
oce'ey
850°eY

06192

Javiva

vEEEEL ]

00L'521 1
1GL°SZL
£2€°521 1
05€°G2Z1 1
9.£'5Z1
£0V'G2ZL
825°G21
855621
£85°G2)
509'5Z1 7
0L¥'92Z1 7|
€56'921
800°2Z1
6017221 ]
S0v'8ZL |
95v'8Z1 |
¥65°8Z1
919'8z1 |
569'821 %
508'821

828'821 ]
116'8Z1 ]
8£6°821 1
Z10°621
G/£°621
90,621 1
18v°0€! |
ogevel |
ZsLLEL ]
122°8¢1
2.6°8€1
658°6€1 1
LL6ZhL
162 |

veeeyl -

CF;

CF;

Cl

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S112



-62.343
-62.357
-62.386

~
CF,4
H CF;
(o]
("°F NMR, 565 MHz, CDCls)
30 20 10 0 10 ‘20 30 10 50 60 70 80 90 I‘OO

£1 (ppm)

S113



000°0-—

62€C —

16€°¢€ —
€.6°¢—

909'9 —
€502
Ko.h/
980°L —
6L L F
vicL
Ggee L
6€CL
ove L
89¢°L
GEG'L
vSGL

CF;

('"H NMR, 400 MHz, CDCly)

A

F00'¢
F00'¢

£1 (ppm)

LGv'Le —

910°9¢€ —
LL0ey —

928'92
1€0°2L

ovzss’
2091211
YOPEZL
90Z'5Z1
8¥E'GZ1
9/£'G21 1
66£°G2Z1
9zi'5Zl
ShiGTL A
PRI
005521 7]
£25'6z1
200221
862421
18824
67821 |
885821 1
£0.'821
008821
si6'8zl |
Noowmr%
geL6zL
£ee'62L
16€62ZL
£85°0€L
951 €L ]
£60°8€L
ZLL'8eL
8ri el |
66b€L -

CF;

CF3

Me
("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S114



-62.329
-62.343

N
CF,
H CF3
Me
("°F NMR, 565 MHz, CDCl3)
T T T T T T T T T T T T T T
30 20 10 0 10 20 30 10 50 60 70 80 90 100

£1 (ppm)

S115



0822~
Loz’

66€°€
leve”

695°9 —
8elLL
wis/
YGL 2L
6512 \w
6912
0812 W
9812
10Z'L
02 L ]
oLz'L
g2z L]
8zz'L ]
1822
zizs]
2621
€15,
€eg7L
€562
€15,

CF3

CF;

("H NMR, 400 MHz, CDCl3)

=

F00'¢

oy

£1 (ppm)

980°0C —

6€6°G€ —
€6y ey —

808'92
v20'2L
9€z' 2L /

085121

11€°€21 A

611°6Z1 1

£9€°5Z1 1

06€°5Z1 1

8L1'GZL |

ShY'SZL

0€2°6Z1 W

186'9Z1

0ee’/z)L

¥8¥°8Z1 7

205°821 |

199821

002821 ]

812'8ZL ]
168zl |

626'821

Z10'621

zeL 621 |

62¢°621 %

619621 |

Z€0°0€EL

£9v'9ElL ]

LES'9€EL |

80G'8€ 1 |

125°evL
6L9°€pL

CF3

Lt

CF;

Me

("3C NMR, 151 MHz, CDCls)

-10

(ppm)

r1

S116



CF,

H CF;
Me
("SF NMR, 565 MHz, CDCl3)

-62.336

T T
100 110
£1 (ppm)

S117



000°0-—

6YY'E
929°€ .
€€L°¢ —
zese

L5%'9 —
V.69

652C°L
mNNNW
682C°L
15671
€L6°L

CF;

MeO

MeO

OMe

("H NMR, 400 MHz, CDCl3)

2002
10T
=009
262

=€0'¢
FZ0'L

F80'¥
LY

0

£1 (ppm)

9/2°9¢ —
ceeey —

0/6'GS —
868°09 —

01892

roU L
1€2°11
SYS'S0L
Y6v LZL
SPGLZL
962°€Z1 1
oveezl o
860'GZ1 |
8¥1'GZ
82£'6Z1
S0Y'GZL
£ev'szl
9551 7|
£61°521
025°SZ1
8%5'5Z1 -
9.5°G21 |
¥06°921
¥56'921 1
vrr 8zl
ovs ezl |
559'8Z1 %
162'82L
108'8Z1
088'8Z1 |
116'821 ]
260°621 |
¥81L'621 ]
9ev'6ZL |
10G°0€L |
989°Z¢€L |
1917 LEL ]
688°/€1 |
0zzZ'evL |
YOv'EVL |
LLL'EGH

—

MeO

CF3

MeO

OMe

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S118



OMe
("F NMR, 565 MHz, CDCly)

-62.361
-62.386

<

T T
100 -110
£1 (ppm)

S119



0000~ — - L3

~10

| - 2€0°26 —
19%°€Y —
-
Sov'e — =00 | =
z18°9L
Leg'e — =6'L vEOZ
L2 SeT Ll
L29°601 7
6L 1L
22 svesLLy
S eeglzly
@ vwm.&r;
Le geeezl
98€'€21
Lg1°szhAf
L= €8l gzl
) mmm.mmiw
vmm.mm&
- zerszL
mmw.w < 6v'SZL u ﬁ
. 2G6'L 11¥'52L
v6E9 - F00'L | = £v6'9z1 |
00v'9 ‘ eseozt ¥
L0779 sve8zl |
MMM.M | 195°821 @
: gol” e
SlTLT . £60C ey
7 e L LIYBZL
g6z n\ © 60 L2 e ]
: W oo LoL'ZEL
zieL ) 0¥ 622 1
ols'L - mmo.?;
Le6°L e 6leeyl |
S0eZ5L

CF3
H
("H NMR, 400 MHz, CDCl)
T
5

(ppm)
S120

r1

CF3

CF;

\_0
("3C NMR, 151 MHz, CDCl3)




("F NMR, 565 MHz, CDCly)

-62.368
-62.397

<

T T
100 -110
£1 (ppm)

S121



0000 —

662°C —

00S°€ ~
209'c

7159
LELL
2sLL
6112
6612
8522
6922
18271
1622 1
£0€2 1
90€'2 1
rreL
Nwms;
08€Z
eV L
S6v2
YLG L
G25L Y
0852
L2S LA

529L~
Sv9'L
0008~
0zo'g”

N

CF3

CF3

NTs

("H NMR, 400 MHz, CDCly)

=002
266'L

£1 (ppm)

vesle — -

8817, —
cesey —

1189,

BTOL

8B%1t ]
2188111
160611
9S1'611
088'¢cl
LzZe'ezl
Levect I
€21L°SZL
sLz'gzL L

Svy'ael 7

2L¥'STL
005521
£25'621
vog'szh ]
265°GZ1 |
619621
1v9°521
€12°921
ve6'9zl ]
1¥5'821 %
299'821

£92'821 ]
9v8'8Z1 |
188'8Z1
886'8Z1 |
660621 |
9vZ'621 |
0zv'62l | )/
158'621 1
G8.°0€L |
08L¥EL 1
000°GEL |
026°071L |
19G°ZhL |
GL6°ZYL
SLO°GYL "

CF;

CF3

H
NTs
("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S122



("°F NMR, 565 MHz, CDCl3)

-62.345
-62.384

<

T T
100 -110
£1 (ppm)

S123



000°0- —

8lL'c—

692 —
26v'e —

zhLy
beLL
52z
822°L 1
€€7°L 1
9eT'L 1
0z L
VT L
vz L
62 L
G52
0427
€421
12217
Leg L]
9e€°. |
ove L]
G52 ]
65, ]
69,
€182
G182
692
68,
YyG L
v9G2

e

CF;

CF3

CH3

("H NMR, 400 MHz, CDCl3)

=l0'¢

=00'¢
F00'¢

/802
EY'S
T6LC
L'z
10T

0

£1 (ppm)

26l L — -

€2L°9€ ~
961'8¢

98.°9L

200+
€Lz LL
¥6S°1Z1
96£'€Z1
991°521 1
€61°5Z1
122521
8vZ'STl
98€'5Z1
YIS
Lby'GZL
691°5Z1

289'921 7
000221
€18°22L
6182l
Lvz'8zl
L8zl
157821
ges8zL
129'82) |
mB.mN;
eve'sel |
868zl |
8880EL |
152°9¢€L

z66°chL |
8E0 Tl |
0Ly vyl

e R

CF3

CFy
CHj
("3C NMR, 151 MHz, CDCls)

-10

(ppm)

r1

S124



CF3

CHj CF;

("°F NMR, 565 MHz, CDCl3)

-62.318

T T
100 -110
£1 (ppm)

S125



0000 —

8GL¢ —

veze”
y8y'e
66L°€\

G/8'9
1689
Sl L
veL L
Syl L
0SL°L
2917,
29171
1 ZAWA
VAZAVA
ST’ L
0LY' L
061,
9€G°L
966,

CF3

CH3

MeO

('H NMR, 400 MHz, CDCl3)

=0°¢

“ooz
o0’
Jere

£1 (ppm)

906°Lc —

692°9¢€ ~
12288~

962'9G —

118'9L
8202,
Yz Ll /
668°€LL
0£9'LZL
LEV'EZL |
£81°5Z1 1
012'SZ1 A
8€Z'SZ1
592'SZ1
G8€°GTL
ZLr'szL
ovr'szl 7
89v'6Z1 -
5e0'221L
G/182L ]
szzezl
16€°821 1
Lyv8zL
209'821
£59'821
v69'821 |
818'8ZL %
256'821
6.6'8Z1
818°0€L ]
S0E'9€ElL ]
8ce'9¢elL |
6LL PPl
VeI VYL |
/1€°8G1

e

—

CF3

CH3

MeO

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S126



MeO

("SF NMR, 565 MHz, CDCly)

-62.305
-62.316

<

T
100
£1 (ppm)

S127



0000 —

6€LCc —

00€’e —
9r'e —

6v6'G —
129'9
¥,9'9
¥89'9
189'9
9129
wmh@\
16L°9
SLLL
8zL'L

2ceT L
Ve L
cse L
LIV L

L6¥°L
6€G°L
[4ci=lA

CF,

CF3

CHs

o)
<

o)

("H NMR, 600 MHz, CDCl3)

=LL'€E

=00'¢
=00'¢

£1 (ppm)

o6’ —

CL19E
Sve'ge

1189,

8TOL

ove'LL

9L0'L0L ~
£6£'801
125'801
896°0Z1
109'LZL
60v'€ZL —
90z'sZ 7
zvzsel
0sz'szl ]
862'521
€0¥'STL |
[ TA
85621 |
L6v°521 |
100°221
690821 %
91Z'8zL |
582’8zl
zev'8zl ]
167821 ]
199'8Z1
112821 ]
098'8Z1 |
956'8Z1 |
v6LLEL ]
282Z'9¢L |
058°2€1 |
066°€PL |
Sy ppL |
8€Z°9vL |

989°L¥1 -

CF3

CH3

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S128



("°F NMR, 565 MHz, CDCl5)

-62.320
-62.334

<

T
100
£1 (ppm)

S129



000°0-—

18€°L —

89L°Cc —

8vZ’'e —
68Y'e —

260°L
L
6€CL
vve L
[AsrAvA
STV
65CL
Sl2L
vSv L
vivL
VS L
1967,
108°L
128,

CF3

CH3

PinB

("H NMR, 400 MHz, CDCl)

=€0'CH

= 1€¢

* 00'¢g
= 20'g

o019
B 851
= $£g
sz'g
= ¥1g

£1 (ppm)

09l ~

6Y8VC

€20°9€ ~
0si'8e

S6.°91
Bo.RW
8121/
cegee”’

1857121

Z8€°€2L

£96'7Z1

£vL'GZL A

021521

861°GZ1

52Z'52LN

GOP'GZL

AN

09¥°5Z1 7

18¥°SZ1

186921

ez

802821 |

9c2'821

0zi'8zL 1

zst8zl |

1e9'8zi ]
z89'8Z1L %
z58'821L

0£6°8Z1
0v0°LEL ]
620°GEL
629°9€L
£26°evL |
8LEPYL |

060°L¥L *

CF;

CF3

CHj

PinB

("3C NMR, 151 MHz, CDCls)

-10

(ppm)

r1

S130



PinB

CF3

CH, CF,

("F NMR, 565 MHz, CDCl;)

-62.327

T T
100 -110
£1 (ppm)

S131



2881 1
9881 |
€681
£06°L
916l

—=

7961
9561
£96'L ;W
996°1
9/6°L
ez
v29°z

vmo.m%
6792 ]
2992
v19'2]
6822 ]
208°Z
€182
G28°C
6£8°C 1
¥00°€ 1
620°€ |
L02°¢
1ez°€ |
vizEe
662°¢ |
zeLe ]
L€

N

B

CF3

("H NMR, 600 MHz, CDCl3)

g

16'¢

g0zl

T

I B

L L B

809
009

00"}
00|

00 b5

66°Q
20|

00}

16°Q
169
€61
€6
26’ |

£1 (ppm)

¥€9°0C
FNm.wN/
vww.mN/
G09'Le

i

G897PE N\
yLL'9E
ovo.mmw
m@«.;\
8yl v

06292
20022
erzss’

LV L1

129121

659121 1

SL0°€ZL A

8zv'ezl

09+°€21
vioseh |

Zv0'STL

690°GZ1

160521 7]

0€z'szl 7

[ATATAR

yLv'SzL

LrbszL

69t°521 |

16v'521 ]
2€0°22L

v90° 221 1

818zl |

g618Z1L %
vie'82L
90+°821

585821

119821

811821

£v8'821 |

Sv0'6ZL

1G6°0€L ]

920°9¢l
625°6€L

YSZ L ]

9eL Pl |

9/6'6¥1 |
£V

l

|

CF;

CF3

CHg

X

Bu

("3C NMR, 151 MHz, CDCls)

h\

(ppm)

r1

S132



("F NMR, 565 MHz, CDCl3)

-62.233
-62.275

<

T
100
£1 (ppm)

S133



000°0-—

0680
wom.oW
9260
¥9€'L
z8e’L %
Lov'L f
0zv'L
6EV'L
851

86¥v'¢
€lLsc
8lLGC
€25¢
1€G°C

161°€ —

80G°'€ —

660°L
6LL°L
€02’.L
SLe L
0ce L
vee L
vee L
Ls¢'L—
¢l L v
LzeL
Lve'L
8G¢€°L
19%°L
18¥°L
422
29G°L

CF;

CF3
("H NMR, 400 MHz, CDCl5)

Foiz

7S0°T
vTs
¥80'C
0z
0z

f1 (ppm)

5

80L ¥l —
866l —

EV8'GE
096'9€
evees

98.°9L
200°LL
im.k\
819121
6L°€ZL
991°62Z1
¥61°GZ1
122°521 o
A TAR
$GE°GTL
28€°GZ1
S0P'STL
[y e r AR

-10

(ppm)
S134

r1

159'921 7
€20°221
886°.21
voz'8zL |
1¥€'8TL ]
0zv'8zl |
SLv'8ZL
9€9°821 1
gos'8zL |
v68°82L 1
122705 |
96811 %
1692yl |
v80'pYL |
6E5 VYL

CF3

CF;
("3C NMR, 151 MHz, CDCls)




CF;

CF;

("°F NMR, 565 MHz, CDCly)

-62.305

T T
100 110

£1 (ppm)

S135



0000 —

€260~
6607
G9g'L

696"
185"
¥8g"
886"
866"
SLY
ze9’
619"
999'L

19z

8.v'Z

8Lz'e—

Rttt i

Ges'e —

€214
SPLLT
0LZ'L 1
€122
112717
52z /1
0£Z'2
vEZ LA
vz L
§5Z'L N
652°L
29227
zieL
9LeL
Lee s ]
geg L
Pre L ]
8veL |
08v'L
0052 1
eeg'L |
€662

T

CF3

CF;
("H NMR, 400 MHz, CDCl3)

=719

Fa

20¢

*¥0'¢C

F00'¢

122
w\ov.m
Fere
02
1z

£1 (ppm)

10

92G6<¢e
929'9¢ —

9€1°9€ ~
evyge
L08°€ —

682'9L
10022

oz’
SZ9'LZL N
12Y°€Z1 A
SLZ'SZL A
£VZ'SZ1 A
992'5Z1 1
£62'5Z1
0€€'6Z1
mmm.mmr%
08€°6Z1
80v'szL
rwo.omiﬁ
1e0 221
v96°221
Bm.wﬁ%
ore'8zL |
65£'8Z1 1
821’821
6£9'821
122821
v.8°82L ]
osvLel |
ﬁm.:\i
8592vL |
PLObYL |
1S9°7hL

80

(ppm)
S136

r1

110

130

140

CF3
210 200 190 180 170 160

CF;

("3C NMR, 151 MHz, CDCls)




CF3

CFs

("°F NMR, 565 MHz, CDCls)

-62.289

T T
100 110

£1 (ppm)

S137



000°0-—

v0oZ'L
912l
le2L

~

9017,
6LL°L
€0z’L
vieL
GS2' L
692°L
28C'L
6€eL
1G€°L
o€ L
9LV’ L
68Y°L
6vS L
29G°L

CF;

CF;

CO,Et

("H NMR, 600 MHz, CDCl3)

- /0¢

L0¢c
Jooz
z'e

Nozz

H/MO.N
(Vx4

£1 (ppm)

vrlvl —

606'6Z
€102~
868'5E —
sve'ge

LG¥'09 —

98192
2c00°LL
vicLL /

295°121 1
Y9g°€ZL |
191621 |
¥81°5Z1 1
[AFATAR
6£2'6Z1
192'6Z1
00%'GZ1 A
821'SZL ]
[T
81v'5ZL
£96'9Z1
1€0°221
520°8Z1 |
182°821
£05°821 1
£55'821
195821 |
012821
998'821
vog'ZEL
€LL6EL
85E Lyl
191°€vL
PrLpYL
8egzLL”

e

CF;

CF;

CO,Et

("3C NMR, 151 MHz, CDCl3)

T
100

(ppm)

r1

S138



CF;

CF3

("°F NMR, 565 MHz, CDCl3)

CO,Et

-62.332

T T
100 -110
£1 (ppm)

S139



€000 —

Gg8€e'C
mmm.N/
Liv'e
r6T\
156°¢
896°¢C
Nm_\.m\
8v5'€ —

GSC v —

285V —

086'9 ]
£66'9 1
£80°L |
960°Z
0€LL
oL
9812
8612 1
01Z2 1
€222 1
1€2°1 7
6£2°L
vz L
6v2 L]

162°2
85Z°L
89z2 ]
02221
20272
1822 1
06221
zoe's ]
ovv L]
652
98v°L |
662

CF;

CF3

NBn,

('"H NMR, 600 MHz, CDCly)

66|
=6l

=Z6'L

=L6'L

£1 (ppm)

6¥2°0€
LG LE—
9€0'9¢ —
osege
96181~
9z6'6v

98.°9L

200°LL

mrm.\.h\
2957121
89€°€2Z1
191°621 4
681°521
IRATAR
[e A TAR
[AXTAR
6Y€°GZ1
2267621
S0¥'STL

2eT°9Z1L
126921
116'921
12y 2L
095221
2927221
696'/21
581°8Z) |
coz'8zl |
16€821L %
Lzs8zL

195821
989821
88821
LE6LEL ]
£01°9€L
98Z'LEL
¥60°0v1
€e5 LYl ]
ze6evL
212l
vesziL -

CF;

CF3

NBn,

(0]

("3C NMR, 151 MHz, CDCl3)

T
100

(ppm)

r1

S140



CF; CF;3

NBn,
(0]

("°F NMR, 565 MHz, CDCl3)

-62.266
-62.300

<

T
100
£1 (ppm)

S141



000°0- —

982 —
0z5°€ —
687 |
0Lst
YOL"L 7
ErAWE
GLL L
08121
981"/ 1
€612 1
6612 1
812°L 1
52Z'L
Sez'L
8€Z2 |
1v2 LA
25z L
15272 1
192°2 1
99221
02227
282 L
26217
S62°L
0082
€082
90€°L -]
zLe L
2162
£veL ]
6v€ L]
65€°L 1
L9€2
voe L
9.€2
082
€8€L
19v°2
182
21672
18672

CF3

CF3

OBn

o

("H NMR, 400 MHz, CDCl3)

JJL

F00'¢
F66°L

=00'¢C
*60'C

£1 (ppm)

¥50°9€ ~
9eL'8e

602°0L
mmhmn%
982'9L
Noo.RW
€1Z'LL
6£G°1Z1 1
1267121
LYEEZL |
11€°€21 1
Zrigel o
GLL'GZL
£52'5Z1 |
082'SZ
£0€°6Z1
Le€szl 7
¥5e°G2L |
12€°62L
vov'szl
zer'sTL |
9,6°921 |
¥00°221
119221
ve9 szl |
6,082} ]
vieszl |
vZr'ezl ]
525821 ]
9£9'8Z1 |
1v2'8Z1 |
686'821 |
Z10°621 ]
2527981 ]
850°8€L |
S60°8EL |
YOv Lyl |
£25°EvL |
LLLgpl”

CF;

CF;

OBn

("3C NMR, 151 MHz, CDCls)

T
100

(ppm)

r1

S142



CF; CFs

OBn

("°F NMR, 565 MHz, CDCly)

-62.296
-62.320

<

T
100
£1 (ppm)

S143



L
000°0-— — Ls
Le L Lz — -
I I - 0€8°¥E ~\_ _
by e & vog'gE = —
169'8¢ 7
e GeL'Zs — —
862°¢ — - =00z [
€19 — - =66'L
68.°92
Le 000°LL
LZLy— - =00z z\z 1L
YoV LZL
L= 99Z°€Z1
% 890°6Tl |
160°L 1 S peeszLy
Y012 == zoeszhq
S0ZL 1 i 68€'SZl
6022 1 114521
e L= S67°5Z1 |
91z i mmmmmr;ﬁ
6127 055521 ]
zez L L= 815'6Z1
522 L1 < 698'921
0€Z'2 1 zse22L ]
2524 L= vy 2L
G122 ‘ 06Z°821
1121 9vt'8zl |
64217 HS.N I8 10582 |
G8Z°L 2L wwmwmrg
68272 mmvr 299821
€62°L L2 [ 20,821 |
6622 »Mo.v - 6v2821 ]
Nom.hu ~ 0z 188821 ~
yoeL & o 609621 35
62¢° L ) a ” 60Z°VEL | o) a
zee L] = o £50°9€ 1 1 = ©
627/ | I ez N | ¥90°2€1 1 I ez N
zve L o = “ LLLOvL | &} s
mwﬂﬁg = L8L°Ebl =
bSE'L ] o = 3 Lo 20v°EVL | O = -
£se’L | 3] o < SirErlL 3] o
95€°.L W W
€8t 2 | -
16v2 1 e N &
PG L ~
GG, B

S144

r1




CF; CF3

("°F NMR, 565 MHz, CDCl3)

-62.372
-62.384

<

T T
100 -110
£1 (ppm)

S145



0000 — - [<

,
- Lo
-
< =3
182°L€— E— Lo
. . s L2
£Ev'e —= = 00H" 182°90
800 o
_ v1ZLL Ls
) €95°121 ks
- S9E'€ZL
=2 991Gzl Ls
< Tz zee'szl
v9€°G21 L2
Lo 26€°'521L -
- ° 617°GZ1 8
805°92L # = [~
89121 | o 286921~ — _
18121 ¢ e0z'gzt | B
vz L ozv'szlL n -
81Z'L 1 - 08821 ] =
22z L1 e 179'8Z) =
622°L 258'821 | L2
GEZ'L - 6¥6°821 |
w22 < 1¥1°62L L2
6v2 L Y €80°vEL |
25T LA - wor.wqru B
VIt re €LOEVL -
6122 ~% — 10'# 860°bvL - S -
S8z LT nlwo 2971 m =
mmm.iﬁ a L [3) _
mmmi o o i N B
- N
o] 50 : : 5 ) :
¥Ze L] ) © — o
1zeL] u® T g S ; &
0egL] ) O I~ Fe £ )
FvON% s z
SreL Z S
8ves ] e B - B
Nmmi

(ppm)
S146

r1



CF; CFs

("9F NMR, 565 MHz, CDCl3)

-62.323

T T
100 -110
£1 (ppm)

S147



000°0- —

cr'e —

oeLL
0SLL
S9LL
6917,
18L°L
9817,
6L,
952 L
662°L
0ceL
0€sL
0SG°L

CF3

Cl I I Cl

CF;

("H NMR, 400 MHz, CDCl3)

£1 (ppm)

GgeceLe —

68.°9L

000

[3XAVNA

697°L2ClL
0/z°€cl
2.0°5¢l
18¥°GCl
60G°5¢l
9€6'9¢l
79G6°G¢l
.8°9¢C1 A\

651821\t
0898zl f

18821 7
658'8Z1
506'821L “
LLL°62)

G5S°0€L |
8GZ°€EL |
6.5°GEL |
¥10°0vL
20901

gevepl

CF3

CF;

Cl I I Cl

("3C NMR, 151 MHz, CDCl3)

—10

T
100

(ppm)

r1

S148



CF; CFs

cl l I Cl

("°F NMR, 565 MHz, CDCls)

-62.301

T T
90 100
1 (ppm)

S149

T
110



000°0- —

L6v'Z
6052
1252
[T AN
ovLZ\
852CT
9.2
68L°€~
oeze”

2or'S
owv.mW
86Y7'G

0€0°Z 7
670"
S80°L
SOL°Z
9L L
€817
00z L\t
81T L~
[T
6£2° L7
692" |
1822
90€°L
zst L]
€L¥'L ]
£6%°L°

==

CF,4

CF3

Ph

('H NMR, 400 MHz, CDCl3)

]

F0¢
Fsoz

0'¢C
0'¢c

wmr.m
[

9'S
oLy

£1 (ppm)

LhLog~
ZITSE ~
ore'se”
S6LTh—

682'9L
00022
azss’
885121
0Z9'LZL
06€°€Z1 1
Z2r'ezl A
8LL'SZ} |
9v1'GZL
€L1°6Z1
961°6Z)
v2z'szl
95z'521 7]
¥82°521 7|
20€°521
vee'szi
010921
£66°921 |
920°221
8€1'821
6ve8Z) |
oov'ezl |
595'8Z1 %
109'8Z1
612821 ]
818'8Z1 |
9vZ'621 ]
LLY'6ZL ]
00Z'9€1L |
LES 1L
11G°€vL ]
88.°evL

CF,

CF3

Ph

("3C NMR, 151 MHz, CDCl)

T
100

(ppm)

r1

S150



CF4

Ph H CFs3

("°F NMR, 565 MHz, CDCl3)

-62.284
-62.305

<

T
100
£1 (ppm)

S151



0000
698°0
288°0
£06°0 1
L2Z7)
6.2°L 4
06Z°) 4
9621
90€°L
82€"L
Lye L
LGE LA
$6E°L
zov'L ]
Lyl
6Lyl

8Vl %

== ——

9sYv'L
€LYl
0sLe
691
181°¢C
s0c'ec
GeTe~
9zee

LLV'S
mmv.mW
€LG°'G

6L1°L
L6LL
6612
e
zszL”
66v°L
o152
815L
0es'L

CF3

CF3

H

('"H NMR, 400 MHz, CDCl3)

S

I

Fvege

Fvz ol
Eezdn

F 107

¥ 007G
5 007.

F ooz

F 00

F 60t

f1 (ppm)

960°vL
Nwm.NN/
:N.mN/
g0€'62
glv'ec
08’6
998°6¢
vhm.rm\
161°6¢
6L6°¢CY \

€61°9L

600
0zz 1L
L09°1ZL
€0P€2L
9Zr'€ZL
€91°G21 1
981621 1
v12°621
A2 AR
€82°5Z1
90€°GZ1
veegzlL 7
L9e°gzL
200221
520221
094821 4
90282 |
9.£'821
zzv'8zl |
885821
veo'ezl |
08'82L ]
£98'821
122621
292°0¢L
VEZ SEL |
0L8°€vl |
SYO PPl

CF;

CF3

("3C NMR, 151 MHz, CDCls)

T
140 130

150

(ppm)

r1

S152



CF3

H
('9F NMR, 565 MHz, CDClj)

CF3

-62.345

T T
100 110

£1 (ppm)

S153



1000
€eL LN
Ll
ZLL LA
18171
8611 1
vZz'L A
9€Z'1 |
ZAR
0421
11271
¥8Z'L 7
80€'L 7|
Leet
mmm.;
1¥EL

191

169'L

5891 1
9zL1L
€621 1
2921
bLLL
2622 1
10ez ]
ziez]
oze'z
62T
9eez
Svez
£sez
L€T
08ez
veL'e
62e°c

=\

EVEG
99e's”

19171

mwr&/
LeL~
mvNN\
6y L F
GLG°L x
9€G°L

CF3

CF;

("H NMR, 400 MHz, CDCl3)

Fees
Fers

EFeov

£1 (ppm)

206°sc
8¥6°G¢C
60G°€C

Zve'se
Nmm.mm“
gLley

962'9L
BQRW
61211
€L9°1ZL 1
Z€9'1ZL
SLY'EZL A
SEV'EZL A
15175211
081'6Z
802'SZ 1 1
GET'GTL
00€°6Z1
128°621 7]
0s€°szL 7
ge'52)
610°22L Q
1€0°22L
891'8Z1 |
981821 |
¥8€°82Z1 |
Z0v'8z1 1
0098z |
€19'82L ]
118821
028'8Z1 ]
£06'8Z1 ]
ZvL'62L ]
8zz'eel |
61679€1 |
128°€vL |
860 vl

CF,

CF3

("3C NMR, 151 MHz, CDCl3)

20 -30

-10

T
140 130

150

(ppm)

r1

S154



CF;

H CFs

("°F NMR, 565 MHz, CDCls)

-62.327
-62.336

<

T
100
£1 (ppm)

S155



000°0- —

Lo
6191
8¢9l
LE9'L
9v9'L
859°L
v99°L
9s€'C
mmm.NW
gle¢

18€°€ —

00c'L

LT AVA V
6vC L
861",
(432

CF3

CF;

("H NMR, 600 MHz, CDCl)

=L0'V

L

=60

0¥

AL

f1 (ppm)

81192~
oLr'8z
core
8299~

G81°9L

wmm.whw.

80C°LL
oc9’Leh
leveect
88l'G¢clL
gLesel
8€c'sclh
99c'selh
Leo’lel
v96°LCL
G/1°8¢2L
L6€'8¢CL
€09'8¢L
Gv.'8¢L
¥99°'8€L —

YSL vyl —

CF;

CF3

("3C NMR, 151 MHz, CDCls)

-10

(ppm)

r1

S156



-62.309

CF3
CF;
/
("°F NMR, 565 MHz, CDCls)
r1‘n z‘n Qn l‘n l’) ‘1 0 ‘20 30 10 50 60 70 80 90 I‘OO I‘ 10 I‘EO I‘SO 140 I‘SO I‘F\O 170 I‘RO I‘OO 200 210 2‘.2 230 240
£1 (ppm)

S157



000°0- —

86"
169"
109"
109’
679"
159’
€99’
€L9°L

44

mvv.NW
1Sv'¢

Rt ittt i

06e'€ —

g8l L

mON.hV
€ve L
vev' L7
1452 \

CF3

CF;

('H NMR, 400 MHz, CDCl3)

Fezs

f1 (ppm)

18812~
06'82 ~
zze'Le
9599¢ 7

98179/

NOONNW

€LelLL
Svo'Leh
Lyyect
goc'sel
veesel
coc'sel
oec'sch
0S0°/2L
v.16°/2L
981'8¢L
cov'8ch

€19'8¢L
vi.L'8cl
8S0°0%L —
996 vyl —

CF3

CF3

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S158



CFs4
CFs

("°F NMR, 565 MHz, CDCl3)

-62.298

T T
100 110

£1 (ppm)

S159



00070~ 1
Z16°01
0€6°0 1
87670
zie
62¢"
zee
1€
19¢°
g8€’
zov
507"
8z
ory
nea
e
95+
99t
0Ly
11
08"
187"
L6t
v0G°
1212
16121
oz

L
L

gzeed

zoLL
MR
1wz
205°L 7
2zes!

CF3

CF;

("H NMR, 400 MHz, CDCl3)

F8l9

ey
34

£1 (ppm)

0s0'vL 7
980°€Z~\_
125'1E
65128
SLY9E

68.°9L

moo.\.mv

EITAVNA
cs9'Lel
vSsvect
€eesct
9seg'selh
88¢'G¢cl
LLe'sel
€50°LcL
8L0'8¢ct
veeseh
Svy'8ch
159'8¢1L
€0.°8¢L
1G0°0VL —
629 vyl —

CF3

CF;

CDCly)

("3C NMR, 151 MHz

T
-20 30

-10

T
140 130

150

(ppm)

r1

S160



CF; CF;

(F NMR, 565 MHz, CDCl3)

-62.307

T T
100 110

£1 (ppm)

S161



° s
0000 — Fs
¥08°L 1 -
GEs'L [ Ls
€811
188°L 1 - |2
688 1 [~ '
9€6°L _
€61 -
616°L =
296°L r=
896'L ,W Teeo |
V6L F Feeo 15 ks
600C 6v6'22\
1102 E8Y'EE | ks
¥20'T Fei 18L°9€ \ B —
ze0e 106'9€ M | Le
810 . L0€'6€
9z0'e - 00¢ [ Le
€e0'e
118 — —= F20v = Le
-
. 682°9L
= ooo.RW -
zLzLL [
- 6c9'L2l ls
. ovvezL
£ oozszh ls
.- 8zTsTh h
re 9gz'szl -
¥82°GCL =
. 6£0°221 .
Fe 668221 E B
SLL'gzL -
. Le€'8zTL = 2
e 8€5'821
[ N1 Ls
606 7L~ _
Fe 22009717 L2
-
L2
vizLy WO b )
veT L (8} - g B2
95T L ) o Q =
v05'L 7 3 [ 8 Ls
v2s'L o )
o = =
o oy LS
/ ~ . © 2
. : A ”
2 =
T R z
g - &
o hg ~ -
" C \N
LS 2

(ppm)

S162

r1



CF;

CF3
Yag

("F NMR, 565 MHz, CDCl3)

-62.287

T T
100 -110
£1 (ppm)

S163



0000 —

[4T A%
v0€’L
9LE’L

~

€.0¢C—

9LL'L
68L°L
95Z°L
mwmsﬂ
862 L7
05 L F
8LG°L
€25°L
9€5°L

CF;

CO,Et

CF3

("H NMR, 600 MHz, CDCl3)

=00'¢
=661

/671

=00z
Az0z
201

0

£1 (ppm)

L6L YL
Zre9l
2912€ 1
0v8'8¢ |
61809 1
9829/ 1
86679/ 1
v12 2

£ri Lzl

rrS 121 ]
05Z°€21 |

9reezl | f

1¥0°STL

8r1'GZl 1

252521

612°G21 1

50£°GZ1 k

Ye€'GZL |

10S°GZL 1

625621 |

1557621

¥85°GZT
€589z 1
¥56'921
02£'821 1
Ser'8el A
£95'821 1
985821 1
1£2'821
£82'821
908821
666'821

ceoech w
68c°6¢L
80L°L¥L
glgevl W
oLL'evi

129691 —

CF3

CO,Et

CF3

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S164



CF3

CF3 CO,Et

("°F NMR, 565 MHz, CDCl3)

-62.413
-62.471

<

T
100
£1 (ppm)

S165



8S0°} 1

LEG L A

8062 1
81672
Lrle
191°€ ]
8vee |
prE€ ]
192°€
18L€
0799 |
Gv9'9 |
26991
969°9 1
902°9
oLL'9
9612
6912
1221
ovz'L
16V°2
01572
615721

e

[4 VA

('"H NMR, 600 MHz, CDCly)

10¢

Iz

Ve
Reoz
Reot

L'e

H\NO.N
H/mwo.N

200'L
#00'Z

F2ov

#6670
Az0L
©€0°E
2002

ﬂymrm.v
6L

£1 (ppm)

060'8L
820'vZ
68022
2.5°12
828'62
829°0¢
1€€°9¢
v06°2€
89¢'8¢
1Ev'8E
Sov'er —
6157
PPLGE~
vp565 7

16192
moo.RW
02T LL

667 1L

L0g'ELL |

2591211

L9v°€21

LE0'VTL

[AAN-TAR

861°5Z1

¥22'ST
052's21
08z'sz1

S0€'sZ1 7

Lee'szL

95€°5Z1

90z'9z1 ]

1507221 ]

8Y6°L21

v91°821

9.€°8Z) @

o

("3C NMR, 151 MHz, CDCl3)

(ppm)

r1

S166



CF3

("°F NMR, 565 MHz, CDCl3)

-62.174
-62.212

<

T
100
£1 (ppm)

S167



(VIVIVR V)
068°0 |
821 ]
160'C

5602

oLz

s0L'Z

1012

0LLZ]
z1z
GLLE
2112
FANA f
€022

€122
0222 |
892°Z
€122
1122
2822
982'2 7}
00€Z
¥0€Z
80€Z
£1eZ
0zez ]
vze'T |
628°Z
veez
8£€'Z
£VE'T
88€'C
26£2
16£2
20v'2
10v'2
L
Liv'e
9zZr'e
vrZ'e
605°€
vEGE
LYG'E
205°s
.8/

i

e —

=

(VARVA
8l L
PATAVA
oceL
PATAVA
0S5 L
21671
625 L
Vs L

=

CF3

("H NMR, 600 MHz, CDCls)

=zl'e

=LV'Ee

JseL
=GT'L
Egoe

cc L

=16"L
Fozz

£1 (ppm)

Iz
SN.@N”
€55°1E
so8'Le
0L£°9E
zi8LE—
umv.ov%
se0'ey’/
vL9'9Y

68.°9L

ccc»
o1z 1L
Y0P LZ1 A
909121
66£°€2Z1
¥0Z'521 1
822521 1
95z'621
£82°G21
60€°5Z1
veeszL ;W
L9e°5Z1
68€°6Z1 -
120221
19€'821
e1v82L ]
6.5°8CL |
689'8Z1 1
98/°821
006821
ee6'8zL |
0z0°62L ]
291621
S0€'62L
Z6€LEL ]
GOL'GEL
zeL el
800" VL
v vl

=

J

CF3

("3C NMR, 151 MHz, CDCl3)

T
140 130

150

(ppm)

r1

5168



("°F NMR, 565 MHz, CDCl3)

-62.323
-62.350

<

T
100
£1 (ppm)

S169



00001
25801
028701
£€6°0 1
Zv6'0 ]
9560 1
02670
€901
29871
02€°}
08€'L
98€'L

Y6E" L
66€°L

oov.&
oLl
ozv L

SL9'L
0291
v29'L
z€9'L
zr9'L
1oL
vS9'L
859'L
2991 ]
8991 1
€19°L 1
819
989'L
6891 1
9691 1
6691 1
veL L]
GEL L
Iv1L
19271 ]
99711
8.1
€8.°L 1
vEg'L
i8]
9581
048} 1
G681
906'1
¥00'Z 1
£eL'Z
¥8L°E ]
1zze |
6£2°¢
e
Leve |
99t°€ 1
Los°€ ]
oviL ]
w1z ]
09121
891/ 1
952°L 1
S8y L
z6t°1
90G°L

VA 1
0EV'Gl
S¥0'8l ]
66€'81 1
8€5°1Z ]
z19'1z
61272
9082 |
£69'6Z
§21'6Z
18822
129'6E
168'5€ 1
150°9€ 1
¥69°L€
LL6°0Y
25E LY
GEV'LY
ooyzy |
vST'8Y |
9Lv'8y A\t
6¥2 ¥S
Nwr.mm/
Gh'GG —
00685
812'65

cL8'9L

£1 (ppm)

Ff.
g€z 1L
879121
SP ezl
9vL'SZL
10252 |
8€Z°GZ1 1
59z'GzZl
£62°G21
61£GZ1 W
640221

L26°121 =

CDCl3)

("H NMR, 400 MHz,

(43

$56°221 7
8eL'8zl |
01821
vse'ezl
98€'8Z1 |
595821 |
£65°8Z1 1
80,821 1
RIRTAR
8.z°62L ]
50621 |
925621 |
¥S9'LEL |
v8z'zZel |
z6s'eel |
ZL0vEL |
052°9¢!
S0 €L
LICRadR
69 |
181

S170

r1

("3C NMR, 151 MHz, CDCls)




("°F NMR, 565 MHz, CDCl3)

-62.284
-62.296

<

T
100
£1 (ppm)

S171



000°0-
0¥6°01
16670 1
5021 A
80Z'1
A
SLZ'L Y
812’1 1
1221
8221
LEZ'L A
YEZ L

[ cA
g8e’L

z6€°L

96€°L

86€°L

zor'L |
601" L
ZiLvL
vit L]
81|
vyt ]
€161
G161
G86°L
16671
809}
189°L
126°L
€86°L
166°L
600°Z 1
G10°Z
820°Z ]
0v0°Z ]
2502 1
¥90°Z
612
1617 1
10Z°Z 1
G122
zsze |
Leee |
980°S
690°G |
160'G
860°S
101G 1
€0L°S ]
0LLG T
€LLG T
SLL'G
805°
025°S
£€5°S
v8L L]
€612 ]
16171
90Z'L |
6€T°L

2052 1
0152
G162

€25°L-

CF;

CF3

S

("H NMR, 600 MHz, CDCl3)

10'¢
g0
Fouy
j AR
2g0'¢
ze

H\No.v

=10¢
z6'L

2oL

0¥

00y

£1 (ppm)

0e9°LL
Km.mr%
vi9'se
169'ST
80E'€E\
gez'se
wa.mm\
1v8'9E
wmo.mw\

88279/
ooo.RW
LWLl
0191211
ZLeTl
GE9PZL
€21°GZ1 1
661621 1
gzz'seTl
1SZ°GZ
11252
Z0e'5Z1L
62e°521 7
85e'GZ1 7
620221
vL182L ]
0zz'8zl
06€£'8C1 |
9et'8Z1 |
109°8Z1
159821
118821 |
z88'82L ]
112621
90+'621
Y9€LEL
8E0°9€1 |
zvereyl |
zL0PhL

CF3

CF;

("3C NMR, 151 MHz, CDCls)

110

130

140

210

(ppm)

r1

S172



-62.338

S173

CF;4
CF;
= /
("°F NMR, 565 MHz, CDCl)
r1‘n .x‘n z‘n \‘n l’) ‘IO 20 ‘m ‘10 50 ‘60 ‘70 ‘RO ‘00 I‘OO I‘!O I‘EO I‘SO 140 I‘SO I‘F\O 170 I‘RO 1‘00 200 Qm 2‘.2 230 Qm
f1 (ppm)



143
9lg"
eT4°n
62G°

LeL

L8

—T

CF;

=

CF3

("H NMR, 600 MHz, CDCly)

FoeL
/16T
L
Al
Feev

¥.6°L
6°0
60

Flle

.60
=60

6L
6L
1671
(U4

£1 (ppm)

0LL0Z~
15922

£29'62 -
156'08
zLL9e —
6v9°07 —
ggler”

68.°9L
OOONNW.

cleLL

1€2°80L —
€657 121 /
06E€TL
ziz'sel //
ovz'szl
99zZ°'52Z1 7|
z62'521
1ze'szh
1v€°5TL ]
[SPRH-TANY
Lov'szl
¥06°SZ1
£00°2Z} 1
zs1ezl |
682'821 %
89¢'821
505°821 |
615821 |
222821
062821 1
506°821 1
892°621 1
29.°2¢l
L0V vEL |
6£Z'Sel |
262l 1
650"Vl 1

€6G°6¥1 -

CF3

=

CF3

("3C NMR, 151 MHz, CDCls)

T
140 130

150

(ppm)

r1

S174



CF3

CF,

("°F NMR, 565 MHz, CDCl5)

-62.320
-62.352

<

T
100
£1 (ppm)

S175



000°0- — Le
€060 HF
126'0 .
6£6°0 e B
aleL
9geL . B
ege'L Feeo s ,
LLEL R
90t L ¥oTh [
6Ly L bypy L2 R
9zv'L =
YeV'L 8011~
SrvL ks 280°€2~ s
8sv'L ooy LIG'LE
99Y'L 190°2e 2
€8yl Lo Z8'SE~
151 Le
ziLe
1612 L= [<
8zz'e — =00t _
8829/ N
L2 00022 [
9Lz LL / B
)
le =
€26 VLl B
. Foo.mFruv B
re 69€°621 h
002'621 W B
R 162621 -
5169 ke £60°9€L — B
1269 | orvomr\‘ =
1660 | ) vEG'8EL s
1£6°9 [e [~
Ere9y 9.t°09L g
£56'9 . > -= r=
¥80°F | = ol =
6069~ rle 060291
97 By le
996'9 £
ze69 Y _ . —
mmo.ou I e S L2
9002 ] bt a
LO'L ] o o Ls
820°L N Ls N
w -
vvz s z = z ls
— o — ~ B
S w Lo o
w ~ [ w - F=
© ¢
: :
T [ o
- 2 s
Im o

(ppm)
S176

r1



("°F NMR, 565 MHz, CDCl3)

-117.812

T
100
£1 (ppm)

S177

T
230

T
240



0000~
00670
81670 |
96670 |
€621 1
z0e'L 1
oLeL
eLeL |
0ge’L
8veL | ﬁ
99€°L
€261
66€°L
Lt
8Lyl
9ziL
8ev'L
0sv'L |
8sv'L |
SivL

Lz

z91'z

181z

L1ge—

G.6'9
9669
€0c’L
oLeL
SiLeL
9z L
LETL
8€C°L
6ve L

Cl

Cl

("H NMR, 400 MHz, CDCl3)

FL09

6'¢
(Va4

Fiee

=i8'e

Foov
.8'¢

w

L0

5

f1 (ppm)

9,071~
(DI XAN
ZYsLe
zoL'ze
10L°GE ~

96192
L00°LL
€ecTlL /

zov'szl
62.'821
18L°62L 7
€zs'LEl 7
£86'8€l
190°6€L

Cl

Cl

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S178



00001
0060 1
81670
9€6°0
00€"1
6LEL
8e€’L
SSeL
€281
06€'} ﬁ
zerL A
SEVL A
AadR
8vv'L
051 7
09v'L
991’1
viv'L
28yl |
66v'L

ziLe

z6L'z

z1ze

€62 —

§80°2 1
880/ 1
S0L'Z A
601721
05127
€512
1G1L72A
9917/
ZLL LA
10V
9812
0612
€612
e
6€2°L ]
552 L
852/
2121
G121

("H NMR, 400 MHz, CDCl3)

919

m.
£

Fl0v

Loz

(1274

(ppm)

£1

Lol
LOL'EZ .
zisLe
§50'ZE
86£°9€ ~\.

06192
Foo.mhv
YATAVIA

€02°521
vvz8zL M
ozs'8zL
067’621/
6YL8El

sigovl 7

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S179



0000
68°0
cL6'0
0€6°0
44
Le
oge’
AL
G9¢”
28¢”
Ly
rad
oey’
6eY”

-

-

==

T T e T e
R

286'9
NOO.NV
¥90°L T
mwo.h*
LeeL

Me

Me

("H NMR, 400 MHz, CDCly)

ey
Fe0y

07
919

¥SLY
By

f1 (ppm)

SOLYL ~
€660\
980'€Z —
08g'LE

Yoo'ze
698'SE —

¥8.°9L
oco.hhv
el

¥8¢€'8¢1L
0v6'8¢L
9¥8'6CL
160°GEL —
269°L€L
8v.LleL

Me

Me

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

5180



yoy u 14
71601
2670
Z62'1
el
vieL |
62¢'L |
Ly |
GoE'L |
0Vl |
98V | ﬁ
SPY'L A
9G¥}
6971
s
o

VT

1GL'¢C
8.1'¢C
l6l'¢C

~-

L92°¢ —

LEO'L
omosk
6122~
0zLT
omms\

Bu

Bu

("H NMR, 400 MHz, CDCl3)

F sod

iz
E eey

E v6'g

e8¢

001
E 66'¢

£1 (ppm)

6EL YL\
velLez
LSY'LE
129'LE
9/6'Le

aceve —
wmm.mm\

¥8.°9L
L00°LL
[AZAVPA /

960°GZ1 \
yLL8ZL ~
969621 7
veLLEL
06L°L€1L

90v'8YL —

Bu

Bu

)

("8C NMR, 151 MHz, CDClj

e

10

100 90 80

110

130

140

180 170 160

190

210

220

(ppm)

r1

S181



Y6E° L ~
SLyL

LSP L

1512
8112
1612

size”

¥S0°L
090°2
690°L
902
68072
€L
Sve L

OCF; OCFs4

("H NMR, 400 MHz, CDCl3)

Fgz9

[
4

Fees

0

5

£1 (ppm)

0s0'vL -
LOL'E€Z
155°'LE
€01°2¢
£28°SE

68.°9L
OOONNW.

cleLL

S86°LLL
G89°6LL
128°021
L6 izl ~
180°€zL

1
|

61982l T
v09°'6CL
88l'6¢€l
89¢€°6€L
SSY LYl —

OCF; OCF,4

("3C NMR, 151 MHz, CDCls)

T
140 130

150

(ppm)

r1

S182



OCF; OCFs

("°F NMR, 565 MHz, CDCl3)

-57.943

T T
100 110
£1 (ppm)

5183



oY U |
11670
G670
ZLeL ]
62€L ]
05€°L
89¢"L 1
zzrL
62v'L ﬁ
gL

gevL Y
RedR
0511
Ew.@
697’1

€sl'e
mmv.NW
¢6le

60C°€ —

98.°¢€ —

96.1'9
08'9
6089
0289
9289
€€8°9 —
886'9
966'9
100°L
cLoL
L10°L
Geco'L
geT L

OMe OMe

("H NMR, 400 MHz, CDCl3)

1SV
1o 4

Fery

=09

ey
Ly

£1 (ppm)

SoLvL
980'€Z\
alo'Le
£00'2E
80€'SE

602°9G —

68192
oco.hhv
1T AVNA

6V9°€LL —

6YE6ZL
1817081~
808°zel W
osy'LEL

[ XVAVA] S

OMe OMe

CDCly)

("3C NMR, 151 MHz,

10

80

110

130

140

170

210

240

(ppm)

r1

S184



000701
12670 L
6£6°0 1
1660 | - L
62€1 1 <
19E7L
99¢°1 1 -
¥8€°L 1 <
2071 |
0zv'L A 79 |2
£9v'1
911 I
€811
68vt T
z6v'L |
Log'L

-30

-10

Teev | . Le
Fery ovLvL
AR AN s
: Le SLoLe
805°L ozi'ze e
SIgL 80 221796 ~ — ]
€25l -
812z B
8€2'Z N
8522 -

G/€€— —— T00Y |-

16292
Noo.mh/ i o
[~ L 4TAVA

£1 (ppm)
0

SLV'L7 916921
6L1°L] €96°92} Ls
S6L°2 s vL0'22L

€82°L @w@.wmrw 3

982°L1 SE6°8T4
6822 | e 6vE62L
66¢°L 9ov'sel —
v0E'LY LLzgel N
60€'L | Le 26651 L2
MMM.MJ vzl Lyl
R L2
9z L o b
. v
06¢€ h% UL L'z e
Y6E LA = . -
oo eyl
60v°L wmww
ezy's]
8z ]
€6v°L
861,
605°L ]
€162 1
2161
v15°2]
8.5
1852
265°L
965°L

—T

Ph
Ph

Ph

Ph
8.
("3C NMR, 151 MHz, CDCl3)

('"H NMR, 400 MHz, CDCly)

(ppm)

S185

r1



0000
Z16°0 7
0€6°0 |
67670 1
z0e'L
vLEL
LEEL
gee’l |
6veL %
Z6eL

69€°L
18€°L L
66€L g
LEY'L 7
vev'L
il
LSY L
16771 ] ﬁ
09t L

697°L 1
vivL
e
L6l ]
805°L
¥81Z |
022 1
€222
1852
seee?

—

IR
9L L
692'L
198’2
998°L

muws\

288°L

O

O,

("H NMR, 400 MHz, CDCl3)

FoL'y
Eezy

R A4

£1 (ppm)

€eovl —
€Loee
006°92 ¢
levLe
wo_‘.NmV
229'9¢€ —

€6.°92
¥00°LL
0celL 7

09872

z8v'82L
¥8G'8Z1
ZrLgel “
99/°6€1L
vieovL

8527161 —

(0}

O,

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

5186



0000
606701
126701
S¥6°0 1
Y0E"L
1ZeL |
6E€L
65€°L |
99¢°1 1
12817
¥8€°L
LLb LA
8LiL
£TY'L
oYL 7
9ev'L ]
05’1
€9y’ |
e
98t'L

zs1z

€l

z61LZ

9Lee —

Ly L
19171
€92,
wvm.m/
€6G6°L
G9G'L
mwm.hN

V.S,

CN

CN

("H NMR, 400 MHz, CDCl3)

Fie9

6Ty
Mzy

Fr0v

16'¢

Feov

f1 (ppm)

600717
GE0'EZ .
8zh'LE

mm_.mm%
29298~

¥8.°9L
00022
Ll /

Lv6'60L /
896'8LL —
XA TAN
€0L'62L ~
PAXAAY T
ovl Lyl

wwm.m‘v_\#

CN

CN

CDCly)

("3C NMR, 151 MHz

100

(ppm)

r1

S187



00001
G06°01
£26°0 1
17670 |

6LY° LA

v06°'€ —

CO,Me

MeO,C

("H NMR, 400 MHz, CDCl)

F0L'9

(4594
LL'v

=9

£1 (ppm)

6c0'vL 7
120°€2~\.
9Er'LE

8z1ze \
¥29'9€

8€6°LG —

26192
€00°LL
1T AVNA /

968224
190824
esv'8zL
199621
20968} —

6¥1L°9%L —

660,91 —

CO,Me

MeO,C

("3C NMR, 151 MHz, CDCl3)

T
100

(ppm)

r1

5188



000°0-
2160 /
G€6°0
€960

€G€°L 4
zLEL
06€’L
20¥° 1
Zer'L
[
LSt L
1571
09v'L
69%'L
€171 ]
€8v'L
L6t L
805°L
1812
00Z°Z 1
0222
150°€ \

99¢€°e

9€T’ L
ove L
[Asr4VA
PATAVA
29C’L
108°L
[43: A
118,
628°L
€€8°L
6€8°L

SO,Me

MeOZS

("H NMR, 400 MHz, CDCl3)

Fez9

=06'¢

80t

£1 (ppm)

vovi s
€90°€C ~
sov'Le

wmr.NmV
612°9€ ~
[AERa AN

68.°9L

000 Z

LelLl

016'9Z1 ~
£05°22L T
162°621

ove'gel —
vzo'ivl 7
56°9%1 7

SO,Me

MeO,S

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S189



000°0- 1
616701
1€6°0
G560 1
92€'1

0981
89€°L
8/€L 1
18EL
18871
66€L
€OVl ~
JAY AN
0sv'L |
zov'L |
89%"|
v.vL ]
6Lt°L ﬁ
98v'L
8811 |
£6v'L |
L0S'L
805'1
szgL

902°Z1
9222 |
vz
6ev°E 1

652 L7
Yoy L —
089°L~

CF3

CF3

CF3

CF3

("H NMR, 400 MHz, CDCl3)

Fieo

(494
ey

€0y
20¢

f1 (ppm)

sveel
GE6'2Z\
LEZ'LE

766'LE
192°9€ .

8192

00022

[4TAVVA
8817021
cl1z0z|

cveoct
(VXA VAN
0lg¢el
9/1°v2l
100921 7
LEE8CL
€9€°8¢1
16€'8¢C1
8lL¥'8¢l
Y9e’LEL
LCENRT

S08°LEL
9z0zel /
S6EZhL
ezvzyl

CF3

CF3

CF3

CF3

("3C NMR, 151 MHz, CDCls)

-10

T
140 130

150

(ppm)

r1

S190



CFj3

CF; CF3

CF3

("°F NMR, 565 MHz, CDCl;)

-63.041

T T
100 110

£1 (ppm)

S191



00070~ 1
91601
€670 1
25670 1
0LE |1
0€€"L 1
9PE"|
2S€°L A
gL
026"}
18€°L
oot |
0LF 1
zer
621
Sev'L ]
8|
e d
0st'L
€511
L9¥'L |
6971 |
v8yL
18%°L
9eL'Z
15121
oz
oez'e

Cl

Cl

226’9
126'9
8LLL
€81, d
881,

S TAVANG
z8eL

98¢g’L

16€'L

002 A

Sov'L

Cl

Cl

Cl

Cl

Cl

("H NMR, 400 MHz, CDCl3)

L'y
0’y

ee
=81
JBEE

f1 (ppm)

600°¥L —

920°ec —

aveLE~
zi02e
9819~

¥89°9L
_‘OONNW
6LELL

86G°Gcl
s/29CL /A
£€69°9¢L
998°9¢1L V.
L.e'8¢L P
S8 velL
199°GEL \A
6cc Lyl

868 LbL \A
6L9°EbL
<

Cl

Cl

98¢
Cl Cl

Cl

("3C NMR, 151 MHz, CDCl3)

-10

T
210 200

220

£1 (ppm)

S192



0000
1060
61670 1
1€6°0 1
YOE'L
vZeL
£VEL
09€°L
8/€'L F
G6E'L A
8LY'L
LEVLA

_‘ov._\%

81L9~
789"

oL L—

Me

Me

Egzg-e
=== T LTV
= b eepl
= v L0'Y
— 2 Sy
= T 00'#
°
-
-
= Sl'Y
- 507,
o -
= _
O e
a)
)
N o
I [[e
=
o
=) o
< Fo
14
S
b4 o
I [
o =
= | =
Fa

£1 (ppm)

SLLpL—
SLELZA
v20'€Z —
69v°LE

M APAS
eve9e —

¥8.°9L
oco.hhv
[4ZAVPA

0921
69Z°L2L A
9,621~
ZYsLEL
209°€L
908°0vL /

Me

Me

Me

Me

("3C NMR, 151 MHz, CDCls)

(ppm)

r1

S193



LGYL

[4°1 4
ND&NW
16L'c

8G2°¢ —

¥£6'91
8€6'9 1
£V6'91
156'9 1
§56'9 1
096'9
050°Z
8eLL
vl L]
LyLL
8512
z912 ]
19172
€812
€0Z°L
osz'L’

——

Cl

Cl

("H NMR, 400 MHz, CDCl3)

»00'¢
=00¢C

Ao

£1 (ppm)

€50l
GGO'EZ
ZstLe
1902
1L0Z'9€ ~.

¥8.°9L
00022
Ll /

050'9Z1
Nmo.oﬁ/
z,0'82) ~
oom.wﬁ\
905°6Z} \
TLLPEL \
799°6€1 \
SL9ZYL

Cl

Cl

("3C NMR, 151 MHz, CDCl3)

10

80

110

130

140

170

210

(ppm)

r1

S194



880
2880 1
00670 1
81670 1
9€6°0 1§
€560 1
€960 |
g8zl
Nom.;
6LEL |
LzeL
9L
ove'L
Gre L
1661
G817
z6¢L ]
96€°L
cov'L
0zl |
zerL
6evL
SriL |
8y L
18%°L
65 |
€9v'L
zivL
61b°L
e
L
L

68Y”
96Y"
L1G°L
6¥l'¢C
191°¢
8.1°¢C
414
181°¢
16L'c
90¢'¢
60€°C
o9c’e
968°9
106'9
906'9
€169
6.6'9
866'9
PARAYA
rmr.NV
3493
0SL°L
8517,
L9,
6917,
6L1°L

Me

Me

("H NMR, 400 MHz, CDCl3)

L'y
=219

260y
202
Eor-

0

£1 (ppm)

SLLpL —
AN
890°€Z —
sze'le

se6'te
128798 —

€6.°9L
mco.hhv
91cLL

68¥'Gcl
cly'oct /
S0L'8Ch -
L0¥°621L
€c9'6¢l
¥89°/€1L
Nww.nm_‘\
108’0Vl

Me

Me

("3C NMR, 151 MHz, CDCl3)

T
100

(ppm)

r1

S195



0000
1680 7
9160
v€6°0 |
£2eL
ZreL
09€'L 1
8/¢'L %
g6eL

9zl
o )W

19991
999'9 1
12991
5699 1
6699 1
11297
pLL'9
8129
02,97
2297
vEL'9
86.°9
iwr9’
TN
SLVLF
m?s\

0ce'L

OMe

MeO

("H NMR, 400 MHz, CDCly)

£1 (ppm)

080'vL 7
YS0'€Z\.
0€5'LE
0.6'LE
LOY'9E ~

G66'VS —

68192
ooo.mhv
[3XAVNA

9ELLLL 7
oseei’
5zZ0'LZL
ozL'62t

v8zZ'621

05€'8EL
29v'Zhl ~

929651 —

OMe

MeO

)

CDCly

("3C NMR, 151 MHz,

-10

(ppm)

r1

S196



000°0-
206°0 1
71670
92670 |
eLel |
LzeL
vee'l |
oveL |
8G€°| 1
gL
el |
zer'L k
121

cer L
6ev°L
peah |

6vvL ;ﬁ
€611
sov'L”
veLZ

::.NW

LoLe
LEEE —

9v6'9
096'9 1
v26'91
£20°21
£€0°21
850/ |
180°Z
¥60°L
SOL"ZA
81172
SzZL L
8zL'L
B
28172
LrLL
Lyl L]
05172
v5L 2
6512 |
Z9LL1
ssz'L

("H NMR, 600 MHz, CDCl3)

160°vL —
6LL°€C
cov'ee
90Y'LE
_.mo.NmV

[43:R°7A

£1 (ppm)

eTOL

ove LL

0S8 vl
200°GLL
Lv8'ect
898°¢cCl
1G0'9¢L
34 WE4)
ovelel
oce'leh
glelch
659°6¢C)
269621
eevovl —

909°091 ~
82229l

(ppm)

S197

r1

L

("3C NMR, 151 MHz, CDCl3)




("°F NMR, 565 MHz, CDCl3)

-117.647

T
100
£1 (ppm)

S198

T
230

T
240



000°0-
888°0 1
906°0 1
¥26°0 1
90€°}
1zl
veeL |

9ee’L k
SPEL
LOb'L
PLYLA
0Zv' L
9Zv'L ﬁ
ogv'L o

8ev'L
laeda |

zsvL 4

09%°L 7]
R:\
£6b'L
z9L'e
mwr.NW
L0z’

8.2 —

BPin

BPin

("H NMR, 400 MHz, CDClg)

a9

=89
B oypy

E 00

E 001

90

F 60

0

£1 (ppm)

260Vl —
L00°ee
[557i2 i A

0L¥'LE
wmo.NmV
919°9¢€ —

68192
100722
[4TAVVA
28G°¢€8

Ny

cLo LN\
s00'8ct 7
6vL62L

808°vEL 7/
6LE8¢€L
Leevvl /

BPin

BPin

("3C NMR, 151 MHz, CDCls)

T
100

(ppm)

r1

S199



0000
Em.o/
61601

1£6°01
G621
LLEL
PLEL
62¢'L %
£€€L 1

67EL
29871
vIEL
g8eL \w
Lov'L
vyl ]
ozv'L
8zl |
651
Syl |
0S5t L |
gstL
09v'L |

8€1Z |
8612 1
11T
681°€

€16°'G —

0259
G2s9
0vs'9
vvS9
G859
6859
1699

21279 \

Ve L

0\

/=0

("H NMR, 400 MHz, CDCl3)

Fie9

vy
[

f1 (ppm)

z80°vL
001°€Z\
G85°LE
L€0°2E
L18°GE~

86.°9L
600°LL
gecelL /

€69°00} ~
900'80}
¥8.°801 —

sz ieL
G98'6ZL
285 VEL
880'8EL ~
8vS 'Syl

LIS YL M

0\

/=0

("3C NMR, 151 MHz, CDCls)

100

(ppm)

r1

5200



0000
126°0
0€6°0
9¥6°0
6¥6°0
96°0
196°0

8€e’L

0se’L

69€°L
2

18871
SO¥'L - E
vev'L \w
zvvL
88¥'L
10g°L 1
161 ]

1281 ﬁ
6251 1
ovgL
6v°L |
1551 ]
Nmm.;
81G'L

0.2°Z ]
682'C
oiee
9gy'e

60221
1921
89Z°L 1
88¢°/
z6¢°L
90V L
6012 |
ZLrL
vZr' L
82" L
vy L
vy L
652
€9y’ |
€162

veL L]
8€.°L
6vL L]
2521
092721
v6.L L1
€182

STl

L
———n

("H NMR, 400 MHz, CDCly)

Fzo

Teev
Hey

2502
v
0z
oY
[

f1 (ppm)

IR
YOL'EZ~
9Lo'Le
12128
0£9'9€ ~.

68192
moo.mhv
9lcLL

L20°62L
86.°G¢ClL
109°'9¢t
gev'lel
7AWk AY
VA WA
€6.L°/cL
G8z'62lL
280°¢cel
vecoeet
Lvegel
9.9'8¢€L

)

cDCly

("C NMR, 151 MHz,

-10

(ppm)

r1

S201



000°0~
9680 7
¥16°0
2€6°0 1
€0€'L
Sze'L
LveL
65€"L %
9.€L

€8€°L
G671
zov'L ;W
801 7]

6Lyl
A%
odR
Tyl
vyl 1
6571
62L'C

6vL'C

891C

€62 —

ze8'9
8€8'9
rv8'9
1¥8°9
€LT LA
12zL
szz'L
XA
15271

("H NMR, 400 MHz, CDCly)

N

A

F6E'9

1434

=7l

Fc0'¢c

f1 (ppm)

Syl —
L.0°€e

L1G°L€e
mwx..rmW.

G98°Le

€61°9L

00T

LeeLL

S.¥0CL ~
8LL'GZL ~
96€'8¢2L
8cv'6ch s
161°L€L —
LYE YL

0/
DTN

("3C NMR, 151 MHz, CDCls)

-10

(ppm)

r1

5202



0000
owm.o/
256°0
G96°0
v9e’L
9.€°L
88¢€°L
Lov'L
eLrL
l
I
I

LG

<
N
0w
-

L
—

Les'L

~
©
A
-
——

("H NMR, 600 MHz, CDCl)

109

60
F00'¥

=00
¥86°€
0'¢
Rs6L
J16L
=861

f1 (ppm)

szLvL
IR AN
vE9'LE

e1zze\
1PL9E

26192
voo.mhv
1 XAV

SYZLLL
LG LLL
€12°02L
82€°02L
zoLzeL
§.5°22L
¥.5°€2L
9ze'peL =
885°9ZL
oovezL
966°8€EL
9z 0vL

612951~
812951 7

("3C NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

5203



000°0- 1
198°07
618701
268701
19271

oLe'l

0
©

) @
-

_

8ge’L 1
ove'L
oveL 1
6veL
1SEL
258721
09¢°Z 1
€9¢'/ 1
02£'2
zLeL
SL€L
22€ 2
YV L
L8%° L
YL
8vb L
LGb L
09v°L |
Yov° L]
2Ly L “
28y'L ]
-7

€162
186°L ]
0208
€80'8°

N~ph

Ph—N

("H NMR, 600 MHz, CDCly)

919

vIEY
By

20z
Zoo
=50Z
219
z8

=002
*0¢C

7.0

7.5

£1 (ppm)

18l'vl
Loc vl
€e0’ee
6¥0°€C
SlLG'Le
mNm._‘mW
896°LE
Nﬁo.mm\

€6.1°92
moo.hhv.
XAV VA

91€'60L
6v9'60L 7
1117611\
€98°611 -]
156611 7]
126°0Z)
168121 ]
syvezl
ove'szL
188'921 1
AR
€29'6Z1 ]
¥19°/€1

cee'sel |
GZL'6EL
678071
ziz vl

N~pnh

Ph—N

("3C NMR, 151 MHz, CDCl3)

il ' m

10

-30

10

30

110

120

140

T T
210 200 190 180

220

240

(ppm)

r1

5204



0000 —

Lvee ~
vev'e

€881
188'v
196
G96'V

8vT'L
69221
9127, 1
882"/ 1
£62°L1
16211
£2Y L7
1211
ovv LA
YL
LSbL
1612
Y9t 2
0Lv'L
SLv'L
18v°2
z6v'L ]
zes L
256°2
895/
215°L
12272
2622 1
01821
918/
veg'L

L

T

-10

£1 (ppm)
(ppm)
5205

r1

=

CF;

("H NMR, 400 MHz, CDCl)
CF;

("3C NMR, 151 MHz, CDCls)

9.




CF;

T

("F NMR, 565 MHz, CDCl3)

-62.289

T T
100 110

T
230

T
240

£1 (ppm)

5206



000°0-—

gle¢
€6€°¢C
OlLv'e
8cv'e
Sy
6.G°C
96G6°¢C
€L9C ¢
0€9'¢
144°K4
299'¢C
6.9°C
L0Lec
6LLC

641721
0612
0022 1
90Z°L 1
122N
ovz' L
oLy'LA
YLy L
12v° L
ey LA
Sip L~
0527
z9v'L
992
S6v° L
G162
1662
€621
Ve
€622
86.4°L 1
9182

T

CF3

CF3

¥v0'S

("H NMR, 400 MHz, CDCls)

6°€

H 1L
bere

2 moum

f1 (ppm)

9V86E
z8L0v
vi6er

98292
20022
erzss’

295121 1

89€°€Z1

991621

202°521

¥€2'521

292521

682521

S0b'G2ZL

660921

196°9Z1

19€221
v15'221
8£9'/21

104824

61£'8Z1 |

0€5'8Z1 |
9v2'821

92£'621 1

sLizel ]

ospeel |
109°2€1

1201

R——r) (T—

CF3

CF3

("3C NMR, 151 MHz, CDCl,)

T
100

(ppm)

r1

5207



CF,

CF3

(*°F NMR, 565 MHz, CDCly)

-62.314

T T
100 -110
£1 (ppm)

5208



0000 —

v0LT
6062 \"
S00°€
620°€ 7
g00e /.

Lyly—

CF3

CF3

("H NMR, 400 MHz, CDCl3)

Foz

®o0z
202
Flos
oz
700

0.0

0.5

0

1

f1 (ppm)

¥02°5€ —
86€°0Y —

98129 ~
LY2'99 —
16L°9L

ccf.
vi2 2L
6Eb L1 A
orZeTl
60LvZL
Zr0°'52ZL
81£'GZ1 1
SregTl
£2£°G21
0L'SZL
£Ep'GZL
09%°521 7]
z05'sz1
€82°921
509'9Z1L “
8v8'9Z1L
128221 ]
106221
282'821
v1L2821
0e6'8zL |
186821 %
orL'6ZL
20z'621
85£'621
€L62L ]
¥29'621
192621 ]
680°0€1
602Z€L
geoeel
£50°€€l |
€501 |
68L Ll "

CF;

J

CF;

("3C NMR, 151 MHz, CDCl,)

-10

(ppm)

r1

5209



CF3

CF3

("°F NMR, 565 MHz, CDCl3)

-62.453
-62.489

<

T
100
£1 (ppm)

5210



100°0- —

662°€ >
€ee’e /
LE9'E€ ~
999°¢ /
gL6'e

621721
8YLL ]
v2€L ]
PYeL ]
SLS°LT
€652 1
2552
652
8652

9192y

[<]X-WA\
mwws/
ov8 L F
mmwsx
9/8'L

€688 —

CF;

OH

CF3

("H NMR, 400 MHz, CDCl3)

H/n.o.m
Feoe

H\No. L

H/oo;q
Z0'Y
Fozz
§00°7

2oL

f1 (ppm)

0€e 9y —

€61°9L

=2UU L

12212

pives’
98e'1ZL |
z61°€2L |
656721 1
696721 |
566721
220'521
6v0°5Z} %
982°921
1627221 7

viriz)
199'8Z1 ]
1£6'821
€s1'621
Lrz 6zl
69¢'6Z1 1
185621 1
028621 1
202°0¢e 1
99g'tel ]
Lozze |
8Ly'GEL %
zse6el

¢.020C —

CF;

OH

CF;

("*H NMR, 151 MHz, CDCl3)

-10

(ppm)

r1

S211



CF;

OH
o} CF3

("9F NMR, 565 MHz, CDCl3)

-62.550

T T
100 110

£1 (ppm)

S212



000°0-— -— IS B
- ]
2
Lo
= =3
-
Le <
SLYEP~ B ¢
. vL6vr I — B
G962~ B Ls
L00'e " 3
; 6EL'L9 — - +2
£69°€\ - 998'€L e
c69°e~; 86.°9L -——
wa.w N L= B00 ZZ s
zeLy” w842t ]
99z°€Z1 ls
F25  oeeezt
£ 1z8VEL ls
S 08121
ke 168'%21 B
Y26 ¥ZL =
s9Ts =00'L 8v6°vZ L | <
Lo LL6'VZL A - 5]
16621 ] \u\m -
mmommrw _ 2
- . —
=S
Zors ] ocL'szh ]
Z61L 1 524 ]
10S'2 1 La 919°9ZL | L2
o toe ot ] .
ool - 88e°/Z) | ) S =
8257/ IS Lz S 3
0652 509221 1 g B
0092 E— 62821 | o
R o _J JOLY |- ore'8zL 3 B
129, — O = FEL'S 59€'621 — s 2
soL Lk o — froz £05°621 ] & & = .
Sz % 3] ARAE 185°621 | - © e
8822 - “ £2,°621 ] o & i
86.'L | = . I L6102 = Ls
: - 621
by i w [ €L0°0EL | I B
GZ8'L ) S ) a g
6zel] & S 6v8°0¢) | <~
zv8' L x - vz LEL |
6v8'L” 2 E 051°Z€ 1 -
T zog'zel | s
- . 880°¢El | g
rs S09VEL | .
Y9L°6EL | s
- goz'6EL ]

(ppm)

S213

r1



CF3

Br
Br CF3

(*°F NMR, 565 MHz, CDCl3)

-62.438
-62.447

<

T
100
£1 (ppm)

S214



000°0-—

66€°C —

6v8'Z~\
882"
822'€\
€92~
98G°€
129 —
99.°€ 7
L08'€ 7

€¢6'v —

veT'L Y
zey' L
25y
ziv 1A
v8Y' 2
68121
96121
205 A
80572
0252y
2852
8567/
2952
S5
¥8G°2
5092
16272
z18°2
028
828°L
€£8',
Lpg L]
Sv8'L |
€58/
0L6'2

CF3

Br

CF3

OH

("H NMR, 400 MHz, CDCl3)

W@m&
1€°L
ez
BZ0'L

£1 (ppm)

0652t ~\
so6'er

me.mn/
wwm.wh
1229/ V

200°LL

oft%et)

LOY'EZL |
69121
9/9'vZ1 1
RCAR
62L 72l
082%21
108421
PEGVZL
198'vZ1
evL'szl
20Z°52L
02£°9Z1
225921 1
¥6°9Z1 |
€10°2Z1
90Z°2Z1 1
8v9° .z} |
6e1'8z) ]
£19'821 %
126'8Z1

v66'821 ]
181°621 ]
0Lz'62L ]
66£°621 |
zzvezl |
519621 ]
8£9°6Z1 |
9Lg'LeL ]
L€6'LEL |
1¥5ZEL
orzeel |
1£G°9€1L
LELObL
ssz'ovl -

CF;

Br

CF3

OH

(3C NMR, 151 MHz, CDCl3)

T
100

(ppm)

r1

S215



CF,

Br

OH CFs

("F NMR, 565 MHz, CDCl3)

-62.336
-62.388

<

T T
100 -110
£1 (ppm)

5216



Yoyl

VA4 VA

2oL,

8917,

18L°L~E
09z°L~
L0S 'L~
X4 WA
1G8°L
9G8°L
198°L
(A A
118,
288°L

CF3

("H NMR, 400 MHz, CDCl3)

(A4
[V 4

Foo'v

£1 (ppm)

6S0'¥1

690°€T
Nho.mmk
9¥S'9Z \
€67°LE
mmr.NmV
251°9¢
1€9°9¢

68.°9L

000 ZZ

9LgLL

8€9'121
6EV'EZ1
S0Z'SZ}
€€7'SZ1
192'5Z1
882'SZ1

6.€°9v1

€861 —

CF3

("3C NMR, 151 MHz, CDCls)

T T T T T T T T T T
150 140 130 120 110

T

T

T T

230

T
240

T

90 80 70 60 50 40 30 20 10 0 10 20

100
£1 (ppm)

210 200 190 180 170 160

220

0

S217



CF;

("F NMR, 565 MHz, CDCly)

-62.273

T
-170

T
~180

T
-190

T
-200

T
-210

T T T
20 10 0 -10 -20

T
-90

1

T T
-100  -110
(ppm)

5218

T
-120

T
-130

T
-140

T
-160



000°0-—

€6¢’

444
0oL’y
8LL'Y
S6L'vy—
v.iEY £
26e' Y
oLv'y
8cr'y

€61 —

G92'L—

L

("H NMR, 400 MHz, CDCls)

Foo9
20

Feoo

Foov
/10

£1 (ppm)

S219



13. Reference

1) Zhang, X.-Y.; Wu, X.-Y.; Zhang, B.; Wei, Y.; Shi, M. Silyl Radical-Mediated Carbocyclization
of Acrylamide-/Vinyl Sulfonamide-Attached Alkylidenecyclopropanes via Photoredox Catalysis
with a Catalytic Amount of Silane Reagent. ACS Catal. 2021, 11, 4372-4380.

2) (a) Zhou, J.; Yang, Q.; Lee, C. S.; Wang, J., Enantio- and Regioselective Construction of
1,4-Diamines via Cascade Hydroamination of Methylene Cyclopropanes. Angew. Chem. Int. Ed.
2022, 61, €202202160. (b) Yang, L.-M.; Zeng, H.-H.; Liu, X.-L.; Ma, A.-J.; Peng, J.-B., Copper
catalyzed borocarbonylation of benzylidenecyclopropanes through selective proximal C—C bond
cleavage: synthesis of y-boryl-y,8-unsaturated carbonyl compounds. Chem. Sci. 2022, 13,
7304-7309. (¢) Zhou, J.; Meng, L.; Lin, S.; Cai, B.; Wang, J., Palladium-Catalyzed Enantio- and
Regioselective Ring-Opening Hydrophosphinylation of Methylenecyclopropanes. Angew. Chem. Int.
Ed. 2023, 62, €202303727. (d) Wu, F.-P.; Wu, X.-F., Catalyst-controlled selective borocarbonylation
of benzylidenecyclopropanes: regiodivergent synthesis of y-vinylboryl ketones and
B-cyclopropylboryl ketones. Chem. Sci. 2022, 13, 4321-4326. (e) Kippo, T.; Hamaoka, K.; Ryu, 1.,
Bromine Radical-Mediated Sequential Radical Rearrangement and Addition Reaction of
Alkylidenecyclopropanes. J. Am. Chem. Soc. 2013, 135, 632-635. (f) Jiang, M.; Shi, M.,
Palladium-Catalyzed Diacetoxylation of Methylenecyclopropanes via C(sp®)—C(sp®) Bond Breaking.
Organometallics 2009, 28, 5600-5602. (g) Jiao, M.; Fang, X., Cobalt-Catalyzed Hydrocyanation of
Methylenecyclopropanes to Homoallylic Nitriles. Org. Lett. 2022, 24, 8890-8894. (f) Kortmann, 1.;
Westermann, B. Synthesis of a-Substituted Cyclobutane B-Keto Esters. Synthesis 1995, 1995,
931-933. (g) Krief, A.; Ronvaux, A. On the Synthesis of Unsaturated Oxaspiropentanes. Synlett
1998, 1998, 491-494.

3) Zhang, X.-Y.; Ning, C.; Mao, B.; Weli, Y.; Shi, M. A visible-light mediated ring opening reaction
of alkylidenecyclopropanes for the generation of homopropargyl radicals. Chem. Sci. 2021, 12,
9088-9095.

4) Gu, X.; Weli, Y.; Shi, M. Construction of polysubstituted spiro[2.3] or [3.3] cyclic frameworks
fused with a tosylated pyrrolidine promoted by visible-light-induced photosensitization. Org. Chem.

Front. 2021, 8, 6823-6829.

5220



5) Sheta, A. M.; Alkayal, A.; Mashaly, M. A.; Said, S. B.; EImorsy, S. S.; Malkov, A. V.; Buckley, B.
R. Selective Electrosynthetic Hydrocarboxylation of a,-Unsaturated Esters with Carbon Dioxide**.
Angew. Chem. Int. Ed. 2021, 60, 21832-21837.

6) Liu, J.; Wei, Y.; Shi, M. Direct Activation of a Remote C(sp3)-H Bond Enabled by a
Visible-Light Photosensitized Allene Moiety. Angew. Chem. Int. Ed. 2021, 60, 12053-12059.

7) Sumida, Y.; Sumida, T.; Hosoya, T., Nickel-Catalyzed Reductive Cross-Coupling of Aryl
Triflates and Nonaflates with Alkyl lodides. Synthesis 2017, 49, 3590-3601.

8) Guo, L.; Tu, H.-Y,; Zhu, S.; Chu, L. Selective, Intermolecular Alkylarylation of Alkenes via
Photoredox/Nickel Dual Catalysis. Org. Lett. 2019, 21, 4771-4776

9) Suga, T.; Takahashi, Y.; Ukaji, Y. One-Shot Radical Cross Coupling Between Benzyl Alcohols
and Alkenyl Halides Using Ni/Ti/Mn System. Adv. Synth. Catal. 2020, 362, 5622-5626.

10) Gé&ardin, B.; Traboulsi, I.; Pal, S.; Lebunetelle, G.; Ramondenc, Y.; Hoarau, C.; Schneider, C.
Direct Synthesis of Benzo[c]carbazoles by Pd-Catalyzed C—H [4 + 2] Annulation of 3-Arylindoles
with External 1,3-Dienes. Org. Lett. 2022, 24, 8164-8169.

11) Feng, Y.; Luo, H.; Yu, F; Liao, Q.; Lin, L. Sodium-iodide-promoted nickel-catalyzed C-N
cross-coupling of aryl chlorides and N-nucleophiles under visible-light irradiation. Green Chem.
2023, 25, 2361-2367.

12) Li, Y.-L.; Li, W.-D.; Gu, Z.-Y.; Chen, J.; Xia, J.-B. Photoredox Ni-Catalyzed Branch-Selective
Reductive Coupling of Aldehydes with 1,3-Dienes. ACS Catal. 2020, 10, 1528-1534.

13) Mehltretter, G. M.; Dcbler, C.; Sundermeier, U.; Beller, M. An improved version of the
Sharpless asymmetric dihydroxylation. Tetrahedron Lett. 2000, 41, 8083-8087.

14) Tran, H.; McCallum, T.; Morin, M.; Barriault, L. Homocoupling of lodoarenes and
Bromoalkanes Using Photoredox Gold Catalysis: A Light Enabled Au(lll) Reductive Elimination.
Org. Lett. 2016, 18, 4308-4311.

5221



