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1. General Information
1.1 General information

All commercially available reagents were directly used as received without further
purification. All experiments were monitored by analytical thin layer chromatography
(TLC). Thin-layer chromatography (TLC) was performed on Silicycle 250 mm silica
gel F-254 plates. All yields of productsrefer to theisolated yields after chromatography.

'H NMR (400 MHz), 3C NMR (101 MHz) and °F NMR (376 MHz) spectra were
recorded on a Quantum-I Plus 400 spectrometer in CDCls. For *H NMR, CDCls (6 =
7.26 ppm), or tetramethylsilane (TMS, 6 = 0 ppm) serves as the interna standard; for
13C NMR, CDCl3 (6 = 77.16 ppm) serves as the internal standard. Data are reported as
follows: chemical shift (in ppm), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, p = quintet, hept = heptet, m = multiplet, br = broad), coupling constant (in Hz),
and integration. HR-M S spectrawere recorded on aWaters Xevo G2QTOF/UPLC mass
spectrometer using TOF as the mass analyzer type.

1.2 Reaction setup for visible-light reaction
The photoreaction instrument (WP-TEC-1020SL) was purchased from WATTCAS,

China. The distance from the light source to theirradiation vessel is 7 mm.

Figure Sl. Reaction setup for general photoreactions



SPECTROPHOTOCOLORMETER ANALYSIS REPORT

Color Parameters:

CIE(1931:) x=0.1776 y=0.0296
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Figure S2. Wavelength of peak and intensity of light source



2. Optimization of the Reaction Conditions

(1) 1,2-fluoroalkylacylation of unactivated olefins

Bu
0 e :
O)J><\ + CF,HCO,H TRIP thiol >~ CF,H
) Solvent
Bu 390 nm LEDs, Ny, t, 30 h
1a 2a 3a
Entry Fe catalyst Base Solvent Yield ® (%)

1 Fe(NO3);-9H,0 K2COs Dry MeCN (15 uL H,0) 22

2 Fe(NOs)3-9H,0 K2CO; MeCN (AR) nd.

3 Fe(NOs)3-9H,0 K>2CO3 Dry MeCN (25 uL H,O) trace
4¢ Fe(NO3)3-9H,0O K>CO;3 Dry MeCN (15 pL H2O) trace
54 Fe(NO3)3-9H,0 K>CO; Dry MeCN (15 uL H,0) n.d.
6° Fe(NO3); 9H,0 K>COs Dry MeCN (15 puL H,0) 17
7/ Fe(NO3);-9H,0 K>CO; Dry MeCN (15 uL H,0) trace
8 Fe(NO3)3-9H,0 K2COs Dry MeCN (15 uL H,0) 14
9h Fe(NO3);-9H,0 K>CO; Dry MeCN (15 uL H,0) trace
10° Fe(NO3)3-9H,0 K>CO; Dry MeCN (15 puL H>O) trace
1 Fe(NOs);-9H,0 K2COs Dry DMSO (15 pL H;0) 49
12 Fe(NOs)3;-9H,0 K2COs Dry DMF (15 uL H,0) 31
13 Fe(NOs)3-9H,0 K>COs Dry DCM (15 pL H,0) trace
14 Fe(NOs)3-9H:0 K>CO; Dry THF (15 uL H;0) frace
15 Fe(acac)s K>CO;s Dry DMSO (15 uL H,0) 37
16 Fex(SO4)s K2COs Dry DMSO (15 pL H;0) 29
17 FeCls K2CO3 Dry DMSO (15 uL H,0) 27
18 Fe(OAc) K2COs Dry DMSO (15 pL H;0) 46
19 Fe(NOs)3-9H:0 K>CO; Dry DMSO 59
20 Fe(NO3)3-9H,O NaHCO3; Dry DMSO 69
21 Fe(NO3)3-9H,0 DABCO Dry DMSO 64
22 Fe(NO3);3-9H,O Et:N Dry DMSO trace
23 Fe(NOs);3-9H,0 2,6-lutidine Dry DMSO 23
24 Fe(NOs)3;-9H,0 K3PO4 Dry DMSO 27
25 Fe(NO3)3-9H,0 Li,COs Dry DMSO trace
26 - NaHCO; Dry DMSO n.d.
27 Fe(NOs)3-9H,0 ; Dry DMSO n.d.
287 Fe(NO3);-9H,0O NaHCOs Dry DMSO n.d.

“Reaction condition: 1a (0.20 mmol, 1.0 equiv.), 2a (0.80 mmol, 4.0 equiv.), Fe catalyst (0.02 mmol,
10.0 mol%), Base (0.20 mmol, 1.0 equiv.), TRIP thiol (0.02 mmol, 5.0 uL, 10.0 mol%), anhydrous
MeCN (0.1 M, 2.0 mL), H20 (15 uL), 10 W 390 nm LEDs under N atmosphere at room temperature
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for 30 h. ® Isolated yield. ¢ 2a (1.2 mmol, 6.0 equiv.). ¢ K2CO3 (0.10 mmol, 0.5 equiv.). ¢
Fe(NOs)3-9H,0 (0.04 mmol, 20.0 mol%).” TRIP thiol (0.03 mmol, 7.5 pL, 15.0 mol%). ¢ PhSSPh
(0.02 mmol, 4.4 mg, 10.0 mol%). " p-Toluenethiol (0.02 mmol, 2.5 mg, 10.0 mol%). ' (TMS)sSiH
(0.02 mmol, 5.0 mg, 10.0 mol%)./ no TRIP thiol. * n.d. = not detected.

(2) Deuteration reaction “

Bu
0 Fe(NOs)s * 9H,0 (10.0 mol%)

NaHCO; (1.0 equiv.) o
X TRIP thiol (10.0 mol%
/©)J><\ + CF,HCO,H ( ) 5 CFoH
By Solvent D

390 nm LEDs, N, rt, 30 h

1a 2a 3a-D
Entry Solvent Yield ? (%)
1 Dry DMSO (0.1 M, no D,0) 69 (0% D)
2 Dry DMSO (0.1 M) + 30 uL D,O 64 (36% D)
3 Dry DMSO (0.1 M) + 50 uL D,O 64 (42% D)
4 Dry DMSO (0.1 M) + 100 uL. DO 62 (72% D)
5 Dry DMSO : D,O (0.1 M, 4:1) 59 (82% D)
6 Dry DMSO : D20 (0.1 M, 3: 1) 31 (80% D)
7 Dry DMSO : DO (0.1 M, 2:1) trace
8¢ Dry DMSO : D20 (0.1 M, 4: 1) 28 (72% D)
94 Dry DMSO : D20 (0.1 M, 4: 1) 17 (77% D)
10° Dry DMSO : D,O (0.1 M, 4: 1) 33 (81% D)

“Reaction condition: 1a (0.20 mmol, 1.0 equiv.), 2a (0.80 mmol, 4.0 equiv.), Fe catalyst (0.02 mmol,
10.0 mol%), NaHCO3 (0.20 mmol, 1.0 equiv.), TRIP thiol (0.02 mmol, 5.0 uL, 10.0 mol%),
anhydrous DMSO (0.1 M, 2.0 mL), DO, 10 W 390 nm LEDs under N> atmosphere at room
temperature for 30 h. * Isolated yield (the D-incorporation ratio of the product was determined by
'"H NMR). ¢ Fe(acac); (0.02 mmol, 10.0 mol%). ¢ Fe2(SO4)3 (0.02 mmol, 10.0 mol%). ¢ Fe(OAc),
(0.02 mmol, 10.0 mol%)



(3) 1,2-fluoroalkylarylation of unactivated olefins

a. Screening of catalysts “ ¢

Fe Catalyst (10.0 mol%)

QMe -I,{l-s KoCO3 (2.0 equiv.)
~\F + CFHCOH - MeO
4a 2a 5a
Entry Fe Catalyst Yield ? (%)

1 Fex(S04)3 14
2 Fe(NO3)3'9H,0 25
3 Fe(OAc) trace
4 Fe(acac); 15
5 FeBrn; trace
6 FeCls;-6H,O trace
7 FeCls trace
8 Fe(acac), 23
9 FeSO4-7H,0 21
10 Cu(OTH), n.d.
11 CuCl, n.d.
12 CeCl3-7H0 trace

“ Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 2a (0.60 mmol, 6.0 equiv.), Fe Catalyst (0.01
mmol, 10.0 mol%), KoCO; (0.20 mmol, 2.0 equiv.), anhydrous MeCN (0.1 M, 1.0 mL), H,O (20
pL), 10 W 390 nm LEDs under N, atmosphere at room temperature for 16 h. ? Isolated yield. ¢ n.d.

= not detected.

b. Screening of solvents “ ¢

Fe(NO3)3 * 9H,0 (10.0 mol%)

QMe ES K2CO3 (2.0 equiv.)
~\F + CF,HCOH > MeO

4a 2a 5a

Entry Solvent Yield ® (%)
1 MeCN (20 puL H20) 25
2 HO n.d.
3 MeCN (50 pL H,O) trace
4 MeCN (100 pL H20) trace
5 Dry MeCN trace
6 MeCN (15 puL H20) 35
7 MeCN (10 pL H20) 42
8 MeCN (5 uL H,0) trace
9 DCM (10 puL H20) trace
10 Acetone (10 pL H>O) 36
11 PhCF; (10 pL H,O) n.d.
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“Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 2a (0.60 mmol, 6.0 equiv.), Fe(NO3)3-9H-O (0.01
mmol, 10.0 mol%), K»COs3 (0.20 mmol, 2.0 equiv.), anhydrous Solvent (0.1 M, 1.0 mL), (w/0) H2O,
10 W 390 nm LEDs under N atmosphere at room temperature for 16 h. ° Isolated yield. ¢ n.d. = not
detected.

c. Screening of photocatalyst loadings ¢

OMe -I-s Fe(NO3)3 * 9H,0 (x mol%)
NN . CF,HCO,H K2COj3 (2.0 equiv.) - MeO
MeCN (0.1 M), 0.010 mL H,O TsHN CF,H
390 nm LEDs, N, rt, 16 h s

4a 2a 5a

Entry Loadings of Fe catalyst Yield © (%)
1 10.0 42
2 15.0 50
3 30.0 63
4 40.0 71
5 50.0 59

“Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 2a (0.60 mmol, 6.0 equiv.), Fe(NO3)3-9H,0 (x
mol%), K-CO; (0.20 mmol, 2.0 equiv.), anhydrous MeCN (0.1 M, 1.0 mL), H,O (10 pL), 10 W
390 nm LEDs under N atmosphere at room temperature for 16 h. ® Isolated yield.

d. Screening of bases “

e oy o mon
No~F + CF,HCOH ' > MeO

4a 2a 5a

Entry Base Yield (%)
1 K>CO; 71
2 DABCO trace
3 CsF trace
4 NaHCOs3 48
5 HCO:2Na trace
6 DMAP 15
7 NaOAc trace
8 K>HPO4 33

“Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 2a (0.60 mmol, 6.0 equiv.), Fe(NO3)3-9H-0 (0.04
mmol, 40.0 mol%), Base (0.20 mmol, 2.0 equiv.), anhydrous MeCN (0.1 M, 1.0 mL), H>O (10 pL),
10 W 390 nm LEDs under N, atmosphere at room temperature for 16 h. ? Isolated yield.



(4) 1,2-acylarylation of unactivated olefins “/

QMe Ts 0 BasFee ((:;I)ag::iv.)
I Ph)LH Solvent (0.1 M) g e i
4a 6a 390 nm LEDs, Nz, rt, 16 h TSHN 7 Ph
Entry Fe catalyst Base Solvent Yield ® (%)
1 FeCl, / H,O trace
2 Fex(S04)3 / H,O trace
3 FeCl; / H>O 30
4 Fe(NO3);3-9H,0 / H,O trace
5 Fe(acac), / H,O n.d.
6 FeBrs / H,O n.d.
7 Fe(OAc), / H,O trace
8 Fe(acac); / H,O trace
9 FeCl3 DABCO H,O trace
10 FeCl3 EtsN H,O n.d.
11 FeCl3 DBU H,O 19
12 FeCl; K,COs3 H,O 35
13 FeCl; Na3;PO4 H,O 21
14 FeCl; Cs2CO; H,O 23
15 FeCls LiOH H,O trace
16 FeCls KF H,O 20
17°¢ FeCl3 K,COs3 H,O 16
18 FeCl; K>CO3 MeCN (20 uL H>0) 20
19 FeCls K>COs MeCN : H O =9:1 trace
20 FeCl; K>CO3 MeCN : H, O =1:1 n.d.
21 FeCl3 K,COs3 MeCN : H,O=1:4 18
221 FeCl3 K>CO; H;O 55
23°¢ FeCls K>COs H>O trace

“Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 6a (0.30 mmol, 3.0 equiv.), Fe Catalyst (0.008
mmol, 8.0 mol%), Base (0.20 mmol, 2.0 equiv.), Solvent (0.1 M, 1.0 mL), 10 W 390 nm LEDs under
N> atmosphere at room temperature for 16 h. * Isolated yield. ¢ FeCl; (15.0 mol%). ¢ 6a (0.50 mmol,
5.0 equiv). ¢ 6a (0.20 mmol, 2.0 equiv.).” n.d. = not detected.
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3. General Procedures

3.1 General procedurefor the photoreactions
General ProcedureAx
Fe(NO3)3 * 9H,0 (10.0 mol%)

o) NaHCO3 1.0 equiv. (@) R
TRIP thiol (10.0 mol%) . .
+ R
R)l><\ RICOH Dry DMSO (0.1 M)

1 2 390 nm LEDs, No, rt, 30 h 3

B,y-unsaturated ketone 1 (0.20 mmol, 1.0 equiv.), Fe(NOs)3-9H20 (0.02 mmol, 10.0
mol%) and NaHCOj3 (0.20 mmol, 1.0 equiv.) were added in an oven-dried 20 mL quartz
tube containing a magnetic stirrer bar. To this was added dry dimethyl sulfoxide (2.0
mL, 0.1 M) followed by addition of TRIP thiol (0.02 mmol, 10.0 mol%) and
fluorocarboxylic acid 2 (0.80 mmol, 4.0 equiv.) via pipettor. The reaction vial was
sealed, evacuated and backfilled ten times with 1 atm of N». The reaction mixture was
stirred for 30 hours at room temperature in the presence of 10W 390 nm LED lamp
(WATTCAS: WP-TEC-1020SL). After the reaction was completed (monitored by
TLC), the mixture was diluted with EtOAc, and organic phase was washed with
saturated NaCl solution. The combined organic layerswere dried (NaxSOs), filtered and
concentrated under reduced pressure. The residue was purified by PTLC (Preparative
Thin-Layer Chromatography) with a gradient eluent of petroleum ether and ethyl
acetate to give the desired product 3.

General Procedure Az
Fe(NO3)s * 9H,0 (10.0 mol%)

0 NaHCO3 1.0 equiv. (0) R
TRIP thiol (10.0 mol%)
R)j><\ + RfCO,H - _ _ s Rf
ry DMSO : D0 (0.1 M, 4:1) D

1 2 390 nm LEDs, N, rt, 30 h 3.D
B,y-unsaturated ketone 1 (0.20 mmol, 1.0 equiv.), Fe(NO3)3-9H-0 (0.02 mmol, 10.0
mol%) and NaHCO3 (0.20 mmol, 1.0 equiv.) were added in an oven-dried 20 mL quartz
tube containing a magnetic stirrer bar. To this was added dry dimethyl sulfoxide and
deuterium oxide (0.1 M, 4:1) followed by addition of TRIP thiol (0.02 mmol, 10.0
mol%) and fluorocarboxylic acid 2 (0.80 mmol, 4.0 equiv.) via pipettor. The reaction

vial was sealed, evacuated and backfilled ten times with 1 atm of N2. The reaction

mixture was stirred for 30 hours at room temperature in the presence of 10W 390 nm
LED lamp (WATTCAS. WP-TEC-1020SL). After the reaction was completed
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(monitored by TLC), the mixture was diluted with EtOAc, and organic phase was
washed with saturated NaCl solution. The combined organic layers were dried
(NaSOg), filtered and concentrated under reduced pressure. The residue was purified
by PTLC (Preparative Thin-Layer Chromatography) with a gradient eluent of
petroleum ether and ethyl acetate to give the desired product 3-D.

General Procedure B
Fe(NO3)3 * 9H,0 (40.0 mol%)
K N\F K»CO3 (2.0 equiv.)
+ RICO,H >
MeCN (0.1 M), 0.01 mL H,0 XH Rf

X=N,0 390 nm LEDs, Ny, rt, 16 h
4 2 5

Unactivated olefin 4 (0.10 mmol, 1.0 equiv.), Fe(NO3)3-9H20 (0.04 mmol, 40.0
mol%) and K>CO3 (0.20 mmol, 2.0 equiv.) were added in an oven-dried 20 mL quartz
tube containing a magnetic stirrer bar. To this was added dry MeCN (0.1 M) and 10.0
uL H>O followed by addition of fluorocarboxylic acid 2 (0.60 mmol, 6.0 equiv.) via
pipettor. The reaction vial was sealed, evacuated and backfilled ten timeswith 1 atm of

N>. The reaction mixture was stirred for 16 hours at room temperature in the presence
of 10W 390 nm LED lamp (WATTCAS: WP-TEC-1020SL). After the reaction was
completed (monitored by TLC), the solvent was removed by rotary evaporation and the
residue was purified by PTLC (Preparative Thin-Layer Chromatography) with a
gradient eluent of petroleum ether and ethyl acetate to give the desired product 5.

General ProcedureC

FeCls (8.0 mol%)

AF 0 K,CO3 (2.0 equiv.)
ey -

H,0 (0.1 M) XH

390 nm LEDs, Ny, rt
4 6 7

Unactivated olefin 4 (0.10 mmol, 1.0 equiv.), FeClz (0.008 mmol, 8.0 mol%) and
K>CO;3 (0.20 mmol, 2.0 equiv.) were added in an oven-dried 20 mL quartz tube
containing amagnetic stirrer bar. To thiswas added aldehyde 6 (0.50 mmol, 5.0 equiv.)
via pipettor followed by addition of H>O (0.1 M). The reaction vial was sealed,
evacuated and backfilled ten times with 1 atm of N». The reaction mixture was stirred
for 16 - 30 hours at room temperature in the presence of 10W 390 nm LED lamp
(WATTCAS: WP-TEC-1020SL). After the reaction was completed (monitored by
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TLC), the mixture was diluted with EtOAc, and organic phase was washed with
saturated NaCl solution. The combined organic layersweredried (NaxSO.), filtered and
concentrated under reduced pressure. and the residue was purified by PTLC
(Preparative Thin-Layer Chromatography) with a gradient eluent of petroleum ether
and ethyl acetate to give the desired product 7.

3.2 General procedurefor the gram-scale reaction
To an oven-dried 50 mL double-necked flask (charged with a stir bar) was added

distal olefinic aryl ether (4i, 1.0 mmol, 206 mg, 1.0 equiv.), Fe(NO3)3-9H>0 (40 mol%,
162 mg, 0.4 mmol) and K>COz3 (2.0 mmol, 276 mg, 2.0 equiv.). The reaction vial was
evacuated and back-filled with nitrogen under -78°C (this process was repeated three
times), difluoroacetic acid (2a, liquid, 6.0 mmol, 377 uL, 6.0 equiv.), 100 pL H>O and
MeCN (10.0 mL, 0.1M) was added subsequently via syring. The resulting mixture was
stirred at room temperature with four 10 W 390 nm LED lamps until the reaction
completion. The mixture was filtered and concentrated under reduced pressure. The
crude mixture was purified by column chromatography on silica gel (PE : EA = 5:1,
v/v). to give the desired product 5i (175 mg, 68%).

OMe CHO
O ~F Fe(NO3); - 9H,0 (40.0 mol%)

i K2CO3 (2.0 equiv.)
4i

OHC >
(1.0 mmol) MeCN (0.1 M), 0.1 mL H,0 MeO e
+ 390 nm LEDs, Ny, rt HO 2
CF,HCO,H

5i, 68%
2a

Figure S3. Reaction setup for the gram-scale reaction
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3.3 General procedure for the synthesis of unactivated olefins'3
OH (0]

0 Cp2TiCl, (1 mol %), Zn DMP, DCM
L+ = > R X —> R X
R™ "H Br THF, rt

1
To an oven-dried 50 mL double-necked flask (charged with a stir bar) was charged
with Cp2TiCl2 (1.0 mol%, 12.5 mg, 0.05 mmol) and zinc dust (12.5 mmol, 825 mg, 2.5
equiv.) under an atmosphere of N> at room temperature. THF (10.0 mL) was added via

syringe and the reaction stirred until the solution had turned from red to green. A
solution of aldehyde (5.0 mmol, 1.0 equiv.) and 3,3-dimethylallyl bromide (12.5 mmol,
2.5 equiv.) in THF (10.0 mL) was then added via syringe. The reaction was stirred until
all starting material was consumed as monitored by TLC. The crude residue was
purified by flash chromatography, eluting with hexanes/EtOAc to give the homoallylic
acohol.

The solution of the homoallylic alcohol (1.0 equiv) in DCM (0.5 M) was added to a
mixture of Dess-Martin periodinane (1.5 equiv) and DCM (0.5 M). The reaction
mixture was stirred until the homoallylic acohol was consumed. The solvent was
removed in vacuo. Purify the residue by silicagel column chromatography (petroleum
ether-EtOAc 100:1) to give the B,y-unsaturated ketones 1.

H Ts
NH, TsCl, pyridine NJ 4-bromobut-1-ene, K,CO3

|
oomnzn " g T
DCM, rt, 12 h DMF, 80°C, 12 h

4
To an oven-dried 100 mL round-bottom flask (charged with a stir bar) was added
aromatic amine (10.0 mmoal), tosyl chloride (2.28 g, 12 mmol, 1.2 equiv), pyridine (2.42

mL, 30.0 mmol, 3.0 equiv), and 30 mL DCM. The mixture was stirred at room
temperature until starting material was consumed. This organic solution was washed
with AN HCI and brine. The combined organic layers were dried (Na:SO.), filtered and
concentrated under reduced pressure.

The crude product that the product of the first step, 4-bromobut-1-ene (2 mL, 20
mmol), and K2COs (2.7 g, 20 mmol) were dispersed in DMF (20 mL). The mixture was
stirred for 12 h at 80 °C and quenched with H2O and EtOAc. The residue was purified
by flash chromatography on asilica gel using petroleum ether and ethyl acetate as the

eluent to give unactivated olefin 4.
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3.4 Unreacted substrates

O O
Ph
Ts/O =
S/ON
Ph
P

h

Unreacted alkene substrates :
(e}
X
Ph
TS/O\/Y T

1,2-acyl migration using aldehyde as radical precursor :

0

FeCls (8.0 mol%) Bu
A NaHCOj3 (1.0 equiv.) 0
By 1a TRIP thiol (10.0 mol%) 0+ 82%ofsubstrate 1a
+ Dry VSO (0.1 M) ’ Ph IS remaining

LEDs, N h
PhCHO 6a 390 nm LEDs, N, rt, 30 no detected

S14



4. Characterization Data of Substrates and Products

4.1 Characterization data of substrates
O

M
Bu

1-(4-(tert-butyl)phenyl)-2,2-dimethylbut-3-en-1-one (1a)

Yellow oil liquid.

Compound 1a was purified by flash chromatography eluted with PE/EA = 100:1.

IH NMR (400 MHz, CDCls) ¢ 7.87 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 6.20
(dd, J=17.6, 10.6 Hz, 1H), 5.27 — 5.16 (m, 2H), 1.40 (s, 6H), 1.32 (s, 9H).

13C NMR (101 MHz, CDCls) 6 203.9, 155.4, 144.3, 134.1, 129.6, 125.0, 113.9, 50.1,
35.1, 31.2, 26.3.

HRMS (ESI) m/z: [M+H]* calcd for CisH230" 231.1743; found 231.1745.

AT

z

1-(4-(but-2-yn-1-yloxy)phenyl)-2,2-dimethylbut-3-en-1-one (1d)

Yellow ail liquid.

Compound 1d was purified by flash chromatography eluted with PE/EA = 100:1.

'H NMR (400 MHz, CDClI3) 6 7.96 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 9.0 Hz, 2H), 6.20
(dd, J=17.6,10.6 Hz, 1H), 5.27 — 5.15(m, 2H), 4.71 — 4.64 (m, 2H), 1.85(t,J=2.2
Hz, 3H), 1.39 (s, 6H).

13C NMR (101 MHz, CDCIs) 6 202.4, 160.7, 144.4, 132.0, 129.6, 114.0, 113.7, 84.3,
73.5,56.5,49.9, 26.4, 3.7.

HRMS (ESI) m/z: [M+H]" calcd for Ci6H1902" 243.1380; found 243.1376.

O

1-(3-methoxyphenyl)-2,2-dimethylbut-3-en-1-one (1i)
Yellow ail liquid.
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Compound 1i was purified by flash chromatography eluted with PE/EA = 100:1.

'H NMR (400 MHz, CDCl3) ¢ 7.48 (d, J=7.7 Hz, 1H), 7.41 (s, 1H), 7.30 — 7.26 (m,
1H), 7.01 (dd, J = 8.2, 2.1 Hz, 1H), 6.19 (dd, J = 17.5, 10.6 Hz, 1H), 5.28 — 5.19 (m,
2H), 3.81 (s, 3H), 1.39 (s, 6H).

13C NMR (101 MHz, CDCI3) 6 204.5, 159.3, 144.0, 138.5, 129.0, 121.9, 117.9, 114.2,
114.1, 55.4, 50.3, 26.1.

HRMS (ESI) m/z: [M+H]" calcd for C13H1702" 205.1223; found 205.1219.

0
(Y
2,2-dimethyl-1-(o-tolyl)but-3-en-1-one (1j)
Yellow ail liquid.
Compound 1j was purified by flash chromatography eluted with PE/EA = 100:1.
'H NMR (400 MHz, CDCl3) 6 7.27 — 7.12 (m, 4H), 6.03 (dd, J = 17.4, 10.6 Hz, 1H),
522 — 5.12 (m, 2H), 2.23 (s, 3H), 1.33 (s, 6H).
13C NMR (101 MHz, CDCls) 6 211.1, 142.8, 140.6, 134.6, 130.9, 129.1, 125.6, 124.8,

114.3,51.5, 24.6, 20.1.
HRMS (ESI) n/z: [M+H]" calcd for C13H170" 189.1274; found 189.1276.

o

2,2-dimethyl-1-phenylbut-3-en-1-one (1l)

Yellow ail liquid.

Compound 1l was purified by flash chromatography eluted with PE/EA = 100:1.

IH NMR (400 MHz, CDCls) 6 7.91 — 7.85(m, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.36 (t,
J=7.5Hz, 2H), 6.18 (dd, J = 17.6, 10.6 Hz, 1H), 5.27 — 5.17 (m, 2H), 1.39 (s, 6H).
13C NMR (101 MHz, CDCls) 6 204.8, 144.0, 137.2, 131.8, 129.4, 128.1, 114.2, 50.3,
26.2.

HRMS (ESI) m/z: [M+H]" calcd for C12H1s0" 175.1117; found 175.1120.
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o

4,4-dimethyl-1-phenylhex-5-en-3-one (10)

Yellow ail liquid.

Compound 10 was purified by flash chromatography eluted with PE/EA = 100:1.

IH NMR (400 MHz, CDCl3) 6 7.28 — 7.24 (m, 2H), 7.17 (t, J = 8.1 Hz, 3H), 5.86 (dd,
J=17.3,10.7 Hz, 1H), 5.15 - 5.04 (m, 2H), 2.87 — 2.80 (m, 2H), 2.81 — 2.74 (m, 2H),
1.19 (s, 6H).

13C NMR (101 MHz, CDCls) 6 212.2, 142.5, 141.5, 128.5, 128.5, 126.1, 114.5, 50.9,
39.5, 30.3, 23.5.

HRMS (ESI) n/z: [M+H]" calcd for C14H100" 203.1430; found 203.1426.

o) m
0]

4-(2,2-dimethylbut-3-enoyl)phenyl 2-(4-isobutylphenyl)propanoate (1p)
Yellow ail liquid.
Compound 1p was purified by flash chromatography eluted with PE/EA = 100:1.
'H NMR (400 MHz, CDCl3) § 7.91 (d, J = 8.6 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 7.14
(d, J= 7.8 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 6.15 (dd, J = 17.6, 10.6 Hz, 1H), 5.25 —
5.13 (m, 2H), 3.93 (q, J = 7.1 Hz, 1H), 2.46 (d, J = 7.2 Hz, 2H), 1.90 - 1.83 (m, 1H),
1.60 (d, J=7.1Hz, 3H), 1.37 (s, 6H), 0.90 (d, J = 6.6 Hz, 6H).
13C NMR (101 MHz, CDClIs) § 203.1, 172.8, 153.6, 143.9, 141.1, 137.0, 134.2, 131.2,

129.7, 127.3, 121.0, 114.2, 50.2, 45.4, 45.2, 30.3, 26.2, 22.5, 18.5.
HRMS (ESI) mVz: [M+H]" calcd for CasHa10s+ 379.2268; found 379.2266.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)-4-methylbenzenesulfonamide (4a)
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Colorlessail.

Compound 4a was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDCl3) 6 7.54 (d, J = 8.1 Hz, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.22
(d, J=8.1Hz, 2H), 6.92 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 5.74 (ddt, J =
17.1, 10.4, 6.7 Hz, 1H), 5.02 (d, J = 7.8 Hz, 1H), 4.98 (s, 1H), 3.63 (br, 2H), 3.36 (s,
3H), 2.40 (s, 3H), 2.20 (q, J = 7.2 Hz, 2H).

13C NMR (101 MHz, CDCIs) 6 156.7, 142.7, 137.6, 135.2, 133.5, 129.8, 129.0, 127.6,
126.5, 120.6, 116.8, 111.7, 54.9, 49.3, 33.5, 21.5.

HRMS (ESI) m/z: [M+H]" calcd for C1sH22NOsS™ 332.1315; found 332.1317.

N-(but-3-en-1-yl)-N-(2,5-dimethoxyphenyl)-4-methylbenzenesulfonamide (4c)
Colorlessail.

Compound 4c was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDClI3) 6 7.56 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 6.85
—6.81 (m, 2H), 6.70 (d, J = 8.5 Hz, 1H), 5.74 (ddt, J = 17.1, 10.3, 6.7 Hz, 1H), 5.05 -
5.01 (m, 1H), 4.99 (s, 1H), 3.74 (s, 3H), 3.63 (br, 2H), 3.32 (s, 3H), 2.40 (s, 3H), 2.20
(g, J=7.2Hz, 2H).

13C NMR (101 MHz, CDClIs) § 153.1, 151.0, 142.8, 137.5, 135.2, 129.0, 127.6, 127.0,
118.9, 116.8, 115.0, 112.2, 55.8, 55.3, 49.3, 33.5, 21.5.

HRMS (ESI) m/z: [M+H]* calcd for C1oH24NO4S* 362.1421; found 362.1419.

\©\//o

O,IS\N/\/\

M9020\©

Methyl 2-((N-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)benzoate (4f)
Colorlessail.
Compound 4f was purified by flash chromatography eluted with PE/EA = 10:1.
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1H NMR (400 MHz, CDCl3)  7.87 (dd, J = 7.4, 2.0 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H),
7.44—7.38 (m, 2H), 7.23 (d, J = 8.2 Hz, 2H), 6.96 (dd, J = 7.6, 1.4 Hz, 1H), 5.73 (ddt,
J=17.1,10.3, 6.7 Hz, 1H), 5.05 — 4.97 (m, 2H), 3.79 (s, 3H), 3.71 (br, 2H), 2.41 (s,
3H), 2.41 - 2.25 (m, 2H).

13C NMR (101 MHz, CDCls) § 166.7, 143.3, 138.2, 136.5, 134.9, 132.9, 132.2, 131.5,
130.4, 129.5, 128.3, 127.6, 117.0, 52.3, 51.3, 33.3, 21.6.

HRMS (ESI) mVz: [M+H]* calcd for CioH22NO4S' 360.1264; found 360.1262.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)-2,4,6-trimethylbenzenesulfonamide (4m)
White solid.

Compound 4m was purified by flash chromatography eluted with PE/EA = 10:1.

IH NMR (400 MHz, CDCls) 6 7.44 (dd, J= 7.8, 1.7 Hz, 1H), 7.26 — 7.20 (m, 1H), 6.91
(td, J=7.6, 1.1 Hz, 1H), 6.80 (s, 2H), 6.70 (d, J = 8.3 Hz, 1H), 5.78 (ddt, J = 17.1, 10.4,
6.8 Hz, 1H), 5.08 — 5.00 (m, 2H), 3.82 (br, 2H), 3.35 (s, 3H), 2.37 (s, 6H), 2.27 — 2.22
(m, 5H).

13C NMR (101 MHz, CDCIs) § 157.3, 141.6, 140.5, 135.3, 134.3, 133.9, 131.2, 129.9,
125.9, 120.6, 116.9, 111.7, 54.9, 49.3, 33.5, 23.2, 21.0.

HRMS (ESI) m/z: [M+H]" calcd for CooH26NO3S™ 360.1628; found 360.1625.

N-(but-3-en-1-yl)-5-chloro-N-(2-methoxyphenyl)thiophene-2-sulfonamide (4n)
Colorlessail.

Compound 4n was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDClI3) 6 7.35— 7.27 (m, 2H), 7.16 (d, J = 4.0 Hz, 1H), 6.96 (td,
J=7.6,1.1Hz 1H), 6.88 (d, J = 4.0 Hz, 1H), 6.85 (d, J = 8.3 Hz, 1H), 5.74 (ddt, J =
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16.3, 11.0, 6.7 Hz, 1H), 5.07 — 5.03 (m, 1H), 5.01 (s, 1H), 3.69 (br, 2H), 3.54 (s, 3H),
2.23 (g, J = 7.2 Hz, 2H).

13C NMR (101 MHz, CDCls) § 156.5, 139.2, 136.4, 134.9, 133.6, 131.1, 130.3, 126.4,
125.8, 120.9, 117.1, 111.8, 55.1, 49.6, 33.5.

HRMS (ESI) m/z: [M+H]* calcd for CisH17CINOsS,* 358.0333; found 358.0337.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)pyridine-3-sulfonamide (40)

Yellow oil liquid.

Compound 4o was purified by flash chromatography eluted with PE/EA = 8:1.

IH NMR (400 MHz, CDCls) 6 8.85 (d, J= 1.9 Hz, 1H), 8.74 (dd, J = 4.9, 1.6 Hz, 1H),
7.93 (dt, J = 8.0, 1.9 Hz, 1H), 7.41 — 7.30 (m, 3H), 6.97 (td, J = 7.6, 1.2 Hz, 1H), 6.78
(dd, J=8.3, 1.0Hz, 1H), 5.75 (ddt, J=18.1, 9.6, 6.7 Hz, 1H), 5.07 - 5.01 (m, 2H), 3.68
(br, 2H), 3.32 (s, 3H), 2.23 (q, J = 7.2 Hz, 2H).

13C NMR (101 MHz, CDCIs) § 156.0, 152.5, 148.3, 137.0, 135.0, 134.7, 133.9, 130.3,
1254, 123.1, 120.9, 117.1, 111.7, 54.8, 49.3, 33.4.

HRMS (ESI) m/z: [M+H]" calcd for C16H1eN20sS" 319.1111; found 319.1106.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)naphthalene-1-sulfonamide (4p)

Yellow oil liquid.

Compound 4p was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDCl3) 6 8.38 (d, J= 8.7 Hz, 1H), 8.08 (dd, J = 7.4, 1.1 Hz, 1H),
7.93(d, J=8.2Hz, 1H), 7.81 (d, J=8.1 Hz, 1H), 7.46 — 7.32 (m, 4H), 7.20 (td, J = 8.2,
1.7 Hz, 1H), 6.91 (td, J = 7.6, 1.2 Hz, 1H), 6.47 (dd, J = 8.3, 1.0 Hz, 1H), 5.72 (ddt, J
=17.0,10.2, 6.7 Hz, 1H), 5.04 — 4.94 (m, 2H), 3.71 (br, 2H), 2.68 (s, 3H), 2.21 (q, J =
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7.2 Hz, 2H).

13C NMR (101 MHz, CDCls) § 156.7, 136.0, 135.0, 134.0, 133.9, 133.5, 129.8, 129.6,
129.1, 128.2, 127.0, 126.3, 125.8, 125.7, 123.8, 120.2, 116.7, 111.2, 54.0, 49.0, 33.4.
HRMS (ESI) mVz: [M+H]* calcd for Co1H22NOsS' 368.1315; found 368.1311.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)naphthalene-2-sulfonamide (4q)

Yellow oil liquid.

Compound 4q was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHZz, CDCIls) § 8.23 -8.16 (m, 1H), 7.88 — 7.81 (m, 3H), 7.68 (dd, J =
8.7, 1.7 Hz, 1H), 7.60 — 7.50 (m, 2H), 7.33 (dd, J = 7.7, 1.5 Hz, 1H), 7.29 — 7.24 (m,
1H), 6.96 — 6.89 (m, 1H), 6.70 (d, J = 8.1 Hz, 1H), 5.76 (ddt, J = 17.0, 10.3, 6.7 Hz,
1H), 5.07 — 4.95 (m, 2H), 3.71 (br, 2H), 3.07 (s, 3H), 2.23 (g, J = 7.2 Hz, 2H).

13C NMR (101 MHz, CDCIs) § 156.5, 137.3, 135.0, 134.5, 133.6, 131.9, 129.9, 129.0,
128.4, 128.3, 128.2, 127.7, 127.2, 126.2, 123.3, 120.5, 116.7, 111.6, 54.6, 49.3, 33.4.
HRMS (ESI) m/z: [M+H]" calcd for C21H22NOsS'™ 368.1315; found 368.1317.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)cyclopropanesulfonamide (4r)
Colorlessall.

Compound 4r was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDCl3) 6 7.36 — 7.29 (m, 2H), 6.95 (t, J = 7.4 Hz, 2H), 5.76 (ddt,
J=17.1,10.4, 6.7 Hz, 1H), 5.04 (d, J=8.9 Hz, 1H), 5.01 (s, 1H), 3.87 (s, 3H), 3.71 (br,
2H), 2.49 (ddd, J=12.9, 8.0, 4.9 Hz, 1H), 2.21 (q, J= 7.2 Hz, 2H), 1.09 — 1.00 (m, 2H),
0.88(d, J= 7.7 Hz, 2H).

13C NMR (101 MHz, CDCl3) 6 156.8, 135.2, 133.8, 129.9, 127.1, 120.9, 116.9, 111.7,
55.5, 49.5, 33.7, 30.0, 5.2.
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HRMS (ESI) mVz: [M+H]* calcd for CraH20NOsS* 282.1158; found 282.1160.

N-(but-3-en-1-yl)-N-(2-methoxyphenyl)-1-phenylmethanesulfonamide (4s)

Yellow oil liquid.

Compound 4s was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDCls) 6 7.44—7.40 (m, 2H), 7.35— 7.30 (m, 4H), 7.25 (dd, J =
7.7, 1.7 Hz, 1H), 6.97 — 6.91 (m, 2H), 5.74 — 5.60 (m, 1H), 5.01 — 4.92 (m, 2H), 4.26
(s, 2H), 3.86 (s, 3H), 3.58 (t, J= 7.4 Hz, 2H), 2.14 (9, J= 7.1 Hz, 2H).

13C NMR (101 MHz, CDCIs) 6 156.2, 134.8, 133.7, 130.9, 129.9, 129.4, 128.5, 128.3,
126.4, 120.8, 116.7, 111.9, 58.2, 55.4, 49.5, 33.4.

HRMS (ESI) m/z: [M+H]" calcd for C1sH22NOsS" 332.1315; found 332.1319.

N-(but-3-en-1-yl)-1-((1S,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1] heptan-1-yl)-N-(2-
methoxyphenyl)methanesulfonamide (4t)

White solid.

Compound 4t was purified by flash chromatography eluted with PE/EA = 10:1.

'H NMR (400 MHz, CDClI3) § 7.36 — 7.31 (m, 2H), 6.99 — 6.95 (m, 2H), 5.77 (ddt, J
=17.1, 104, 6.7 Hz, 1H), 5.08 — 5.03 (m, 1H), 5.02 (s, 1H), 3.89 (s, 3H), 3.84 — 3.63
(m, 2H), 3.60 (d, J = 14.9 Hz, 1H), 2.97 (d, J = 14.9 Hz, 1H), 2.58 — 2.50 (m, 1H), 2.36
(dt, J =184, 3.9 Hz, 1H), 2.22 (g, J = 7.1 Hz, 2H), 2.07 - 1.98 (m, 2H), 1.91 (d, J =
18.4 Hz, 1H), 1.61 — 1.55 (m, 1H), 1.40 - 1.35 (m, 1H), 1.12 (s, 3H), 0.87 (s, 3H).

13C NMR (101 MHz, CDCl3) 6 215.6, 156.3, 135.1, 134.2, 130.0, 126.7, 121.0, 116.9,
112.0, 58.6, 55.4, 49.2, 48.5, 47.6, 43.0, 42.7, 33.7, 26.9, 25.2, 20.3, 19.8.
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HRMS (ESI) mVz: [M+H]* calcd for Co1HaoNO,S" 392.1890; found 392.1894.

4.2 Characterization data of products
‘Bu

CF,H

1-(4-(tert-butyl)phenyl)-4,4-difluor o-2-isopropylbutan-1-one (3a)

Colorlessliquid.

Compound 3a was purified by PTLC with PE/EA = 35:1, 69% yield (38.9 mQ)
following the procedure A 1.

'H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 8.6 Hz, 2H), 7.49 (d, J = 8.6 Hz, 2H), 5.90
- 5.60 (m, 1H), 3.57 - 3.48 (m, 1H), 2.61 — 2.43 (m, 1H), 2.16 — 2.05(m, 1H), 2.02 -
1.89 (m, 1H), 1.35 (s, 9H), 1.01 (d, J = 6.8 Hz, 3H), 0.84 (d, J= 6.8 Hz, 3H).

13C NMR (101 MHz, CDCIs) 6 201.9, 157.2, 134.5, 128.4, 125.9, 116.7 (t, J = 238.8
Hz), 45.7 (dd, J = 6.6, 2.2 Hz), 35.3, 31.7 (t, J = 21.1 Hz), 31.2, 30.7, 21.2, 18.4.

19 NMR (376 MHz, CDCls) § -113.25 — -117.42 (m).

HRMS (ESI) m/z: [M+H]" calcd for Ci7H25F0" 283.1868; found 283.1870.

CF,H

4,4-difluor o-2-isopropyl-1-(4-isopropylphenyl)butan-1-one (3b)

Colorlessliquid.

Compound 3b was purified by PTLC with PE/EA = 35:1, 70% yield (37.5 mg)
following the procedure A 1.

IH NMR (400 MHz, CDCls) 6 7.89 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 5.91
—5.59 (m, 1H), 3.55—3.49 (m, 1H), 2.97 (p, J = 6.9 Hz, 1H), 2.60 — 2.43 (m, 1H), 2.16
—2.06 (M, 1H), 2.02 — 1.89 (m, 1H), 1.28 (d, J = 6.9 Hz, 6H), 1.01 (d, J = 6.8 Hz, 3H),
0.84 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCls) ¢ 201.9, 154.9, 135.0, 128.7, 127.0, 116.7 (t, J = 238.8
Hz), 45.7 (dd, J = 6.6, 2.2 Hz), 34.4, 31.7 (t, J = 21.2 Hz), 30.7, 23.8, 21.2, 18.4.

19¢ NMR (376 MHz, CDCls) § -113.26 — -117.42 (m).
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HRMS (ESI) m/z: [M+H]" calcd for CieH23F0" 269.1711; found 269.1714.
Ph

CF,H

1-(4-(benzyloxy)phenyl)-4,4-difluor o-2-isopropylbutan-1-one (3c)

Colorlessliquid.

Compound 3c was purified by PTLC with PE/EA = 35:1, 61% yield (40.5 mQ)
following the procedure A 1.

'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.8 Hz, 2H), 7.46 — 7.31 (m, 5H), 7.02 (d,
J=8.8Hz, 2H), 5.90 - 5.58 (m, 1H), 5.13 (s, 2H), 3.56 — 3.38 (m, 1H), 2.60 — 2.41 (m,
1H), 2.12 - 1.89 (m, 2H), 0.99 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 200.8, 163.0, 136.2, 130.8, 130.3, 128.9, 128.4, 127.6,
116.7 (t, J = 238.8 Hz), 114.9, 70.3, 45.6 — 45.3 (m), 31.9 (t, J = 21.1 Hz), 30.9, 21.2,
18.6.

19 NMR (376 MHz, CDCls) § -113.29 — -117.39 (m).

HRMS (ESI) nVz: [M+H]" calcd for CooH23F202" 333.1661; found 333.1657.

O\/

CF,H

1-(4-(but-2-yn-1-yloxy)phenyl)-4,4-difluor o-2-isopr opylbutan-1-one (3d)
Colorlessliquid.

Compound 3d was purified by PTLC with PE/EA = 35:1, 64% yield (37.6 mg)
following the procedure A 1.

'H NMR (400 MHz, CDClI3) 6§ 7.94 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 5.94
— 5.56 (m, 1H), 4.77 — 4.66 (m, 2H), 3.55 — 3.42 (m, 1H), 2.60 - 2.41 (m, 1H), 2.15
— 1.90 (m, 2H), 1.87 (t, J = 2.2 Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz,
3H).

13C NMR (101 MHz, CDClIs) ¢ 200.8, 162.0, 130.7, 130.6, 116.7 (t, J = 239.4 Hz),
114.9, 84.7, 73.4,56.7, 45.6 - 45.5 (m), 31.9 (t, J = 21.2 Hz), 30.9, 21.2, 18.6, 3.8.
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BFNMR (376 MHz, CDCl3) 6 -113.32 — -117.39 (m).
HRMS (ESI) n/z: [M+H]" calcd for Ci7H21F202" 295.1504; found 295.1502.

OPh

CF,H

4,4-difluor o-2-isopropyl-1-(4-phenoxyphenyl)butan-1-one (3e)

Colorlessliquid.

Compound 3e was purified by PTLC with PE/EA = 35:1, 73% yield (46.4 mQ)
following the procedure A 1.

'H NMR (400 MHz, CDCl3) 6 7.94 (d, J = 8.8 Hz, 2H), 7.40 (t, J= 7.9 Hz, 2H), 7.21
(t, J= 7.4 Hz, 1H), 7.08 (d, J = 7.8 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 5.94 — 5.58 (m,
1H), 3.53-3.44 (m, 1H), 2.60 — 2.42 (m, 1H), 2.13 - 1.90 (m, 2H), 1.00 (d, J=6.8 Hz,
3H), 0.86 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCIs) § 200.9, 162.4, 155.5, 131.7, 130.7, 130.2, 124.9, 120.4,
117.5, 116.7 (t, J = 238.8 Hz), 45.6 (dd, J = 6.4, 2.2 Hz), 31.9 (t, J = 21.1 HZ), 30.9,
21.2,18.6.

FNMR (376 MHz, CDCl3) 6 -113.41 — -117.34 (m).

HRMS (ESI) nVz: [M+H]" calcd for CigH21F202" 319.1504; found 319.1507.

SMe

CF,H

4,4-difluor o-2-isopropyl-1-(4-(methylthio)phenyl)butan-1-one (3f)

Colorlessliquid.

Compound 3f was purified by PTLC with PE/EA = 35:1, 81%yield (44.1 mg) following
the procedure A1.

'H NMR (400 MHz, CDCls) 6 7.86 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 5.91
—5.59 (m, 1H), 3.51 — 3.45 (m, 1H), 2.57 — 2.45 (m, 4H), 2.12 — 2.03 (m, 1H), 2.02 -
1.90 (m, 1H), 0.99 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCIs) 6 201.3, 146.4, 133.4, 128.8, 125.2, 116.7 (t, J = 238.9
Hz), 45.6 (dd, J=6.4, 2.3 Hz), 31.9 (t, J=21.1 Hz), 30.9, 21.1, 18.6, 14.8.
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19F NMR (376 MHz, CDCl3) § -113.42 — -117.31 (m).
HRMS (ESI) m/z: [M+H]" calcd for C14H10F20S" 273.1119; found 273.1123.

OCF;

CF,H

4,4-difluor o-2-isopropyl-1-(4-(trifluoromethoxy)phenyl)butan-1-one (3g)
Colorlessliquid.

Compound 3g was purified by PTLC with PE/EA = 35:1, 42% yield (26.0 mQ)
following the procedure A 1.

'H NMR (400 MHz, CDCls) 6 8.00 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 5.94
—5.62 (m, 1H), 3.55 - 3.48 (m, 1H), 2.61 — 2.45 (m, 1H), 2.13 - 2.04 (m, 1H), 2.03 -
1.91 (m, 1H), 1.01 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 200.9, 152.9, 135.4, 130.5, 120.7, 120.4 (g, J = 260.6
Hz), 116.5 (t, J= 238.9 Hz), 45.8 (dd, J = 6.0, 2.5 Hz), 31.8 (t, J=21.1 Hz), 30.8, 21.1,
18.5.

FNMR (376 MHZz, CDCl3) 6 -57.58 (s), -113.82 — -117.21 (m).

HRMS (ESI) m/z: [M+H]" calcd for C14H16Fs02" 311.1065; found 311.1070.

OMe
CF,H

4,4-difluor o-2-isopropyl-1-(3-methoxyphenyl)butan-1-one (3i)

Colorlessliquid.

Compound 3i was purified by PTLC with PE/EA = 35:1, 56% yield (28.7 mg) following
the procedure A1.

IH NMR (400 MHz, CDCl3s) 6 7.52 (d, J = 7.6 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.39 (t,
J=7.9Hz, 1H), 7.13(dd, J=8.0, 2.3 Hz, 1H), 5.95 — 5.59 (m, 1H), 3.87 (s, 3H), 3.58
-3.43 (m, 1H), 2.63 - 2.42 (m, 1H), 2.15 — 1.90 (m, 2H), 1.01 (d, J = 6.8 Hz, 3H), 0.84
(d, J=6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) ¢ 202.2, 160.1, 138.5, 129.9, 120.9, 119.7, 116.6 (t, J =
238.9 Hz), 112.8, 55.6, 46.1 — 45.8 (m), 31.7 (t, J = 20.2 Hz), 30.8, 21.1, 18.4.
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FNMR (376 MHz, CDCl3) 6 -113.42 — -117.29 (m).
HRMS (ESI) n/z: [M+H]" calcd for C14H10F202" 257.1348; found 257.1349.

Me

CFoH

4,4-difluoro-2-isopropyl-1-(o-tolyl)butan-1-one (3j)

Colorlessliquid.

Compound 3j was purified by PTLC with PE/EA = 35:1, 54% yield (25.9 mg) following
the procedure A1.

'H NMR (400 MHz, CDCl3) 6 7.59 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.28
(d, J=7.8 Hz, 2H), 6.02 — 5.70 (m, 1H), 3.49 - 3.37 (m, 1H), 2.62 — 2.43 (m, 4H),
2.07 — 1.84 (m, 2H), 0.98 (d, J=6.9 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 206.0, 138.4, 132.2, 131.4, 128.2, 125.9, 116.9 (t, J =
238.7 Hz), 48.7 (dd, J = 6.4, 2.4 HZz), 30.8 (t, J = 21.2 HZ), 30.1, 21.2, 21.0, 18.2.

19 NMR (376 MHz, CDCls) § -113.23 — -117.60 (m).

HRMS (ESI) n/z: [M+H]" calcd for C14H10F20" 241.1398; found 241.1395.

CF,H

2-(2,2-difluoroethyl)-3,3,7-trimethyl-2,3-dihydro-1H-inden-1-one (3k)
Colorlessliquid.

Compound 3k was purified by PTLC with PE/EA = 35:1, 35% yield (16.7 mg)
following the procedure As.

'H NMR (400 MHz, CDCl3) 6 7.48 (t, J= 7.6 Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H), 7.12
(d, J= 7.4 Hz, 1H), 6.40 (tdd, J = 57.5, 6.8, 2.8 Hz, 1H), 2.64 — 2.55 (m, 4H), 2.41 —
2.26 (m, 1H), 2.07 — 1.92 (m, 1H), 1.50 (s, 3H), 1.13 (s, 3H).

13C NMR (101 MHz, CDClIs) 6 206.6, 163.1, 138.7, 134.5, 131.5, 129.6, 120.7, 116.7
(t, J=238.8Hz),54.3 (dd, J=6.8, 2.3 Hz), 41.2, 30.9 (t, J = 22.1 Hz), 28.0, 26.9, 18.5.
F NMR (376 MHz, CDCls) 6 -112.04 — -118.98 (m).

HRMS (ESI) m/z: [M+H]" calcd for Ci4H17F20" 239.1242; found 239.1247.
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CFoH

4,4-difluor o-2-isopropyl-1-phenylbutan-1-one (3l)

Colorlessliquid.

Compound 3l was purified by PTLC with PE/EA = 35:1, 41% yield (18.5 mg) following
the procedure A1.

'H NMR (400 MHz, CDCl3) 6 7.94 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.48
(t, J = 7.7 Hz, 2H), 596 — 559 (m, 1H), 3.68 — 3.42 (m, 1H), 2.64 - 2.44 (m, 1H),
2.16 — 1.89 (m, 2H), 1.01 (d, J=6.8 Hz, 3H), 0.84 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCIs) 6 202.4, 137.2, 133.4, 128.9, 128.4, 116.7 (t, J = 238.9
Hz), 45.8 (dd, J= 6.4, 2.3 Hz), 31.6 (t, J = 21.2 Hz), 30.7, 21.2, 18.4.

BF NMR (376 MHz, CDCl3) 6 -113.40 — -117.40 (m).

HRMS (ESI) m/z: [M+H]* calcd for CiaH17F20* 227.1242; found 227.1243.

3TN
O =

CF,H

4,4-difluor o-2-isopropyl-1-(thiophen-2-yl)butan-1-one (3m)

Colorlessliquid.

Compound 3m was purified by PTLC with PE/EA = 35:1, 39% yield (18.1 mg)
following the procedure A 1.

IH NMR (400 MHz, CDCl3) 6 7.74 (d, J = 3.8 Hz, 1H), 7.68 (d, J = 4.9 Hz, 1H), 7.17
—7.13(m, 1H), 5.92 - 5.61 (m, 1H), 3.35 — 3.28 (M, 1H), 2.54 — 2.42 (m, 1H), 2.17 —
2.09 (m, 1H), 2.04 - 1.94 (m, 1H), 1.01 (d, J = 6.8 Hz, 3H), 0.93 (d, J = 6.8 Hz, 3H).
13C NMR (101 MHz, CDCIs) 6 195.1, 144.8, 134.5, 132.3, 128.4, 116.4 (t, J = 239.0
Hz), 48.0 (dd, J=6.3, 2.3 Hz), 32.6 (t, J = 21.3Hz), 31.4, 21.1, 19.1.

FNMR (376 MHz, CDCl3) 6 -113.72 — -117.24 (m).

HRMS (ESI) m/z: [M+H]" calcd for C11H1sF20S™ 233.0806; found 233.0805.
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CF,Ph

1-cyclohexyl-4,4-difluor o-2-isopropyl-4-phenylbutan-1-one (3n)

Colorlessliquid.

Compound 3n was purified by PTLC with PE/EA = 35:1, 53% yield (32.6 mg)
following the procedure As.

'H NMR (400 MHz, CDCl3) 6 7.48-7.39 (m, 5H), 2.97 (dd, J = 9.5, 3.7 Hz, 1H), 2.88
—2.70 (m, 1H), 2.50 — 2.40 (m, 1H), 2.03 — 1.90 (m, 2H), 1.84 — 1.66 (m, 5H), 1.31 —
1.13 (m, 5H), 0.99 (d, J = 6.8 Hz, 3H), 0.75 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDClIs) § 214.4, 137.5 (t, J = 26.5 Hz), 129.9, 1285, 125.1 (t, J
= 6.2 Hz), 122.8 (t, J = 243.4 Hz), 50.8, 49.5, 35.1 (t, J = 26.9 HZz), 29.4, 28.0, 26.3,
26.0, 25.7,21.4, 17.8.

F NMR (376 MHz, CDCl3) 6 -94.33 — -97.22 (m).

HRMS (ESI) m/z: [M+H]" calcd for CioH27F20" 309.2024; found 309.2028.

O Ph

CF,H

6,6-difluor o-4-isopropyl-1,6-diphenylhexan-3-one (30)

Colorlessliquid.

Compound 30 was purified by PTLC with PE/EA = 35:1, 61% vyield (31.0 mg)
following the procedure A 1.

IH NMR (400 MHz, CDCl3) 6 7.31 - 7.25 (m, 2H), 7.23 - 7.14 (m, 3H), 5.69 (tdd, J =
57.1, 5.4, 3.2 Hz, 1H), 2.92 - 2.72 (m, 4H), 2.64 - 2.55 (m, 1H), 2.39 - 2.22 (m, 1H),
2.02 - 1.92 (m, 1H), 1.86 - 1.72 (m, 1H), 0.94 (d, /= 6.8 Hz, 3H), 0.78 (d, /= 6.8 Hz,
3H).

13C NMR (101 MHz, CDCls) 6 211.6, 141.1, 128.6, 128.5, 126.3, 116.5 (t, J = 238.9
Hz), 51.4 (dd, J=5.0, 3.0 Hz), 45.0, 31.5 (t, /= 21.2 Hz), 29.8, 29.7, 21.0, 18.6.
FNMR (376 MHz, CDCl3) 6 -113.93 - -117.03 (m).

HRMS (ESI) m/z: [M+H]" calcd for CisH21F20" 255.1555; found 255.1558.
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CF,H

4-(4,4-difluor o-2-isopropylbutanoyl)phenyl 2-(4-isobutylphenyl)propanoate (3p)
Colorlessliquid.

Compound 3p was purified by PTLC with PE/EA = 35:1, 27% yield (23.2 mg)
following the procedure A 1.

'H NMR (400 MHz, CDCl3) 6 7.93 (d, J = 8.7 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.16
- 7.10 (m, 4H), 5.90 — 5.60 (m, 1H), 3.95 (q, J = 7.1 Hz, 1H), 3.52 — 3.44 (m, 1H),
2.69 — 2.33(m, 4H), 2.11 — 1.80 (m, 4H), 1.61 (d, J = 7.1 Hz, 3H), 0.98 (d, J = 6.8
Hz, 3H), 0.91 (d, J = 6.6 Hz, 6H), 0.82 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCls) § 201.1, 172.8, 154.8, 141.2, 136.9, 134.5, 130.0, 129.7,
127.3,121.9, 116.6 (t, J = 238.8 Hz), 45.8 - 45.7 (m), 45.4, 45.2, 31.6 (t, J = 21.5 HZ),
30.7,30.4,29.9, 22,5, 21.1, 18.6, 18.4.

BFNMR (376 MHz, CDCl3) 6 -113.53 — -117.34 (m).

HRMS (ESI) nVz: [M+H]" calcd for CosHzsF203" 431.2392; found 431.2391.

Bu

CF,H
D

1-(4-(tert-butyl)phenyl)-2-(2,2-difluor oethyl)-3-methylbutan-1-one-3-d (3a-D)
Colorlessliquid.

Compound 3a-D was purified by PTLC with PE/EA = 35:1, 59% yield (82% D, 33.4
mg) following the procedure Ao.

IH NMR (400 MHz, CDCls) ¢ 7.89 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 5.75
(tdd, J = 58.9, 6.4, 2.7 Hz, 1H), 3.52 (d, J = 10.4 Hz, 1H), 2.60 — 2.44 (m, 1H), 2.16 -
2.08 (m, OH), 2.02 - 1.89 (m, 1H), 1.35 (s, 9H), 1.01 (d, J = 5.7 Hz, 3H), 0.84 (d, J =
7.5 Hz, 3H).

13C NMR (101 MHz, CDCI3) ¢ 201.9, 157.2, 134.4, 128.4, 125.9, 116.8 (t, J = 238.7
Hz), 45.6 (dd, J= 6.7, 1.8 HZ), 35.3, 31.5 (t, J = 21.3 Hz), 31.2, 30.7 (t, J = 24.5 Hz, C-
D), 21.1, 18.2.
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19F NMR (376 MHz, CDCl3) § -113.23 — -117.47 (m).
HRMS (ESI) m/z: [M+H]" calcd for C17H24DF20" 284.1931; found 284.1930.

Pr

CF,H
D

2-(2,2-difluor oethyl)-1-(4-isopropylphenyl)-3-methylbutan-1-one-3-d (3b-D)
Colorlessliquid.

Compound 3b-D was purified by PTLC with PE/EA = 35:1, 61% yield (80% D, 32.8
myg) following the procedure Ao.

'H NMR (400 MHz, CDCls) 6 7.88 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 5.92
—5.58 (m, 1H), 3.51 (d, J = 10.8 Hz, 1H), 2.97 (hept, J = 6.9 Hz, 1H), 2.60 — 2.43 (m,
1H), 2.15-2.07 (m, OH), 2.02 - 1.89 (m, 1H), 1.28 (d, J= 6.9 Hz, 6H), 1.01 (d, J=5.7
Hz, 3H), 0.84 (d, J = 7.5 Hz, 3H).

13C NMR (101 MHz, CDCIs) 6 201.9, 154.9, 135.0, 128.7, 127.0, 116.8 (t, J = 238.9
Hz), 45.7 (dd, J = 6.8, 2.1 Hz), 34.4, 31.6 (t, J = 21.0 Hz), 30.3 (t, J = 19.6 Hz, C-D),
23.8,21.1,18.3.

FNMR (376 MHz, CDCl3) 6 -113.20 — -117.39 (m).

HRMS (ESI) m/z: [M+H]" calcd for C1sH22DF20" 270.1774; found 270.1772.

O/

CF,H
D
1-(4-(but-2-yn-1-yloxy)phenyl)-2-(2,2-difluor oethyl)-3-methylbutan-1-one-3-d
(3d-D)
Colorlessliquid.
Compound 3d-D was purified by PTLC with PE/EA = 35:1, 52% yield (77% D, 30.7
mg) following the procedure Aa.
'H NMR (400 MHz, CDClI3) 6 7.95 (d, J = 8.9 Hz, 2H), 7.02 (d, J = 8.9 Hz, 2H), 5.96
— 553 (m, 1H), 4.72 (q, J = 2.2 Hz, 2H), 3.48 (d, J = 10.0 Hz, 1H), 2.61 — 2.42 (m,
1H), 2.14 - 2.06 (m, OH), 2.04 - 1.90 (m, 1H), 1.87 (t, J = 2.3 Hz, 3H), 1.00 (d, J = 5.7
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Hz, 3H), 0.85 (d, J = 7.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) ¢ 200.8, 162.0, 130.7, 130.5, 116.7 (t, J = 239.4 Hz),
114.9, 84.7, 73.4, 56.7, 45.5 - 45.4 (m), 31.8 (t, J = 21.1 Hz), 30.4 (t, J = 19.6 Hz, C-
D), 21.1, 18.4, 3.9.

19F NMR (376 MHz, CDCls) 6 -113.30 — -117.45 (m).

HRMS (ESI) mVz: [M+H]* calcd for Ci7H20DF202" 296.1567; found 296.1568.

OPh

CF,H
D
2-(2,2-difluor oethyl)-3-methyl-1-(4-phenoxyphenyl)butan-1-one-3-d (3e-D)
Colorlessliquid.
Compound 3e-D was purified by PTLC with PE/EA = 35:1, 60% yield (82% D, 38.3
mg) following the procedure A>.
IH NMR (400 MHz, CDCls) 6 7.93 (d, J = 8.8 Hz, 2H), 7.40 (t, J = 7.9 Hz, 2H), 7.21
(t, J= 7.4 Hz, 1H), 7.08 (d, J = 7.7 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 5.91 — 5.60 (m,
1H), 3.51 - 3.44 (m, 1H), 2.59 — 2.43 (m, 1H), 2.13 — 2.06 (m, OH), 2.03 — 1.90 (m,
1H), 1.00 (d, J = 5.8 Hz, 3H), 0.86 (d, J = 7.4 Hz, 3H).
13C NMR (101 MHz, CDCIs) § 200.9, 162.4, 155.5, 131.7, 130.7, 130.2, 124.9, 120.5,
117.5, 116.7 (t, J = 238.9 Hz), 45.86 — 44.98 (m), 31.9 (t, J=21.1 Hz), 30.4 (t, J = 19.6
Hz, C-D), 21.1, 18.4.
19 NMR (376 MHz, CDCls) 6 -108.13 - -117.36 (m).
HRMS (ESI) m/z: [M+H]* calcd for CioH20DF202* 320.1567; found 320.1567.

SMe

CF,H
D

2-(2,2-difluor oethyl)-3-methyl-1-(4-(methylthio)phenyl)butan-1-one-3-d (3f-D)
Colorlessliquid.

Compound 3f-D was purified by PTLC with PE/EA = 35:1, 68% yield (83% D, 37.1
myg) following the procedure Ao.

'H NMR (400 MHz, CDCls) 6 7.86 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 5.91
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~ 5.60 (M, 1H), 3.48 (d, J = 10.4 Hz, 1H), 2.57 — 2.47 (m, 4H), 2.11 — 2.05 (m, OH),
2.03-1.91 (m, 1H), 0.99 (d, J = 5.7 Hz, 3H), 0.85 (d, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 201.3, 146.4, 133.4, 128.9, 125.2, 116.7 (t, J = 238.9
Hz), 46.0 — 44.9 (m), 31.9 (t, J = 21.2 Hz), 305 (t, J = 19.6 Hz, C-D), 21.0, 18.4, 14.9.
19F NMR (376 MHz, CDCls) 6 -113.29 — -117.22 (m).

HRMS (ESI) m/z: [M+H]* calcd for C1aH1sDF20S' 274.1182; found 274.1187.

OMe

CF,H
D
2-(2,2-difluor oethyl)-1-(3-methoxyphenyl)-3-methylbutan-1-one-3-d (3i-D)
Colorlessliquid.
Compound 3i-D was purified by PTLC with PE/EA = 35:1, 40% yield (81% D, 20.6
mg) following the procedure Ao.
IH NMR (400 MHz, CDCl3) § 7.52 (d, J = 7.6 Hz, 1H), 7.49 — 7.43 (m, 1H), 7.39 (t, J
= 7.9 Hz, 1H), 7.13 (dd, J = 8.2, 2.1 Hz, 1H), 5.93 - 5.61 (m, 1H), 3.87 (s, 3H), 3.57 —
3.45 (m, 1H), 2.61 — 2.44 (m, 1H), 2.14 — 2.06 (m, OH), 2.04 - 1.90 (m, 1H), 1.01 (d, J
=5.8 Hz, 3H), 0.84 (d, J= 7.5 Hz, 3H).
13C NMR (101 MHz, CDCl3) 6 202.2, 160.1, 138.6, 129.9, 120.9, 119.7, 116.7 (t, J =
238.9 Hz), 112.8, 55.6, 45.9 (dd, J= 6.5, 2.3 Hz), 31.7 (t, J=21.2 Hz), 30.3 (t, J = 19.6
Hz, C-D), 21.0, 18.3.
19 NMR (376 MHz, CDCls) § -113.42 — -117.31 (m).
HRMS (ESI) m/z: [M+H]" calcd for C14aH1sDF202" 258.1410; found 258.1412.

Me

CF,H
D

2-(2,2-difluor oethyl)-3-methyl-1-(o-tolyl)butan-1-one-3-d (3j-D)

Colorlessliquid.

Compound 3j-D was purified by PTLC with PE/EA = 35:1, 43% yield (80% D, 20.7
myg) following the procedure Ao.

'H NMR (400 MHz, CDCl3) 6 7.59 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 7.27
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(t, J=7.7 Hz, 2H), 6.09 — 5.66 (m, 1H), 3.42 (d, J = 10.7 Hz, 1H), 2.72 — 2.32 (M, 4H),
2.08 - 1.99 (m, OH), 1.97 — 1.83 (m, 1H), 0.98 (d, J = 6.2 Hz, 3H), 0.82 (d, J = 7.2 Hz,
3H).

13C NMR (101 MHz, CDCl3) § 206.0, 138.4, 132.2, 131.4, 128.2, 125.9, 116.9 (t, J =
238.7 Hz), 48.7 - 48.5 (m), 30.8 (t, J = 21.2 Hz), 29.6 (t, J = 19.6 Hz, C-D), 21.1, 20.6,
18.1.

19F NMR (376 MHz, CDCls) 6 -113.23 — -117.62 (m).

HRMS (ESI) m/iz: [M+H]* calcd for CraH1sDF20* 242.1461; found 242.1457.

2-(2,2-difluoroethyl)-3-methyl-1-(thiophen-2-yl)butan-1-one-3-d (3m-D)
Colorlessliquid.

Compound 3m-D was purified by PTLC with PE/EA = 35:1, 26% yield (76% D, 12.1
mg) following the procedure Ao.

'H NMR (400 MHz, CDClI3) 6§ 7.74 (d, J = 3.8 Hz, 1H), 7.68 (d, J = 4.9 Hz, 1H), 7.15
(t, J=4.4Hz, 1H), 5.92 - 5.61 (m, 1H), 3.33 - 3.28 (m, 1H), 2.56 — 2.41 (m, 1H), 2.17
—2.09 (m, OH), 2.06 — 1.95 (m, 1H), 1.01 (d, J = 6.0 Hz, 3H), 0.93 (d, J = 7.3 Hz, 3H).
13C NMR (101 MHz, CDClIs) 6 195.1, 144.8, 134.6, 132.3, 128.5, 116.5 (t, J = 239.3
Hz), 48.0 - 47.8 (m), 32.77 — 32.18 (m), 31.78 — 31.35 (m), 21.0, 19.0.

BFNMR (376 MHz, CDCl3) 6 -113.72 — -117.30 (m).

HRMS (ESl) mVz: [M+H]* calcd for C1iH14DF20S" 234.0869; found 234.0871.

MeO
Ts< CF,H

N

H
N-(5,5-difluor o-3-(2-methoxyphenyl)pentyl)-4-methylbenzenesulfonamide (5a)
Yellow oil liquid.
Compound 5a was purified by PTLC with PE/EA = 3:1, 71% yield (27.2 mg) following
the procedure B.
'H NMR (400 MHz, CDCl3) 6 7.66 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 7.23
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- 7.18 (m, 1H), 7.03 - 7.01 (m, 1H), 6.91 (td, J = 7.5, 0.8 Hz, 1H), 6.85 (d, J = 8.2 Hz,
1H), 5.46 (tdd, J = 56.8, 6.5, 3.2 Hz, 1H), 4.85 - 4.56 (m, 1H), 3.81 (s, 3H), 3.28 - 3.21
(m, 1H), 2.93 - 2.85 (m, 1H), 2.67 - 2.57 (m, 1H), 2.41 (s, 3H), 2.26 - 2.10 (m, 1H),
2.06 - 1.94 (M, 1H), 1.87 - 1.70 (m, 2H).

13C NMR (101 MHz, CDCl3) § 157.2, 143.4, 137.2, 129.8, 129.3, 128.3, 128.0, 127.1,
121.5, 116.7 (t, J=238.9 Hz), 111.3, 55.7, 41.1, 39.6 (t, J = 20.8 Hz), 35.3, 30.6, 21.6.
19F NMR (376 MHz, CDCls) 6 -114.13 — -117.23 (m).

HRMS (ESI) mVz: [M+H]* calcd for CioH24F2NOsS* 384.1439; found 384.1441.

MeS

Ts < CF,H
N

H
N-(5,5-difluoro-3-(2-(methylthio)phenyl)pentyl)-4-methylbenzenesulfonamide
(5b)

Yellow oil liquid.

Compound 5b was purified by PTLC with PE/EA = 3:1, 55% yield (21.9 mg) following
the procedure B.

'H NMR (400 MHz, CDCls) § 7.68 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 7.25
— 7.18(m, 2H), 7.18 — 7.13 (m, 1H), 7.07 (d, J = 7.5 Hz, 1H), 5.61 — 5.30 (m, 1H),
4.91 (br, 1H), 3.46 — 3.31 (m, 1H), 3.01 — 2.89 (m, 1H), 2.65 — 2.57 (m, 1H), 2.45
(s, 3H), 2.41 (s, 3H), 2.17 — 1.97 (m, 2H), 1.92 — 1.83(m, 1H), 1.76 — 1.66 (m, 1H).
13C NMR (101 MHz, CDClIs) 6 143.5, 139.6, 137.4, 129.8, 127.9, 127.1, 126.5, 126.1,
116.3 (t, J=239.4 Hz), 40.8, 36.5, 32.4, 29.8, 21.6, 16.3.

19 NMR (376 MHz, CDCls) § -113.84 — -116.21 (m).

HRMS (ESI) m/z: [M+H]" calcd for C1gH24FNO>S," 400.1211; found 400.1215.

OMe
MeO
Ts< CF,H
N
H

N-(3-(2,5-dimethoxyphenyl)-5,5-difluor opentyl)-4-methylbenzenesulfonamide (5c)
Yellow oil liquid.
Compound 5c¢ was purified by PTLC with PE/EA = 3:1, 54% yield (22.3 mg) following

S35



the procedure B.

'H NMR (400 MHz, CDCls) ¢ 7.66 (d, J = 8.2 Hz, 2H), 7.29 — 7.26 (m, 2H), 6.82 -
6.76 (m, 1H), 6.74 - 6.69 (m, 1H), 6.60 (d, J = 2.9 Hz, 1H), 5.47 (tdd, J =56.8, 6.5, 3.2
Hz, 1H), 4.94 — 4.70 (m, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 3.28 - 3.17 (m, 1H), 2.96 -
2.85 (m, 1H), 2.65 - 2.55 (m, 1H), 2.41 (s, 3H), 2.23 — 2.09 (m, 1H), 2.06 - 1.91 (m,
1H), 1.87 - 1.77 (m, 1H), 1.74 — 1.67 (m, 1H).

13C NMR (101 MHz, CDCIs) 6 154.2, 151.4, 143.4, 137.3, 130.7, 129.8, 127.1, 116.6
(t, J=240.4 HZ), 114.4, 112.5, 112.0, 56.4, 55.7, 41.0, 39.6 (t, J = 20.9 HZ), 35.4, 30.5,
21.6.

FNMR (376 MHz, CDCl3) 6 -114.24 — -117.25 (m).

HRMS (ESI) m/z: [M+H]" calcd for C2oH26F2NO4S™ 414.1545; found 414.1548.

CO,Me

MeO

Ts< CF,H
N

H
M ethyl-4-(1,1-difluor o-5-((4-methylphenyl)sulfonamido)pentan-3-yl)-3-methoxyb
enzoate (5d)

Yellow ail liquid.

Compound 5d was purified by PTLC with PE/EA = 3:1, 75% yield (33.1 mg) following
the procedure B.

H NMR (400 MHz, CDCls) 6 7.65 (d, J = 8.2 Hz, 2H), 7.61 - 7.55 (m, 1H), 7.52 -
7.48 (m, 1H), 7.28 - 7.24 (m, 2H), 7.10 (d, J= 7.9 Hz, 1H), 5.64 — 5.34 (m, 1H), 4.73
(br, 1H), 3.92 (s, 3H), 3.87 (s, 3H), 3.36 - 3.26 (m, 1H), 2.90 - 2.81 (m, 1H), 2.67 - 2.57
(m, 1H), 2.41 (s, 3H), 2.26 — 2.14 (m, 1H), 2.10 - 2.00 (m, 1H), 1.90 - 1.78 (m, 2H).
13C NMR (101 MHz, CDClIs) 6 166.8, 157.2, 143.6, 137.0, 135.0, 130.2, 129.8, 128.2,
127.1,122.7,116.4 (t, J = 239.3 Hz), 111.9, 55.9, 52.4, 41.0, 39.2 (t, J= 21.0 Hz), 34.9,
31.1, 21.6.

FNMR (376 MHz, CDCl3) 6 -114.19 — -117.17 (m).

HRMS (ESI) m/z: [M+H]" calcd for C21H26F2NOsS' 442.1494; found 442.1493.
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COzMe

Ts < CF,H
SN 2

H
M ethyl-4-(1,1-difluor o-5-((4-methylphenyl)sulfonamido)pentan-3-yl)-3-iodobenz
oate (5e)

Yellow ail liquid.

Compound 5e was purified by PTLC with PE/EA = 3:1, 29% yield (15.6 mg) following
the procedure B.

'H NMR (400 MHz, CDCls) 6 8.48 (s, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.67 (d, J = 8.2
Hz, 2H), 7.30 - 7.27 (m, 2H), 7.16 (d, J= 8.1 Hz, 1H), 5.71 - 5.39 (m, 1H), 4.55 (t, J =
6.2 Hz, 1H), 3.92 (s, 3H), 3.43 — 3.35(m, 1H), 2.87 - 2.71 (m, 2H), 2.42 (s, 3H), 2.15
-2.03 (m, 2H), 1.98 - 1.90 (m, 1H), 1.85 — 1.77 (m, 1H).

13C NMR (101 MHz, CDClIs) § 165.3, 149.6, 143.8, 141.2, 136.8, 130.7, 130.1, 129.9,
128.4, 127.2, 126.7, 115.7 (t, J = 240.0 Hz), 52.6, 41.1 (t, J = 5.0 Hz), 40.7, 36.5, 29.8,
21.7.

FNMR (376 MHz, CDCl3) 6 -114.33 - -114.75 (m).

HRMS (ESI) m/z: [M+H]" calcd for CaoH23F2lNO4S' 538.0355; found 538.0353.

MeO,C

Ts < CF,H
N

H
M ethyl-2-(1,1-difluor o-5-((4-methylphenyl)sulfonamido)pentan-3-yl)benzoate (5f)
Yellow ail liquid.

Compound 5f was purified by PTLC with PE/EA = 3:1, 57% yield (23.4 mg) following

the procedure B.

'H NMR (400 MHz, CDCl3s) 6 7.68 (d, J = 8.2 Hz, 3H), 7.48 (t, J = 7.6 Hz, 1H), 7.29

-7.22 (m, 4H), 5.98 (dd, J=8.7, 3.5 Hz, 1H), 5.31 (tdd, J=56.5, 6.3, 3.4 Hz, 1H), 3.95

(s, 3H), 3.82- 3.72 (m, 1H), 3.09 - 3.00 (m, 1H), 2.56 - 2.46 (m, 1H), 2.39 (s, 3H), 2.06

-1.86 (m, 3H), .79 — 1.73 (m, 1H).

13C NMR (101 MHz, CDClIs) § 169.4, 143.1, 142.4, 137.8, 132.5, 131.6, 130.1, 129.6,

127.1,127.0, 126.9, 116.1 (t, J = 239.4 Hz), 53.0, 41.6 (t, J = 20.8 Hz), 40.4, 36.4, 31.2
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- 31.1 (m), 21.6.
19F NMR (376 MHz, CDCls) 6 -114.75 — -117.68 (m).
HRMS (ESI) m/z: [M+H]* calcd for CooH24F2NO4S* 412.1389; found 412.1387.

MeOC

Ts < CF,H
N

H
N-(3-(2-acetylphenyl)-5,5-difluor opentyl)-4-methylbenzenesulfonamide (5g)
Yellow oil liquid.
Compound 5g was purified by PTLC with PE/EA = 3:1, 23% yield (9.1 mg) following
the procedure B.
H NMR (400 MHz, CDCl3) 6 7.69 (d, J = 9.4 Hz, 2H), 7.51 (d, J = 7.8 Hz, 1H), 7.45
(t, J=7.6 Hz, 1H), 7.33 — 7.27 (m, 2H), 7.23 (d, J= 7.1 Hz, 2H), 6.36 (d, J = 8.8 Hz,
1H), 545 — 5.14 (m, 1H), 3.53 - 3.42 (m, 1H), 3.12 - 3.03 (M, 1H), 2.60 (s, 3H), 2.50
- 2.44 (m, 1H), 2.39 (s, 3H), 2.03 — 1.85(m, 3H), 1.78 — 1.71 (m, 1H).
13C NMR (101 MHz, CDClIs) 6 205.4, 143.0, 140.6, 140.3, 138.1, 132.0, 129.6, 128.1,
127.5,127.0, 126.8, 116.2 (t, J = 239.4 Hz), 41.8 (t, J = 20.4 HZz), 40.2, 36.5, 30.6, 30.3,
21.6.
FNMR (376 MHz, CDCl3) 6 -115.29 — -117.72 (m).
HRMS (ESI) m/z: [M+H]" calcd for C20H24F2NO3S™ 396.1439; found 396.1434.

S
MeO,C7 N\
Ts< CF,H
N
H

M ethyl-3-(1,1-difluor o-5-((4-methylphenyl)sulfonamido)pentan-3-yl)thiophene-2-
car boxylate (5h)

Yellow oil liquid.

Compound 5h was purified by PTLC with PE/EA = 3:1, 42% yield (17.5 mg) following
the procedure B.

'H NMR (400 MHz, CDCl3) 6 7.70 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 5.2 Hz, 1H), 7.28
- 7.26 (m, 2H), 6.95 (d, J=5.2 Hz, 1H), 5.59 — 5.30 (m, 2H), 4.09 - 4.01 (m, 1H), 3.90
(s, 3H), 3.08 - 2.99 (m, 1H), 2.56 - 2.47 (m, 1H), 2.42 (s, 3H), 2.09 - 1.85 (m, 3H),
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1.68 - 1.62 (m, 1H).

13C NMR (101 MHz, CDCl3) § 163.6, 150.3, 143.4, 137.7, 132.2, 129.7, 127.9, 127.1,
127.0, 116.1 (t, J = 239.7 Hz), 52.6, 40.7, 40.5 (t, J = 21.2 Hz), 36.2, 29.8 - 29.7 (m),
21.6.

19F NMR (376 MHz, CDCls) 6 -114.04 — -117.02 (m).

HRMS (ESI) mVz: [M+H]* calcd for CigH2F2NO4S,* 418.0953; found 418.0952.

CHO

MeO

CF,H
HO 2

4-(1,1-difluor o-5-hydroxypentan-3-yl)-3-methoxybenzaldehyde (5i)

Yellow oil liquid.

Compound 5i was purified by PTLC with PE/EA = 3:1, 81% yield (20.9 mg) following
the procedure B.

IH NMR (400 MHz, CDCl3) 6 9.96 (s, 1H), 7.49 - 7.45 (m, 1H), 7.41 (s, 1H), 7.35 (d,
J=7.6 Hz, 1H), 5.77 - 5.45 (m, 1H), 3.92 (s, 3H), 3.59 - 3.49 (m, 2H), 3.43 - 3.35 (M,
1H), 2.36 - 2.19 (m, 2H), 2.05 - 1.98 (m, 1H), 1.96 - 1.89 (m, 1H), 1.89 - 1.83 (m, 1H).
13C NMR (101 MHz, CDCl3s) 6 191.8, 158.1, 138.3, 136.5, 129.0, 124.8, 116.6 (t, J =
240.4 Hz), 109.4, 60.4, 55.9, 39.2 (t, J = 20.8 HZz), 37.9, 31.0 - 30.8 (M).

FNMR (376 MHz, CDCl3) 6 -114.13 - -117.11 (m).

HRMS (ESI) m/iz: [M+H]* calcd for CiaH17F205" 259.1140; found 259.1136.

CHO

MeO OMe

CF,H
HO 2

4-(1,1-difluor o-5-hydroxypentan-3-yl)-3,5-dimethoxybenzaldehyde (5))

Yellow oil liquid.

Compound 5] was purified by PTLC with PE/EA = 3.1, 67% yield (19.3 mg) following
the procedure B.

'H NMR (400 MHz, CDCI3) 6 9.92 (s, 1H), 7.09 (s, 2H), 5.58 (tdd, J = 56.9, 5.9, 3.6
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Hz, 1H), 3.91 (s, 6H), 3.85 - 3.78 (M, 1H), 3.54 - 3.47 (m, 1H), 3.36 - 3.28 (m, 1H),
2.63-2.50 (M, 1H), 2.29 - 2.17 (m, 1H), 2.14 - 2.06 (m, 1H), 1.99 - 1.91 (m, 1H), 1.72
(br, 1H).

13C NMR (101 MHz, CDClIs) 6 191.7, 136.4, 125.0, 117.3 (t, J = 238.9 Hz), 105.5,
61.1, 37.5(t, J=20.5Hz), 36.0, 29.8, 26.5 - 26.4 (M).

BFENMR (376 MHz, CDClI3) ¢ -115.10 — -115.55 (m).

HRMS (ESI) m/z: [M+H]" calcd for C14H19F204" 289.1246; found 289.1251.

F,H
HO CF2

5,5-difluoro-3-(p-tolyl)pentan-1-ol (5k)

Yellow oil liquid.

Compound 5k was purified by PTLC with PE/EA = 3:1, 56% yield (12.0 mg) following
the procedure B.

IH NMR (400 MHz, CDClg) d 7.24 — 6.93 (m, 4H), 5.50 (tdd, J = 56.8, 6.7, 3.3 Hz,
1H), 3.58 - 3.49 (m, 1H), 3.49 - 3.39 (m, 1H), 3.01 - 2.92 (m, 1H), 2.33 (s, 3H), 2.20 —
2.06 (m, 2H), 1.99 — 1.78 (m, 3H).

13C NMR (101 MHz, CDCls) 6 139.4, 136.7, 129.7, 127.4, 116.7 (t, J = 238.6 H2z),
60.6, 41.1 (t, J = 20.7 Hz), 39.3, 36.6 - 36.5 (M), 21.1.

19¢ NMR (376 MHz, CDCls) 6 -114.87 — -118.27 (m).

HRMS (ESI) m/z: [M+H]* calcd for C12H17F20* 215.1242; found 215.1245.

CF;

CF,H
HO 2

5,5-difluoro-3-(4-(trifluoromethyl)phenyl)pentan-1-ol (5I)

Yellow oil liquid.

Compound 5l was purified by PTLC with PE/EA = 3:1, 43% yield (11.5 mg) following
the procedure B.

'H NMR (400 MHz, CDCl3) ¢ 7.60 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 5.53
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(tdd, J = 56.6, 6.4, 3.3 Hz, 1H), 3.61 - 3.53 (M, 1H), 3.46 - 3.38 (M, 1H), 3.20 - 3.10
(m, 1H), 2.29 - 2.13 (m, 2H), 2.05 — 1.96 (m, 1H), 1.91 - 1.82 (m, 1H), 1.58 (br, 1H).
13C NMR (101 MHz, CDCls) 6 147.0, 129.5 (q, J = 32.9 Hz), 128.0, 126.0 (g, J = 3.6
Hz), 124.2 (g, J = 272.7 Hz), 116.2 (t, J = 239.1 Hz), 60.1, 40.7 (t, J = 21.0 Hz), 39.0,
36.7 - 36.6 (M).

19 NMR (376 MHz, CDCl3) § -62.47 (s), -114.76 — -117.88 (m).

HRMS (ESI) mVz: [M+H]* calcd for Ci2H14FsO" 269.0959; found 269.0961.

/()\O
S’ CF,H
g N
H

N-(5,5-difluoro-3-(2-methoxyphenyl)pentyl)-2,4,6-trimethylbenzenesulfonamide
(5m)

Yellow oil liquid.

Compound 5m was purified by PTLC with PE/EA = 3:1, 57% yield (23.4 mg) following
the procedure B.

IH NMR (400 MHz, CDCls) 6 7.24 — 7.18 (m, 1H), 7.01 — 6.98 (m, 1H), 6.96 —
6.83 (m, 4H), 5.42 (tdd, J = 56.8, 6.6, 3.2 Hz, 1H), 4.88 — 4.61 (m, 1H), 3.82 (s, 3H),
3.30 - 3.16 (m, 1H), 2.93 - 2.82 (m, 1H), 2.66 — 2.56 (m, 7H), 2.29 (s, 3H), 2.21 —
2.08 (m, 1H), 1.99 — 1.86 (m, 1H), 1.79 — 1.66 (m, 2H).

13C NMR (101 MHz, CDCls) § 157.2, 142.2, 139.0, 134.3, 132.1, 129.4, 128.3, 127.9,
121.5, 116.7 (t, J = 238.9 Hz), 111.3, 55.7, 40.5, 39.6 (t, J = 20.9 Hz), 35.5, 30.5 - 30.4
(m), 23.0, 21.0.

19 NMR (376 MHz, CDCls) § -114.25 — -117.28 (m).

HRMS (ESI) m/z: [M+H]* calcd for CoiH2sF2NOsSt 412.1752; found 412.1757.

oL o0

P
SN CFyH
H

o)

5-chloro-N-(5,5-difluor 0-3-(2-methoxyphenyl)pentyl)thiophene-2-sulfonamide
(5n)
Yellow oil liquid.
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Compound 5n was purified by PTLC with PE/EA = 3:1, 49% yield (20.0 mg) following
the procedure B.

1H NMR (400 MHz, CDCl3) 6 7.28 (d, J = 4.0 Hz, 1H), 7.26 — 7.21 (m, 1H), 7.07 (d,
J=7.4Hz 1H), 6.95 (t, J= 7.4 Hz, 1H), 6.91 — 6.86 (m, 2H), 5.68 — 5.36 (m, 1H),
5.01 - 4.65 (m, 1H), 3.84 (s, 3H), 3.37 - 3.25 (m, 1H), 3.04 - 2.93 (m, 1H), 2.75 —
2.64 (m, 1H), 2.31 - 2.18 (m, 1H), 2.14 — 2.03 (m, 1H), 1.98 - 1.88 (m, 1H), 1.85 —
1.75 (m, 1H).

13C NMR (101 MHz, CDCls) § 157.1, 139.1, 137.2, 131.4, 129.1, 128.5, 128.0, 126.8,
121.6, 116.6 (t, J = 239.0 Hz), 111.4, 55.8, 41.4, 39.7 (t, J = 20.9 Hz), 35.2, 30.5.
FNMR (376 MHz, CDCl3) 6 -114.27 — -117.35 (m).

HRMS (ESI) n/z: [M+H]" calcd for C16H19CIF2NOsS;* 410.0457; found 410.0454.

-
M oo
S CF,H

N-(5,5-difluoro-3-(2-methoxyphenyl)pentyl)pyridine-3-sulfonamide (50)

Yellow ail liquid.

Compound 50 was purified by PTLC with PE/EA = 3:1, 54% yield (20.0 mg) following
the procedure B.

'H NMR (400 MHz, CDCl3) 6 8.98 (s, 1H), 8.78 (d, J = 4.8 Hz, 1H), 8.04 (dt, J = 8.0,
1.9Hz, 1H), 7.42 (dd, J= 8.0, 4.9 Hz, 1H), 7.22 (t, J= 7.8 Hz, 1H), 7.04 (d, J= 9.0 Hz,
1H), 6.93 (t, J = 7.4 Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 5.49 (tdd, J = 56.7, 6.5, 3.1 Hz,
1H),5.02 — 4.94 (m, 1H), 3.83 (s, 3H), 3.32- 3.24 (m, 1H), 2.99 — 2,91 (m, 1H), 2.72
- 2.62 (m, 1H), 2.26 - 2.16 (m, 1H), 2.11 — 1.99 (m, 1H), 1.93 - 1.85 (m, 1H), 1.84 -
1.77 (m, 1H).

13C NMR (101 MHz, CDClIs) § 157.1, 153.2, 148.0, 136.9, 134.7, 129.1, 128.5, 127.9,
123.8, 121.6, 116.6 (t, J = 239.0 Hz), 111.4, 55.8, 41.2, 39.6 (t, J = 20.8 Hz), 35.3, 30.6
- 30.4 (m).

FNMR (376 MHz, CDCl3) 6 -114.30 — -117.38 (m).

HRMS (ESI) m/z: [M+H]" calcd for Ci7H21F2N20sS™ 371.1235; found 371.1235.
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\:
O 2
S

l/\N
° 4

CF,H

N-(5,5-difluoro-3-(2-methoxyphenyl)pentyl)naphthalene-1-sulfonamide (5p)
Yellow ail liquid.

Compound 5p was purified by PTLC with PE/EA = 3:1, 32% yield (13.4 mg) following
the procedure B.

IH NMR (400 MHz, CDCls) 6 8.62 (d, J = 8.6 Hz, 1H), 8.24 — 8.14 (m, 1H), 8.06 (d,
J=8.2Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.68 (t, J = 7.7 Hz, 1H), 7.61 (t, J = 7.8 Hz,
1H), 7.53 — 7.48 (m, 1H), 7.20 — 7.14 (m, 1H), 6.90 — 6.80 (m, 3H), 5.46 — 5.14
(m, 1H), 5.04 — 4.93 (m, 1H), 3.79 (s, 3H), 3.14 - 3.06 (m, 1H), 2.94 - 2.86 (m, 1H),
2.64 - 2,55 (m, 1H), 2.12 — 2.00 (m, 1H), 1.85 — 1.75(m, 1H), 1.67 — 1.61 (m, 2H).
13C NMR (101 MHz, CDClIs) § 157.1, 135.1, 134.4, 134.3, 129.6, 129.3, 128.4, 128.2,
127.9, 127.0, 124.4, 124.3, 121.4, 116.6 (t, J = 239.1 Hz), 111.3,55.7,41.2, 39.4 (t, J =
20.8 Hz), 35.3, 30.6.

19F NMR (376 MHz, CDCls) ¢ -114.20 — -117.02 (m).

HRMS (ESI) m/z: [M+H]* calcd for CooHo4F-NOsS* 420.1439; found 420.1443.

™0
s CF,H
o

N-(5,5-difluor o-3-(2-methoxyphenyl)pentyl)naphthal ene-2-sulfonamide (5q)
Yellow ail liquid.

Compound 5qg was purified by PTLC with PE/EA = 3:1, 30% yield (12.6 mg) following
the procedure B.

IH NMR (400 MHz, CDCls) 6 8.34 (s, 1H), 7.92 (t, J = 9.3 Hz, 3H), 7.74 (d, J = 8.6
Hz, 1H), 7.63 (p, J = 6.9 Hz, 2H), 7.16 (t, J = 7.8 Hz, 1H), 6.98 (d, J = 7.5 Hz, 1H),
6.88 — 6.78 (M, 2H), 5.59 — 5.28 (m, 1H), 4.84 (t, J = 5.9 Hz, 1H), 3.77 (s, 3H), 3.31
- 3.21 (m, 1H), 2.99 - 2.88 (m, 1H), 2.71 - 2.61 (m, 1H), 2.23 - 2.10 (m, 1H), 2.04 -
1.94 (m, 1H), 1.87 - 1.79 (m, 1H), 1.77 — 1.72 (m, 1H).

13C NMR (101 MHz, CDCl3) 6 157.1, 136.9, 134.9, 132.2, 129.6, 129.3, 128.9, 128.4,
128.3, 128.0, 127.7, 122.3, 121.5, 116.6 (t, J = 238.8 Hz), 111.3, 55.7,41.2, 39.6 (t, J =
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20.6 Hz), 35.3, 30.7.
19F NMR (376 MHz, CDCls) 6 -114.30 — -117.28 (m).
HRMS (ESI) m/z: [M+H]* calcd for CooH24F2NOsS* 420.1439; found 420.1440.

CF,H

N-(5,5-difluoro-3-(2-methoxyphenyl)pentyl)cyclopropanesulfonamide (5r)

Yellow oil liquid.

Compound 5r was purified by PTLC with PE/EA = 3:1, 70% yield (23.3 mg) following
the procedure B.

IH NMR (400 MHz, CDCl3) 6 7.23 (d, J= 7.7 Hz, 1H), 7.14 (d, J= 7.5 Hz, 1H), 6.97
(t,J=7.4Hz, 1H), 6.91 (d, /= 8.2 Hz, 1H), 5.72 - 5.40 (m, 1H), 4.53 (br, 1H), 3.85 (s,
3H), 3.45 - 3.34 (m, 1H), 3.12 - 3.02 (m, 1H), 2.92 - 2.80 (m, 1H), 2.33 - 2.10 (m, 3H),
2.04 - 1.96 (m, 1H), 1.95 - 1.84 (m, 1H), 1.14 - 1.05 (m, 2H), 0.92 (d, J = 7.8 Hz, 2H).
13C NMR (101 MHz, CDCIs) 6 157.3, 129.5, 128.4, 128.1, 121.5, 116.7 (t, J = 239.4
Hz), 111.3, 55.7, 41.3, 39.7 (t, J=20.7 Hz), 36.0, 30.8 - 30.6 (m), 30.1, 5.4, 5.3.
FNMR (376 MHz, CDCl3) 6 -114.21 — -117.29 (m).

HRMS (ESI) m/z: [M+H]" calcd for CisH22F2NO3S™ 334.1283; found 334.1288.

O
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© H

Ph CF,H

N-(5,5-difluor o-3-(2-methoxyphenyl)pentyl)-1-phenylmethanesulfonamide (5s)
Yellow ail liquid.

Compound 5swas purified by PTLC with PE/EA = 3:1, 56% yield (21.4 mg) following
the procedure B.

'H NMR (400 MHz, CDClz3) § 7.37 - 7.28 (m, 5H), 7.26 - 7.20 (m, 1H), 7.07 (dd, J =
7.6, 1.6 Hz, 1H), 6.95 (t, J= 7.4 Hz, 1H), 6.86 (d, J = 8.2 Hz, 1H), 5.72 - 5.32 (m, 1H),
4.48 - 436 (m, 1H), 4.16 (d, J= 1.7 Hz, 2H), 3.71 (s, 3H), 3.38 - 3.22 (m, 1H), 2.95 -
2.83 (m, 1H), 2.72 - 2.62 (m, 1H), 2.28 - 2.04 (m, 2H), 1.90 - 1.70 (m, 2H).

13C NMR (101 MHz, CDCls) 6 157.1, 130.7, 129.6, 129.3, 128.9, 128.8, 128.3, 127.9,
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121.5, 116.7 (t,J=239.4 Hz), 111.3, 58.8, 55.6, 41.5, 39.7 (t, /= 20.8 Hz), 36.3, 30.4.
19F NMR (376 MHz, CDCl3) § -114.21 — -117.20 (m).
HRMS (ESI) m/z: [M+H]" calcd for Ci19H24F2NO3S™ 384.1439; found 384.1441.

CF,H

N-(5,5-difluor o-3-(2-methoxyphenyl)pentyl)-1-((1S,4R)-7,7-dimethyl-2-
oxobicyclo[2.2.1]heptan-1-yl)methanesulfonamide (5t)

Yellow oil liquid.

Compound 5t was purified by PTLC with PE/EA = 3:1, 53% yield (23.5 mg) following
the procedure B.

'H NMR (400 MHz, CDCl3) 6 7.22 (t, J= 7.8 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 6.94
(t, J=7.5Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 5.55 (tdd, J = 56.8, 6.4, 3.3 Hz, 1H), 5.16
(g,J=7.1, 6.6 Hz, 1H), 3.84 (s, 3H), 3.40 - 3.27 (m, 2H), 3.11 - 3.00 (m, 1H), 2.98 —
2.87 (m, 1H), 2.83 (d, J = 15.1 Hz, 1H), 2.39 — 2.11 (m, 5H), 2.04 — 1.88 (m, 5H),
1.48 - 1.40 (m, 1H), 1.01 (s, 3H), 0.87 (s, 3H).

13C NMR (101 MHz, CDCl3s) 6 216.8, 157.4, 129.6, 128.3, 128.2, 121.2, 116.9 (t, J =
238.8 Hz), 111.2, 59.2, 55.6, 49.6, 49.4, 48.8, 42.8 (d, J = 16.6 Hz), 41.7, 39.5 (td, J =
20.7, 4.7 Hz), 35.6 (d, J = 15.9 Hz), 31.6, 27.1, 26.5, 20.0, 19.7.

BF NMR (376 MHz, CDCl3) 6 -114.15 — -117.08 (m).

HRMS (ESl) m/z: [M+H]* calcd for C22H3F2aNO4S™ 444.2015; found 444.2019.

CHO

MeO

HO CF,CF3
3-methoxy-4-(5,5,6,6,6-pentafluor o-1-hydroxyhexan-3-yl)benzaldehyde (5u)
Yellow oil liquid.

Compound 5u was purified by PTLC with PE/EA = 3:1, 71% yield (23.1 mg) following
the procedure B.

IH NMR (400 MHz, CDCl3) 6 9.96 (s, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.41 (s, 1H), 7.35
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(d, J = 7.6 Hz, 1H), 3.93 (s, 3H), 3.78 - 3.66 (m, 1H), 3.57 - 3.50 (M, 1H), 3.41 - 3.32
(m, 1H), 2.69 - 2.54 (m, 1H), 2.48 - 2.36 (M, 1H), 2.14 - 1.98 (M, 2H), 1.65 (br, 1H).
13C NMR (101 MHz, CDCl3) 6 191.8, 158.0, 138.1, 136.6, 129.5, 124.8, 121.5— 111.7
(m), 109.5, 60.4, 55.9, 37.9, 35.1 (t, J = 20.6 H2).

19F NMR (376 MHz, CDCls) 6 -85.85 (s), -116.86 — -117.35 (m).

HRMS (ESI) mVz: [M+H]* calcd for CraH16FsOs" 327.1014; found 327.1015.

A pO

o”S\N CF,Ph

H

N-(5,5-difluoro-3-(2-methoxyphenyl)-5-phenylpentyl)cyclopropanesulfonamide
(5v)
Yellow ail liquid.
Compound 5v was purified by PTLC with PE/EA = 3:1, 74% yield (30.3 mg) following
the procedure B.
IH NMR (400 MHz, CDCl3) 6 7.39 - 7.32 (m, 5H), 7.17 (t, J = 7.8 Hz, 1H), 7.06 (d, J
=7.5Hz, 1H), 6.89 (t, J = 7.4 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1H), 457 — 4.41 (m, 1H),
3.77 (s, 3H), 3.49 — 3.35(m, 1H), 3.07 - 2.96 (m, 1H), 2.80 - 2.70 (m, 1H), 2.66 - 2.41
(m, 2H), 2.28 - 2.18 (m, 1H), 2.13 - 2.02 (m, 1H), 1.92 - 1.82 (m, 1H), 1.09 - 1.03 (q, J
=5.7, 4.8 Hz, 2H), 0.91 - 0.85 (m, 2H).
13CNMR (101 MHz, CDCls) 6 156.8, 137.3 (t, J = 26.4 Hz), 130.9, 129.7, 128.3, 127.9,
125.0 (t, J = 6.3 Hz), 123.0 (t, J = 244.4 Hz), 121.3, 111.0, 55.6, 44.7 (t, J = 26.7 HZ),
41.4, 36.4, 30.9, 30.1, 5.4, 5.3.
FNMR (376 MHZz, CDCl3) 6 -91.43 — -95.83 (m).
HRMS (ESI) m/z: [M+H]" calcd for C21H26F2NO3S"™ 410.1596; found 410.1592.

N-(3-(2-methoxyphenyl)-5-oxo-5-phenylpentyl)-4-methylbenzenesulfonamide (7a)
Yellow oil liquid.
Compound 7a was purified by PTLC with PE/EA = 3:1, 55% yield (24.0 mg) following
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the procedure C.

'H NMR (400 MHz, CDCl3) 6§ 7.90 - 7.85 (m, 2H), 7.67 (d, J = 8.2 Hz, 2H), 7.54 (t, J
=7.4Hz 1H), 743 (t, J = 7.7 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 7.19 - 7.16 (m, 1H),
7.03 (d, J = 8.8 Hz, 1H), 6.89 — 6.82 (m, 2H), 4.90 (t, J = 6.1 Hz, 1H), 3.80 (s, 3H),
3.75 - 3.68 (m, 1H), 3.30 — 3.18 (m, 2H), 2.91 — 2.84 (m, 1H), 2.79 — 2.71 (m, 1H),
2.38 (s, 3H), 1.88 — 1.79 (m, 2H).

13C NMR (101 MHz, CDCI3s) 6 199.1, 157.1, 143.2, 137.2, 137.0, 133.2, 131.3, 129.7,
128.7,128.2, 128.1, 127.9, 127.2, 121.1, 111.1, 55.6, 44.3, 41.5, 34.7, 32.0, 21.6.
HRMS (ESI) m/z: [M+H]" calcd for C2sH2sNO4S™ 438.1734; found 438.1731.

// \N
N ®
OMe

N-(3-(2-methoxyphenyl)-5-(4-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesul f
onamide (7b)

Yellow oil liquid.

Compound 7b was purified by PTLC with PE/EA = 3:1, 41% yield (19.1 mg) following
the procedure C.

'H NMR (400 MHz, CDCls) § 7.87 (d, J = 8.6 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H), 7.24
(d, J=8.1Hz, 2H), 7.18 (t, J= 7.8 Hz, 1H), 7.02 (d, J = 7.4 Hz, 1H), 6.90 (d, J = 8.6
Hz, 2H), 6.88 — 6.81 (m, 2H), 4.92 (t, J = 6.0 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 3.73
—3.66 (m, 1H), 3.26 — 3.12 (m, 2H), 2.91 - 2.93 (m, 1H), 2.79 — 2.71 (m, 1H), 2.39 (s,
3H), 1.87 — 1.78 (m, 2H).

13C NMR (101 MHz, CDCls) § 197.7, 163.6, 157.1, 143.2, 137.2, 131.5, 130.5, 130.1,
129.7, 128.0, 127.8, 127.2,121.1, 113.8, 111.1, 55.6, 43.9, 41.5, 34.7, 32.0, 21.6.
HRMS (ESI) m/z: [M+H]" calcd for C2sHzoNOsS™ 468.1839; found 468.1835.
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N-(5-(4-(tert-butyl)phenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenes
ulfonamide (7c)

Yellow oil liquid.

Compound 7c was purified by PTLC with PE/EA = 3:1, 48% yield (23.7 mg) following
the procedure C.

H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.44
(d, J=8.4 Hz, 2H), 7.23 (d, J = 8.2 Hz, 2H), 7.19 — 7.15 (m, 1H), 7.05— 7.01 (m, 1H),
6.89 — 6.81 (m, 2H), 4.95 (t, J = 6.1 Hz, 1H), 3.79 (s, 3H), 3.75 - 3.66 (m, 1H), 3.30 —
3.16 (m, 2H), 2.91 - 2.82 (m, 1H), 2.79 — 2.70 (m, 1H), 2.38 (s, 3H), 1.87 — 1.77 (m,
2H), 1.33 (s, 9H).

13C NMR (101 MHz, CDClIs) § 198.8, 157.1, 156.9, 143.2, 137.2, 134.4, 131.4, 129.7,
128.1, 128.0, 127.8, 127.2, 125.6, 121.1, 111.1, 55.6, 44.2, 41.5, 35.2, 34.6, 31.9, 31.2,
21.6.

HRMS (ESI) m/z: [M+H]" calcd for CogHzsNOsS" 494.2360; found 494.2358.

N-(5-(4-isopropylphenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesul f
onamide (7d)

Yellow ail liquid.

Compound 7d was purified by PTLC with PE/EA = 3:1, 41% yield (19.6 mg) following
the procedure C.

'H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 7.9 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.28
(d, J=8.0 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.17 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 7.4
Hz, 1H), 6.85 (dd, J = 18.3, 7.8 Hz, 2H), 4.94 (t, J = 5.8 Hz, 1H), 3.80 (s, 3H), 3.75 -
3.67 (m, 1H), 3.29 — 3.14 (m, 2H), 2.99 — 2.91 (m, 1H), 2.89 — 2.83 (m, 1H), 2.79 -
2.71 (m, 1H), 2.38 (s, 3H), 1.87 — 1.77 (m, 2H), 1.27 (s, 3H), 1.25 (s, 3H).

13C NMR (101 MHz, CDClIs) § 198.8, 157.1, 154.7, 143.2, 137.2, 134.9, 131.4, 129.7,
128.4, 128.0, 127.8, 127.2, 126.7, 121.1, 111.1, 55.6, 44.2, 41.5, 34.6, 34.4, 31.9, 23.8,
21.6.

HRMS (ESI) nv/z: [M+H]" calcd for CosHaaNO4S* 480.2203; found 480.2208.
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N-(5-([1,1'-biphenyl]-4-yl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methyl benzenesu
Ifonamide (7€)
Yellow ail liquid.
Compound 7ewas purified by PTLC with PE/EA = 3:1, 40% yield (20.5 mg) following
the procedure C.
'H NMR (400 MHz, CDCl3) 6 7.95 (d, J = 8.4 Hz, 2H), 7.69 — 7.60 (m, 6H), 7.47 (t, J
=7.4Hz, 2H), 7.42 - 7.38 (m, 1H), 7.24 (d, J = 8.1 Hz, 2H), 7.20 - 7.16 (m, 1H), 7.07
—7.03(m, 1H), 6.91 — 6.82 (m, 2H), 4.90 (t, J = 6.1 Hz, 1H), 3.81 (s, 3H), 3.77 - 3.71
(m, 1H), 3.34 — 3.21 (m, 2H), 2.94 — 2.85 (m, 1H), 2.81 — 2.72 (m, 1H), 2.38 (s, 3H),
1.92-1.78 (m, 2H).
13C NMR (101 MHz, CDCls) § 198.7, 157.2, 145.9, 143.2, 139.9, 137.2, 135.7, 131.3,
129.7, 129.1, 128.8, 128.4, 128.1, 127.9, 127.4, 127.3, 127.2, 121.2, 111.1, 55.6, 44.3,
415, 34.7, 32.0, 21.6.
HRMS (ESI) m/z: [M+H]" calcd for Ca1Hz32NO4S™ 514.2047; found 514.2048.

'/
777N
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N-(5-(4-fluorophenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesulfon
amide (7f)

Yellow oil liquid.

Compound 7f was purified by PTLC with PE/EA = 3.1, 42% yield (19.1 mg) following
the procedure C.

'H NMR (400 MHz, CDCl3) 6 7.90 (dd, J= 8.7, 5.5 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H),
7.24 (d, J=8.2 Hz, 2H), 7.20 — 7.15 (m, 1H), 7.09 (t, J = 8.6 Hz, 2H), 7.04 — 7.00 (m,
1H), 6.89 — 6.81 (m, 2H), 4.88 (t, J = 6.1 Hz, 1H), 3.79 (s, 3H), 3.73 — 3.65 (m, 1H),
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3.22 (qd, J = 17.0, 6.8 Hz, 2H), 2.92 — 2.83 (M, 1H), 2.79 — 2.70 (m, 1H), 2.39 (s, 3H),
1.90 - 1.77 (m, 2H).

13C NMR (101 MHz, CDCl3) § 197.6, 165.8 (d, J = 254.7 Hz), 157.1, 143.2, 137.2,
133.5, 131.1, 130.8 (d, J = 9.3 Hz), 129.7, 128.0 (d, J = 11.4 Hz), 127.2, 121.1, 115.8,
115.6, 111.1, 55.6, 44.2, 41.5, 34.6, 32.2, 21.6.

19F NMR (376 MHz, CDCls) 6 -105.2 (p, J = 8.1 Hz).

HRMS (ESI) mVz: [M+H]* calcd for CosHz7FNO4S' 456.1639; found 456.1640.

/
// \N
& ®
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N-(5-(4-chlor ophenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesulfon
amide (79)

Yellow oil liquid.

Compound 7g was purified by PTLC with PE/EA = 3:1, 43% yield (20.3 mg) following
the procedure C.

'H NMR (400 MHz, CDCls) 6 7.80 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.1 Hz, 2H), 7.39
(d, J=8.4Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 7.19 — 7.15 (m, 1H), 7.02 (d, J = 6.6 Hz,
1H), 6.89 — 6.81 (m, 2H), 4.87 (t, J = 5.7 Hz, 1H), 3.79 (s, 3H), 3.73 — 3.64 (m, 1H),
3.28-3.14 (m, 2H), 2.92 - 2.82 (m, 1H), 2.78 — 2.68 (m, 1H), 2.39 (s, 3H), 1.90 - 1.77
(m, 2H).

13C NMR (101 MHz, CDCls) § 197.9, 157.1, 143.2, 139.6, 137.1, 135.3, 131.0, 129.7,
129.6, 128.9, 128.1, 128.0, 127.2, 121.1, 111.1, 55.6, 44.2, 41.4, 34.6, 32.1, 21.6.
HRMS (ESI) mVz: [M+H]" calcd for CosH27CINO4S' 472.1344; found 472.1343.

Qe
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N-(5-(4-bromophenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesulfon
amide (7h)
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Yellow oil liquid.

Compound 7h was purified by PTLC with PE/EA = 3:1, 47% yield (24.2 mg) following
the procedure C.

H NMR (400 MHz, CDCl3) 6 7.72 (d, J = 8.5 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.55
(d, J=8.5Hz, 2H), 7.23 (d, = 8.2 Hz, 2H), 7.19— 7.15 (m, 1H), 7.02 (dd, J= 7.5, 1.5
Hz, 1H), 6.89-6.79 (m, 2H), 4.93 (t, J=5.8 Hz, 1H), 3.78 (s, 3H), 3.72 - 3.62 (m, 1H),
3.28-3.11 (m, 2H), 2.92 — 2.81 (m, 1H), 2.80 — 2.68 (m, 1H), 2.38 (s, 3H), 1.89-1.78
(m, 2H).

13C NMR (101 MHz, CDClIs) § 198.1, 157.1, 143.2, 137.1, 135.7, 131.9, 130.9, 129.7,
129.1, 128.3, 128.0, 127.9, 127.1, 121.1, 111.1, 55.5, 44.1, 41.4, 34.5, 32.1, 21.6.
HRMS (ESI) m/z: [M+H]" calcd for CasH27BrNO4S™ 516.0839; found 516.0842.

N-(3-(2-methoxyphenyl)-5-oxo-5-(m-tolyl)pentyl)-4-methylbenzenesulfonamide
(71)

Yellow oil liquid.

Compound 7i was purified by PTLC with PE/EA = 3:1, 51% yield (23.0 mg) following
the procedure C.

'H NMR (400 MHz, CDCls) § 7.73 — 7.57 (m, 4H), 7.36 — 7.29 (m, 2H), 7.23 (d, J =
8.1 Hz, 2H), 7.17 (t, J = 7.1 Hz, 1H), 7.05— 7.01 (m, 1H), 6.89 — 6.81 (m, 2H), 4.94 (t,
J=6.0Hz, 1H), 3.80 (s, 3H), 3.74 — 3.67 (m, 1H), 3.30 - 3.15 (m, 2H), 2.91 - 2.82 (m,
1H), 2.79 — 2.70 (m, 1H), 2.38 (s, 6H), 1.89 — 1.77 (m, 2H).

13C NMR (101 MHz, CDCls) § 199.3, 157.1, 143.2, 138.4, 137.2, 137.0, 133.9, 131.4,
129.7, 128.7, 128.5, 128.0, 127.8, 127.2, 125.4, 121.1, 111.1, 55.6, 44.3, 41.5, 34.6,
31.9,21.6, 21.5.

HRMS (ESI) m/z: [M+H]" calcd for C2sHaoNO4S™ 452.1890; found 452.1894.

\©\ o o E O OCF,H
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N-(5-(2-(difluoromethoxy)phenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbe
nzenesulfonamide (7))

Yellow oil liquid.

Compound 7] was purified by PTLC with PE/EA = 3:1, 40% yield (20.1 mg) following
the procedure C.

IH NMR (400 MHz, CDCls) § 7.65 (d, J = 8.2 Hz, 2H), 7.48 — 7.41 (m, 2H), 7.24 (d,
J=82Hz 2H), 7.21 - 7.17 (m, 1H), 7.16 — 7.12 (m, 2H), 7.00— 6.97 (m, 1H), 6.84 (t,
J=7.4Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.50 (t, J = 73.5 Hz, 1H), 4.85 (t, J = 5.7 Hz,
1H), 3.74 (s, 3H), 3.69 — 3.62 (m, 1H), 3.25 (d, J = 7.1 Hz, 2H), 2.92 — 2.82 (m, 1H),
2.74 - 2.64 (m, 1H), 2.39 (s, 3H), 1.85 - 1.73 (m, 2H).

13C NMR (101 MHz, CDCIs) § 200.7, 157.1, 149.0, 143.2, 137.2, 133.0, 132.0, 130.8,
130.2, 129.7, 128.1, 127.9, 127.2, 125.7, 121.1, 119.7, 116.2 (t, J = 260.7 HZz), 111.0,
55.5, 48.8, 41.4, 35.0, 31.9, 21.6.

19 NMR (376 MHz, CDCls) § -80.62 (d, J = 4.5 Hz), -80.82 (d, J = 4.4 H2).

HRMS (ESI) m/z: [M+H]" calcd for CoeH2sF2NOsS™ 504.1651; found 504.1649.

Qs

SN

g N O
N-(5-(2,4-dimethylphenyl)-3-(2-methoxyphenyl)-5-oxopentyl)-4-methylbenzenesu
Ifonamide (7k)
Yellow oil liquid.
Compound 7k was purified by PTLC with PE/EA = 3:1, 40% yield (18.6 mg) following
the procedure C.
IH NMR (400 MHz, CDCl3) 6 7.66 (d, J = 8.1 Hz, 2H), 7.45 (d, J = 7.8 Hz, 1H), 7.23
(d, J=8.1Hz, 2H), 7.18 — 7.12 (m, 1H), 7.04 — 6.97 (m, 3H), 6.85 (t, J = 7.4 Hz, 1H),
6.79 (d, J = 8.2 Hz, 1H), 4.94 (t, J = 6.1 Hz, 1H), 3.73 (s, 3H), 3.70 — 3.62 (m, 1H),
3.21 - 3.07 (m, 2H), 2.92 — 2.82 (m, 1H), 2.76 — 2.66 (m, 1H), 2.38 (s, 3H), 2.33 (s,
3H), 2.25 (s, 3H), 1.86 — 1.75 (m, 2H).
13C NMR (101 MHz, CDClIs) § 202.8, 157.1, 143.2, 141.8, 138.5, 137.2, 135.1, 132.8,
131.0, 129.7, 128.9, 128.1, 127.8, 127.1, 126.3, 121.1, 111.0, 55.5, 46.9, 41.4, 34.9,
32.2,21.6,21.4,21.2.
HRMS (ESI) nv/z: [M+H]" calcd for C27H32NO4S* 466.2047; found 466.2050.
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N-(3-(2-methoxyphenyl)-5-oxo-7-phenylheptyl)-4-methylbenzenesulfonamide (71)
Yellow ail liquid.

Compound 71 was purified by PTLC with PE/EA = 3:1, 23% yield (10.7 mg) following
the procedure C.

'H NMR (400 MHz, CDCls) 6 7.66 (d, J = 8.2 Hz, 2H), 7.25 — 7.22 (m, 4H), 7.18 —
7.14 (m, 2H), 7.08 (d, J = 7.1 Hz, 2H), 6.95 (dd, J = 7.5, 1.6 Hz, 1H), 6.88 — 6.80 (m,
2H), 4.88 (t, J = 6.2 Hz, 1H), 3.78 (s, 3H), 3.59 — 3.50 (m, 1H), 2.83 — 2.74 (m, 3H),
2.70 — 2.57 (m, 5H), 2.39 (s, 3H), 1.75 — 1.66 (m, 2H).

13C NMR (101 MHz, CDCIs) § 209.0, 157.0, 143.2, 141.0, 137.1, 130.8, 129.7, 128.5,
128.3, 127.9, 127.9, 127.1, 126.1, 121.1, 111.0, 55.5, 48.5, 44.5, 41.3, 34.8, 31.6, 29.6,
21.6.

HRMS (ESI) m/z: [M+H]" calcd for Co7H32NO4S' 466.2047; found 466.2045.

4-(3-(2-methoxyphenyl)-5-((4-methylphenyl)sulfonamido)pentanoyl)phenyl 2-(4-
isobutylphenyl)propanoate (7m)

Yellow oil liquid.

Compound 7m was purified by PTLC with PE/EA = 3:1, 43%yield (27.6 mg) following
the procedure C.

'H NMR (400 MHz, CDClIs) 6 7.85 (d, J = 8.6 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.28
(d, J=8.0Hz, 2H), 7.23 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 8.0 Hz, 3H), 7.05 (d, J = 8.6
Hz, 2H), 7.01 (d, J = 6.5 Hz, 1H), 6.88 — 6.80 (m, 2H), 4.84 (t, J = 6.1 Hz, 1H), 3.96
— 3.91 (m, 1H), 3.78 (s, 3H), 3.68 (p, J = 7.9 Hz, 1H), 3.19 (qd, J = 17.0, 6.8 Hz, 2H),
2.91-2.82 (m, 1H), 2.79 - 2.70 (m, 1H), 2.47 (d, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.89 -
1.80 (m, 3H), 1.60 (d, J = 7.1 Hz, 3H), 0.91 (d, J = 6.6 Hz, 6H).
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13C NMR (101 MHz, CDCls) § 197.9, 172.8, 157.1, 154.7, 143.2, 141.2, 137.2, 137.0,
134.5, 131.1, 129.7, 129.7, 128.0, 127.9, 127.3, 127.2, 121.7, 121.2, 111.1, 55.6, 45.4,
45.2,44.2,41.5, 34.6, 32.1, 30.3, 22.5, 21.6, 18.6.

HRMS (ESI) m/z: [M+H]" calcd for CasHasNOsS' 642.2884; found 642.2880.

el
E20e sE UL o}

4-(3-(2-methoxyphenyl)-5-((4-methylphenyl)sulfonamido)pentanoyl)phenyl 5-
(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (7n)

Yellow oil liquid.

Compound 7n was purified by PTLC with PE/EA = 3:1, 41% yield (28.1 mg) following
the procedure C.

H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 8.6 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.24
(d, J=8.1Hz, 2H), 7.20 -7.15 (m, 1H), 7.09 (d, J = 8.6 Hz, 2H), 7.01 (dd, J = 10.4, 7.1
Hz, 2H), 6.90 — 6.81 (m, 2H), 6.66 (d, J = 7.4 Hz, 1H), 6.62 (s, 1H), 4.85(t, J=5.8
Hz, 1H), 3.98 (t, J= 5.2 Hz, 2H), 3.79 (s, 3H), 3.74 — 3.66 (m, 1H), 3.22 (qd, J=17.0,
6.8 Hz, 2H), 2.93 -2.84 (m, 1H), 2.80 - 2.70 (m, 1H), 2.38 (s, 3H), 2.30 (s, 3H), 2.16 (s,
3H), 1.90 — 1.81 (m, 6H), 1.37 (s, 6H).

13C NMR (101 MHz, CDClIs) § 197.9, 176.0, 157.2, 156.9, 154.9, 143.2, 137.2, 136.7,
134.5,131.2,130.5,129.8,129.7,128.1, 128.0, 127.2, 123.7,121.9, 121.2, 121.0, 112.1,
111.2, 67.8,55.6, 44.3, 42.7, 41.5, 37.2, 34.7, 32.1, 25.4, 25.2, 21.6, 21.6, 15.9.
HRMS (ESI) m/z: [M+H]" calcd for CaoHasNO7S" 686.3146; found 686.3150.



5. Mechanistic Study
5.1 Radical trapping experiments

CHO
(a) OMe Radical inhibitors (2.0 equiv) N

. 0 |
O~” Fe(NOy); - 9H,0 (40:0 mol%) MeO w oo
K2COj3 (2.0 equiv.) CF2H
OHC * ™ Ho CFH
. MeCN (0.1 M), 0.01 mL H,O ) 2a', m/z: [M+H]"
4i CF,HCO,H 2a 390 nm LEDSs, N, rt, 24 h 5i calcd: 208.1507
TEMPO: n.d. found: 208.1504
BHT: n.d. detected by HRMS

When 2.0 equivalents of TEMPO (2,2,6,6-Tetramethylpiperidoxyl) or BHT
(Butylated Hydroxytoluene) were added to the 1,2-fluoroalkylarylation reaction of
unactivated olefins under the standard conditions, the formation of product 5i was
completely inhibited. Meanwhile, the TEMPO-CFH adduct 2a’ was detected by
HRMS. HRMS (ESI) calcd for C1oH20F2NO* m/z [M + H]* 208.1507, found 208.1504,
as Figure $4 shown. This result indicated that radical intermediate was probably
involved in this transformation.

T

20231208-1 115 (0.507) 1: TOF MS ES+
! 1.63e3

1007 2031504 ]
>(Nj<

|
H* O«
, ‘ CF,H
208.0885 2081062
m/z: 208.1507, found:208.1504

!
208.0138 2081709
1

1
1 !
208.0015 2081778 2086554
| ‘ ! N v
207.8996
2077083 547 7547 ) ‘
7

| | | 2078394
208

! !
!
- 208.2993 208.6703
205.272?\ \ | -

!
| ‘ 208.3347 208.4508 2085133 |
il I | ] Ll iz

o | I I

Figure S4. Detected HR-MS for compound 2a’
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(b) OMeTs
No~F TEMPO (2.0 equiv)
FeCls (8.0 mol%)

+ 4a
K,CO3 (2.0 equiv.) MeO (o)
(o] > . R
)J\ H,0 (0.1 M) TsHN Ph Gal, m/; [2M1+H]2
Ph™ H 390 nm LEDs, Ny, rt, 16 h calcd: 262.180
7a, n.d. found: 262.1805
6a detected by HRMS

When 2.0 equivalents of TEMPO were added to the 1,2-acylarylation reaction of
unactivated olefins under the standard conditions, the formation of product 7a was
completely inhibited. Meanwhile, the TEMPO-adduct 6a’ was detected by HRMS.
HRMS (ESI) calcd for C1eH24NO2" m/z [M + H] ™ 262.1802, found 262.1805, as Figure
S5 shown. This result indicated that radical intermediate was probably involved in this
transformation.

20231208-2 86 (0.368) 1: TOF MS ES+

! _ 5.04e3
1007 262.1805

m/z: 262.1802, found: 262.1805
!
2621428
!
2622520

!
2621096

263.0868

1
262.0845
M

!
2630727
262. 0537

1

' !
2617041 261.8700

! 1
! 262 szaz
1
‘ 262.2703 2624222 ! \ 262 8850 263 u4u5 ‘
L | Ll

7 2625313
252049 ‘ ‘ | 1262 3545 ‘ <, 28238 262 7357 | | | L
Lol L 1
263

e
ol 1 |\\

Figure S5. Detected HR-MS for compound 6a’
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5.2 Verification of deuteration mechanism

Bu
(@) Fe(NO3); * 9H,0 (10.0 mol%) o

o
NaHCO3 1.0 equiv.
X TRIP thiol (10.0 mol%)
CF,HCO,H > CFaH
By Dry DMSO : D,0 (0.1 M, 4:1) D

390 nm LEDs, N, rt, 30 h
1a 2a 3a-D, 59% (82% D)

+

By
(b) Fe(NOs)s + 9H,0 (10.0 mol%) o

(0]
NaHCO3 1.0 equiv.
X TRIP thiol (10.0 mol%
CF,HCO,H ( ) CFaH
- Dry DMSO-dg (0.1 M) D

390 nm LEDs, Ny, rt, 30 h
1a 2a 3a-D, 65% (0% D)

+

By
(c) 0 0

Fe(NO3)3 * 9H,0 (10.0 mol%)
AN NaHCO3 1.0 equiv.
+ CF,HCO,H > CFoH
By Dry DMSO : D,0 (0.1 M, 4:1) D

390 nm LEDs, Nj, rt, 30 h
1a 2a 3a-D, 0% (0% D)

When 1,2-fluoroalkylacylation of 1a was carried out in DMSO-ds (0.1 M) instead of
the mixed solvent of anhydrous DMSO and deuterium oxide (0.1 M, 4:1), the product
3a was obtained in 65% yield without deuterium incorporation, indicating that DMSO
does not act as a hydrogen atom donor.

Moreover, the control experiment showed that the deuteration reaction could not
proceed smoothly without the participation of 2,4,6-triisopropylbenzenethiol (TRIP
thiol).

Based on the experimental results and literature investigation, it can be inferred that
the deuterated TRIP thiol obtained by hydrogen-deuterium exchange between TRIP

thiol and deuterium oxide is the key intermediate in this deuteration reaction.
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5.3 Verification of the necessity of chlorine source

OMe TS o Fe catalyst (8.0 mol%)
NN + )J\ "CI" source - MeO 0
Ph™ H H,0 (0.1 M)
390 nm LEDs, Ny, rt, 16 h TsHN Ph
4a 6a 7a
Entry Fe catalyst “CI” source Yield ® (%)
1 Fex(S04)3 / trace
2 Fe(NO3)3-9H,O / trace
3¢ Fex(S04)3 HCI 27
4¢ Fe(NO3);-9H,O HCI 19

“Reaction condition: 4a (0.10 mmol, 1.0 equiv.), 6a (0.30 mmol, 3.0 equiv.), Fe Catalyst (0.008
mmol, 8.0 mol%), H>O (0.1 M, 1.0 mL), 10 W 390 nm LEDs under N> atmosphere at room
temperature for 16 h. ? Isolated yield. ¢ HCI (5.0 equiv.).

As shown in the above table, ferric salts such as Fe2(SOa4)3 and Fe(NO3)3-9H>O have
little catalytic effect on the acyl-arylation reaction (entries 1, 2). To further verify the
necessity of chlorine source, HCI (5.0 equiv.) was added into the system with Fe2(SOa4)3
or Fe(NOs3)3-9H>0O as the catalyst, affording the product 7a in 27% or 19% yield
respectively under the above conditions (entries 3, 4).

The above results suggested that the Fe(Ill)-chlorine complexes formed by the
coordination of chloride-containing ferric salts or non-chloride ferric salts with chloride
ion can be excited by visible light. Subsequently, high-activity chlorine radical and Fe(ll)
species can be generated through Fe-LMCT process. The hydrogen-atom-transfer (HAT)
process between the chlorine radical and the aldehyde substrate produces the acyl

radical intermediate.
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5.4 Verification of reaction inter mediates

Fe(NO3)s * 9H,0 (10.0 mol%)

@) 0 NaHCO; (1.0 equiv.) Ox-Ph
TRIP thiol (10.0 mol%
Phw +  CF,HCO,H ol A0 mol%) CFoH

Dry DMSO (0.1 M) n
390 nm LEDs, Ny, rt, 30 h
2a 3,0%
n=1,2 n=1,2
MeO
TsHN CFoH
) OMeTs Fe(NOs)s * 9H50 (40.0 mol%) s n5 N
K,CO3 (2.0 equiv.) , 0%
Ny~ + CFHCOH i > n=0. 2
n MeCN (0.1 M), H,O (0.01 mL) ’
390 nm LEDs, Np, rt, 16 h OMe Ts
4 2a !
N
n=0 2 M N NCFH

no detected
hydrodifluoroalkylated product

In order to determine the rearrangement processes of 1,2-acyl migration and 1,4-aryl
migration, unactivated olefins with different carbon chains were used as substrates to
explore the range of cyclic transition states. When the carbon chain of B,y-unsaturated
ketone was extended, neither 1,3- nor 1,4-acyl migration products were obtained under
the optimal reaction conditions. Moreover, when the carbon chain of the distal olefinic
aromatic amine was shortened or extended, the 1,3- or 1,5-aryl migration reactions
could not proceed.

The above results showed that the 1,2-acyl migration reaction was rearranged
through the three-membered ring transition state and the 1,4-aryl migration reaction

was carried out through the five-membered ring transition state with lower energy.
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7.H, 3C and °F NMR Spectra for Substrates and Products

'H NMR of Substrates 1a (400 MHz, CDCls3)

@%@
By

13C NMR of Substrates 1a (101 MHz, CDCl3)

@%@
Bu
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IH NMR of Substrates 1d (400 MHz, CDCls)
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13C NMR of Substrates 1d (101 MHz, CDCl3)
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IH NMR of Substrates 1i (400 MHz, CDCls)

13C NMR of Substrates 1i (101 MHz, CDCls)
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IH NMR of Substrates 1j (400 MHz, CDCl3)

13C NMR of Substrates 1j (101 MHz, CDCls)
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IH NMR of Substrates 1/ (400 MHz, CDCls)
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'H NMR of Substrates 10 (400 MHz, CDCl5)
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'H NMR of Substrates 1p (400 MHz, CDCl3)
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'H NMR of Substrates 4a (400 MHz, CDCl5)
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'H NMR of Substrates 4c (400 MHz, CDCl3)
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IH NMR of Substrates 4f (400 MHz, CDCl3)
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'H NMR of Substrates 4m (400 MHz, CDCl3)
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'H NMR of Substrates 4n (400 MHz, CDCl3)
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'H NMR of Substrates 40 (400 MHz, CDCl5)
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'H NMR of Substrates 4p (400 MHz, CDCl3)
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'H NMR of Substrates 4q (400 MHz, CDCl3)
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'H NMR of Substrates 4r (400 MHz, CDCl3)
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'H NMR of Substrates 4s (400 MHz, CDCl3)
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IH NMR of Substrates 4t (400 MHz, CDCl3)
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'H NMR of Compound 3a (400 MHz, CDCl5)
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1F NMR of Compound 3a (400 MHz, CDCls)
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13C NMR of Compound 3b (101 MHz, CDCl3)
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'H NMR of Compound 3c (400 MHz, CDCl3)
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1F NMR of Compound 3c (400 MHz, CDCl3)
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13C NMR of Compound 3d (101 MHz, CDCl3)
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'H NMR of Compound 3e (400 MHz, CDCl3)
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1F NMR of Compound 3e (400 MHz, CDCl3)
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13C NMR of Compound 3f (101 MHz, CDCl3)
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'H NMR of Compound 3g (400 MHz, CDCl5)
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1F NMR of Compound 3g (400 MHz, CDCls)
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13C NMR of Compound 3i (101 MHz, CDCl3)
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'H NMR of Compound 3j (400 MHz, CDCl3)
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1F NMR of Compound 3j (400 MHz, CDCl5)
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13C NMR of Compound 3k (101 MHz, CDCl3)
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H NMR of Compound 3! (400 MHz, CDCl3)
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1F NMR of Compound 3| (400 MHz, CDCl3)

CF,H

H NMR of Compound 3m (400 MHz, CDCl3)

26°0y
60
00"}
20’k
167}
167}
86’}
66"}
00'C
00°C
e
e
20T
€02
0T
60°C
oLr'e
e
vie
ST
(4
e
e
L4
e
6¥'C
05T
3:K4
£5°C
€8T
ST
6Z°¢
62°¢
og'e
le'e
e’e
£€°¢

£€°¢°
196
[4:X°]
€9°G
£9°G
SL'S
8.6
IVA-]
LS
68'S
06°9
16'S
26°S
viL
SKL
9kl
L9°L
89°L
YL

viL

19°2,
89 L~
YL~
vir”

Z feo

30 28 26 24 22 20

32

34

77 76 75 74 73 72 71

7.8

1 (ppm)

1 (ppm)

"
LA

!
|

i

Pa {2
~00°¢

reok
Fzol

Feol

=zok

00 -05

0.5

40 35 30 25 20 15 1.0

4.5

60 55 50

6.5

7.0

7.5

85 8.0

9.0

1 (ppm)

S95



13C NMR of Compound 3m (101 MHz, CDCl5)
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'H NMR of Compound 3n (400 MHz, CDCl3)
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1F NMR of Compound 3n (400 MHz, CDCl3)
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13C NMR of Compound 30 (101 MHz, CDCl3)
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'H NMR of Compound 3p (400 MHz, CDCl3)
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1F NMR of Compound 3p (400 MHz, CDCl3)
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13C NMR of Compound 3a-D (101 MHz, CDCls)
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'H NMR of Compound 3b-D (400 MHz, CDCl5)
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1F NMR of Compound 3b-D (400 MHz, CDCl3)
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13C NMR of Compound 3d-D (101 MHz, CDCls)
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H NMR of Compound 3e-D (400 MHz, CDCl3)
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1F NMR of Compound 3e-D (400 MHz, CDCl3)
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13C NMR of Compound 3f-D (101 MHz, CDCl3)
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'H NMR of Compound 3i-D (400 MHz, CDCl3)
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1F NMR of Compound 3i-D (400 MHz, CDCl3)
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13C NMR of Compound 3j-D (101 MHz, CDCl3)
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'H NMR of Compound 3m-D (400 MHz, CDCls)
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1F NMR of Compound 3m-D (400 MHz, CDCl5)
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13C NMR of Compound 5a (101 MHz, CDCl3)
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'H NMR of Compound 5b (400 MHz, CDCl5)
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1F NMR of Compound 5b (400 MHz, CDCl3)
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13C NMR of Compound 5¢ (101 MHz, CDCl5)
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'H NMR of Compound 5d (400 MHz, CDCl3)

i
6L’}
08’}
z8')
£8')
8L
98t
88’}
06’}
0z
z0z
0z
80'Z;
90z
80z
0Lz
51z
81T
12z
12T
we!f
09z f
19T

£9C

mm.w“_
€87

8'Z

98'z ﬁ
88z

62’
oc's
Le's
ze's
ge's
18
z6'e
ey
ve's
ve's
s
8's
60’
60’
29’
£9'g’
60°2~,
(AN
sz'L

R.h%
052 W
052
152
151
65'L
65'L
yo'L
991

CO,Me

MeO

Ts<

CF,H

Z T

Loz
Wac._‘

0L
~90'¢
FLO'L
720

Fso'L

»sS0°€
“eoe

00 -05

0.5

3.0 25 2.0 1.5 1.0

3.5

4.0
1 (ppm)

8.0 75 7.0 6.5 6.0 55 5.0 4.5

8.5

9.0

13C NMR of Compound 5d (101 MHz, CDCl3)

9z —
e
nm.QnW

20'6€
2T'6e
1

oc.r.v\
6£'2S
om.mm\

¥8°9L
w_.....hv
8v'LL

L6 bLE
g.iv/”
ZroLL
nm.m_‘ry
0LZTh
80"2Zh,
0T'8zL-;
08'6Z4

Leoek
¥0'SEL
mm.mﬂ—.\
i5°¢vk
S LSk

6199} —

COzMe

MeO

Ts<

CF,H

Z T

-20 -30

o -10

60 50 40 30 20 10

70

80

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

1 {ppm)

S118



1F NMR of Compound 5d (400 MHz, CDCl3)
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'H NMR of Compound 5f (400 MHz, CDCl3)
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1F NMR of Compound 5f (400 MHz, CDCl5)
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13C NMR of Compound 5g (101 MHz, CDCl3)
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'H NMR of Compound 5h (400 MHz, CDCl3)
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1F NMR of Compound 5h (400 MHz, CDCl3)
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13C NMR of Compound 5i (101 MHz, CDCl3)
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'H NMR of Compound 5j (400 MHz, CDCls)
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1F NMR of Compound 5j (400 MHz, CDCl5)
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13C NMR of Compound 5k (101 MHz, CDCl3)
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'H NMR of Compound 5l (400 MHz, CDCl3)
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1F NMR of Compound 5| (400 MHz, CDCl3)
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13C NMR of Compound 5m (101 MHz, CDCl5)
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'H NMR of Compound 5n (400 MHz, CDCl3)
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1F NMR of Compound 5n (400 MHz, CDCls)
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13C NMR of Compound 50 (101 MHz, CDCl3)
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'H NMR of Compound 5p (400 MHz, CDCl3)
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1F NMR of Compound 5p (400 MHz, CDCls)
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13C NMR of Compound 5q (101 MHz, CDCl3)
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'H NMR of Compound 5r (400 MHz, CDCl3)
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1F NMR of Compound 5r (400 MHz, CDCl3)
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13C NMR of Compound 5s (101 MHz, CDCl3)
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'H NMR of Compound 5t (400 MHz, CDCl3)
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1F NMR of Compound 5t (400 MHz, CDCl5)
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13C NMR of Compound 5u (101 MHz
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'H NMR of Compound 5v (400 MHz, CDCl5)
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1F NMR of Compound 5v (400 MHz, CDCls)
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13C NMR of Compound 7a (101 MHz, CDCl3)
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13C NMR of Compound 7b (101 MHz, CDCl3)
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13C NMR of Compound 7c (101 MHz, CDCl5)

65T —
BL7LE
L
09've-7
_.N.mﬁ._\\s
by
SL'vy
65'S5—

v8'9L
w—..hhv
8v'LL

80°LEL—
60°\2}
85°9Z1
w_,.hN_.M
18°221
20'8Z}
€18zt
19'6Z}
Wwiiel
wrel

LV'IEL
SLevl
<6'951

viiS1

L1861 —

-20 -30

-10

]

60 50 40 30 20 10

70

80

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

H NMR of Compound 7d (400 MHz, CDCl3)

CrA
7L
6L)
08k
9L
9L
¥8'h
59k
82
e
¥LT
SLT
LT
£8'Z
¥8°Z
9821
182
697
6T
£6C
5627
162
66'C
L€
e
€]
1ze
e
vee
e
82°c
89
69°€
(X
e
tLe
08¢
Y
¥6'p
56t
79'9-,
¥8'9f
19'9
69'9
0L
¥0'L
SLL
VL
6L
@
ve'L
L
62'L
$9°L
L9°L
18°L
£g’

Foos

14'K4

o'k
Uﬁmo.v
80°C
J.,Nr.N
=90C
=0T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)

9.5

S149



13C NMR of Compound 7d (101 MHz, CDCl3)

0912+
6L€2—
£6°1E

sepe
z9ve

8Ly
9wy

65'S5—

v8'9L
wr.hhv
8v'LL

60°LEL—
oL'izi
€292}
8’21
18°221
20'8Z}
A T4
19'6Z}
4 %A
06'vEL
81 LE}]
SL'Evl
LLYSE
€181

SL'861—

o -10 -20 -30

60 50 40 30 20 10

70

80

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

H NMR of Compound 7e (400 MHz, CDCl3)

€81
8L
98’
18
68°L
8e'C
L/x4
9L'e
e
6L°C
JX: 4
88'C
06'C
[4:-¥4
€2°¢
sz'e
e
82°¢
og'e
£€°¢

ve'e W

eL'e
vLie
9L'¢

I8¢
88’y
06°%
204
£8'9,
s8'9
88’9
06'9
vo°'L
0L
90°L
90°L
9k Ly
LV Ly
8L
0T'L
0T'L
€T L-
S¢'L
8¢’ L
oL
(4
S¥° L
wr
6¥'L
19°L
(4: 5
¥9'L
99°L
99°L
89°L
6L
96°L-

Ph

A

ooy

90z
u_?q_.
vy
z0'z
»mo.v
z0T
10’9
002

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1
1 (ppm)

9.0

1.6 100 95

S150



13C NMR of Compound 7e (101 MHz, CDCl5)
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13C NMR of Compound 7f (101 MHz, CDCl3)
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'H NMR of Compound 7g (400 MHz, CDCl5)
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'H NMR of Compound 7h (400 MHz, CDCl3)

081
9L
€9l
el
sl
98}
91
25T
(¥
£LT
vrT
9L
1T
8T
¥8°
987
18T
68T
shg

S.nw
218
6L¢

1z

€€ ﬁ
CTAS

iy
¥9°¢-
99'¢
89°€
oLe ﬁ
e

8L'¢
437
<6
s6'p-
18'9
£9'9
¥8'9
98'9
18'97
002
oL
c0°L
€071
L AWE
Sh'L
yAWA
8L
6b'L
FAAVA
veL
¥s'L
9L
¥o'L
99'L
bl
€L L

Br

Fvoz

\poe
o'l
00'L

pioz

S0t
co'e

o0’}

-0.5

0.0

25 20 15 10 05

3.0

85 80 75 70 65 60 655 50 45 4.0
1 (ppm)

9.0

100 95

13C NMR of Compound 7h (101 MHz, CDCl3)

85’ke—

ehee~
YSre
[ 3
145428

€5°55—

v8'9L
wr.hhv
8v'LL

SOBL—
6012k
crizh
ezt
£0'gzt
1zgzk
oLezh
99°6Z1 1
16'0EL
69LEL]
LogeL]
10781
0zerL |
L0251

[4%:]:1 %

Br

50 40 30 20 10 O -10 -20 -30

70 60

80

1 (ppm)
S154

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90



H NMR of Compound 7i (400 MHz, CDCl3)
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'H NMR of Compound 7j (400 MHz, CDCls)
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1F NMR of Compound 7j (376 MHz, CDCl5)
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13C NMR of Compound 7k (101 MHz, CDCl3)
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13C NMR of Compound 71 (101 MHz, CDCl3)
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13C NMR of Compound 7m (101 MHz, CDCl5)
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13C NMR of Compound 7n (101 MHz, CDCl3)
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