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1. General Considerations

General Analytical Information. 'H, 13C, and '°F nuclear magnetic resonance (NMR)
spectroscopy were performed on a Bruker AV 400 MHz instrument at 400 MHz ('H
NMR), 100 MHz ('3C NMR), and 376 MHz ('°F NMR), or on a Bruker AV 600 MHz
instrument at 600 MHz ("H NMR) and 565 MHz (1°F NMR). All 'H NMR spectra were
referenced to tetramethylsilane (TMS, O ppm), or the residual proton signals of d-
chloroform (CDCl;, 7.26 ppm) or dimethyl sulfoxide-ds (DMSO-d;, 2.50 ppm) and
were reported in parts per million (ppm). All 13C NMR spectra were referenced to the
residual carbon signals of CHCIl; (77.16 ppm) or DMSO-ds (39.52 ppm) and were
obtained with '"H decoupling. Coupling constants (J) were reported in hertz (Hz) and
the multiplicity of signals was denoted as s (singlet), d (doublet), t (triplet), q (quartet),
p (pentet), and m (multiplet). High-resolution mass spectrometry (HRMS) spectra were
recorded on a Bruker microOTOF-QII instrument. Single-crystal X-ray diffraction
(SCXRD) experiments were carried out at 100(2) K using a Bruker D8 VENTURE
diffractometer equipped with Mo-Ka radiation (A = 0.71073 A). The melting points of
compounds were determined using a SGW X-4A digital melting point apparatus and
were reported without correction. Thin-layer chromatography (TLC) was performed on
precoated GF254 silica gel plates (Qingdao Marine Chemical Inc.), and compounds
were visualized using UV light at 254 nm. Flash chromatography was employed to

purify compounds using silica gel (200300 mesh, Qingdao Marine Chemical Inc.).

General Reagents Information. Tetrahydrofuran (THF), acetonitrile, and toluene
were subjected to a distillation process involving sodium/benzophenone, while CH,Cl,
underwent a similar distillation procedure utilizing CaH,. All purchased reagents were
used without further purification. Analytical thin layer chromatography was performed
on 0.20 mm Qingdao Haiyang silica gel plates. Silica gel (200-300mesh) (from
Qingdao Haiyang Chem. Company, Ltd.) was used for flash chromatography.

General Manipulation Considerations. The eluents employed for column
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chromatography are presented in volumetric ratios of solvents. The reported yields in
the publication represent isolated yields, unless otherwise specified. The newly
synthesized starting materials and resulting products underwent characterization using
'H and "3C nuclear magnetic resonance (NMR) spectroscopies, as well as high-

resolution mass spectrometry (HRMS).

2. Experimental Procedures

2.1 Screening reaction conditions for the formation of 3a

Ph
PIJ H NO, HF,C Ph
N- base fl
o o > N
HF,C~ >Cl b CH3CN, rt, 24 h r;]h
1a 2a 3a

Table S1. Screening of bases

Entry!s] Base Yield (%)[®!
1 2,6-lutidine NR
2 DMAP trace
3 NaH 5
4 NaOH ND
5 ‘BuONa ND
6 Na,CO3 24
7 NaHCOs; 6
8 NaH,PO4 NR
9 Na,HPO, NR
10 KOAc trace
11 K5POy4 11
12 KF 18

13 K,CO; 20




14 KHCO3 20

15 Naz;POq, 42
16 CsF 40
17 CS2CO3 ND

lal 2 2-difluoro-N-phenylacetohydrazonoyl chloride 1a (20.5 mg, 0.1 mmol), fluoronitroalkene 2a (16.7 mg, 0.1
mmol) and base (0.2 mmol) in CH3CN (1.0 mL) at room temperature for 24 hours unless otherwise indicated. [*]

Yield of isolated pyrazole 3a.

Ph NO, HF,C  Ph
o NagPO, R
[ + ZE _— N. E
HF,C cl Ph solvent, rt, 24 h ’7‘
Ph
1a 2a 3a
Table S2. Screening of solvents
Entry(2] Solvent Yield (%)[b]
1 toluene 10
2 THF 11
3 AcOEt 11
4 Acetone 12
5 dioxane 23
6 CH;CN 42
7 DCE 50
8 DMSO trace
9 DMF trace
10 NMP trace
11 DCM trace
12 Methanol trace
13 DMI trace
14 CH;Cl1 trace
15 EtOH trace

2] 2 2-difluoro-N-phenylacetohydrazonoyl chloride 1a (20.5 mg, 0.1 mmol), fluoronitroalkene 2a (16.7 mg, 0.1



mmol) and Na;PO, (32.8 mg, 0.2 mmol) in solvent (1.0 mL) at room temperature for 24 hours unless otherwise

indicated. [®! Yield of isolated pyrazole 3a.

Ph

e NO, HF,C  Ph
N” NazPO, A\
+ =
A F DCE, rt, 24 h N.y"~F
HF,C”™ Cl Ph . !
Ph
1a 2a 3a

Table S3. Screening of the molar ratio of 1a and 2a

Entryfal la (equivalent) Yield (%)tbl
1 0.5 42
2 1.0 50
3 1.5 66
4 2.0 31

2] 2,2-difluoro-N-phenylacetohydrazonoyl chloride 1a, fluoronitroalkene 2a (16.7 mg, 0.1 mmol) and Na3PO, (32.8
mg, 0.2 mmol) in DCE (1.0 mL) at room temperature for 24 hours unless otherwise indicated. ! Yield of isolated

pyrazole 3a.

Ph

r:lH NO, HF,C Ph
N NazPO, \

M ok > NG oF
HF,C™ ~Cl Ph DCE, 24 h, temp. F;lh

Table S4. Survey on the reaction temperatures

Entryt2] Temp.(°C) Yield (%)t
1 25 66
2 35 81
3 45 80
4 65 75
5 85 85
6 105 70

[al 2,2-difluoro-N-phenylacetohydrazonoyl chloride 1a (30.7 mg, 0.15 mmol), fluoronitroalkene 2a (16.7 mg, 0.1

mmol) and Na;PO4 (32.8 mg, 0.2 mmol) in DCE (1.0 mL) at room temperature for 24 hours unless otherwise



indicated. ! Yield of isolated pyrazole 3a.

2.2 Screening reaction conditions for the formation of 5a

i NO, F,C Ph
N'NH base },r_ﬁ\
PN ' ~F DCE, 24 h, 85 °cb N. 2
F,.C~ >Cl Ph el N
Ph
4a 2a 5a

Table SS. Screening of bases

Entryfa Base Yield (%)b]
1 Na3;POy 70
2 Na,CO3; trace
3 K;3POy4 80
4 K,CO3 83

Stel K,CO; 80
6ldl K,CO3 82
7tel K,CO; 86
gLt K,CO3 67
olg] K,CO; 86
10Mh] K,CO; 87

[l 2.2 2-trifluoro-N-phenylacetohydrazonoyl chloride 4a (33.4 mg, 0.15 mmol), fluoronitroalkene 2a (16.7 mg, 0.1

mmol) and base (0.2 mmol) in DCE (1.0 mL) at 85 °C for 24 hours unless otherwise indicated. [’ Yield of isolated

pyrazole 5a.[¢10.20 mmol (2.0 equiv.) of 2,2,2-trifluoro-N-phenylacetohydrazonoyl chloride 4a was employed. [4]

0.25 mmol (2.5 equiv.) of 2,2,2-trifluoro-N-phenylacetohydrazonoyl chloride 4a was employed. ] 0.30 mmol (3.0

equiv.) of 2,2 2-trifluoro-N-phenylacetohydrazonoyl chloride 4a was employed. [fl 4a (0.3 mmol), 2a (0.1 mmol),

and K,COs3 (0.1 mmol) in in DCE (1.0 mL) at 85 °C for 24 hours. (&l 4a (0.3 mmol), 2a (0.1 mmol), and K,CO; (0.3

mmol) in in DCE (1.0 mL) at 85 °C for 24 hours. [" 4a (0.3 mmol), 2a (0.1 mmol), and K,COj3 (0.4 mmol) in DCE

(1.0 mL) at 85 °C for 24 hours.



2.3 Preparation of starting materials

General procedure Al'-2,3.4]

0. _CF,H Cl_ _CF,H
NH,,HCI 2 .
] B .NH L - .N
Ar DCM, rt.,, 14 h HN 0 °C - r.t., overnight H
Ar Ar

Step 1: Phenylhydrazine hydrochloride (2.0 g, 12.4 mmol), dichloromethane (20 mL),
triethylamine (3.5 mL, 2.0 equiv.), and a solution of difluoroacetic anhydride (1.6 mL,
1.0 equiv.) in dichloromethane (20 mL) was added to a 100 mL round-bottom flask.
The mixture was stirred for 14 hours at room temperture. The resulting mixture was
subsequently washed with saturated aqueous NaHCO; solution, concentrated and
subjected to silica gel column chromatography purification to give 2,2-difluoro-N’-

phenylacetohydrazide as a light yellow solid.

Step 2: A solution of 2,2-difluoro-N’-phenylacetohydrazide (1.9 g, 10 mmol) in EtOAc
(30 mL) was added with dropwise addition of benzensulfonyl chloride (1.4 mL, 10.5
mmol) at room temperature. The resulting mixture was then cooled to 0 °C, and N,N-
diisopropylethylamine (DIPEA, 1.8 mL, 10.5 mmol) was added dropwise. The resultant
mixture was stirred at room temperature overnight. The mixture was then diluted with
EtOAc, and the organic layer was subsequently washed with water (3 x 20 mL). The
combined organic extracts were dried over sodium sulfate, filtered, concentrated, and
purified by silica gel column chromatography to yield 2,2-difluoro-N’-
phenylethanehydrazonoyl chloride as a yellow liquid (1.3 g, 64%). Other
difluoromethyl hydrazonyl chlorides 1b—1h were prepared through general procedure

A, with yields ranging from 10% to 77%.

(Z2)-2,2-difluoro-N-(o-tolyl)acetohydrazonoyl chloride (1b)



1b

Obtained as a yellow liquid after column chromatography (petroleum ether/ethyl
acetate = 100:1, Ry = 0.7), 721.5 mg, 33% yield. 'H NMR (400 MHz, CDCl3) 6 7.90
(s, 1H), 7.35 (dd, J = 8.1, 1.3 Hz, 1H), 7.19 (td, J = 7.8, 1.7 Hz, 1H), 7.14-7.03 (m,
1H), 6.91 (td, J=17.4, 1.3 Hz, 1H), 6.31 (t, 2J,.- = 53.9 Hz, 1H), 2.23 (s, 3H). ’F NMR
(376 MHz, CDCl;) 6 -115.30 (d, 2/, = 54.0 Hz, CF,H). 3C NMR (100 MHz, CDCl;)
5 139.8, 130.8, 127.4, 122.2, 121.7, 118.8 (t, 2/, = 33.3 Hz), 113.6, 111.3 (t, 'J.. =
238.3 Hz), 16.7. HRMS (ESI) m/z [M+Na]" calcd. for CoHyN,F,NaCl" 241.0320;
found 241.0318.

(Z2)-2,2-difluoro-N-(m-tolyl)acetohydrazonoyl chloride (1¢)
HF,C.__CI

T

N.
NH

Me
1c

Obtained as a yellow liquid after column chromatography (petroleum ether/ethyl
acetate = 100:1, R¢=0.5), 524.7 mg, 24% yield. '"H NMR (400 MHz, CDCl;) 6 7.83 (s,
1H), 7.06 (t, J= 7.8 Hz, 1H), 6.85-6.64 (m, 3H), 6.18 (t, 2/, . = 54.0 Hz, 1H), 2.21 (s,
3H). F NMR (565 MHz, CDCl;) 6 -115.07 (d, 2/, = 54.1 Hz, CF,H). 13C NMR (100
MHz, CDCl;) & 142.0, 139.6, 129.3, 123.4, 117.6 (t, °J.. = 33.3 Hz), 114.5, 111.4 (4,
1J.=238.1 Hz), 111.0, 21.5. HRMS (ESI) m/z [M+Na]" calcd. for CoHoN,F,NaCl*
241.0320; found 241.0319.

(£)-N-(2,5-dimethylphenyl)-2,2-difluoroacetohydrazonoyl chloride (1d)
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Obtained as a yellow liquid after column chromatography (petroleum ether/ethyl
acetate = 100:1, R¢=0.7), 767.8 mg, 33% yield. '"H NMR (400 MHz, CDCl;) 6 7.77 (s,
1H), 7.13 (d, /= 1.8 Hz, 1H), 6.91 (d, /= 7.6 Hz, 1H), 6.67 (dd, J= 7.7, 1.8 Hz, 1H),
6.26 (t, 2J = 54.0 Hz, 1H), 2.27 (s, 3H), 2.08 (s, 3H). 1°F NMR (565 MHz, CDCl;) &
-114.83 (d, 2J;,, = 53.8 Hz, CF,H). 13C NMR (100 MHz, CDCl;) 6 139.6, 137.2, 130.7,
123.1, 118.9, 118.5 (t, 2J. = 33.3 Hz), 114.3, 111.5 (t, 'J., = 238.2 Hz), 21.3, 16.1.
HRMS (ESI) m/z [M+H]" calcd. for C;oH{,N,F,CI* 233.0657; found 233.0663.

(Z)-N-(4-(tert-butyl)phenyl)-2,2-difluoroacetohydrazonoyl chloride (1e)
HF,C._ _CI

i

N.
NH

Bu
1e
Obtained as a pink solid after column chromatography (petroleum ether, R¢=0.5), 521.4
mg, 20% yield, m.p. 76-78 °C. TH NMR (400 MHz, CDCl;) 8 7.99 (s, 1H), 7.43-7.31
(m, 2H), 7.18-6.90 (m, 2H), 6.32 (t, 2/, = 54.0 Hz, 1H), 1.31 (s, 9H). 1’F NMR (376
MHz, CDCls) & -115.33 (d, 2J.; = 54.1 Hz, CF,H). 3C NMR (100 MHz, CDCl;) 8
145.5, 139.5, 126.3, 117.4 (t, 2J. = 33.2 Hz), 113.5, 111.3(t, 'J.. = 238.0 Hz), 31.4.
HRMS (ESI) m/z [M+H]" calcd. for C{,H;¢N,F,CI* 261.0970; found 261.0977.

(£)-N-(3-bromophenyl)-2,2-difluoroacetohydrazonoyl chloride (1f)



HF,C.__Cl

1f

Obtained as an orange solid after column chromatography (petroleum ether, R¢ = 0.3),
992.2 mg, 35% yield, m.p. 70-72 °C. TH NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.31
(t,J=2.0 Hz, 1H), 7.20-7.03 (m, 2H), 7.02-6.86 (m, 1H), 6.31 (t, °J,,. = 53.9 Hz, 1H).
19F NMR (376 MHz, CDCl3) 8 -115.67 (d, 2/, = 53.9 Hz, CF,H). 13C NMR (100
MHz, CDCls) 6 143.1, 130.8, 125.3, 123.4, 119.2 (t, 2J.. = 33.5 Hz), 116.8, 112.4,
111.0 (t, 'J., = 238.9 Hz). HRMS (ESI) m/z [M+H]" calcd. for CgH;N,F,BrCI*
282.9449; found 282.9456.

(£)-N-(2,4-dichlorophenyl)-2,2-difluoroacetohydrazonoyl chloride (1g)
HF,C.__Cl

e

N.
NH

Cl

cl
19

Obtained as an orange liquid after column chromatography (petroleum ether/ethyl
acetate = 10:1, R;=0.3), 2.1 g, 77% yield. '"H NMR (400 MHz, CDCl3) & 8.09 (s, 1H),
7.00-6.91 (m, 2H), 6.88 (dd, J = 8.8, 2.2 Hz, 1H), 6.11 (t, 2/, = 53.8 Hz, 1H). °F
NMR (376 MHz, CDCl3) 6 -115.49 (d, 2J;,, = 53.8 Hz, CF,H). 3C NMR (100 MHz,
CDCl;) 6 136.6, 128.8, 128.1, 126.9, 121.24 (t,%J. . = 33.4 Hz), 118.6, 115.3, 111.0 (t,
1. =239.4 Hz). HRMS (ESI) m/z [M+Na]* calcd. for CgHsN,F,CI3sNa* 294.9384;
found 293.9486.

(Z£)-2,2-difluoro-N-(4-nitrophenyl)acetohydrazonoyl chloride (1h)
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HF,C.__Cl

"NH

NO,
1h

Obtained as an orange solid after column chromatography (petroleum ether/ethyl
acetate = 20:1, R;=0.3), 502.9 mg, 23% yield. '"H NMR (400 MHz, CDCl;) & 8.37 (s,
1H), 8.23 (d, J=9.1 Hz, 2H), 7.20 (d, /= 9.1 Hz, 2H), 6.34 (t, 2/, = 53.8 Hz, 1H). °F
NMR (376 MHz, CDCl3) 6 -116.16 (d, 2/, = 53.8 Hz, CF,H). 13C NMR (100 MHz,
CDCl;) 6 146.9, 142.6, 126.0, 122.2 (t, 2J.. = 33.6 Hz), 113.4, 110.6 (t, 'J.; = 240.3
Hz). HRMS (ESI) m/z [M+H]" caled. for CgH;N;0,F,CIl™ 250.0195; found 250.0200.

General procedure B[!2-3]

O _CF Cl_ _CF
NH,,-HCI 3 3
NH’ 2 TFAA Y PhSO,Cl, DIPEA Y
| S HN'NH ' HN'N
Ar DCM, rt, 14 h | 0 °C - r.t., overnight )
Ar Ar

Step 1: Phenylhydrazine hydrochloride (2.0 g, 12.4 mmol), dichloromethane (20 mL),
triethylamine (3.5 mL, 2.0 equiv.), and a solution of trifluoroacetic anhydride (1.8 mL,
1.0 equiv.) in dichloromethane (20 mL) was added to a 100 mL round-bottom flask.
The mixture was stirred for 14 hours at room temperature, The resulting mixture was
subsequently washed with saturated aqueous NaHCO; solution, concentrated and
subjected to silica gel column chromatography purification to give 2,2,2-trifluoro-N’-

phenylacetohydrazide as a dark red solid.

Step 2: A solution of 2,2,2-trifluoro-N’-phenylacetohydrazide (2.0 g, 10 mmol) in
EtOAc (30 mL) was subjected to dropwise addition of benzensulfonyl chloride (1.4
mL, 10.5 mmol) at room temperature. The resulting mixture was cooled to 0 °C, and
N,N-diisopropylethylamine (DIPEA, 1.8 mL, 10.5 mmol) was added dropwise. The
mixture was stirred at room temperature overnight. The reaction mixture was then

11



diluted with EtOAc, and the organic layer was subsequently washed with water (3 x 20
mL). The combined organic extracts were dried over sodium sulfate, filtered,
concentrated, and purified by silica gel column chromatography, affording 2,2,2-
trifluoro-N’-phenylethanehydrazonoyl chloride as a yellow liquid (1.9 g, 86%). Other
trifluoromethyl hydrazonyl chlorides were also synthesized with yields ranging from

61% to 83%.

General procedure Cl!

XF,C___Cl XF,C_ _Cl XF,C_ _Cl
h h h
N.WH  MeOH, AcOH, Zn . N.yy  Boc,O, EtOH N
S .
50°C, 4 h 30°C, 2h
NO, NH, NHBoc
(X =H, F)

Step 1: N-(4-nitrocyclohexa-1,5-dien-1-yl)acetohydrazonoyl chloride (10 mmol) were
dissolved in MeOH:AcOH (V:V = 2:1). Reduced zinc powder (100 mmol) was then
added to the solution, and the mixture was heated to 50 °C for 4 hours. The reaction
mixture was diluted with EtOAc, and the aqueous layer was extracted twice with EtOAc.
The organic layers were combined, washed with brine, and dried over anhydrous
MgSO,. The dried mixture was filtered and evaporated under vacuum. The resulting
residue was purified using column chromatography (PE/EA = 3:1) to afford 4-(amino)-

phenyl derived hydrazonoyl chlorides.

Step 2: 4-(amino)-phenyl derived hydrazonoyl chlorides (10 mmol) in ethanol (20 mL)
was reacted with Boc,O (11 mmol). The reaction mixture was stirred at 30 °C until
complete conversion of starting materials was achieved, as confirmed by TLC analysis.
The resulting organic phase was extracted with EtOAc, concentrated under vacuum,
and the residue was purified by flash chromatography on silica gel, eluting with a

mixture of petroleum ether and ethyl acetate to afford the desired products 1z and 4z.

12



tert-Butyl(Z2)-(4-(2-(1-chloro-2,2-ifluoroethylidene)hydrazineyl)phenyl)-
carbamate (1z)

HF,C.__Cl

b

N.
NH

NHBoc

1z

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
= 3:1, Ry= 0.6), 84.7 mg, 53% yield, m.p. 95-97 °C. 'TH NMR (400 MHz, CDCl;)
7.99 (s, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.06-6.98 (m, 2H), 6.48 (s, 1H), 6.30 (t, 2J,. . =
54.0 Hz, 1H), 1.51 (s, 9H). ’F NMR (376 MHz, CDCl3) & -115.29 (d, /., = 53.9 Hz,
CF,H). BC NMR (100 MHz, CDCl3) 6 153.1, 137.7, 133.2, 120.2, 117.4 (t,2J.. = 33.2
Hz), 114.3, 111.3 (t, 'J.. = 238.1 Hz), 80.5, 28.4. HRMS (ESI) m/z [M+Na]" calcd.
for C3H;¢N3;O,F,CINa" 342.0797; found 342.0794.

tert-Butyl(Z)-(4-(2-(1-chloro-2,2,2-trifluoroethylidene)hydrazineyl)phenyl)
carbamate (4z)
F;C.__CI

i

N.
NH

NHBoc

4z

Obtained as a yellow solid after column chromatography (petroleum ether/ethyl acetate
=10:1,R¢=0.2), 1.5 g, 45% yield, m.p. 95-97 °C. TH NMR (400 MHz, CDCl3) 6 8.00
(s, 1H), 7.31 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 6.50 (s, 1H), 1.51 (s, 9H).
19F NMR (376 MHz, CDCl3) 8 -67.66 (s, CF;). 13C NMR (100 MHz, CDCl3) 3 153.0,
137.4,133.6, 120.2, 118.4 (q, 'J. - = 272.0 Hz), 114.6, 110.9 (q, 2J. = 43.6 Hz), 80.5,

13



28.4. HRMS (ESI) m/z [M+Na]" calcd. for C;3H;sN3O,F;CINa™ 360.0703; found
360.0697.

General procedure DI

NHyHCI O © DR Cl__CFH

NH ‘e
HFQCJLOACFEH hn-NH PhSO,Cl, O N-Me i

@ CHZCN, rt., 4 h CH3CN, 40 °C, overnight
SO,NH,

SO-NH SO,NH,
1y
NHHCI o o Oﬁ/CFS o] YCFS
_NH =W
FSC)L O)LCFS HN PRSO,Cl. O N-Me -
CHZCN, rt.,, 4 h CH4CN, 40 °C, overnight l
SO,NH,
SO2NH, SO,NH;,
4y

Step 1: 4-Sulfonamide-phenylhydrazinehydrochloride (10 mmol) was slurried in
acetonitrile (15 mL) and cooled to 5-10 °C. Difluoroacetic acid anhydride or
trifluoroacetic acid anhydride (15 mmol) was added dropwise, and the reaction mixture
was heated to room temperature for 4 hours. The slurry was concentrated in vacuo to
approximately 1/3 of the original volume and hexane was added to precipitate the
product out. The slurry was cooled to 0-5 °C for 1 h, filtered and washed with hexane.

The filter cake was collected and dried in vacuo at 50 °C.

Step 2: 4-(2-(2,2-difluoroacetyl)hydrazineyl)benzenesulfonamide (2.7 g, 10 mmol) or
4-(2-(2,2,2-trifluoroacetyl)hydrazineyl)benzenesulfonamide (2.8 g, 10 mmol) was
slurried in acetonitrile (20 mL) and cooled to 0 °C in an ice bath. Benzenesulfonyl
chloride (1.5 mL, 12 mmol) was added, and followed by dropwise addition of N-
Methylmorpholine (1.2 mL, 10.5 mmol). The reaction mixture was heated overnight at
40 °C. The organic layer was separated from the aqueous layer and washed with brine
(10 mL). The combined organic extracts were dried over MgSQy, filtered, concentrated

and purified by silica gel column chromatography to obtain the desired product 1y and
14



4y.

(£)-2,2-difluoro-N-(4-sulfamoylphenyl)acetohydrazonoyl chloride (1y)

HF,C.__Cl

i

N.
NH

SO,NH,

1y

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=3:1, Rg=0.3), 1.3 g, 45% yield, m.p. 154-156 °C. '"H NMR (400 MHz, DMSO) &
10.73 (s, 1H), 7.77 (d, J = 8.8 Hz, 2H), 7.40 (d, J = 8.7 Hz, 2H), 7.23 (s, 2H), 6.85 (t,
2J.+=153.4 Hz, 1H). YF NMR (376 MHz, DMSO) 6 -115.32 (d, 2J;,, = 53.5 Hz, CF,H).
I3C NMR (100 MHz, DMSO) 4 146.2, 137.2, 127.8, 117.9 (t, 2J.. = 33.0 Hz), 113.93,
111.81 (t, 'J. = 236.7 Hz). HRMS (ESI) m/z [M+Na]" caled. for CgHgN3;0,F,SCINa*
305.9892; found 305.9881.

(2)-2,2,2-trifluoro-N-(4-sulfamoylphenyl)acetohydrazonoyl chloride (4y)
F,C._ _Cl

i

N.
NH

SO,NH,
4y

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=3:1, Rg=0.3), 1.5 g, 49% yield, m.p. 150-152 °C. '"H NMR (400 MHz, DMSO) &
11.00 (s, 1H), 7.79 (d, J= 8.8 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.26 (s, 2H). ’F NMR
(376 MHz, DMSO) & -66.75 (s, CF3). 3C NMR (100 MHz, DMSO) § 145.7, 137.9,
127.9, 119.0 (q, 'J.- = 270.9 Hz), 114.3, 110.6 (q, 2J.: = 42.2 Hz). HRMS (ESI) m/z
[M+Na]* calcd. for CgH7N;0,F;SCINa*™ 323.9797; found 323.9789.
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General procedure E!°!

0

= H Pphg, CFBrS, THF‘._ s

|
B 70°C, 6 h RT

R

An oven-dried screw-capped reaction tube was charged with PPh; (7.0 mmol) and
CFBr; (6.1 mmol). The mixture was dissolved in THF (5.0 mL) and heated at 70 °C for
15 min. After that, the reaction mixture was cooled to room temperature and appropriate
aldehyde (4.7 mmol) and remaining PPh; (7.0 mmol) were added to the reaction
mixture. The reaction mixture was then heated at 70 °C for 6 h. After completion of the
reaction, the crude reaction mixture was poured into cold water and extracted with
petroleum ether (4 x 20 mL). All organic fractions were then dried over anhydrous
Na,SO, and concentrated in vacuo. The crude reaction mixture was then purified by
flash column chromatography using petroleum ether as eluent. The product was
obtained as a mixture of E and Z isomer (consistent with the literature report; the ratio
was determined by 'H NMR). a-Fluorobromoalkenes are volatile compounds extra

precaution should be taken while concentrating in vacuo to avoid losing the compounds.

Br NO,
H = H =
F Fe(NO4)5-9H,0, 1,4-Dioxane F
.
| s 100 °C, 45 min | s
/\J /\J
R R

An oven-dried screw-capped pressure tube was charged with appropriate o-
fluorobromoalkene (1.0 equiv.) and Fe(NOs); . 9H,0 (3.0 equiv.). The mixture was
dissolved in 1,4-dioxane (0.5 M) and heated at 100 °C for 45 min. After completion of
the reaction, the crude reaction mixture was poured into water and extracted with
petroleum ether (5 < 20 mL). The combined organic layers were dried over anhydrous
Na,SO,, and concentrated in vacuo. The product was obtained after purification by

column chromatography (EtOAc/Petroleum Ether = 9:1) on silica gel.

16



General procedure El!

Br N02
CHO g 25
PPh, CFBry AgNO;, MeCN
—’..
g THF,70°C,6h 80 °C, 45-60 min
F F
OMe OMe L

Step 1: PPh; (7.0 mmol) and CFBr; (6.1 mmol) were charged into a 50 mL round
bottom flask. The mixture was dissolved in THF (5.0 mL) and heated at reflux for 15
min at 70 °C. After that, the reaction mixture was cooled to room temperature, and
appropriate 3-fluoro-4-methoxybenzaldehyde (4.7 mmol) and the remaining PPh; (7.0
mmol) were added to the reaction mixture. The reaction mixture was then heated at 70
°C. After completion of the reaction, the crude reaction mixture was poured into cold
water and extracted with petroleum ether (4 x 20mL). All organic fractions were then
dried over anhydrous Na,SO, and concentrated in vacuo. The crude reaction mixture

was then purified by flash column chromatography using petroleum ether as eluent.

Step 2: 4-(2-bromo-2-fluorovinyl)-2-fluoro-1-methoxybenzene was placed into 10
mL vial and dissolved in MeCN (5.0 mL/1.0 mmol), then AgNO; (1.3 equiv.) was
added. Vial was closed and the reaction mixture was heated at 80 °C (oil bath) with
stirring for 45—60 min (TLC monitoring). Mixture was cooled to r.t. and filtered
through Celite. After that Celite was washed with EtOAc. Filtrate was evaporated and

crude product was purified by column chromatography (PE) to give target nitroalkenes

2y.

(Z£)-2-fluoro-4-(2-fluoro-2-nitrovinyl)-1-(Methoxy)benzene (2y)

17



NO,

ZF

OMe

2y
Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.4),
1.2 g, 53% yield, m.p. 94-96 °C. 'H NMR (400 MHz, CDCl;) & 7.45 (dd, 3/J,,.=11.9
Hz, *J,.. = 2.2 Hz, 1H), 7.42-7.31 (m, 2H), 7.04 (t, 3J,.- = 8.5 Hz, 1H), 3.97 (s, 3H).
19F NMR (376 MHz, CDCl5) 6 -112.97 (d, /., = 26.2 Hz, F), -132.82 (t, /., = 10.1
Hz, F). 3C NMR (100 MHz, CDCl;) 6 153.6, 128.5 (dd, 2J. . = 7.0 Hz, 3J. . = 3.5 Hz),
118.0,117.9,117.8,117.7,113.5 (d, 3J.. = 2.3 Hz), 109.3 (dd, 2J.. = 6.4, 3J. . 2.6 Hz),
56.3. HRMS (ESI) m/z [M+H]* calcd. for CoHgNOsF," 216.0472; found 216.0479.

2.4 General procedure F for the reaction of hydrazonyl chlorides 1

with a-fluoronitroalkene 2

Ar

U NO, HF,.C R
N’ NagPO
e ' %\F DCE 835 0(; 2an Ny F
HF,C” Cl R ‘ = N
Ar!
1 2 3

To a 10 mL sealed screw—capped pressure tube equipped with a stirring bar and dried
in an oven, hydrazone acyl chloride (1, 0.15 mmol), a-fluoronitroalkene (2, 0.1 mmol)
and Na3PO, (32.8 mg, 0.2mmol). 1,2-Dichloroethane (1.0 mL) was transferred into the
tube through a syringe. The resulting mixture was stirred at 85 °C for 24 hours. The
reaction mixture was extracted with EtOAc. The combined organic phases were
concentrated in vacuo, and the residue was purified by flash chromatography on silica

gel (eluted with petroleum ether/ethyl acetate) to obtain the desired product 3.

3-(Difluoromethyl)-5-fluoro-1,4-diphenyl-1H-pyrazole (3a)
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HF,C

3a

Obtained as a white solid after column chromatography (petroleum ether, R¢ = 0.2),
24.0 mg, 85% yield, m.p. 59-61 °C. TH NMR (400 MHz, CDCl;) 6 7.63-7.56 (m, 2H),
7.53-7.46 (m, 2H), 7.45-7.38 (m, 2H), 7.39-7.31 (m, 2H), 7.32-7.23 (m, 2H), 6.62 (t,
2J.»=53.7Hz, 1H). ’F NMR (376 MHz, CDCl;) 6 -111.24 (d, 2J._, = 53.8 Hz, CF,H),
-131.17 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.8 (d, 'J. . = 285.5 Hz), 142.9 (td,
2J.+=28.6 Hz,3J. .= 8.7 Hz), 136.5 (d, *J..=2.9 Hz), 129.5, 128.8 (d, *J.. = 2.8 Hz),
128.3, 127.9, 127.8 (d, *J. = 4.2 Hz), 121.9 (d, *J.. = 3.9 Hz), 112.2 (t, 'J.. = 235.0
Hz), 103.2 (d, 2J. = 11.1 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;sHpNyF5*
289.0953; found 289.0955.

3-(Difluoromethyl)-5-fluoro-4-phenyl-1-(o-tolyl)-1H-pyrazole (3b)

HF,C

/
NA‘_ \ F

N
o

3b
Obtained as an orange liquid after column chromatography (ether/petroleum ether =
1:50, R¢=0.4), 21.8 mg, 72% yield. '"H NMR (400 MHz, CDCl3) é 7.54-7.47 (m, 2H),
7.44 (s, 1H), 7.40-7.37 (m, 3H), 7.35-7.28 (m, 2H), 7.16 (d, J = 7.6 Hz, 1H), 6.64 (t,
2J.r = 54.3 Hz, 1H), 2.38 (s, 3H). ’F NMR (376 MHz, CDCl3) 6 -111.23 (d, 2/, =
53.8 Hz, CF,H), -131.17 (s, F). 3C NMR (100 MHz, CDCl3) § 149.3 (d, 'J. . = 282.6
Hz), 141.8 (td, %J.. = 28.3 Hz, 3J.. = 8.1 Hz), 134.2, 133.7 (d, *J.; = 2.1 Hz), 130.3,

129.1, 127.7, 127.6 (q, *Jo» = 2.0 Hz), 126.7, 126.1, 125.9, 111.2 (t, 'J., = 235.2 Hz),
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100.7 (d, 2J. . = 10.7 Hz), 16.5 (d, 3J. . = 2.1 Hz). HRMS (ESI) m/z [M+H]" calcd. for
C17H14N,F5* 303.1109; found 303.1110.

3-(Difluoromethyl)-5-fluoro-4-phenyl-1-(m-tolyl)-1 H-pyrazole (3¢)

HF,C
Vi
<jLMe
3c

Obtained as an orange liquid after column chromatography (ether/petroleum ether =
1:50, R¢=0.2), 23.6 mg, 78% yield. '"H NMR (400 MHz, CDCl;) 6 7.56-7.51 (m, 2H),
7.42-7.34 (m, 3H), 7.32-7.25 (m, 4H), 6.63 (t, 2/, . = 53.7 Hz, 1H), 2.19 (s, 3H). °F
NMR (376 MHz, CDCl3) 8 -111.03 (d, 2/;_,= 53.8 Hz, CF,H), -131.66 (s, F). 13C NMR
(100 MHz, CDCl5) 6 148.7 (d, 'J.. = 285.1 Hz), 141.7 (td, 2J.. = 28.4 Hz, 3J. . = 8.5
Hz), 138.7, 135.3 (d, *J...=3.0 Hz), 128.2, 128.0, 127.7 (d, *J.. = 2.7 Hz), 126.8, 121.6
(d,*J.-=3.3Hz), 1179 (d, *J.,=4.3 Hz), 111.1 (t, 'J. . =235.6 Hz), 102.0 (d, 2J. . =

11.4 Hz), 20.4. HRMS (ESI) m/z [M+H]" calcd. for C{7H4N,F5" 303.1109; found
303.1115.

3-(difluoromethyl)-5-fluoro-4-phenyl-1-(p-tolyl)-1H-pyrazole (3d)

HF,C

£ )
N.
N~ F

Me
3d

Obtained as a yellow solid after column chromatography (ether/petroleum ether = 1:50,

R; = 0.4), 19.4 mg, 64% yield, m.p. 58-60 °C. "H NMR (400 MHz, CDCl;) § 7.54—
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7.45 (m, 4H), 7.43-7.34 (m, 2H), 7.34-7.25 (m, 1H), 7.25 (d, J = 8.3 Hz, 2H), 6.63 (t,
2J.r = 53.7 Hz, 1H), 2.35 (s, 3H). ’F NMR (376 MHz, CDCl3) 6 -111.18 (d, 2/, =
53.8 Hz, CF,H), -131.52 (s, F). 3C NMR (100 MHz, CDCl;) 6 148.7 (d, 'J. . = 284.6
Hz), 141.6 (td, 2J.. = 28.3 Hz, 3J.. = 8.1 Hz), 137.3, 133.0 (d, /., = 2.8 Hz), 129.0,
127.7 (d, *J.. = 2.3 Hz), 126.8 (d, *J. . = 4.3 Hz), 126.7, 120.9 (d, 3J..=3.6 Hz), 111.2
(t, 'J.=235.0 Hz), 101.9 (d, 2J., = 11.2 Hz), 20.1. HRMS (ESI) m/z [M+H]" calcd.
for C7H4N,F5* 303.1109; found 303.1106.

3-(Difluoromethyl)-1-(2,5-dimethylphenyl)-5-fluoro-4-phenyl-1H-pyrazole (3e)

Obtained as an orange liquid after column chromatography (ether/petroleum ether =
1:50, R¢=0.3), 22.8 mg, 72% yield. '"H NMR (400 MHz, CDCl3) 8 7.55-7.50 (m, 2H),
7.40-7.36 (m, 2H), 7.32-7.26 (m, 1H), 7.18-7.10 (m, 3H), 6.62 (t, 2J, . = 53.7 Hz, 1H),
2.31 (s, 3H), 2.13 (s, 3H). F NMR (376 MHz, CDCl;) 6 -110.96 (d, 2J;,, = 52.8 Hz,
CF,H), -131.62 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.3 (d, 'J. . =282.3 Hz), 141.7
(td, 2J.; = 28.4 Hz, 3J.; = 8.3 Hz), 135.9, 133.4 (d, *J.; = 2.1 Hz), 130.8, 129.9 (d,
3J.:=16.0 Hz), 127.7, 127.6 (q, *J. - = 2.0 Hz), 126.9 (d, *J. , = 4.3 Hz), 126.6 (d, J=
8.4 Hz), 111.3 (t, 'J.; =235.3 Hz), 100.6 (d, 2/, = 10.9 Hz), 19.7, 15.9 (d, °J. ; = 2.1
Hz). HRMS (ESI) m/z [M+H]" caled. for C1gH1¢N,F3"317.1266; found 317.1265.

1-(4-(tert-Butyl)phenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3f)

21



3f

Obtained as an orange solid after column chromatography (petroleum ether, R¢ = 0.2),
28.9 mg, 84% yield, m.p. 64—66 °C. '"H NMR (400 MHz, CDCl3) 6 7.51 (d,/=4.2,2.4
Hz, 4H), 7.45 (d, J = 8.8 Hz, 2H), 7.38 (d, J= 7.8 Hz, 2H), 7.31-7.26 (m, 1H), 6.63 (t,
2Jr = 53.7 Hz, 1H), 1.29 (s, 9H). ’F NMR (376 MHz, CDCl3) 6 -111.11 (d, 2/, =
53.8 Hz, CF,H), -131.56 (s, F). 3C NMR (100 MHz, CDCl3) 6 151.6, 149.7 (d, 'J. . =
284.5 Hz), 142.7 (td, 2J.. = 27.9 Hz, °J.. = 8.6 Hz), 133.9 (d, *J.. = 2.9 Hz), 128.8,
127.9 (d, 3J.. = 4.2 Hz), 127.8, 126.4, 121.7 (d, *J.- = 3.6 Hz), 112.3 (t, 'J..=235.2
Hz), 102.9 (d, %2J.; = 11.2 Hz), 34.8, 31.3. HRMS (ESI) m/z [M+H]" calcd. for
C,oHoNoF3™ 345.1579; found 345.1582.

3-(Difluoromethyl)-5-fluoro-1-(4-fluorophenyl)-4-phenyl-1H-pyrazole (3g)

3g

Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.2),
15.3 mg, 50% yield, m.p. 52-54 °C. 'H NMR (400 MHz, CDCl3) 8 7.62—-7.56 (m, 2H),
7.49 (d, J =17.6 Hz, 2H), 7.38 (t,J = 7.6 Hz, 2H), 7.30 (t, /= 7.4 Hz, 1H), 7.18-7.12
(m, 2H), 6.62 (t, 2/, = 53.7 Hz, 1H). ’F NMR (376 MHz, CDCl;) 6 -111.42 (d, 2/,
=53.6 Hz, CF,H), -112.58—112.61 (m, F), -131.56 (s, F). 13C NMR (100 MHz, CDCl;)
0 162.1 (d, 'J. . =248.9 Hz), 149.7 (d, 'J. . =285.0 Hz), 142.9 (td, 2J. . = 28.5 Hz, 3J.;
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=9.5 Hz), 133.9-131.0 (m), 128.80, 128.75 (d, 4J.. = 2.6 Hz), 127.9, 123.9 (dd, 3/ =
8.6 Hz, 4J.. = 3.8 Hz), 116.6, 116.4, 112.0 (t, 'J.. = 235.5 Hz), 103.2 (d, 2J. = 11.0
Hz). HRMS (ESI) m/z [M+H]" caled. for Ci¢H;N,F4"307.0858; found 307.0866.

1-(4-Chlorophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3h)

Cl

3h

Obtained as an orange solid after column chromatography (petroleum ether, R¢= 0.2),
20.3 mg, 63% yield, m.p. 53-55 °C. 'H NMR (400 MHz, CDCl3) 6 7.57 (d, /= 8.4 Hz,
2H), 7.48 (d, J=17.6 Hz, 2H), 7.39 (dd, J = 17.0, 8.3 Hz, 4H), 7.30 (t,J = 7.2 Hz, 1H),
6.61 (t,%/, - =53.6 Hz, 1H). ’F NMR (376 MHz, CDCl;) 6 -111.52 (d, 2J;, = 53.5 Hz,
CF,H), -130.87 (s, F). 3C NMR (100 MHz, CDCl3) 6 149.7 (d, 'J. . = 286.0 Hz), 143.2
(td, 2J.-=28.5Hz, 3J..=9.5 Hz), 135.1 (d, *J.. = 2.9 Hz), 133.9, 129.7, 128.8, 128.7
(d, *J. s =19Hz), 127.9,122.9 (d,3J. . =4.2 Hz), 111.9 (t, 'J. . = 236.1 Hz), 103.5 (d,
2J.»=11.2 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;sH;; N, F5CI* 323.0563; found
323.0562.

1-(4-Bromophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3i)

HF,C.

7\
N,
N~ F

Br
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Obtained as a red liquid after column chromatography (petroleum ether, R¢=0.2), 22.1
mg, 60% yield. 'H NMR (400 MHz, CDCl3) 6 7.60-7.55 (m, 2H), 7.52 (dd, J = 9.0,
1.8 Hz, 2H), 7.50-7.46 (m, 2H), 7.37 (m, 2H), 7.33-7.27 (m, 1H), 6.62 (t, °J,, . = 53.7
Hz, 1H). ’F NMR (376 MHz, CDCl3) 6 -111.56 (d, /., = 53.6 Hz, CF,H), -130.78 (s,
F). 3C NMR (100 MHz, CDCls) 6 148.7 (d, 'J. . = 285.8 Hz), 142.2 (td, 2J. . = 28.3
Hz, 3J.. = 8.6 Hz), 134.6 (d, 4J., = 2.9 Hz), 131.7, 127.8, 127.7 (d, *J. = 1.9 Hz),
126.9, 126.4 (d, 3J.. = 4.3 Hz), 122.1 (d, *J.. = 4.4 Hz), 110.9 (t, 'J. . = 235.5 Hz),
102.5 (d, 2J. = 11.4 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;¢H;N,F;Br"
367.0058; found 367.0067.

1-(3-Bromophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3j)

3

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
27.5 mg, 75% yield. "TH NMR (400 MHz, CDCl3) 6 7.92 (q, J= 1.8 Hz, 1H), 7.66 (dd,
J=28.1, 1.0 Hz, 1H), 7.60-7.50 (m, 3H), 7.51-7.43 (m, 2H), 7.42-7.34 (m, 2H), 6.70
(t, 2Jr = 53.6 Hz, 1H). ’F NMR (376 MHz, CDCl3) 6 -111.60 (d, 2J;,, = 53.7 Hz,
CF,H), -130.45 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.8 (d, 'J. . = 286.5 Hz), 143.4
(td, 2J.; = 28.5 Hz, 3J.. = 8.5 Hz), 137.5 (d, *J..- = 3.0 Hz), 131.2, 130.8, 128.82,
128.77 (d, *J. = 2.1 Hz), 128.0, 127.4 (d, °J. . = 4.3 Hz), 124.75 (d, 3J. . = 4.0 Hz),
123.1, 119.9 (d, 3J.. = 5.0 Hz), 111.9 (t, 'J. . = 235.8 Hz), 103.6 (d, 2J. . = 11.3 Hz).
HRMS (ESI) m/z [M+H]" calcd. for C¢H;1N,F;Br" 367.0058; found 367.0062.

1-(2,4-Dichlorophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3k)
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Cl

3k
Obtained as an orange solid after column chromatography (petroleum ether/ethyl
acetate = 20:1, Ry = 0.7), 20.0 mg, 56% yield, m.p. 66-68 °C. 'TH NMR (400 MHz,
CDCl) 6 7.57-7.47 (m, 3H), 7.44-7.40 (m, 1H), 7.40-7.34 (m, 3H), 7.33-7.28 (m,
1H), 6.61 (t, 2/, = 53.6 Hz, 1H). ’F NMR (376 MHz, CDCl;) 6 -111.61 (d, 2/, =
53.7 Hz, CF,H), -129.26 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.5 (d, 'J. . = 285.2
Hz), 143.1 (td, 2J.. = 28.5 Hz, 3J. .= 7.2 Hz), 135.9, 131.4, 129.4, 128.8, 127.8, 127.7
(d, ¥Jr = 2.0 Hz), 127.2, 126.9, 110.9 (t, 'J.. = 235.8 Hz), 101.3 (d, 2/ = 9.8 Hz).
HRMS (ESI) m/z [M+H]" calcd. for C,¢H;(N,F; Cl,* 357.0173; found 357.0176.

3-(Difluoromethyl)-5-fluoro-4-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-pyrazole
@31

HF,C

N
N,
N~ F

CF,
3l

Obtained as an orange solid after column chromatography (petroleum ether, R¢= 0.2),
22.1 mg, 62% yield, m.p. 38—40 °C. "TH NMR (400 MHz, CDCls) 6 7.88 (d, J= 8.4 Hz,
2H), 7.79 (d, J= 8.6 Hz, 2H), 7.57 (d, J= 7.6 Hz, 2H), 7.47 (d, J= 7.6 Hz, 2H), 7.44 —
7.37 (m, 1H), 6.71 (t, 2/, ; = 53.6 Hz, 1H). F NMR (376 MHz, CDCl;) 3 -62.57 (s,
CF3), -111.78 (d, 2/, = 53.6 Hz, CF,H), -130.12 (s, F). 13C NMR (100 MHz, CDCl;)
6 149.9 (d, 'J.; = 287.1 Hz), 143.8 (td, 2J.; = 28.5 Hz, 3J. ;. = 8.6 Hz), 139.3, 130.2,
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129.8, 128.9, 128.8 (d, *J. . = 2.3 Hz), 128.1, 127.2 (d, 3J.. = 4.3 Hz), 126.8 (q, *J.+ =
3.8 Hz), 121.4 (d,*J..=5.1 Hz), 111.9 (t, 'J., = 235.9 Hz), 103.9 (d, 2/, = 11.7 Hz).
HRMS (ESI) m/z [M+H]" calcd. for C7H;N;F¢" 357.0826; found 357.0823.

3-(Difluoromethyl)-5-fluoro-1-(naphthalen-2-yl)-4-phenyl-1H-pyrazole (3m)

3m 3m’

Obtained as an orange solid after column chromatography (petroleum ether, R¢= 0.1),
27.1 mg, 80% yield, m.p. 90-92 °C. Regioisomer ratio: 3m:3m’ = 6:1. Major isomer:
TH NMR (400 MHz, CDCl3) 6 8.05 (d, J=2.2 Hz, 1H), 7.91 (d, /= 8.9 Hz, 1H), 7.86—
7.81 (m, 2H), 7.76 (dt, J= 8.9, 2.0 Hz, 1H), 7.55-7.45 (m, 3H), 7.39 (t,J= 7.6 Hz, 2H),
7.33-7.05 (m, 2H), 6.70 (td, 2J,, . = 53.8 Hz, 3J,, . = 18.9 Hz, 1H). ’F NMR (376 MHz,
CDCl3) 6 -111.27 (d, 2J;, = 53.8 Hz, CF,H), -113.78 (dd, %J. , = 53.8 Hz, 4J, . = 4.9
Hz, CF,H), -130.77 (s, F), -172.80 (t, *J. : = 5.1 Hz, F). 13C NMR (100 MHz, CDCl;)
5 148.9 (d, \J. . =285.5 Hz), 141.9 (td, 2J. . = 28.4 Hz, 3J. . = 8.5 Hz), 132.8 (d, *J. ; =
2.9 Hz), 132.1, 131.4, 128.6, 128.1-127.9 (m), 127.7 (d, *J. . = 2.9 Hz), 127.2, 126.8,
126.7 (d, 3J..=4.3 Hz), 126.2, 125.9, 125.1, 123.4, 118.9 (d, *J. . = 4.0 Hz), 111.1 (4,
UJ. = 235.4 Hz), 102.3 (d, 2J. = 11.4 Hz). HRMS (ESI) m/z [M+H]" calcd. for
Cy0H14N,F37 339.1109; found 339.1107.

3-(Difluoromethyl)-5-fluoro-4-(4-methoxyphenyl)-1-phenyl-1H-pyrazole (3n)

26



OMe

3n

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
21.6 mg, 68% yield. '"H NMR (400 MHz, CDCl3) 8 7.69 (d, J= 7.8 Hz, 2H), 7.54-7.43
(m, 4H), 7.42 (d, J=7.4 Hz, 1H), 6.99 (d, /= 8.8 Hz, 2H), 6.69 (t, °J,, . = 53.7 Hz, 1H),
3.85(s,3H). ’F NMR (376 MHz, CDCl5) & -111.31 (d, 2/, = 53.8 Hz, CF,H), -131.84
(s, F).3C NMR (100 MHz, CDCl3) 8 159.3, 149.6 (d, 'J.. = 284.1 Hz), 142.8 (td, °J;
= 28.0 Hz, 3J., = 9.5 Hz), 136.6 (d, *J.. = 2.6 Hz), 132.9, 130.0 (d, *J.. = 2.4 Hz),
129.5, 128.2, 124.5, 123.9, 121.8 (d, *J.. = 4.0 Hz), 112.3 (t, 'J.. = 236.8 Hz), 109.9
(d, %J.=11.2 Hz), 55.3. HRMS (ESI) m/z [M+H]" calcd. for C{7H3N,F;0" 319.1047,
found 319.1053.

3-(Difluoromethyl)-5-fluoro-1-phenyl-4-(p-tolyl)-1H-pyrazole (30)
Me

HF,C

P4
# S~
e

30
Obtained as an orange solid after column chromatography (petroleum ether, R¢= 0.1),
17.2 mg, 57% yield, m.p. 58-60 °C. 'H NMR (400 MHz, CDCl3) 6 7.61 (d, /= 7.9 Hz,
2H), 7.47-7.36 (m, 4H), 7.35-7.29 (m, 1H), 7.19 (d, J = 8.0 Hz, 2H), 6.62 (t, 2/, =
53.7 Hz, 1H), 2.32 (s, 3H). ’F NMR (376 MHz, CDCl3) 6 -111.33 (d, 2/, = 53.8 Hz,
CF,H), -131.45 (s, F). 3C NMR (100 MHz, CDCl;) & 148.7 (d, 'J. . =285.0 Hz), 141.8
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(td, 2J. . = 28.2 Hz, 3J., = 8.5 Hz), 136.7, 135.5 (d, *J., = 2.9 Hz), 128.4, 127.6 (q,
47, =2.0Hz), 127.1, 123.7 (d, 3/, = 4.3 Hz), 120.8 (d, 3J., = 4.0 Hz), 111.1 (t, ',
= 235.3 Hz), 102.1 (d, 2., = 11.5 Hz), 20.2. HRMS (ESI) m/z [M+H]" calcd. for
C17H14N,F5* 303.1109; found 303.1106.

3-(Difluoromethyl)-5-fluoro-1-phenyl-4-(m-tolyl)-1H-pyrazole (3p)

3p

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
21.8 mg, 72% yield. '"H NMR (400 MHz, CDCl3) & 7.64-7.56 (m, 2H), 7.44 (t, J=17.9
Hz, 2H), 7.37-7.22 (m, 4H), 7.11 (d, J= 7.0 Hz, 1H), 6.63 (t, 2J, . = 53.9 Hz, 1H), 2.34
(s, 3H). F NMR (376 MHz, CDCl;) 8 -111.38 (d, /.., = 53.8 Hz, CF,H), -131.21 (s,
F). 3C NMR (100 MHz, CDCl3) 6 149.8 (d, 'J. . = 285.1 Hz), 142.9 (td, 2J.; = 28.0
Hz, 3J.. = 8.3 Hz), 138.4, 136.6 (d, *J.. = 2.8 Hz), 129.5, 129.4 (q, *J.+ = 2.1 Hz),
128.7, 128.2, 127.6 (d, 3J.. = 4.4 Hz), 125.9 (q, ¥/ = 1.9 Hz), 121.9 (d, 3J.; = 4.0
Hz), 112.1 (t, 'J.. = 235.4 Hz), 103.3 (d, 2J.; = 11.3 Hz), 21.5. HRMS (ESI) m/z
[M+H]* calcd. for C;7H4N,F5™ 303.1109; found 303.1099.

4-(4-(tert-Butyl)phenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3q)

Bu

HF,C
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Obtained as a white liquid after column chromatography (petroleum ether, Ry = 0.1),
21.4 mg, 62% yield. '"H NMR (400 MHz, CDCl;) 6 7.62 (d, J= 7.8 Hz, 2H), 7.47-7.39
(m, 6H), 7.34 (t, J= 7.5 Hz, 1H), 6.64 (t, 2J,,. = 53.7 Hz, 1H), 1.29 (s, 9H). F NMR
(376 MHz, CDCl;) 6 -111.44 (d, /., = 53.7 Hz, CF,H), -131.27 (s, F). 3C NMR (100
MHz, CDCl3) 6 148.7 (d, 'J. . = 284.1 Hz), 149.8, 141.8 (td, 2J.. = 28.6 Hz, 3J.. = 8.6
Hz), 135.5 (d, *J.. = 2.4 Hz), 129.9 (d, *J.. = 2.8 Hz), 128.5, 127.3 (d, *J.. = 2.2 Hz),
127.1, 124.7, 123.7 (d, 3J. = 4.4 Hz), 120.8 (d, 3J.. = 4.1 Hz), 111.1 (t, 'J.. =235.6
Hz), 102.0 (d, %2/ = 11.3 Hz), 33.6, 30.3. HRMS (ESI) m/z [M+H]" calcd. for
CyoHyoN, F3 345.1579; found 345.1587.

3-(Difluoromethyl)-5-fluoro-4-(4-fluorophenyl)-1-phenyl-1H-pyrazole (3r)

F

HF,C

7\
N,
N~ F

O

3r

Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.1),
23.9 mg, 78% yield, m.p. 59-61 °C. '"H NMR (400 MHz, CDCl;) 6 7.68 (d, /= 7.9 Hz,
2H), 7.54 (q, J= 8.3 Hz, 4H), 7.43 (t,J= 7.4 Hz, 1H), 7.15 (t,J = 8.7 Hz, 2H), 6.69 (t,
2J.+=153.7Hz, 1H). ’F NMR (376 MHz, CDCl;) 6 -111.01 (d, 2/, = 53.8 Hz, CF,H),
-113.75—-113.83 (m, F), -131.43 (s, F). 3C NMR (100 MHz, CDCl;) 6 161.3 (d, 'J..;
=247.6 Hz), 148.7 (d, 'J. . =285.0 Hz), 141.8 (td, 2J. . = 28.9 Hz,3J. .= 8.6 Hz), 135.4
(d, 4J. = 2.6 Hz), 132.0 (t, *J.; = 8.4 Hz), 129.5 (dd, 3J. ; = 8.2 Hz, 4/, = 2.2 Hz),
128.5,127.3,120.8 (d,*J..=3.9Hz), 115.9,115.6, 114.9, 114.6, 111.3 (t, \J..=235.2
Hz), 107.8 (d, 2J. = 6.3 Hz), 101.1 (d, 2/, ; = 11.4 Hz). HRMS (ESI) m/z [M+H]"
calcd. for C;HN,F4* 307.0858; found 307.0860.

4-(4-Chlorophenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3s)
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Cl

3s

Obtained as an orange solid after column chromatography (petroleum ether, R¢=0.2),
17.4 mg, 54% yield, m.p. 90-92 °C. TH NMR (400 MHz, CDCl;) 6 7.68 (d, J=7.7 Hz,
2H), 7.53 (dd, J= 8.2, 6.2 Hz, 4H), 7.46-7.39 (m, 3H), 6.70 (t, 2J,, . = 53.7 Hz, 1H). °F
NMR (376 MHz, CDCl3) 4 -110.94 (d, 2/, = 53.5 Hz, CF,H), -130.77 (s, F). 3C NMR
(100 MHz, CDCl5) 6 149.8 (d, 'J. . = 285.8 Hz), 142.9 (td, 2J. . = 28.9 Hz, 3J. .= 8.0
Hz), 136.4 (d, *J..=2.9 Hz), 133.9, 130.0 (q, *J.- = 2.2 Hz), 129.6, 129.0, 128.4, 126.3
(d,*J.=4.4Hz),121.9 (d,*J..=3.9Hz), 112.4 (t, 'J. . =235.2 Hz), 102.0 (d, 2J. . =
11.3 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;sH;;N,F;CI* 323.0563; found
323.0571.

4-(4-Bromophenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3t)
Br

3t
Obtained as a white solid after column chromatography (petroleum ether, R = 0.2),
27.5 mg, 75% yield, m.p. 79-81 °C. 'H NMR (400 MHz, CDCl3) 8 7.64-7.57 (m, 2H),
7.55-7.47 (m, 2H), 7.46 (dd, J=8.7, 7.1 Hz, 2H), 7.37 (dd, J=15.7, 7.9 Hz, 3H), 6.62
(t, 2Jr = 53.9 Hz, 1H). F NMR (376 MHz, CDCl3) 6 -110.91 (d, 2/, = 53.8 Hz,
CF,H), -130.67 (s, F). 3C NMR (100 MHz, CDCl;) & 148.7 (d, 'J. . = 286.5 Hz), 141.7
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(td, 2J. , = 29.6 Hz, 3J. . = 8.6 Hz), 135.3 (d, *J. , = 2.9 Hz), 130.9, 129.2 (d, /., = 2.2
Hz), 128.5, 127.4, 125.7 (d, 3J., = 4.3 Hz), 120.9, 120.8 (d, 3J., = 3.9 Hz), 111.3 (t,
1J., = 235.2 Hz), 101.0 (d, 2J., = 11.2 Hz). HRMS (ESI) m/z [M+H]" calcd. for
C16Hy NoF;Br* 367.0058; found 367.0066.

4-(2-Bromophenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3u)

3u

Obtained as a white liquid after column chromatography (petroleum ether, Ry = 0.1),
25.7 mg, 70% yield. '"H NMR (400 MHz, CDCl;) 6 7.79-7.65 (m, 3H), 7.53 (t, /= 7.9
Hz, 2H), 7.48-7.37 (m, 3H), 7.32-7.24 (m, 1H), 6.64 (t, %/, . = 53.8 Hz, 1H). ’F NMR
(376 MHz, CDCl;) 6 -117.42 (d, /., = 52.5 Hz, CF,H), -126.02 (s, F). 3C NMR (100
MHz, CDCl5) 6 149.6 (d, 'J.. = 285.8 Hz), 143.6 (td, 2J.. = 27.6 Hz, 3J.. = 8.7 Hz),
136.5 (d, 4J.- = 3.0 Hz), 132.9 (d, *J... = 3.4 Hz), 130.2, 129.5, 129.1, 128.8 (d, *J. . =
3.9Hz), 128.3,127.4,124.8,123.8,121.9 (d, *J. , =4.0 Hz), 111.5 (t, 'J..=235.9 Hz),
102.3 (d, 2J. = 13.7 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;¢H;N,F;Br"
367.0058; found 367.0065.

3-(Difluoromethyl)-5-fluoro-1-phenyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrazole
(3v)
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CF;

HF2C

3v

Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.1),
26.7 mg, 75% yield, m.p. 60-62 °C. 'TH NMR (400 MHz, CDCl;) 6 7.74-7.66 (m, 6H),
7.57-7.51 (m, 2H), 7.47-7.42 (m, 1H), 6.72 (t, 2/, = 53.7 Hz, 1H). ’F NMR (376
MHz, CDCls) 6 -62.67 (s, CF3), -110.76 (d, 2J._, = 53.8 Hz, CF,H), -130.07 (s, F). 13C
NMR (100 MHz, CDCl3) 6 150.0 (d, 'J.. . = 286.5 Hz), 142.9 (td, 2J. . = 29.5 Hz, 3J.;
=17.6 Hz), 136.2 (d, *J..= 2.9 Hz), 131.6 (d, *J.. = 5.2 Hz), 129.6, 128.9 (d,%J..=2.3
Hz), 128.5, 125.7 (q, *J.+ = 3.9 Hz), 121.9 (d, *J.. = 3.9 Hz), 112.4 (t, 'J.. = 235.0
Hz), 101.8 (d, 2J. = 10.8 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;;H 1N, F¢*
357.0826; found 357.0826.

3-(Difluoromethyl)-5-fluoro-4-(naphthalen-1-yl)-1-phenyl-1H-pyrazole (3w)

HF,C OQ
I\

‘N F

O

3w

Obtained as a yellow liquid after column chromatography (petroleum ether, Ry = 0.1),
23.7 mg, 70% yield. 'H NMR (400 MHz, CDCl;) 6 8.01-7.89 (m, 2H), 7.82-7.70 (m,
3H), 7.61-7.48 (m, 6H), 7.43 (t,J= 7.4 Hz, 1H), 6.60 (t, 2J,, , = 53.7 Hz, 1H). YF NMR
(376 MHz, CDCl;) 6 -112.61 (dd, 2J;., = 275.2 Hz, %J; , = 54.0 Hz, CF,H), -128.67 (s,
F). BC NMR (100 MHz, CDCl;) & 150.2 (d, 'J. . = 285.1 Hz), 144.3 (td, 2J. . = 27.4
Hz, 3J.; = 8.6 Hz), 136.7 (d, °J. . = 3.0 Hz), 135.3, 133.7, 132.2, 129.6, 129.3, 129.2,
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128.5, 128.2, 126.6, 126.2, 125.3, 125.2, 124.7 (d, *J.. = 3.3 Hz), 121.8 (d, *J., = 4.1
Hz), 111.3 (t, 'J.. = 236.2 Hz), 101.1 (d, 2J.. = 14.2 Hz). HRMS (ESI) m/z [M+H]"
calcd. for CygH 4 NoF3* 339.1109; found 339.1102.

3-(Difluoromethyl)-5-fluoro-1-phenyl-4-(thiophen-2-yl)-1H-pyrazole (3x)

3x

Obtained as an orange solid after column chromatography (petroleum ether, R¢= 0.1),
7.9 mg, 27% yield, m.p. 83-85 °C. 'H NMR (400 MHz, CDCls) 6 7.74-7.64 (m, 2H),
7.54 (d, J=1.5 Hz, 2H), 7.47-7.40 (m, 1H), 7.40-7.33 (m, 2H), 7.12 (dd, J= 5.1, 3.6
Hz, 1H), 6.73 (t, °J,. = 53.6 Hz, 1H). 'F NMR (376 MHz, CDCl3) 6 -112.64 (d, 2/,
= 53.4 Hz, CF,H), -127.91 (s, F). 3C NMR (100 MHz, CDCl;) é 147.9 (d, 'J. . =288.2
Hz), 141.4 (d, 3J.. = 5.7 Hz), 141.2, 140.4 (td, °J.. = 28.0 Hz, 3J. . = 8.0 Hz), 135.2,
128.46, 128.51 (d, *J. . =2.3 Hz), 127.4,120.9 (d, *J. . = 3.8 Hz), 110.4 (t, 'J. . =235.8
Hz), 110.3, 107.1 (q, *J.-=2.5 Hz), 94.1 (d, %J. . = 12.6 Hz). HRMS (ESI) m/z [M+H]"
calcd. for C14H(N,F;S* 295.0517; found 295.0524.

2.5 General procedure G for the reaction of hydrazonyl chlorides 4

with a-fluoronitroalkene 2

Ar2
o NO, F.C R
N~ K>CO5 !
+ = _— \
P F DCE, 24, 85 °C Ny F
Fgc Cl R ! 4 |
Ar2
4 2 5

To a 10 ml sealed screw-capped pressure tube equipped with a stirring bar and dried in

an oven, hydrazone acyl chloride (4, 0.3 mmol), a-fluoronitroalkenes (2, 0.1 mmol) and
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K,COs3 (55.3 mg, 0.4 mmol). 1,2-Dichloroethane (1.0 mL) was transferred into the tube
through a syringe. The resulting mixture was stirred at 85 °C for 24 hours. The reaction
mixture was extracted with EtOAc. The combined organic phases were concentrated in
vacuo, and the residue was purified by flash chromatography on silica gel (eluted with

petroleum ether/ethyl acetate) to obtain the desired product 5.

5-Fluoro-1,4-diphenyl-3-(trifluoromethyl)-1H-pyrazole (5a)

5a

Obtained as a yellow liquid after column chromatography (petroleum ether, Ry = 0.1),
25.7 mg, 87% yield. 'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 7.9 Hz, 2H), 7.45 (d, J
=7.6 Hz, 2H), 7.39 (td, J=10.0, 3.2 Hz, 4H), 7.33 (dd, /= 12.2, 4.8 Hz, 2H). ’F NMR
(376 MHz, CDCl3) 6 -61.04 (s, CF3), -130.83 (s, F). 3C NMR (100 MHz, CDCl;) 8
148.6 (d, 'J. . = 285.5 Hz), 137.9 (qd, %J. , = 37.4 Hz, *J. . = 8.6 Hz), 135.2 (d, *J. . =
2.9 Hz), 128.5, 128.0 (t, *J.; = 1.5 Hz), 127.7, 127.5, 127.2, 125.9 (d, 3J.; = 3.9 Hz),
121.0 (d, 3J.. = 3.7 Hz), 119.7 (qd, 'J. = 271.1 Hz, 4J. . = 1.2 Hz), 104.3-100.7 (m).
HRMS (ESI) m/z [M+H]" calcd. for Ci¢H;;N,F4" 307.0858; found 307.0854.

5-Fluoro-1-phenyl-4-(o-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5b)

FsC
F

!
N \

N
©/Me

5b
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Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.1),
22.4 mg, 70% yield, m.p. 54-56 °C. 'H NMR (400 MHz, CDCl;) & 7.53 (s, 2H), 7.47
(d, J=6.0 Hz, 5H), 7.43-7.37 (m, 2H), 2.45 (s, 3H). ’F NMR (376 MHz, CDCl;) 6 -
61.02 (s, CF3), -130.80 (s, F). 13C NMR (100 MHz, CDCl;) 6 150.3 (d, 'J., = 282.6
Hz), 139.0 (qd, %J.- = 37.1 Hz, 3J.. = 8.1 Hz), 135.4, 135.3, 134.5 (d, *J.. = 2.1 Hz),
131.4,131.3,130.4,129.9,129.2, 129.0, 128.8, 128.7, 128.1, 127.9, 127.2, 126.9, 120.8
(qd, 'Jo-=271.6 Hz, *J..= 1.2 Hz), 105.6-96.3 (m), 21.8-13.4 (m). HRMS (ESI) m/z
[M+H]* calcd. for Cy7H3N,F4" 321.1015; found 321.1007.

5-Fluoro-4-phenyl-1-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5¢)

Me
5¢c

Obtained as an orange solid after column chromatography (petroleum ether, R¢=0.1),
25.0 mg, 78% yield, m.p. 56-58 °C. 'H NMR (400 MHz, CDCl3) 8 7.62—7.54 (m, 2H),
7.46 (d,J=6.7 Hz, 4H), 7.41 (dd, J= 5.6, 2.8 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 2.43
(s, 3H). F NMR (376 MHz, CDCl;) 6 -60.99 (s, CF;), -131.14 (s, F). 3C NMR (100
MHz, CDCl3) 6 149.6 (d, 'J. . = 284.9 Hz), 138.76, 138.75 (qd, °J.. = 38.1 Hz, *J. . =
8.3 Hz), 133.9 (d, *J.. = 3.0 Hz), 130.9 (d, 3J.. = 7.9 Hz), 130.1, 129.1, 128.7, 128.2,
127.2 (d, 3J.. = 4.1 Hz), 122.1 (d, *J.; = 3.5 Hz), 120.9 (qd, 'J. = 269.5 Hz, *J.. =
1.7 Hz), 103.6-102.3 (m), 21.1. HRMS (ESI) m/z [M+H]" calcd. for C;;H 3N,F;*
321.1015; found 321.1022.

1-(4-(tert-Butyl)phenyl)-5-fluoro-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (5d)
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t-Bu
5d

Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.1),
29.4 mg, 81% yield, m.p. 60-62 °C. 'TH NMR (400 MHz, CDCl;) 8 7.60 (dt, J = 8.8,
2.0 Hz, 2H), 7.53 (dd, J = 8.7, 2.0 Hz, 2H), 7.46 (dt, J = 13.1, 4.2 Hz, 4H), 7.41-7.36
(m, 1H), 1.36 (d, J = 2.0 Hz, 9H). F NMR (376 MHz, CDCl;) 3 -61.00 (s, CF3), -
131.25 (s, F). 3C NMR (100 MHz, CDCl;) 8 151.9, 149.6 (d, 'J. . = 285.1 Hz), 138.8
(qd, 2J.=38.0 Hz, 3J. .= 9.4 Hz), 133.7 (d, *J.. = 2.9 Hz), 129.1, 128.7, 128.2, 127.2
(d, 3J.-=4.0 Hz), 126.5, 121.9 (d, *J.; = 3.6 Hz), 120.8 (qd, 'J.; = 271.0 Hz, *J.. =
1.5 Hz), 103.3(d, %2J.; = 14.6 Hz), 34.8, 31.3. HRMS (ESI) m/z [M+H]" calcd. for
CyoH19NoF4" 363.1484; found 363.1492.

5-Fluoro-1-(4-fluorophenyl)-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (Se)

FsC

7\
N.
N F

F
Se

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
13.0 mg, 40% yield. '"H NMR (400 MHz, CDCl;) § 7.71-7.68 (m, 2H), 7.51-7.43 (m,
4H), 7.40 (dq, J = 5.3, 2.7 Hz, 1H), 7.38-7.20 (m, 2H). ’F NMR (376 MHz, CDCl;) &
-61.13 (s, CF3), -112.04 —112.01 (m, F), -131.13 (s, F). 13C NMR (100 MHz, CDCl;)

§162.3 (d, 'J., =249.3 Hz), 149.6 (d, 'J. , = 285.1 Hz), 139.2 (qd, 2J., = 37.4 Hz, 3], ,
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=9.0 Hz), 135.8, 132.4, 129.1, 128.8, 128.4, 126.9, 124.1 (dd, 3J. .= 8.6 Hz, *J. . = 3.8
Hz), 120.8 (qd, 'J..=271.1, %) = 1.4 Hz), 116.6 (d, 2J.. = 23.3 Hz), 103.6 (d, 2J.;
= 13.2 Hz). HRMS (ESI) m/z [M+H]" caled. for CisH;oN,Fs" 325.0764; found
325.0771.

1-(4-Chlorophenyl)-5-fluoro-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (5f)

Cl
5f

Obtained as a white liquid after column chromatography (petroleum ether, Ry = 0.1),
31.3 mg, 92% yield. '"H NMR (400 MHz, CDCl;) 6 7.60 (d, /= 8.4 Hz, 2H), 7.48-7.30
(m, 6H), 7.28-7.14 (m, 1H). 1°’F NMR (376 MHz, CDCl3) 4 -61.18 (s, CF3), -130.45 (s,
F). BC NMR (100 MHz, CDCls) & 149.6 (d, 'J.. = 285.6 Hz), 139.4 (qd, 2J.. = 37.4
Hz, 3J. . = 9.0 Hz), 134.8 (d, 3J.. = 3.0 Hz), 134.4, 129.8, 129.1, 128.8, 128.4, 123.1
(d,3J.-=4.1 Hz), 120.8 (qd, 'J..=270.2 Hz, *J.. = 2.0 Hz), 109.9. HRMS (ESI) m/z
[M+H]* calcd. for C;¢H;(N,F4C1™ 341.0469; found 341.0475.

1-(4-Bromophenyl)-5-fluoro-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (5g)

Br
59
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Obtained as a brown liquid after column chromatography (petroleum ether, R¢ = 0.1),
23.5 mg, 61% yield. 'TH NMR (400 MHz, CDCls) 6 7.69-7.64 (m, 2H), 7.61 (dd, J =
8.9, 1.8 Hz, 2H), 7.46 (d, J=4.4 Hz, 4H), 7.42 (dd, J= 8.2, 4.3 Hz, 1H). ’F NMR (376
MHz, CDCl;) 8 -61.20 (s, CF3), -130.34 (s, F). 13C NMR (100 MHz, CDCl;) 3 149.6
(d, 'J.=286.1 Hz), 139.8-139.4 (qd, 2J.. =37.8 Hz, *J. . = 9.3 Hz), 1353 (d, *J. ;=
3.0 Hz), 132.8, 129.4, 129.1, 128.8, 128.4, 123.3 (d, 3J.. = 4.3 Hz), 122.3, 120.8 (qd,
1J.+=270.5 Hz, *J.. = 1.5 Hz), 103.9 (d, 2J.; = 13.1 Hz). HRMS (ESI) m/z [M+H]*
calcd. for CicH(N,F4Br" 384.9963; found 384.9957.

5-Fluoro-4-phenyl-3-(trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)-1H-

pyrazole (5h)

CF;
5h

Obtained as a white solid after column chromatography (petroleum ether, Ry = 0.1),

17.6 mg, 47% yield, m.p. 53-55 °C. 'H NMR (400 MHz, CDCl3)  7.70-7.67 (m, 2H),

7.47 (d, J = 4.5 Hz, 4H), 7.43-7.38 (m, 1H), 7.23 (t, J = 8.1 Hz, 2H). ’F NMR (376

MHz, CDCl;) 8 -61.2 (s, CF3), -67.8 (s, CF3), -130.5 (s, F). 3C NMR (100 MHz, CDCl3)
6 149.88 (d, 'J. . =286.7 Hz), 139.9 (qd, %J. . = 37.7 Hz, 3J. . = 8.7 Hz), 139.0, 129.2,

129.1, 128.8, 128.5, 126.9 (q, 3J. = 3.8 Hz), 126.5 (dd, 3J.. = 7.8 Hz, *J.. = 4.0 Hz),

124.9 (d, 4J.+ = 2.2 Hz), 121.7 (d, *J. . = 4.7 Hz), 120.7 (qd, 'J. . =271.4 Hz, *J. . =

1.2 Hz), 119.4 (q, 'J..=277.6 Hz), 106.8—-102.5 (m). HRMS (ESI) m/z [M+H]" calcd.

for C7H;oN,F;" 375.0732; found 375.0725.

5-Fluoro-4-(4-methoxyphenyl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5i)
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OMe

5i
Obtained as a brown liquid after column chromatography (petroleum ether/ethyl acetate
=100:1, R¢=0.4), 13.5 mg, 40% yield. '"H NMR (400 MHz, CDCl;) & 7.68— 7.59 (m,
2H), 7.48-7.44 (m, 2H), 7.35 (dd, J = 15.9, 8.0 Hz, 3H), 7.00-6.88 (m, 2H), 3.79 (s,
3H). F NMR (376 MHz, CDCl3) 8 -61.19 (s, CF3), -131.32 (s, F). 13C NMR (100
MHz, CDCl;) 6 159.6, 149.6 (d, 'J.. =283.9 Hz), 139.0 (qd, J.-. =379 Hz,3J. . =9.5
Hz), 136.4 (d, *J.. = 2.6 Hz), 130.3, 129.6, 128.5, 122.1 (d, 3J.. = 3.9 Hz), 121.0 (qd,
e+ =274.7Hz, *J.. = 1.7 Hz), 119.2 (d, 3J.. = 4.0 Hz), 114.2, 103.3 (d, 2/, = 14.2
Hz), 55.3. HRMS (ESI) m/z [M+H]* caled. for Ci;H;oN,OFs" 337.0964; found
337.0972.

5-Fluoro-1-phenyl-4-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5j)

5

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.2),
25.6 mg, 80% yield. 'TH NMR (400 MHz, CDCl;) & 7.67-7.60 (m, 2H), 7.45 (td, J =
8.0, 3.8 Hz, 2H), 7.38-7.32 (m, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.23-7.15 (m, 2H), 2.33
(s, 3H). F NMR (376 MHz, CDCl;) 6 -61.12 (s, CF3;), -131.03 (s, F). 13C NMR (100
MHz, CDCl;) 6 149.7 (d, 'J. . = 284.6 Hz), 139.1 (qd, 2J. . = 37.5 Hz, 3J. . = 9.0 Hz),
138.2, 136.3 (d, ¥J. . = 2.9 Hz), 130.9 (d, 3J. . = 7.7 Hz), 130.2, 129.6, 129.5, 129.1-
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128.8 (m), 128.5, 124.0 (d, 3J.. = 4.0 Hz), 122.1 (d, *J.. = 3.8 Hz), 120.9 (qd, J.; =
271.1 Hz, %J.. = 1.7 Hz), 103.5 (d, 2J.. = 12.5 Hz), 21.3. HRMS (ESI) m/z [M+H]"
calcd. for C{7H3N,F,4* 321.1015; found 321.1021.

5-Fluoro-1-phenyl-4-(m-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5k)

Me

5k

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
22.4 mg, 70% yield. "H NMR (400 MHz, CDCl3) 6 7.69-7.60 (m, 2H), 7.46 (t,J=17.7
Hz, 2H), 7.36 (t,J= 7.4 Hz, 1H), 7.30-7.12 (m, 4H), 2.34 (s, 3H). 'F NMR (376 MHz,
CDCl3) 6 -61.06 (s, CF3), -130.81 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.7 (d, 'J.;
=285.2 Hz), 139.1 (qd, %J. . = 37.3 Hz, *J. . = 8.8 Hz), 138.4, 136.3 (d, *J. . = 2.9 Hz),
129.8,129.6, 129.1, 128.6 (d, 3J. .= 7.3 Hz), 126.9 (d, *J. . =4.0 Hz), 126.2, 123.6 (qd,
1.y =272.5Hz, 4J. . = 1.6 Hz), 122.1 (d, *J.. = 3.9 Hz), 103.7 (d, 2J.; = 13.0 Hz),
21.5. HRMS (ESI) m/z [M+H]" calcd. for C;7H3N,F4 321.1015; found 321.1015.

4-(4-(tert-Butyl)phenyl)-5-fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (51)
t-Bu
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Obtained as an orange solid after column chromatography (petroleum ether, R¢=0.1),
31.9 mg, 88% yield, m.p. 87-89 °C. TH NMR (400 MHz, CDCl;) 6 7.61 (d, J=7.9 Hz,
2H), 7.42 (dd, J = 20.8, 7.9 Hz, 4H), 7.33 (d, J = 7.9 Hz, 3H), 1.28 (s, 9H). ’F NMR
(376 MHz, CDCl3) 8 -61.05 (s, CF3), -130.81 (s, F). 13C NMR (100 MHz, CDCl;) &
151.3, 149.7 (d, 'J.. = 285.0 Hz), 139.0 (qd, /.. = 37.3 Hz, 3J.. = 9.0 Hz), 136.4 (d,
4J.+=2.9Hz), 129.6,128.7,128.5,125.7,124.0 (d, *J. .= 4.0 Hz), 122.1 (d, 3J.. = 4.0
Hz), 121.0 (qd, 'J.=270.1 Hz, 4J. . = 1.2 Hz), 103.5 (d, 2J.; = 13.2 Hz), 34.7, 31.3.
HRMS (ESI) m/z [M+H]" calcd. for C,0H 9N,F4" 363.1484; found 364.1475.

5-Fluoro-4-(4-fluorophenyl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5m)
F

FaC
by

N,
N~ F

O

5m

Obtained as a brown solid after column chromatography (petroleum ether, Ry = 0.1),
16.5 mg, 51% yield, m.p. 50-53 °C. 'TH NMR (400 MHz, CDCl;) 6 7.62 (dd, J = 8.1,
1.9 Hz, 2H), 7.46 (t,J = 7.8 Hz, 2H), 7.37 (dd, J= 8.3, 5.4 Hz, 3H), 7.08 (t, /= 8.7 Hz,
2H). F NMR (376 MHz, CDCl;) & -61.16 (s, CF3), -113.09—113.13 (m, F), -130.99
(s, F). BC NMR (100 MHz, CDCl3) 6 162.7 (d, 'J.. = 248.2 Hz), 149.7 (d, J = 285.1
Hz), 139.0 (qd, 2J. = 37.6 Hz, 3J.. = 9.0 Hz), 136.2 (d, /= 2.8 Hz), 130.9 (dt, *J. . =
8.3 Hz, *J., = 1.5 Hz), 129.9, 129.7, 129.6, 129.2 (d, 2J. = 35.0 Hz), 128.7, 122.1 (d,
4J.=3.8 Hz), 120.9 (qd, 'J.. = 270.1 Hz, *J.. = 2.0 Hz), 115.9 (d, 2/, = 21.7 Hz),
113.6, 105.9-97.3 (m). HRMS (ESI) m/z [M+H]" calcd. for C;sH oN,Fs" 325.0764;
found 325.0771.

4-(4-Chlorophenyl)-5-fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5n)
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Cl

FaC

Ly
N.
N~ F

O

5n
Obtained as an orange solid after column chromatography (petroleum ether, R¢=0.1),
22.1 mg, 65% yield, m.p. 55-57 °C. 'H NMR (400 MHz, CDCl;) 6 7.62 (d, /= 7.8 Hz,
2H), 7.46 (t,J=7.9 Hz, 2H), 7.42-7.32 (m, 5H). 1’F NMR (376 MHz, CDCl3) 5 -61.12
(s, CF3), -130.50 (s, F). 3C NMR (100 MHz, CDCl3) & 149.7 (d, 'J.. = 285.7 Hz),
142.9, 138.9 (qd, 2J.- = 37.9 Hz, 3J.. = 8.9 Hz), 136.2 (d, *J.. = 2.9 Hz), 134.4, 130.3,
129.6, 129.1, 128.7, 125.5 (d, 3J.. = 4.1 Hz), 122.1 (d, 3J.. = 3.8 Hz), 120.4 (qd, 'J.;
=270.0 Hz, *J..= 1.8 Hz), 113.6, 102.5 (d, 2J._. = 12.6 Hz). HRMS (ESI) m/z [M+H]"

calcd. for CcH(N,F4CI* 341.0469; found 341.0476.

4-(4-Bromophenyl)-5-fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (50)

Br

50
Obtained as a red solid after column chromatography (petroleum ether, Ry = 0.2), 33.9
mg, 88% yield, m.p. 85-87 °C. 'H NMR (400 MHz, CDCl;) 6 7.69 (d, /= 7.9 Hz, 2H),
7.61 (dd, J=11.6, 8.3 Hz, 2H), 7.57-7.49 (m, 2H), 7.45 (t,J = 7.4 Hz, 1H), 7.36 (t, J
=9.1 Hz, 2H). ?’F NMR (376 MHz, CDCl3) 4 -61.09 (s, CF;), -130.41 (s, F). 13C NMR
(100 MHz, CDCl3) 6 149.6 (d, 'J.. = 285.4 Hz), 138.9 (qd, %J. . =37.3 Hz,*J. .= 8.9
Hz), 136.1 (d, *J.. =2.9 Hz), 132.8, 132.0, 130.6, 129.6, 128.7, 124.2 (qd, 'J.. = 288.9
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Hz, %J..= 1.0 Hz), 126.0 (d, 3J.. = 4.1 Hz), 122.6, 122.1 (d, 3J.. = 3.8 Hz), 108.9 (d,
2J.y = 6.2 Hz), 102.5 (d, 2J. = 12.7 Hz). HRMS (ESI) m/z [M+H]" calcd. for
C16H10N2F4BI'+ 3849963, found 384.9956.

3-(5-Fluoro-1-phenyl-3-(trifluoromethyl)-1 H-pyrazol-4-yl)benzonitrile (Sp)

CN

5p

Obtained as an orange liquid after column chromatography (petroleum ether/ethyl
acetate = 5:1, R¢ = 0.2), 19.9 mg, 60% yield. 'H NMR (400 MHz, CDCl3) 8 7.77 (s,
1H), 7.75-7.66 (m, 4H), 7.63-7.52 (m, 3H), 7.47 (dd, J = 8.4, 6.4 Hz, 1H). ’F NMR
(376 MHz, CDCl;) 6 -61.03 (s, CF3), -129.89 (s, F). 13C NMR (100 MHz, CDCl;) &
149.8 (d, 'J. . = 286.4 Hz), 141.6, 138.8 (qd, 2J.- = 37.9 Hz, 3J. . = 8.8 Hz), 135.9 (d,
4J.+=3.0Hz),133.4,132.4,131.8,129.8,129.7,129.5, 128.9, 128.6 (d, *J.. = 4.3 Hz),
122.2(d,3J. +=3.7Hz), 120.7 (qd, 'J. =271.4 Hz,*J. . =2.0 Hz), 118.3, 113.9, 113.2,
101.5 (d, 2/ = 12.3 Hz). HRMS (ESI) m/z [M+H]" calcd. for C;;H;(N3F,* 332.0811;
found 332.0819.

4-(5-Fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazol-4-yl)benzonitrile (5q)

CN
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Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=5:1,R¢=0.2),20.2 mg, 61% yield, m.p. 104-106 °C. "TH NMR (400 MHz, CDCl;) 6
7.69 (d, J = 8.1 Hz, 2H), 7.62 (dd, J = 8.0, 1.9 Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H), 7.48
(t, J=7.8 Hz, 2H), 7.40 (t, J= 7.4 Hz, 1H). 'F NMR (376 MHz, CDCl;) 6 -61.03 (s,
CF3), -129.28 (s, F). 3C NMR (100 MHz, CDCl;) 6 149.8 (d, 'J. . =287.3 Hz), 138.9
(qd, >J.=38.8 Hz, 3J. . =9.5 Hz), 135.9 (d, *J.. = 2.8 Hz), 132.6, 131.9 (d, 3J.. = 4.3
Hz), 129.7, 129.5, 129.0, 122.2 (d, 3J.. = 3.7 Hz), 120.7 (qd, 'J.; = 270.2 Hz, 4J. . =
1.8 Hz), 118.4, 112.1, 101.9 (d, 2J.. = 11.4 Hz). HRMS (ESI) m/z [M+H]" calcd. for
C17HoN3F4" 332.0811; found 332.0802.

5-Fluoro-1-phenyl-3-(trifluoromethyl)-4-(4-(trifluoromethyl)phenyl)-1 H-

pyrazole (5r)

5r

Obtained as an orange solid after column chromatography (petroleum ether, R¢=0.1),
26.6 mg, 71% yield, m.p. 90-92 °C. "TH NMR (400 MHz, CDCl3) & 7.64 (t,J= 7.7 Hz,
4H), 7.54 (d, J = 7.9 Hz, 2H), 7.47 (t, J = 7.7 Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H). °F
NMR (376 MHz, CDCls) 8 -61.06 (s, CF3), -62.74 (s, CF3), -130.00 (s, F). 3C NMR
(100 MHz, CDCl;) 6 149.9 (d, 'J. . =286.5 Hz), 142.9, 138.9 (qd, 2J.. = 38.0 Hz, 3J.;
= 8.8 Hz), 136.1 (d, 4J., = 2.9 Hz), 130.8, 130.5 (d, 3J.; = 6.4 Hz), 130.2, 129.5 (d,
2J.+=33.0 Hz), 128.9, 125.7 (q, *J. = 3.8 Hz), 124.0 (q, 'J.. = 272.2 Hz), 122.1 (d,
4J.+=3.7Hz), 121.0 (qd, 'J..=270.3 Hz, *J. .= 2.1 Hz), 113.6, 102.3 (d, 2/, = 12.8
Hz). HRMS (ESI) m/z [M+H]" calcd. for C7H;(N,F;" 375.0732; found 375.0730.

5-Fluoro-4-(naphthalen-2-yl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5s)
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5s 5s’

Obtained as a yellow solid after column chromatography (petroleum ether, R¢ = 0.1),
28.5 mg, 80% yield, m.p. 53-55 °C. Regioisomer ratio: 5s:5s’ = 2.5:1. Major isomer:
'H NMR (400 MHz, CDCl;) & 7.95-7.89 (m, 2H), 7.81-7.72 (m, 2H), 7.57-7.48 (m,
6H), 7.46-7.41 (m, 1H), 7.18 (d, J= 1.7 Hz, 1H). "F NMR (376 MHz, CDCl;) § -61.35
(d, ).+ = 6.9 Hz, CF;), -61.59 (s, CF3), -127.95 (s, F), -168.12 (q, /.- = 7.2 Hz). 3C
NMR (100 MHz, CDCl;) 8 150.2 (d, 'J.. = 285.4 Hz), 144.8 (d, 'J., = 257.2 Hz),
140.7 (qd, 2J. - =37.4 Hz,3J..= 9.6 Hz), 139.1, 136.4 (d, °J.. = 2.9 Hz), 133.7, 132.3,
131.4,130.7, 129.8, 129.6, 129.5, 129.3, 129.1, 128.7, 128.6 (d, *J.. = 5.2 Hz), 128.3,
127.5,126.72,126.69, 126.2, 125.3,125.2, 125.1, 124.7,124.2 (d, *J. . = 3.3 Hz), 123.9,
120.6 (qd, 'J., = 257.3 Hz, *J.. = 2.2 Hz), 122.0 (d, 3J. = 4.0 Hz), 101.4 (d, 2J.. =
15.2 Hz). HRMS (ESI) m/z [M+H]* calced. for C,0H 3N,F4" 357.1015; found 357.1006.

5-Fluoro-1-phenyl-4-(thiophen-2-yl)-3-(trifluoromethyl)-1H-pyrazole (5t)

5t

Obtained as an orange liquid after column chromatography (petroleum ether, R¢=0.1),
10.3 mg, 33% yield. '"H NMR (400 MHz, CDCl;) § 7.74-7.63 (m, 2H), 7.60-7.48 (m,
2H), 7.48-7.37 (m, 2H), 7.26 (s, 1H), 7.13 (dd, J = 5.2, 3.6 Hz, 1H). '°F NMR (376
MHz, CDCl;) 8 -62.14 (s, CF3), -127.39 (s, F). 13C NMR (100 MHz, CDCl;) & 148.3
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(d, Jer = 536.9 Hz), 138.6 (qd, %J.. = 43.7 Hz, 3J.. = 10.5 Hz), 136.1 (d, *J.. = 2.7
Hz), 129.9, 129.6, 128.7, 127.8-127.6 (m), 127.5, 126.8 (d, 3J.. = 5.5 Hz), 126.4 (d,
4J. =14 Hz), 122.1 (d, *J.. = 3.8 Hz), 121.2 (qd, 'J.. = 301.8 Hz, *J.. = 3.0 Hz),
97.4 (d, 3J.; = 3.6 Hz). HRMS (ESI) m/z [M+H]" calcd. for C14HoN,F4S* 313.0423;
found 313.0432.

2.6 General procedure H for synthetic transformations

OMe
HF,C_ _CI F
h NO, HF,C
N
"NH ZF N
+ KaPOy, > N F
DCE, 85°C, 24 h
F
SO,NH, OMe
SO,NH,
1y 2y 6a

To a 10 mL sealed tube equipped with a stirring bar and dried in an oven, 4-sulfamoyl-
phenyl derived hydrazonoyl chlorides (1y, 0.15 mmol), (Z)-2-fluoro-4-(2-fluoro-2-
nitrovinyl)-1-methoxybenzene (2y, 0.1 mmol) and K5PO4 (42.5 mg, 0.2 mmol). DCE
(1.0 mL) was transferred into the tube via a syringe. The resulting mixture was stirred
at 85 °C for 24 h. The combined organic phases were concentrated in vacuo, and the
residue was purified by flash chromatography on silica gel (eluted with petroleum

ether/ethyl acetate) to obtain the desired product 6a.

4-(3-(Difluoromethyl)-5-fluoro-4-(3-fluoro-4-methoxyphenyl)-1H-pyrazol-1-

yl)be-nzenesulfonamide (6a)
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HF,C

SO.NH;

6a

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=3:1, R;=0.2), 8.3 mg, 20% yield, m.p. 100-102 °C. "TH NMR (600 MHz, DMSO) &
8.02-7.97 (m, 2H), 7.90 (dd, /= 8.7, 1.4 Hz, 2H), 7.71-7.61 (m, 1H), 7.49 (s, 2H), 7.35
(dd, J=12.2,2.0 Hz, 1H), 7.29 (d, J= 2.1 Hz, 1H), 7.14 (t, 2J,. = 52.9 Hz, 1H), 3.85
(s, 3H). ’F NMR (376 MHz, DMSO) 4 -112.70 (d, %/, = 53.1 Hz, CF,H), -129.08 (s,
F), -132.90—-137.01 (m, F). 13C NMR (100 MHz, DMSO) 6 151.7 (d, 'J., =244.3 Hz),
150.0 (d, 'J.; = 286.6 Hz), 147.5 (td, 2J. = 26.9 Hz, *J. . = 10.1 Hz), 146.2, 137.2,
127.8 (d, 3J. = 8.9 Hz), 122.6 (d, *J. = 4.1 Hz), 117.9 (t, 2J., = 33.0 Hz), 113.9,
111.8 (t, 'J.. =236.7 Hz), 102.1 (d, 2J.; = 11.5 Hz), 56.6. HRMS (ESI) m/z [M+H]*
calcd. for C17H4N3F403S* 416.0692; found 416.0693.

OMe
F,C_ _Cl F
e NO, FsC
N‘NH ZF Nf \
+ K2003 b. \N F
DCE, 85°C, 24 h
F
SO,NH, OMe
SO,NH,
4y 2y 6b

To a 10 mL sealed tube equipped with a stirring bar and dried in an oven, the 4-
sulfamoyl-phenyl derived hydrazonoyl chlorides (4y, 0.3 mmol), (£)-2-fluoro-4-(2-
fluoro-2-nitrovinyl)-1-methoxybenzene (2y, 0.1 mmol) and K,CO;5 (55.3 mg, 0.2
mmol). DCE (1.0 mL) was transferred into the tube via a syringe. The resulting mixture

was stirred at 85 °C for 24 h. The combined organic phases were concentrated in vacuo,
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and the residue was purified by flash chromatography on silica gel (eluted with

petroleum ether/ethyl acetate) to obtain the desired product 6b.

4-(5-Fluoro-4-(3-fluoro-4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-

yl)benzenesulfonamide (6b)

OMe
F
FsC
A\
N.

N F
SO.NH»

6b

Obtained as a yellow solid after column chromatography (petroleum ether/ethyl acetate
= 3:1, Rg=0.2), 17.3 mg, 40% yield, m.p. 55-57 °C. 'TH NMR (400 MHz, CDCl;) &
8.10 (d, J = 8.7 Hz, 1H), 8.00-7.87 (m, 2H), 7.47 (d, J = 8.6 Hz, 1H), 7.24-7.13 (m,
1H), 7.11-6.88 (m, 2H), 4.93 (d, J = 12.3 Hz, 2H), 3.95 (s, 3H). ’F NMR (376 MHz,
CDCI3) 6 -61.53 (s, CF3),-128.99 (s, F), -134.21—134.27 (m, F). 3C NMR (100 MHz,
CDCly) 6 151.4 (d, 'J., = 222.7 Hz), 151.1 (d, 'J.. = 246.8 Hz), 140.9 (d, 2J..= 11.4
Hz), 140.6, 139.0 (qd, 2J.. = 37.7 Hz, 3J.. = 8.8 Hz), 138.4 (d, 3J.. = 3.3 Hz), 127.1,
126.8, 124.1, 120.7 (d, 3J.. = 5.1 Hz), 119,5 (qd, Y. = 271.8 Hz, *J.. = 1.7 Hz),
117.9-117.7 (m), 116.8-116.3 (m), 115.8 (d, 2J.. = 19.8 Hz), 112.8 (d, *J.. = 2.5 Hz),
112.5 (d, 4J.+ = 2.4 Hz), 102.2 (d, %J. = 15.4 Hz), 55.2. HRMS (ESI) m/z [M+Na]*
calcd. for C{7H,N;O3;FsSNa* 456.0417; found 456.0411.
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HN A F N Dp N, S g
" 5 NasPO, or KoCO3 N HCI, EA N
DCE, 85°C, 24 h rt,4h
NHBoc NHBoc NH,
1z. X=H »

4z X=F
Step 1: To a 10 mL sealed tube equipped with a stirring bar and dried in an oven, 4-
(N-Boc-amino)-phenyl derived hydrazonoyl chlorides (1z, 0.15 mmol; 4z, 0.3 mmol),
a-fluoronitroalkene (2, 0.1 mmol) and Na;POy (32.8 mg, 0.2 mmol for 1z), K,CO5 (55.3
mg, 0.4 mmol for 4z). 1,2-Dichloroethane (1.0 mL) was transferred into the tube
through a syringe. The resulting mixture was stirred at 85 °C for 24 hours. The reaction
mixture was extracted with EtOAc. The combined organic phases were concentrated in
vacuo, and the residue was purified by flash chromatography on silica gel (eluted with

petroleum ether/ethyl acetate) to obtain N’-4-(N-Boc-amino)-phenyl pyrazoles.

Step 2: N’-4-(N-Boc-amino)-phenyl pyrazoles (10.0 mmol) was solubilized in a
mixture of hydrochloric acid and ethyl acetate (V : V =1 : 2) and stirred at room
temperature for 4 hours. Saturated sodium bicarbonate solution (5.0 mL) was added,
and the resulting solution was diluted with ethyl acetate. The aqueous layer was then
extracted three times with ethyl acetate. The organic layers were combined, and the
resulting mixture was dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure. The resulting residue was purified by means of

column chromatography, affording product 7.
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4-(3-(Difluoromethyl)-5-fluoro-4-(p-tolyl)-1 H-pyrazol-1-yl)aniline (7a)
Me

HF,C

NH,

Ta

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
= 3:1, R¢= 0.6), 10.8 mg, 34% yield, m.p. 74-76 °C. 'TH NMR (400 MHz, CDCl;) &
7.50-7.36 (m, 4H), 7.29-7.22 (m, 2H), 6.83-6.54 (m, 3H), 3.86 (s, 2H), 2.39 (s, 3H).
'F NMR (376 MHz, CDCl;) 6 -111.00 (d, 2J;,, = 53.7 Hz, CF,H), -132.45 (s, F). 3C
NMR (100 MHz, CDCl;) 6 149.5 (d, 'J.; = 282.7 Hz), 146.7, 142.2 (td, 2J., = 28.2
Hz, 3J.. = 8.6 Hz), 137.5, 129.5, 128.6 (d, *J.. = 1.9 Hz), 127.6 (d, *J.. = 2.5 Hz),
125.1 (d, 3J..=4.2 Hz), 123.9 (d, 3J.. = 2.9 Hz), 115.2, 112.3 (t, /= 235.2 Hz), 102.5
(d, 2J.-=11.5 Hz), 21.3. HRMS (ESI) m/z [M+H]" calcd. for C;;H;sN3F;* 318.1218;
found 318.1224.

4-(5-Fluoro-4-(p-tolyl)-3-(trifluoromethyl)-1 H-pyrazol-1-yl)aniline (7b)
Me

NH,

7b
Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=3:1, Rg=0.3), 15.1 mg, 45% yield, m.p. 70-72 °C. 'TH NMR (400 MHz, CDCl;)
7.45-7.39 (m, 2H), 7.36 (d, J = 7.8 Hz, 2H), 7.29-7.22 (m, 2H), 6.78—6.74 (m, 2H),
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3.89 (s, 2H), 2.40 (s, 3H). F NMR (376 MHz, CDCl;) & -60.89 (s, CFs), -132.02 (s,
F). 3C NMR (100 MHz, CDCl5) & 149.4 (d, 'J.. . = 282.4 Hz), 146.9, 138.2 (qd, 2., =
37.3 Hz, 3J., = 9.4 Hz), 137.9, 130.9, 129.4, 128.9, 127.3 (d, 4., = 2.7 Hz), 124.4 (d,
3], = 4.0 Hz), 124.1 (d, 4J., = 2.9 Hz), 124.3 (qd, 'J., =270.9 Hz, *J. . =1.7 Hz),
115.2,102.9 (d,2J. . = 12.8 Hz), 21.3. HRMS (ESI) m/z [M+H]" calcd. for C;7H,N;F,*
336.1124; found 336.1132.

1-(4-Aminophenyl)-3-(difluoromethyl)-5-fluoro-4-(3-fluoro-4-

Methoxyphenyl)phen-yl)-1H-pyrazole (7¢)

OMe
F
HF,C
A\
N.
N F
NH,
Tc

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
= 3:1, Rg=0.4), 13.0 mg, 37% yield, m.p. 72-74 °C. 'TH NMR (400 MHz, CDCl;) &
7.39 (d, J = 7.1 Hz, 2H), 7.36-7.28 (m, 2H), 7.03 (t, J = 8.9 Hz, 1H), 6.82—6.52 (m,
3H), 3.93 (s, 3H), 3.75 (s, 2H). ’F NMR (376 MHz, CDCl;) 6 -110.75 (d, 2J;,, = 53.8
Hz, CF,H), -132.05 9 (s, F), -134.76—134.81 (m, F). 13C NMR (100 MHz, CDCl;) &
152.2 (d, J=245.7 Hz), 149.5 (d, J = 283.4 Hz), 147.2, 147.1, 146.8, 141.8 (td, 2J. ; =
28.5Hz,3J. . =83 Hz), 127.4,124.7,123.9 (d, *J..=2.9 Hz), 121.3-120.5 (m), 116.6,
116.4,115.2,113.5 (d, *J..=2.4 Hz), 112.5 (t, 'J.. = 234.7 Hz), 101.2 (d, 2J.. = 10.7
Hz), 56.3. HRMS (ESI) m/z [M+H]* caled. for Ci;H4N3;F,O" 352.1073; found
352.1064.

4-(5-Fluoro-4-(3-fluoro-4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl)benzenesulfonamide (7d)
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NH,

7d

Obtained as a white solid after column chromatography (petroleum ether/ethyl acetate
=3:1, Rg= 0.4), 19.9 mg, 54% yield, m.p. 71-73°C. "TH NMR (400 MHz, CDCl;)
7.32 (d, J= 8.2 Hz, 2H), 7.14 (q, J = 11.0, 8.2 Hz, 2H), 6.95 (t, J = 8.7 Hz, 1H), 6.68
(d, J = 8.2 Hz, 2H), 4.04 (s, 2H), 3.85 (s, 3H). ’F NMR (376 MHz, CDCl;) & -60.99
(s, CF3), -131.67 (s, F), -133.61—136.31 (m, F). 3C NMR (100 MHz, CDCl;) 8 152.2
(d, 'J..=246.1 Hz), 149.4 (d, 'J..=283.2 Hz), 147.6 (d, *J.. = 10.5 Hz), 147.1, 139.0,
138.0 (qd, %J.+ = 37.2 Hz, 3J., = 9.1 Hz), 127.1 (d, *J.. = 2.9 Hz), 125.1, 124.1 (d,
4J..=2.8 Hz), 121.0 (qd, 'J.. = 271.0 Hz, 4J.; = 1.6 Hz), 120.1 (dd, 3J.. = 7.6 Hz,
4J.+=42Hz),116.9 (d,3J..=19.7Hz), 115.1, 113.5 (d, *J., = 2.4 Hz), 101.7 (d, 2J;
=12.6 Hz), 56.3. HRMS (ESI) m/z [M+H]" calcd. for C{7;H;3N3Fs0" 370.0979; found
370.0978.

4-(3-(Difluoromethyl)-5-fluoro-4-(4-fluorophenyl)-1 H-pyrazol-1-yl)aniline (7e)
F

HF,C

NH,
Te

Obtained as a red solid after column chromatography (petroleum ether/ethyl acetate =

3:1, R¢=0.3), 11.2 mg, 35% yield, m.p. 70-72 °C. 'H NMR (400 MHz, CDCl5) 6 7.54

(dd, J = 8.4, 5.4 Hz, 2H), 7.39 (d, J = 8.2 Hz, 2H), 7.13 (t, J = 8.4 Hz, 2H), 6.85-6.50
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(m, 3H), 3.88 (s, 2H). ’F NMR (376 MHz, CDCl;) 6 -110.69 (d, 2J., = 53.8 Hz, CF,H),
-114.12—114.19 (m, F), -132.42 (s, F). 3C NMR (100 MHz, CDCl3) 6 162.3 (d, 'J.;
= 247.3 Hz), 149.5 (d, 'J.; = 283.0 Hz), 146.8, 141.9 (td, °J.. = 28.3 Hz, 3J., = 8.1
Hz), 130.5 (dd, 3J., = 8.1 Hz, 4J., = 2.3 Hz), 128.7, 127.6, 127.4 (d, *J.. = 2.6 Hz),
123.9 (d, *J.- =3.0 Hz), 115.8, 115.6, 115.2, 112.5 (t, 'J. = 234.7 Hz), 101.5 (d, 2J;
= 11.5 Hz). HRMS (ESI) m/z [M+H]" caled. for C;sH;2N3F4~ 322.0967; found
322.0967.

2.7 General procedure I for gram-scale experiments

|:I:h - HF,C Ph
N-NH 2 NazPO, (14.0 mmol) T
Py ' “°F DCE, 24 h, 85 °C > NyF
HF,C~ ~Cl Ph el B
1a (10.5 mmol) 2a (7.0 mmol) 3a,70 %, 140 g
ﬁrh NG FiC Ph
N-NH . K,COj (20.0 mmol) )_\ﬁ\
| ¥ (fI\F - N7 ~F
5 DCE, 24 h, 85 °C N
EiC” Gl Ph Ph
4a (15.0 mmol) 2a (5.0 mmol) 5a,75%, 1209

To a 10 mL sealed screw-capped pressure tube equipped with a stirring bar and dried
in an oven, hydrazone acyl chloride 1a (2.2 g, 10.5 mmol) or 4a (3.3 g, 15.0 mmol),
fluoronitroalkenes 2a (1.2 g, 7.0 mmol for 3a; 836.0 mg, 5.0 mmol for Sa) and Na;PO,
(2.3 g, 14.0 mmol for 3a), K,CO; (2.8 g, 20.0 mmol for 5a). 1,2-Dichloroethane (70.0
mL for 3a; 50.0 mL for 5a) was transferred into the tube through a syringe. The
resulting mixture was stirred at 85 °C for 24 hours. The reaction mixture was extracted
with EtOAc. The combined organic phases were concentrated in vacuo, and the residue
was purified by flash chromatography on silica gel (eluted with petroleum ether/ethyl
acetate) to obtain the desired product. Compound 3a was obtained with 1.4 g in 70%

yield, and compound Sa was obtained with 1.2 g in 75% yield.
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3. Mechanistic studies

i HF,C H Ph
NH NO, .
] Base j
A i %\F - N,y A N0z
HF,C~ ~CI Ph DCE, Time, Temp. |:|>h
1a 2a Int-1a

The mechanism was confirmed by the template reaction of 2,2-difluoro-N-
phenylacetohydrazonoyl chloride 1a and (2-fluoro-2-nitrovinyl)benzene 2a. Although
attempts were made to isolate the intermediate pyrazoline by reaction monitoring, it
was not detected. Subsequently, the reaction conditions were altered by adjusting the
alkalinity and temperature; however, no product was obtained. Finally, the presence of

the pyrazoline Int-1a was confirmed through monitoring ’F-NMR and ESI/MS.

a) ’F- NMR analysis of reaction progress

30 min |
Ph
ah XF,C
" i j
N. N0, ‘
N r
10h “ Ph I
I x . :
\ Il \
20 h
—— ‘ — J..._.|la_if' B I e B "
22 h
24 h

............................................................
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b) ESI/MS analysis of reaction progress

DAIZI
1010-2-14 57 (0.332) 1: TOF MS ES+
3. 17e+002
100~ 358.2025
357.9978 330.1604
1 358.0780
%—_ 357.9824 358 0406
14
357.9523 kS 358.2260
[ ~r miz

B T A T B B T T T T I B B B B B s R LR Y
357.600 357.700 357.800 357.900 358.000 358.100 358.200 358.300 358.400 358.500

M v musm : -1.5

M e 2 5.0 20.0 20, 0

Mass Cale, Mass mba (35| DL i=FIT Norm  Conf (%) Formula
A58, 0T8O 358. 0779 0.1 0.3 10.5 63, 7 n/a n'a Cl6 M2 N3 02 F3 Na

4. X-Ray crystallographic data

The following single crystals were grown by solvent diffusion method in 10 mL test
tube. About 20 mg of the corresponding sample was dissolved in 1 mL dichloromethane
at the bottom of the tube, and then 5 mL of n-hexane was added to the upper part of the
liquid surface. The test tube was sealed with plastic film. We pricked several holes on
the plastic film to let the solvent slowly evaporated at room temperature. The single
crystal of the target compound was obtained after several days and subjected to X-ray
analysis.

The X-ray crystallographic structure for 3a. Crystal data has been deposited
to CCDC, number: 2247785.

HF,C_  Ph
'\
N,
T -
Ph -
Identification code LMHO1 Om
Empirical formula CisHi1F3N,
Formula weight 288.27
Temperature/K 296.15
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Crystal system

monoclinic
Space group P2,/c
a/A 5.6195(6)
b/A 18.5139(15)
c/A 12.9119(10)
a/° 90
/e 99.887(3)
v/° 90
Volume/A3 1323.39(19)
Z 4
pcalcg/cm3 1.447
wmm-1 0.116
F(000) 592.0
Crystal size/mm3 0.32 x0.26 x 0.16
Radiation MoKa (A =0.71073)
20@range for data collection/° 4.4 t0 59.282

Index ranges -7<h<7,-25<k<25,-17<1<17

Reflections collected 23856

Independent reflections 3722 [Rin; = 0.0580, Rgjgma = 0.0484]

Data/restraints/parameters 3722/0/190

Goodness-of-fit on F2 1.027

Final R indexes [[>=2c (I)] R;=0.0465, wR, =0.0961

Final R indexes [all data] R;=0.0819, wR, =0.1091

Largest diff. peak/hole / e A-3 0.23/-0.25
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5. NMR spectra of the related compounds

(Z2)-2,2-difluoro-N-(o-tolyl)acetohydrazonoyl chloride (1b)
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19F NMR spectrum (376 MHz, CDCl3) of 1b
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I3C NMR spectrum (100 MHz, CDCI3) of 1b
(Z2)-2,2-difluoro-N-(m-tolyl)acetohydrazonoyl chloride (1¢)
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13C NMR spectrum (100 MHz, CDCI3) of 1¢

(£)-N-(2,5-dimethylphenyl)-2,2-difluoroacetohydrazonoyl chloride (1d)
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(Z)-N-(4-(tert-butyl)phenyl)-2,2-difluoroacetohydrazonoyl chloride (1e)
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(£)-N-(2,4-dichlorophenyl)-2,2-difluoroacetohydrazonoyl chloride (1g)
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(£)-2,2-difluoro-N-(4-nitrophenyl)acetohydrazonoyl chloride (1h)
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tert-Butyl(Z)-(4-(2-(1-chloro-2,2,2-

trifluoroethylidene)hydrazineyl)phenyl)carbamate (4z)
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(£)-2,2-difluoro-N-(4-sulfamoylphenyl)acetohydrazonoyl chloride (1y)
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(£2)-2,2,2-trifluoro-N-(4-sulfamoylphenyl)acetohydrazonoyl chloride (4y)
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3-(Difluoromethyl)-5-fluoro-4-phenyl-1-(m-tolyl)-1H-pyrazole (3¢)
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3-(Difluoromethyl)-1-(2,5-dimethylphenyl)-5-fluoro-4-phenyl-1H-pyrazole (3e)
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3-(Difluoromethyl)-5-fluoro-1-(4-fluorophenyl)-4-phenyl-1H-pyrazole (3g)

ZN-007-H.1.fid

_~-0.0001
™--0.0747

3g

T T T T T T T T T
35 30 25 20 15 10 05 00 -05 -1.0 -15 -20 -
f1 (ppm)

'"H NMR spectrum (400 MHz, CDC13) of 3g

ZN-007-F.1.fid s
HF,C
Nf \
.
N~ F
F
3g
-60 -70 -80 -90 -100 —1‘10 : 1‘30 71‘40 —1‘50 71‘50 71‘70 —1‘50 1‘90 Z‘OO 2‘10

-120 -
f1 (ppm)

I9F NMR spectrum (376 MHz, CDCl3) of 3g

84



=
e ~
=
)
D
- =
s
N L
~ ]
e St
> == — =
l_ m. = Q ™
= H 89200~ .r..N\ __
0000'0~" QO \“
= S0 A ™
& [ag] 1 L
G o
o ) I
g =
[@ ~
3 5]
O =
e R OB
81TL'OL A 1
. O ¥
995ELL & N =)
LIETE01T as M
95KT €01 LS M
£099°601 -
9800°T11 ERR el =
PEPEPTI 22 O 1
PITP9TT T -\_u
6179911
LsTget - = g =
9£98°€T1 . y
9116°€T1 m h
L876°€21 LS 0 -
= 3 5]
: % . & m
_ R vO-.
=
© 2 3
. 90879~
3 - L2 @) = or1o9— 001
: - 2 m 1859 ~ F
[ .
_ L2 €N oL6TL . vo'l
W - - A e T ——— s
5;52.\, —L6SEL . oo
Pr8T el Le Mu S8LEL ooe
w $00¥'L
D 6L
L2 o SILYL
806v'L
— o wx £79S°L
=z L en 8 o USsSL
_— s 0
o <2 - =
= ™ B
o L @] H
$ T & < :
5 . hl
& o m

-20 -25 -3.0 -

-10 -15

-0.5

0.0

85

"~ 1 (ppm)

'H NMR spectrum (400 MHz, CDCI3) of 3h

100 95 9.0 85

10.5




9£98°08T-—

ZN-008-F.1.fid

Cl

3h

-130 -140 -150 -160 -170 -180 -190 -200 -210

-120
f1 (ppm)

19F NMR spectrum (376 MHz, CDCl3) of 3h

-110

-100

-40 -50 -60

-30

SEEL'IL
now.o‘nhv
¥89€°LL

9967 €01
emovjmﬁzv
SFTI601~
BILOTIT—
1604117
LTPE'TTT
LPSETTI
1766°LT1
mmwh.mﬂl/‘n
9T9L'8T1

T61L°6T1
LE9GEET
LPEOSET
8E90°SET
LEST'THI
r896°Tr1
0891°€P1
11sTert

8TTI'IST

ZN-008-C. 1. fid

Cl

3h

180 170 160 150 140

T
190

f1 (ppm)

13C NMR spectrum (100 MHz, CDCI3) of 3h

86



1-(4-Bromophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3i)

_~0.0001
~--0.0754

‘H | I HF,C
] \

Z‘-_

O~

Br

T T T
105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 15 1.0 0.5 00 -05 -10 -15 -20 -25 -3.0 -

'"H NMR spectrum (400 MHz, CDC13) of 3i

ZN-009-F. 1. fid

-111.4936

<

111.6358
-130.7779

HF,C

Br

T T T T T T T T T T T T T T T T T
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
1 (ppm

9F NMR spectrum (376 MHz, CDCl3) of 3i

87



&.
=4 |
3 Lo
—~ F
© p—
en
] Le ~ F
3 o
— .
] s S
8
i L
E =3 o N om
2 y
= 1 — —
= H 10000~ © = [
- 2000 pd -
~ 7
e e v L
b 1
5 R Q
- 2% h ‘
ot} 5]
Q = 3
081L°6L = a m..
LS
Q -+ r
£esE oL L2 N & [
: E
LS M
-3 u r
z o
gz < ﬂ_ L
0807201 ] =, w
oste 201 N 1 L
L385°801~ _— = g famn)
1266011 — —3 = >
OTLT T - m = r
6918°0z1 - 154 e}
sze0zzl; LS 3 > i
85L0°221 (=9 m
8911971-F < »
Rm_..ﬁ&_. r= o~ m r
LPS69T1 —
m:h.nm_: o M W +
T R
] o= 6950~ F2
.- L2 NC R — Fon
N GEY F2
1 ny
2 R iy — - =
=S e — — ES [
[ Som.dw e — wmmx
P66€°L o )\t
e mv corr i S
W o ert Ly
- = sty [
6001°0514 2 L19%'L1
— P w.. 35&
— 6vES'L FS
- = m ™ g m TLESL]
96€5°L L
Q z S el
= o~ 2 I~
; g
= L ' QR ety r
W I _ 15 08p9L
5 S (SRt L
2 =} ~ &
E T S ooLieL
& o m,

'"H NMR spectrum (400 MHz, CDCI3) of 3j
88

4.0

4.5

5.0

10.0

.0 105



LEryogl-—

8699°111-
Qth.—:vv

IN-01L-F. L. fid

-

HF,C

Br

T T
180 190

170

T
160

15

140

130
£1 (ppm)
19F NMR spectrum (376 MHz, CDCI3) of 3j

T
12

110

PrTLOL

e

909€°LL
£€06°€01
PS197€0T
LO8S 60T
6¥TETIT
€89TFIT
L9SG'611T
9007021
STITETL
P8TLPTT
¥8OLVTT
€L9E°LTT

LFEOSTT
89¢L78T1
9LLLBTT

PIGUIST

(5]
=)
=
g

7

Al

Br

15¢

170 160

180

T
190

£l (ppm)

13C NMR spectrum (100 MHz, CDCl3) of 3j

89



1-(2,4-Dichlorophenyl)-3-(difluoromethyl)-5-fluoro-4-phenyl-1H-pyrazole (3k)
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3-(Difluoromethyl)-5-fluoro-1-(naphthalen-2-yl)-4-phenyl-1H-pyrazole (3m)
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3-(Difluoromethyl)-5-fluoro-1-phenyl-4-(p-tolyl)-1H-pyrazole (30)
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4-(4-(tert-Butyl)phenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3q)
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4-(4-Chlorophenyl)-3-(difluoromethyl)-5-fluoro-1-phenyl-1H-pyrazole (3s)
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3-(Difluoromethyl)-5-fluoro-4-(naphthalen-1-yl)-1-phenyl-1H-pyrazole (3w)
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5-Fluoro-1,4-diphenyl-3-(trifluoromethyl)-1H-pyrazole (5a)
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5-Fluoro-1-(4-fluorophenyl)-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (Se)

ZN-210-H.

€000°0-~
8€L0'0"

9L61°Ly
PE0T L
160'L
9617°L
6v2TL
£reTL
N
65vTL
11szL
895TL
0L8€'L
6£6€°L
200'L
Ls0v 1|
PSIPLA
ocey L
sErL)
o€py'L [
LOSY'L
<9spL]
9¢91'L 4
00L'L
0L8Y'L]
8599°L
TILY'L
[
Les9'L]
8892
0t69°L |
oo ]
2e50L'L

FsC

~

’

pd

Se

60T
201
oy
00

T
5 11.0 105 10.0

f1 (ppm)

'H NMR spectrum (400 MHz, CDCI3) of Se

TIETTET-—

PILOTIT-
L8YO'TIT-
$STOTTI-
€910°TII-

6£00°TT1-

SPETT9-—

[
\ e
.,....\N F5
O P
o
[T

1. fid

ZN-210-F.

T T T T T T
160 180 210

T T T

70 190 200

T

110 120 130 140 150

100
£1 (ppm)

9F NMR spectrum (376 MHz, CDC13) of Se

90

30 10 50 60 80

10

10

117



© (e
w
ls ~—
=
SPLO0- -
FS Q 100070~ =
| S
=3 r
- >
=¥
080L'9L 1 = !
T9T0LL H
- 2 T
F2 p-w = L
o )
1 =
12Lrott © = um - —_
LE0L9TT S m - \N O %
= A =
o ¢ o
e Z., =) (TR
LUTHTL T =]
0091421 Lo
£L617TL = M m
SEESHTI =
1LS87T1 ls 2 m “\
LTLE9TT] — ] 1
£€16°921 5o~ en
26L6'9T1 LS m —
£EL0LTIA = >
8EvE8TI m n
SSYESTI - LS o )
SYSL8T - 15 =
1990°6Z1 o, o
969€°Z€ 1 = 7
2 ]
1m1m‘w:/ - - N
coresel - = 4_. wmww,ﬁ
TST06ET Le M (=] 1281°L
SLOEGET - N «.01 £5STL
910K6€1 £9LT L
0ZLT8FT— - Le @] = 890€°L
65007 IST— - - B ﬂ 00T€ LA
: 00£€ Lk N - Reso
90PE'L~E _ = -
0110191~ - E -\_.~ osecf T —— H\wo.@
T68Y'E91— - m/v memﬁw — — pooe
s
r= = 156¢°L]
[T ) €811
s = 1011
8 vSLy'L
— m.. €585
- £909'L
z (TR & =
S w =
- (@) Lg %
i ™ :
o = Av. p
S =N Nl H,
b~ ] N
g v g

4.0
118

f1 (ppm)

4.5

5 5.0

'"H NMR spectrum (400 MHz, CDCl3) of 5f

8.0

8.5




T

IN-211-F. 4. fid

TSV OEl-—

PERT19-—

Cl

T
210

T
200

T
190

T
180

170

T
160

150

140

T
130

T
120

110

61w
19F NMR spectrum (376 MHz, CDCl3) of 5f

T T T T T
60 70 80 a0

50

T
40

30

0

T
]

TTTL9L

695E°LL
216601
SHLG 60T
¥8PEOIT
715911
LSEV6TT
SLSV6IL
ZETI T
PRPTTEL
£580'621
£9TT €T
6THS VT1
668 1T

P8LL6TI 7
oscever
€164 'v€1
3078 V€1
0L£8°8¢1
ovLg'sel
SLYT6ET

91T
0pTs
L809"
696L'6E1
TILR6ET
TEIT3YI
SIS0IS1

ZN-211-C 4. fid

Cl

£l (ppm

13C NMR spectrum (100 MHz, CDCl3) of 5f

119



1-(4-Bromophenyl

ZN-212-H.4.fid

-5-fluoro-4-phenyl-3-(trifluoromethyl)-1H-pyrazole (5g)

6053 =’

_~0.0734
™-0.0001

|
J/ | FsC
/
o N

Br
59

T
70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0 ~-15 -2.0
1 (ppm)

'"H NMR spectrum (400 MHz, CDCl3) of 5g

IN-212-F. 4. fid

-61.1977
-130.3382

Br
5g

T T T T T T T T T T T T T T T T T T T T
10 0 10 20 30 10 0 60 70 80 90 100 110 120 130 110 150 160 170 180 190 200
f1 (ppm)

19F NMR spectrum (376 MHz, CDCl3) of 5g

120



161L°9L

s e A e AT e

9ESELL

9L087€0T
I8¢t ..oﬁv.

0ZL091T
mnq_.w:/
£6T°611

S98LYTI
mwom.qnl
:.:..wml
LSLL'STT
L990°6T1]
0r8E6Tl
96VLTET]
PROETSET
TREESET]
8668°8¢T
T1E6'8¢€1
SLOET'6ET
L88T 61
O1LS 6ET
Te99°6E 1
SLY6'6ET
ISPTort
$90T'8¥1

86KO°IST

12-C. 1. fid

9

N

Br

5g

T T
70 60

80

T
90

T
180

190

T
00

2

210

£1 (ppm)

13C NMR spectrum (100 MHz, CDCl3) of 5g

5-Fluoro-4-phenyl-3-(trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)-1H-

pyrazole (5h)

00000~
LOLO'O-"

680TL7
9pITLY
£0€T'LA
S6vT'LA
615TL
L09T°L
SS6€°L
€365
PrOY LA
9017 2L

ZN-209-H.2.fid

CF;
5h

50T

€0'1
Keov
661

35
f1 (ppm)

'"H NMR spectrum (400 MHz, CDCI3) of 5h

121



L

IN-249-F. 1. fid

6SF0ET-—

IF6LLY—

888T'19-—

5h

T T T T T T T
180 210

150

T T T T

T

200

190

170

160

120 130 140

110

40 50 60 70 80 90 100
f1 (ppm)
19F NMR spectrum (376 MHz, CDCl3) of 5h

30

0

P

10

10

0TILOL

16T0°LLA

6SVELL
LLSTPOT
TLOT'¥0TA
§96T° 7011
68677011

18T€°611
T0PE611

6059121
6L891T1
9210221
PLZOTZI
§LTTTTI
LLOLSTT
YTE6 T
rrs6 Tl

P —

8891°ST1
09£v°9T1
[ayAgras
§TIS9T1
LESSOTT
¥818°9Z1
TLSS'9TTA
868971
£0£6'9T1
GEVS'STT
1518871
T6LO'GTT
0L8T'6TT

LLTO6ET
SLIV

GEVS'GEL
£IErovt
FOTTOPL
GOESOFT
8965°0%1
SSYY8rI—
056T15T—

3. fid

IN-209-C.

5h

10

£l (ppm)

13C NMR spectrum (100 MHz, CDCl3) of 5h

122



5-Fluoro-4-(4-methoxyphenyl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5i)
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5-Fluoro-1-phenyl-4-(m-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5k)
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5-Fluoro-4-(4-fluorophenyl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (Sm)
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4-(4-Bromophenyl)-5-fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (50)
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3-(5-Fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazol-4-yl)benzonitrile (Sp)
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4-(5-Fluoro-1-phenyl-3-(trifluoromethyl)-1H-pyrazol-4-yl)benzonitrile (5q)
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5-Fluoro-4-(naphthalen-2-yl)-1-phenyl-3-(trifluoromethyl)-1H-pyrazole (5s)
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5-Fluoro-1-phenyl-4-(thiophen-2-yl)-3-(trifluoromethyl)-1H-pyrazole (5t)
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4-(3-(Difluoromethyl)-5-fluoro-4-(3-fluoro-4-methoxyphenyl)-1H-pyrazol-1-

yl)be-nzenesulfonamide (6a)
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4-(5-Fluoro-4-(3-fluoro-4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-

yl)benzenesulfonamide (6b)
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4-(3-(Difluoromethyl)-5-fluoro-4-(p-tolyl)-1 H-pyrazol-1-yl)aniline (7a)
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1-(4-Aminophenyl)-3-(difluoromethyl)-5-fluoro-4-(3-fluoro-4-

Methoxyphenyl)phen-yl)-1H-pyrazole (7¢)
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4-(3-(Difluoromethyl)-5-fluoro-4-(4-fluorophenyl)-1 H-pyrazol-1-yl)aniline (7e)
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6. Inhibitory activity evaluation towards cyclooxygenase-2
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Figure Inhibitory activity evaluation towards cyclooxygenase-2. RAW264.7 cells
were treated with compound 6a, 6b, 7a, 7b, 7¢, 7d, 7e and Celecoxib at indicated
concentrations for 48 h. The data were analyzed using one-analysis of variance
(ANOVA) followed by Tukey’s test. ** p < 0.01, *** p < 0.001 versus LPS-induced

it

cells without pyrazole treatment. ™ p < 0.001 versus normal cells with LPS-induced

cells.
Method

1.1. Cell Culture

RAW264.7 cells were maintained in HyClone Dulbecco's Modified Eagle Medium
(DMEM) with high glucose containing 10% Fetal Bovine Serum (FBS) and 1%
antibiotics (penicillin and streptomycin). The cells were incubated at 37 °C in a 5%
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CO, humidifified incubator.

1.2. Western Blot Analysis

Cell pellets were resuspended in 150 pL radioimmunoprecipitation (RIPA) lysis buffer
with phenylmethanesulfonyl fluoride (PMSF, Solarbio, China). Total protein
concentration was determined using the Bradford 1x dye reagent (Solarbio, China) at
562 nm. Equal amounts of protein (15 pg) were electrophoresed using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and the separated protein
bands were transferred onto a polyvinylidene fluoride (PVDF) membrane (Merck
Millipore, USA). Then, the membranes were blocked with 5% milk in TBST (a mixture
of tris-buffered saline (TBS) (a buffer solution) and Polysorbate 20) for 1 h and
incubated with 1:1000 diluted primary antibodies COX-2 (CST, USA) and B-actin
(Proteintech, USA) at 4 °C for 16 h.
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