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General Information
All commercially available reagents were used without further purification. Analytical 
TLC was performed on glass-backed plates pre-coated with silica gel, which were 
visualized by UV fluorescence (λmax = 254 nm). 1H NMR and 13C NMR spectra 
were measured on a Bruker 400 MHz spectrometer (1H: 400 MHz; 13C: 100 MHz), 
using CDCl3 as the solvent with tetramethylsilane (TMS) as an internal standard at 
room temperature. All 1H NMR spectra are reported in parts per million (ppm) 
downfield of TMS and were measured relative to the signals at 0 ppm (TMS). All 13C 
NMR spectra were reported in ppm relative to residual CHCl3 (77.0 ppm) and were 
obtained with 1H-decoupling. Data for 1H NMR are described as following: chemical 
shift (δ in ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; 
sep, septet; m, multiplet; br, broad signal), coupling constant (Hz), integration. Data 
for 13C NMR are described in terms of chemical shift (δ in ppm). High resolution 
mass spectra were recorded on an ESI-Q-TOF mass spectrometer. Melting points 
were measured on X4 melting point apparatus and uncorrected.
Sulfonyl hydrazides[1] and β-ketonitriles [2] were prepared according to the reported 
procedures.

Table S1 Optimization of reaction solvent.a)

I2 (1.5 equiv)
NaOAc (0.8 equiv)
solvent, rt, 24 hPh

O
CN + + p-TolSO2Na

N
NH2N

Ph
TsNHNH2

Ts

Ts1a 2a 3a 4a

Entry Solvent NMR yield of 4a (%) Recovery of 1a (%)
1 EtOH 32 68
2 EA 27 41
3 toluene 30 19
4 DCM 23 46
5 DCE 23 55
6 DMSO 26 37
7 1,4-dioxane 29 58
8 THF 7 78
9 CH3COOH 25 36
10 DMF trace 26
11 i-PrOH 42 49
12 i-Pr(CH2)2OH 40 34
13 (CF3)2CHOH (HFIP) 5 31
14 n-BuOH 35 42
15 t-BuOH 42 48

a) General conditions: benzoylacetonitrile (1a) (0.5 mmol), (p-tolylsulfonyl)hydrazine (2a) (1.1 
equiv), sodium 4-methylbenzenesulfinate (3a) (2.0 equiv), I2 (1.5 equiv), and NaOAc (0.8 equiv) 
in 4.5 mL of solvent were stirred under air at rt for 24 h.
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General procedure for the synthesis of pyrazoles 4

R1

O
CN + + R3SO2Na

I2 (20 mol%)
TBHP (1.0 equiv)

N
N

NH2

R1

R2SO2NHNH2
SS

1 2 3 4

TFA (1.5 equiv)
i-PrOH, rt, 24 h

O

O

R2
O

O

R3

To a Schlenk tube (10 mL) were added β-ketonitrile (0.50 mmol), sulfonyl hydrazide 
(0.55 mmol), sodium sulfinate (1.0 mmol), I2 (0.10 mmol), 4.5 mL of i-PrOH, TBHP 
(70% in water, 0.50 mmol), and trifluoroacetic acid (0.75 mmol) sequentially under 
air. Then the tube was sealed and the reaction mixture was stirred at room temperature 
for 22 h. It was then quenched (consumption of residual I2) with saturated Na2S2O3 
solution, forming white precipitation. Filtration of the suspension gave crude product. 
Washing the crude product with water (15 mL), i-PrOH (5 mL), and petroleum ether 
(15 mL) sequentially afforded pure product 4.
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Synthesis and characterization of pyrazoles 4

3-Phenyl-1,4-ditosyl-1H-pyrazol-5-amine (4a)

N
N
Ts

H2N

PhTs
The title compound was obtained as a white solid (204.5 mg, 88%). Mp 179–180 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 2 H), 7.44-7.39 (m, 2 H), 7.39-
7.26 (m, 7 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.71 (s, 2 H), 2.44 (s, 3 H), 2.32 (s, 3 H); 13C 
NMR (100 MHz, CDCl3) δ 154.1, 151.2, 146.5, 143.9, 139.5, 133.5, 130.2, 130.0, 
129.5, 129.3, 128.1, 127.8, 126.4, 100.3, 21.7, 21.4; HRMS (TOFMS) m/z [M+H]+ 

calcd for C23H22N3O4S2: 468.1046; Found: 468.1053.

3-Phenyl-1-(phenylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4b)

N
NH2N

PhTs

SO O
Ph

The title compound was obtained as a white solid (178.2 mg, 79%). Mp 139–141 oC. 
1H NMR (400 MHz, CDCl3) δ 8.06-7.97 (m, 2 H), 7.70 (t, J = 7.6 Hz, 1 H), 7.61-
7.53 (m, 2 H), 7.43-7.34 (m, 3 H), 7.34-7.27 (m, 4 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.73 
(s, 2 H), 2.32 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 154.3, 151.3, 143.9, 139.4, 
136.5, 135.1, 130.0, 129.6, 129.53, 129.49, 129.3, 128.0, 127.8, 126.4, 100.4, 21.4; 
HRMS (TOFMS) m/z [M+Na]+ calcd for C22H19N3O4S2Na: 476.0709; Found: 
476.0714.

1-((4-Chlorophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4c)

 

N
N

PhTs

SO O

H2N

Cl

The title compound was obtained as a white solid (189.4 mg, 78%). Mp 196–198 oC. 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.8 Hz, 2 H), 7.53 (d, J = 8.4 Hz, 2 H), 
7.45-7.35 (m, 3 H), 7.35-7.27 (m, 4 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.72 (s, 2 H), 2.32 (s, 
3 H); 13C NMR (100 MHz, CDCl3) δ 154.6, 151.3, 144.0, 142.0, 139.3, 134.8, 129.9, 
129.8, 129.7, 129.53, 129.50, 129.3, 127.8, 126.5, 100.6, 21.4; HRMS (TOFMS) m/z 
[M+Na]+ calcd for C22H18ClN3O4S2Na: 510.0319; Found: 510.0319.
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1-((4-Iodophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4d)

 

N
N

PhTs

SO O

H2N

I

The title compound was obtained as a white solid (232.9 mg, 80%). Mp 198–200 oC. 
1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2 H), 7.71 (d, J = 8.4 Hz, 2 H), 
7.45-7.36 (m, 3 H), 7.36-7.27 (m, 4 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.72 (s, 2 H), 2.32 (s, 
3 H); 13C NMR (100 MHz, CDCl3) δ 154.6, 151.3, 144.0, 139.3, 138.9, 136.0, 129.8, 
129.7, 129.5, 129.3, 129.2, 127.8, 126.5, 103.6, 100.6, 21.5; HRMS (TOFMS) m/z 
[M+Na]+ calcd for C22H18IN3O4S2Na: 601.9676; Found: 601.9679.

3-Phenyl-4-tosyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)-1H-pyrazol-5-amine (4e)

N
N

PhTs

SO O

H2N

CF3

The title compound was obtained as a white solid (185.3 mg, 71%). Mp 172–174 oC. 
1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.0 Hz, 2 H), 7.84 (d, J = 8.4 Hz, 2 H), 
7.44-7.36 (m, 3 H), 7.34-7.27 (m, 4 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.74 (s, 2 H), 2.32 (s, 
3 H); 13C NMR (100 MHz, CDCl3) δ 155.0, 151.4, 144.1, 139.8, 139.2, 136.4 (q, J = 
33.2 Hz), 129.8, 129.7, 129.5, 129.3, 128.7, 127.9, 126.7 (q, J = 3.7 Hz), 126.5, 122.8 
(q, J = 271.7 Hz), 100.7, 21.4; 19F NMR (376 MHz, CDCl3) δ -63.4 (s, 3 F); HRMS 
(TOFMS) m/z [M+Na]+ calcd for C23H18F3N3O4S2Na: 544.0578; Found: 544.0580.

1-([1,1'-Biphenyl]-4-ylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4f)

 

N
N

PhTs

SO O

H2N

Ph
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The title compound was obtained as a white solid (217.1 mg, 83%). Mp 175–177 oC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.8 Hz, 2 H), 7.75 (d, J = 8.4 Hz, 2 H), 
7.59 (d, J = 8.0 Hz, 2 H), 7.52-7.41 (m, 6 H), 7.36-7.27 (m, 4 H), 7.06 (J = 8.0 Hz, 2 
H), 6.75 (s, 2 H), 2.31 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 154.4, 151.3, 148.1, 
143.9, 139.4, 138.7, 134.8, 130.0, 129.60, 129.56, 129.3, 129.1, 129.0, 128.6, 128.1, 
127.8, 127.4, 126.5, 100.4, 21.5; HRMS (TOFMS) m/z [M+Na]+ calcd for 
C28H23N3O4S2Na: 552.1022; Found: 552.1027.

1-((4-Methoxyphenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4g)

 

N
N

PhTs

SO O

H2N

OMe

The title compound was obtained as a white solid (201.1 mg, 83%). Mp 183–185 oC. 
1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.8 Hz, 2 H), 7.45-7.23 (m, 7 H), 7.05 (d, 
J = 8.0 Hz, 2 H), 6.99 (d, J = 9.2 Hz, 2 H), 6.70 (s, 2 H), 3.87 (s, 3 H), 2.31 (s, 3 H); 
13C NMR (100 MHz, CDCl3) δ 164.9, 154.0, 151.0, 143.9, 139.5, 130.6, 130.1, 
129.54, 129.50, 129.3, 127.8, 127.7, 126.4, 114.8, 100.2, 55.8, 21.4; HRMS (TOFMS) 
m/z [M+Na]+ calcd for C23H21N3O5S2Na: 506.0815; Found: 506.0820.

1-((4-(Tert-butyl)phenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4h)

 

N
N

PhTs

SO O

H2N

tBu

The title compound was obtained as a white solid (195.2 mg, 77%). Mp 183–185 oC. 
1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.8 Hz, 2 H), 7.56 (d, J = 8.4 Hz, 2 H), 
7.45-7.41 (m, 2 H), 7.41-7.27 (m, 5 H), 7.06 (d, J = 8.4 Hz, 2 H), 6.71 (s, 2 H), 2.32 (s, 
3 H), 1.34 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 159.3, 154.0, 151.2, 143.9, 139.4, 
133.4, 130.1, 129.5, 129.3, 127.9, 127.8, 126.6, 126.5, 100.3, 35.4, 30.9, 21.4; HRMS 
(TOFMS) m/z [M+Na]+ calcd for C26H27N3O4S2Na: 532.1335; Found: 532.1338.

1-((3-Bromophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4i)
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N
N

PhTs

SO O

H2N

Br

The title compound was obtained as a white solid (190.2 mg, 72%). Mp 189–191 oC. 
1H NMR (400 MHz, CDCl3) δ 8.16 (t, J = 2.0 Hz, 1 H), 7.98-7.93 (m, 1 H), 7.84-
7.79 (m, 1 H), 7.48-7.36 (m, 4 H), 7.34-7.27 (m, 4 H), 7.06 (d, J = 8.0 Hz, 2 H), 6.73 
(s, 2 H), 2.32 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 154.7, 151.3, 144.0, 139.2, 
138.14, 138.10, 131.0, 130.7, 129.8, 129.7, 129.5, 129.3, 127.8, 126.7, 126.5, 123.3, 
100.6, 21.4; HRMS (TOFMS) m/z [M+Na]+ calcd for C22H18BrN3O4S2Na: 553.9814; 
Found: 553.9818.

1-(Mesitylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4j) 

 

N
N

PhTs

SO O

H2N

The title compound was obtained as a white solid (189.5 mg, 77%). Mp 140–142 oC. 
1H NMR (400 MHz, CDCl3) δ 7.47-7.42 (m, 2 H), 7.39-7.31 (m, 3 H), 7.30-7.23 (m, 
2 H), 7.07 (d, J = 8.0 Hz, 2 H), 6.96 (s, 2 H), 6.75 (s, 2 H), 2.64 (s, 6 H), 2.32 (s, 3 H), 
2.29 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 152.9, 151.2, 145.2, 143.7, 141.4, 
139.8, 132.3, 131.2, 130.3, 129.5, 129.4, 129.3, 127.7, 126.3, 99.3, 22.8, 21.4, 21.1; 
HRMS (TOFMS) m/z [M+Na]+ calcd for C25H25N3O4S2Na: 518.1179; Found: 
518.1185.

1-(Naphthalen-2-ylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4k)

 

N
N

PhTs

SO O

H2N

The title compound was obtained as a white solid (210.0 mg, 83%). Mp 194–196 oC. 
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1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1 H), 8.03-7.96 (m, 2 H), 7.96-7.90 (m, 2 H), 
7.73-7.68 (m, 1 H), 7.67-7.62 (m, 1 H), 7.41-7.32 (m, 3 H), 7.31-7.25 (m, 4 H), 7.03 
(d, J = 8.0 Hz, 2 H), 6.78 (s, 2 H), 2.30 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 
154.3, 151.3, 143.9, 139.4, 135.8, 133.3, 131.8, 130.4, 130.1, 130.01, 129.99, 129.8, 
129.5, 129.3, 128.04, 128.02, 127.8, 126.5, 122.1, 100.5, 21.4; HRMS (TOFMS) m/z 
[M+Na]+ calcd for C26H21N3O4S2Na: 526.0866; Found: 526.0873.

3-Phenyl-1-(pyridin-3-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4l)

 

N
N

PhTs

SO O

H2N

N

The title compound was obtained as a white solid (149.2 mg, 65%). Mp 166–168 oC. 
1H NMR (400 MHz, CDCl3) δ 9.23 (dd, J = 2.4, 0.8 Hz, 1 H), 8.91 (dd, J = 4.8, 1.6 
Hz, 1 H), 8.30 (ddd, J = 8.0, 2.4, 1.6 Hz, 1 H), 7.52 (ddd, J = 8.4, 4.8, 0.8 Hz, 1 H), 
7.45-7.37 (m, 3 H), 7.34-7.27 (m, 4 H), 7.06 (d, J = 8.4 Hz, 2 H), 6.74 (s, 2 H), 2.32 (s, 
3 H); 13C NMR (100 MHz, CDCl3) δ 155.4, 155.0, 151.3, 148.6, 144.1, 139.2, 135.9, 
133.5, 129.8, 129.7, 129.5, 129.3, 127.9, 126.5, 124.0, 100.7, 21.5; HRMS (TOFMS) 
m/z [M+Na]+ calcd for C21H18N4O4S2Na: 477.0662; Found: 477.0667.

3-Phenyl-1-(quinolin-8-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4m)

 

N
N

PhTs

SO O

H2N

N

The title compound was obtained as a white solid (198.6 mg, 79%). Mp 186–188 oC. 
1H NMR (400 MHz, CDCl3) δ 8.97 (dd, J = 4.2, 1.8 Hz, 1 H), 8.63 (d, J = 7.6 Hz, 1 
H), 8.23 (dd, J = 4.6, 1.8 Hz, 1 H), 8.10 (d, J = 8.0 Hz, 1 H), 8.63 (d, J = 7.8 Hz, 1 H), 
7.53 (dd, J = 8.2, 4.2 Hz, 1 H), 7.38 (d, J = 8.0 Hz, 2 H), 7.31-7.23 (m, 3 H), 7.22-
7.10 (m, 4 H), 7.07 (d, J = 8.0 Hz, 2 H), 2.31 (s, 3 H); 13C NMR (100 MHz, CDCl3) 
δ 153.74, 153.67, 151.6, 143.64, 143.61, 140.0, 136.7, 135.7, 133.75, 133.69, 130.1, 
129.5, 129.3, 129.2, 128.6, 127.6, 126.3, 125.5, 122.7, 99.4, 21.4; HRMS (TOFMS) 
m/z [M+Na]+ calcd for C25H20N4O4S2Na: 527.0818; Found: 527.0823.

3-Phenyl-1-(thiophen-2-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4n)
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N
N

PhTs

SO O

H2N

S

The title compound was obtained as a yellow solid (188.9 mg, 82%). Mp 133–135 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 4.0, 1.2 Hz, 1 H), 7.79 (dd, J = 5.0, 1.4 
Hz, 1 H), 7.47-7.42 (m, 2 H), 7.42-7.36 (m, 1 H), 7.35-7.27 (m, 4 H), 7.17 (dd, J = 5.0, 
3.8 Hz, 1 H), 7.07 (d, J = 8.4 Hz, 2 H), 6.72 (s, 2 H), 2.33 (s, 3 H); 13C NMR (100 
MHz, CDCl3) δ 154.6, 151.0, 144.0, 139.4, 136.1, 135.7, 135.6, 129.9, 129.7, 129.5, 
129.3, 128.1, 127.8, 126.5, 100.4, 21.5; HRMS (TOFMS) m/z [M+Na]+ calcd for 
C20H17N3O4S3Na: 482.0273; Found: 482.0276.

1-(Benzylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4o)

 

N
N

PhTs

SO O
Bn

H2N

The title compound was obtained as a white solid (143.1 mg, 61%). Mp 140–142 oC. 
1H NMR (400 MHz, CDCl3) δ 7.56-7.50 (m, 2 H), 7.48-7.41 (m, 2 H), 7.41-7.30 (m, 
4 H), 7.29-7.26 (m, 2 H), 7.15 (dd, J = 8.0, 1.2 Hz, 2 H), 7.08 (d, J = 8.4 Hz, 2 H), 
6.14 (s, 2 H), 4.69 (s, 2 H), 2.35 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 154.4, 
152.5, 143.9, 139.5, 130.6, 130.0, 129.8, 129.5, 129.3, 129.1, 128.0, 126.5, 125.6, 
99.7, 59.9, 21.5; HRMS (TOFMS) m/z [M+Na]+ calcd for C23H21N3O4S2Na: 
490.0866; Found: 490.0869.

3-Phenyl-1-(propylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4p)

 

N
N

PhTs

SO O

nPr

H2N

The title compound was obtained as a white solid (123.6 mg, 59%). Mp 157–159 oC. 
1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.8 Hz, 2 H), 7.46-7.39 (m, 1 H), 7.38-
7.30 (m, 4 H), 7.08 (d, J = 8.0 Hz, 2 H), 6.63 (s, 2 H), 3.48 (t, J = 7.8 Hz, 2 H), 2.33 (s, 
3 H), 1.91-1.77 (m, 2 H), 1.05 (t, J = 7.4 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 
154.1, 151.6, 144.0, 139.4, 129.9, 129.7, 129.5, 129.3, 127.9, 126.4, 100.1, 55.7, 21.4, 
16.4, 12.4; HRMS (TOFMS) m/z [M+Na]+ calcd for C19H21N3O4S2Na: 442.0866; 
Found: 442.0873.

3-Phenyl-4-(phenylsulfonyl)-1-tosyl-1H-pyrazol-5-amine (4q)
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N
N

Ph

S

NH2
Ts

O

O

Ph

The title compound was obtained as a white solid (183.2 mg, 81%). Mp 204–206 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2 H), 7.47-7.33 (m, 8 H), 7.32-
7.26 (m, 4 H), 6.73 (s, 2 H), 2.45 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 154.2, 
151.3, 146.6, 142.3, 133.4, 133.0, 130.2, 130.0, 129.6, 129.5, 128.6, 128.1, 127.8, 
126.4, 99.9, 21.7; HRMS (TOFMS) m/z [M+Na]+ calcd for C22H19N3O4S2Na: 
476.0709; Found: 476.0715.

4-((4-Fluorophenyl)sulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4r)

N
N

Ph

S

NH2
Ts

O

O

F

The title compound was obtained as a white solid (180.9 mg, 77%). Mp 172–174 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 2 H), 7.45-7.27 (m, 9 H), 6.96-
6.87 (m, 2 H), 6.72 (s, 2 H), 2.44 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 165.1 (d, J 
= 254.1 Hz), 154.0, 151.2, 146.6, 138.3 (d, J = 2.5 Hz), 133.4, 130.2, 129.9, 129.7, 
129.5, 129.3 (d, J = 9.6 Hz), 128.1, 127.9, 115.8 (d, J = 22.6 Hz), 99.9, 21.7; 19F 
NMR (376 MHz, CDCl3) δ -104.2−-104.4 (m, 1 F); HRMS (TOFMS) m/z [M+Na]+ 

calcd for C22H18FN3O4S2Na: 494.0615; Found: 494.0616.

4-((4-Chlorophenyl)sulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4s)

N
N

Ph

S

NH2
Ts

O

O

Cl

The title compound was obtained as a white solid (177.3 mg, 73%). Mp 204–206 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2 H), 7.46-7.27 (m, 9 H), 7.22 (dt, 
J = 8.8, 2.4 Hz, 2 H), 6.72 (s, 2 H), 2.44 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 
153.9, 151.2, 146.7, 140.7, 139.5, 133.3, 130.2, 129.8, 129.7, 129.5, 128.9, 128.1, 
127.9, 99.6, 21.7; HRMS (TOFMS) m/z [M+Na]+ calcd for C22H18ClN3O4S2Na: 
510.0319; Found: 510.0321.

4-(Methylsulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4t)
(chloromatography)(PE/EA = 5/1 to 1/1)

N
N

Ph

S

NH2
Ts

O

O

Me

The title compound was obtained as a white solid (102.2 mg, 52%). Mp 180–182 oC. 
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1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2 H), 7.76 (dd, J = 7.4, 2.2 Hz, 2 
H), 7.48-7.33 (m, 5 H), 6.59 (s, 2 H), 2.78 (s, 3 H), 2.45 (s, 3 H); 13C NMR (100 
MHz, CDCl3) δ 153.1, 151.4, 146.6, 133.4, 130.2, 130.04, 129.99, 129.3, 128.4, 
128.1, 99.0, 44.7, 21.7; HRMS (TOFMS) m/z [M+H]+ calcd for C17H18N3O4S2: 
392.0733; Found: 392.0735.

4-(Ethylsulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4u)
(chloromatography)(PE/EA = 4/1 to 2/1)

N
N

Ph

S

NH2
Ts

O

O

Et

The title compound was obtained as a white solid (103.0 mg, 51%). Mp 158–160 oC. 
1H NMR (400 MHz, CDCl3) δ 7.93-7.88 (m, 2 H), 7.77-7.72 (m, 2 H), 7.44-7.33 (m, 
5 H), 6.59 (s, 2 H), 2.78 (q, J = 7.2 Hz, 2 H), 2.45 (s, 3 H), 1.09 (t, J = 7.2 Hz, 3 H); 
13C NMR (100 MHz, CDCl3) δ 153.5, 152.3, 146.6, 133.4, 130.15, 130.10, 129.9, 
129.2, 128.3, 128.0, 96.4, 50.6, 21.7, 6.9; HRMS (TOFMS) m/z [M+Na]+ calcd for 
C18H19N3O4S2Na: 428.0709; Found: 428.0712.

3-(4-Fluorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4v)

N
N

NH2
TsTs

F

The title compound was obtained as a white solid (191.8 mg, 80%). Mp 198–200 oC. 
1H NMR (400 MHz, CDCl3) δ 7.93-7.85 (m, 2 H), 7.48-7.40 (m, 2 H), 7.40-7.29 (m, 
4 H), 7.09 (d, J = 8.4 Hz, 2 H), 7.02-6.94 (m, 2 H), 6.71 (s, 2 H), 2.45 (s, 3 H), 2.33 (s, 
3 H); 13C NMR (100 MHz, CDCl3) δ 163.6 (d, J = 248.3 Hz), 153.1, 151.2, 146.6, 
144.1, 139.4, 133.4, 131.6 (d, J = 8.5 Hz), 130.2, 129.4, 128.1, 126.4, 126.2 (d, J = 
3.4 Hz), 114.9 (d, J = 21.6 Hz), 100.2, 21.8, 21.5; 19F NMR (376 MHz, CDCl3) δ -
111.1−-111.2 (m, 1 F); HRMS (TOFMS) m/z [M+H]+ calcd for C23H21FN3O4S2: 
486.0952; Found: 486.0957.

3-(4-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4w)

N
N

NH2
TsTs

Cl
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The title compound was obtained as a white solid (192.4 mg, 76%). Mp 212–214 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 2 H), 7.44-7.38 (m, 2 H), 7.36 (d, 
J = 8.4 Hz, 4 H), 7.30-7.26 (m, 2 H), 7.11 (d, J = 8.0 Hz, 2 H), 6.71 (s, 2 H), 2.45 (s, 3 
H), 2.34 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 152.9, 151.3, 146.7, 144.1, 139.5, 
135.8, 133.4, 130.9, 130.2, 129.4, 128.6, 128.12, 128.07, 126.3, 100.1, 21.8, 21.5; 
HRMS (TOFMS) m/z [M+Na]+ calcd for C23H20ClN3O4S2Na: 524.0476; Found: 
524.0479.

3-(4-Bromophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4x)

N
N

NH2
TsTs

Br

The title compound was obtained as a white solid (209.8 mg, 77%). Mp 223–225 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 2 H), 7.46-7.40 (m, 2 H), 7.39-
7.31 (m, 6 H), 7.11 (d, J = 8.0 Hz, 2 H), 6.71 (s, 2 H), 2.45 (s, 3 H), 2.34 (s, 3 H); 13C 
NMR (100 MHz, CDCl3) δ 152.9, 151.3, 146.7, 144.1, 139.4, 133.3, 131.1, 131.0, 
130.2, 129.4, 129.0, 128.1, 126.3, 124.2, 100.1, 21.7, 21.4; HRMS (TOFMS) m/z 
[M+H]+ calcd for C23H21BrN3O4S2: 546.0151; Found: 546.0154.

3-(p-Tolyl)-1,4-ditosyl-1H-pyrazol-5-amine (4y)

N
N

NH2
TsTs

The title compound was obtained as a white solid (192.8 mg, 80%). Mp 159–161 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 2 H), 7.41-7.29 (m, 6 H), 7.14-
7.04 (m, 4 H), 6.70 (s, 2 H), 2.44 (s, 3 H), 2.35 (s, 3 H), 2.33 (s, 3 H); 13C NMR (100 
MHz, CDCl3) δ 154.1, 151.2, 146.4, 143.7, 139.6, 139.5, 133.4, 130.0, 129.3, 129.2, 
128.4, 128.0, 127.1, 126.3, 100.0, 21.6, 21.3, 21.2; HRMS (TOFMS) m/z [M+Na]+ 

calcd for C24H23N3O4S2Na: 504.1022; Found: 504.1028.

3-(4-Methoxyphenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4z)
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N
N

NH2
TsTs

MeO

The title compound was obtained as a white solid (139.1 mg, 56%). Mp 159–161 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 2 H), 7.46-7.38 (m, 2 H), 7.38-
7.29 (m, 4 H), 7.08 (d, J = 8.0 Hz, 2 H), 6.86-6.77 (m, 2 H), 6.70 (s, 2 H), 3.82 (s, 3 
H), 2.44 (s, 3 H), 2.33 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 160.6, 153.8, 151.3, 
146.4, 143.8, 139.6, 133.5, 130.9, 130.1, 129.3, 128.0, 126.3, 122.5, 113.2, 100.0, 
55.2, 21.7, 21.4; HRMS (TOFMS) m/z [M+Na]+ calcd for C24H23N3O5S2Na: 
520.0971; Found: 520.0972.

3-(3-Bromophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4aa)

N
N

NH2
TsTs

Br

The title compound was obtained as a white solid (222.6 mg, 82%). Mp 174–176 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 2 H), 7.49 (d, J = 8.0 Hz, 1 H), 
7.45-7.30 (m, 6 H), 7.22-7.07 (m, 3 H), 6.71 (s, 2 H), 2.46 (s, 3 H), 2.35 (s, 3 H); 13C 
NMR (100 MHz, CDCl3) δ 152.4, 151.2, 146.7, 144.2, 139.3, 133.3, 132.5, 132.1, 
131.9, 130.2, 129.44, 129.36, 128.2, 128.1, 126.5, 121.7, 100.3, 21.8, 21.5; HRMS 
(TOFMS) m/z [M+H]+ calcd for C23H21BrN3O4S2: 546.0151; Found: 546.0153.

3-(3-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4bb)

N
N

NH2
TsTs

Cl

The title compound was obtained as a white solid (184.7 mg, 73%). Mp 169–171 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 2 H), 7.48-7.20 (m, 8 H), 7.12 (d, 
J = 8.0 Hz, 2 H), 6.73 (s, 2 H), 2.45 (s, 3 H), 2.34 (s, 3 H); 13C NMR (100 MHz, 
CDCl3) δ 152.6, 151.2, 146.7, 144.2, 139.3, 133.7, 133.4, 131.7, 130.3, 139.6, 129.43, 
129.35, 129.1, 128.1, 127.8, 126.5, 100.3, 21.8, 21.8; HRMS (TOFMS) m/z [M+Na]+ 

calcd for C23H20ClN3O4S2Na: 524.0476; Found: 524.0477.
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3-(3-Methoxyphenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4cc)

N
N

NH2
TsTs

MeO

The title compound was obtained as a white solid (209.6 mg, 84%). Mp 94–96 oC. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2 H), 7.39-7.31 (m, 4 H), 7.19 (t, 
J = 8.0 Hz, 1 H), 7.07 (d, J = 8.0 Hz, 2 H), 7.01-6.95 (m, 2 H), 6.91 (ddd, J = 8.4, 2.6, 
1.0 Hz, 1 H), 6.71 (s, 2 H), 3.75 (s, 3 H), 2.45 (s, 3 H), 2.32 (s, 3 H); 13C NMR (100 
MHz, CDCl3) δ 158.9, 153.9, 151.2, 146.5, 143.8, 139.4, 133.4, 131.2, 130.1, 129.2, 
128.8, 128.1, 126.4, 121.9, 116.0, 114.4, 100.2, 55.2, 21.7, 21.4; HRMS (TOFMS) 
m/z [M+Na]+ calcd for C24H23N3O5S2Na: 520.0971; Found: 520.0978.

3-(2-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4dd)

N
N

NH2
TsTs

Cl

The title compound was obtained as a white solid (152.4 mg, 61%). Mp 163–165 oC. 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 2 H), 7.34 (d, J = 8.0 Hz, 2 H), 
7.30 (dd, J = 7.6, 1.6 Hz, 1 H), 7.27-7.23 (m, 3 H), 7.19 (td, J = 7.4, 1.6 Hz, 1 H), 
7.13-7.03 (m, 3 H), 6.62 (s, 2 H), 2.45 (s, 3 H), 2.37 (s, 3 H); 13C NMR (100 MHz, 
CDCl3) δ 151.6, 150.6, 146.5, 144.0, 139.0, 134.4, 133.5, 131.8, 130.6, 130.1, 129.2, 
129.0, 128.9, 128.0, 126.7, 125.8, 101.3, 21.7, 21.5; HRMS (TOFMS) m/z [M+Na]+ 

calcd for C23H20ClN3O4S2Na: 524.0476; Found: 524.0475.

3-(Furan-2-yl)-1,4-ditosyl-1H-pyrazol-5-amine (4ee)

N
N

NH2
TsTs

O

The title compound was obtained as a white solid (165.9 mg, 72%). Mp 71–73 oC. 
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.4 Hz, 2 H), 7.67 (d, J = 8.0 Hz, 2 H), 
7.42 (d, J = 2.0 Hz, 1 H), 7.35 (d, J = 8.0 Hz, 2 H), 7.20 (d, J = 8.0 Hz, 2 H), 7.13 (d, 
J = 3.6 Hz, 1 H), 6.77 (s, 2 H), 6.39 (dd, J = 3.4, 1.8 Hz, 1 H), 2.43 (s, 3 H), 2.36 (s, 3 
H); 13C NMR (100 MHz, CDCl3) δ 151.6, 146.7, 144.1, 144.0, 143.9, 143.7, 139.6, 
133.4, 130.2, 129.5, 128.1, 126.3, 113.7, 113.3, 98.0, 21.7, 21.5; HRMS (TOFMS) 
m/z [M+Na]+ calcd for C21H19N3O5S2Na: 480.0658; Found: 480.0662.
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3-(tert-Butyl)-1,4-ditosyl-1H-pyrazol-5-amine (4ff)

N
N

NH2
TsTs

The title compound was obtained as a white solid (85.9 mg, 38%). Mp 187–189 oC. 
1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.0 Hz, 2 H), 7.62 (d, J = 8.0 Hz, 2 H), 
7.36 (d, J = 8.4 Hz, 2 H), 7.23 (d, J = 8.0 Hz, 2 H), 6.73 (s, 2 H ), 2.50 (s, 3 H), 2.46 
(s, 3 H), 2.40 (s, 3 H), 1.15 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 162.4, 153.5, 
146.3, 143.6, 141.3, 133.5, 129.9, 129.5, 128.0, 125.6, 98.1, 34.6, 28.9, 21.7, 21.5; 
HRMS (TOFMS) m/z [M+H]+ calcd for C21H26N3O4S2: 448.1359; Found: 448.1362.
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Gram-scale reaction

Ph

O
CN + TsNHNH2 + p-TolSO2Na

I2 (20 mol%)
TBHP (1.0 equiv)
TFA (1.5 equiv)
i-PrOH (25 mL), rt, 24 h N

N S

NH2

Ph

S

1a, 5 mmol 2a, 1.1 equiv 3a

O

O

O

O

4a
84%, 1.96 g

To a 50 mL round-bottom flask were added 3-oxo-3-phenylpropanenitrile (1a) (725.2 
mg, 5.0 mmol), 4-methylbenzenesulfonohydrazide (2a) (1025.1 mg, 5.5 mmol), 
sodium 4-methylbenzenesulfinate (3a) (1778.2 mg, 10.0 mmol), I2 (252.3 mg, 1.0 
mmol), i-PrOH (25 mL), TBHP (70% in water) (648.8 mg, 5.0 mmol), and 
trifluoroacetic acid (TFA) (857.2 mg, 7.5 mmol) sequentially under air. The reaction 
mixture was then stirred at room temperature for 24 h. It was then quenched 
(consumption of residual I2) with saturated Na2S2O3 aqueous solution, forming white 
precipitation. Filtration of the suspension gave crude product. Washing the crude 
product with water (100 mL), i-PrOH (20 mL), and petroleum ether (100 mL) 
sequentially afforded pure product 4a as a white solid (1.96 g, 84%).

References

[1] F.-L. Yang, X.-T. Ma and S.-K. Tian, Chem. Eur. J. 2012, 18, 1582–1585.

[2] G. Zhang, Y. Wang, J. Xu, J. Sun, F. Sun, Y. Zhang, C. Zhang and Y. Du, Chem. 

Sci. 2020, 11, 947-953.
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1H NMR and 13C NMR spectra of pyrazoles 4
3-Phenyl-1, 4-ditosyl-1H-pyrazol-5-amine (4a)
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3-Phenyl-1-(phenylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4b)

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.
00

2.
00

1.
95

4.
15

3.
22

2.
03

1.
00

1.
97

0.
00
0

1.
58
3

2.
31
8

6.
72
6

7.
04
7

7.
06
7

7.
26
0

7.
26
8

7.
28
9

7.
30
7

7.
32
4

7.
35
4

7.
35
7

7.
37
3

7.
39
4

7.
39
8

7.
41
5

7.
54
9

7.
56
9

7.
58
5

7.
68
0

7.
69
9

7.
71
8

7.
97
1

8.
00
9

8.
01
3

8.
02
7

8.
03
4

8.
03
8

7.07.17.27.37.47.57.67.77.87.98.08.18.2

f1 (ppm)

1.
95

4.
15

3.
22

2.
03

1.
00

1.
97

7.
04
7

7.
06
7

7.
26
0

7.
26
8

7.
28
9

7.
30
7

7.
32
4

7.
35
4

7.
35
7

7.
37
3

7.
39
4

7.
39
8

7.
41
5

7.
54
9

7.
56
9

7.
58
5

7.
68
0

7.
69
9

8.
00
9

8.
01
3

8.
02
7

8.
03
4



S20



S21

1-((4-Chlorophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4c)
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1-((4-Iodophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4d)

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

f1 (ppm)

3.
15

1.
98

2.
08

3.
94

2.
96

1.
96

2.
00

-0
.0
00

2.
31
8

6.
71
6

7.
04
8

7.
06
8

7.
26
3

7.
29
0

7.
30
4

7.
31
1

7.
32
2

7.
37
2

7.
39
0

7.
40
3

7.
40
7

7.
42
4

7.
70
1

7.
72
2

7.
91
0

7.
93
1

7.07.17.27.37.47.57.67.77.87.98.08.1

f1 (ppm)

2.
08

3.
94

2.
96

1.
96

2.
00

7.
04
8

7.
06
8

7.
26
3

7.
29
0

7.
30
4

7.
31
1

7.
32
2

7.
37
2

7.
39
0

7.
40
3

7.
40
7

7.
42
4

7.
70
1

7.
72
2

7.
91
0

7.
93
1



S24



S25

3-Phenyl-4-tosyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)-1H-pyrazol-5-amine (4e)
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1-([1,1'-Biphenyl]-4-ylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4f)
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1-((4-Methoxyphenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4g)
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1-((4-(Tert-butyl)phenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4h)
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1-((3-Bromophenyl)sulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4i)
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1-(Mesitylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4j)
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1-(Naphthalen-2-ylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4k)
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3-Phenyl-1-(pyridin-3-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4l)
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3-Phenyl-1-(quinolin-8-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4m)
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3-Phenyl-1-(thiophen-2-ylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4n)
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1-(Benzylsulfonyl)-3-phenyl-4-tosyl-1H-pyrazol-5-amine (4o)
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3-Phenyl-1-(propylsulfonyl)-4-tosyl-1H-pyrazol-5-amine (4p)
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3-Phenyl-4-(phenylsulfonyl)-1-tosyl-1H-pyrazol-5-amine (4q)
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4-((4-Fluorophenyl)sulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4r)
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-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010
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4-((4-Chlorophenyl)sulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4s)
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4-(Methylsulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4t)

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

3.
14

3.
03

1.
88

5.
10

1.
96

2.
00

0.
00
0

1.
25
5

1.
64
4

2.
44
9

2.
77
9

6.
58
5

7.
26
5

7.
35
5

7.
37
5

7.
39
3

7.
40
8

7.
42
7

7.
44
3

7.
74
9

7.
75
5

7.
76
8

7.
77
3

7.
91
0

7.
93
1

7.707.757.807.857.907.958.00

f1 (ppm)

1.
96

2.
00

7.
74
9

7.
75
5

7.
76
8

7.
77
3

7.
91
0

7.
93
1



S58



S59

4-(Ethylsulfonyl)-3-phenyl-1-tosyl-1H-pyrazol-5-amine (4u)
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3-(4-Fluorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4v)
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3-(4-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4w)
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3-(4-Bromophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4x)
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3-(p-Tolyl)-1,4-ditosyl-1H-pyrazol-5-amine (4y)
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3-(4-Methoxyphenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4z)
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3-(3-Bromophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4aa)
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3-(3-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4bb)
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3-(3-Methoxyphenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4cc)
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3-(2-Chlorophenyl)-1,4-ditosyl-1H-pyrazol-5-amine (4dd)
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3-(Furan-2-yl)-1,4-ditosyl-1H-pyrazol-5-amine (4ee)
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3-(tert-Butyl)-1,4-ditosyl-1H-pyrazol-5-amine (4ff)
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