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1.General Information

All chemicals were obtained from commercial sources and were used as received

without any purification. '"H NMR and '3C NMR spectra were measured on a 500 MHz

and 400 MHz Bruker spectrometer, using DMSO-ds; or CDCl; as the solvent with

tetramethylsilane (TMS) as the internal standard at room temperature. The

multiplicities are reported as follows: singlet (s), doublet (d), triplet (t), doublet of

doublets (dd), quarter (q), multiplet (m), and broad (br). High-resolution mass spectra

(HRMS) were recorded on an electrospray ionization (ESI) quadrupole time-of-flight

mass spectrometer. Analytical thin-layer chromatography (TLC) was performed on pre-

coated, glass-backed silica gel plates Flash column chromatography was performed

over silica gel (300-400 mesh).
2.Experimental Section

2.1. Table S1 Optimization of reaction conditions

HoN
B(OH), Ni-catalyst (10 mol %) -
Ne“ON ©/ +  PhNHNH, - 4

N‘N
Lewis acid (2 equiv) ©/
1a 2a 3a 4a

solvent, T °C, t

entry catalyst additive solvent yield(%)?
1 Ni(dppe)Cl, ZnCl, THF 31
2 Ni(dppe)Cl, ZnCl, toluene trace
3 Ni(dppe)Cl, ZnCl, DMSO ND
5 Ni(dppp)Cl, ZnCl, THF 60
6 NiCl,/dppp ZnCl, THF 26
7 Ni(dppp)Cl, Zn(OTH), THF 35
8 Ni(dppp)Cl, CuCl, THF ND
9 Ni(dppp)Cl, FeCl; THF ND
10¢ Ni(dppp)Cl, ZnCl, THF 65
1144 Ni(dppp)Cl, ZnCl, THF 71
12¢e Ni(dppp)Cl, ZnCl, THF 57
134/ Ni(dppp)Cl, ZnCl, THF 85
14¢42 Ni(dppp)Cl, ZnCl, THF 66
15¢4/ -- ZnCl, THF ND
1654/ Ni(dppp)Cl, -- THF ND

@Reaction conditions: 1a (0.3 mmol), 2a (0.8 mmol), 3a (0.6 mmol), Ni-catalyst (10 mol %), Lewis acid (2 equiv),

solvent (2 mL), 80 °C, 24 h, under air atmosphere. ’Isolated yields. “1a (0.6 mmol), 2a (0.8 mmol), 3a (0.3 mmol)

was used. “T = 100 °C. ¢T = 60 °C. /under N, atmosphere. funder O, atmosphere. ND represents no detected.
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2.2. General procedure for the synthesis of 1,3-diaryl-1H-pyrazol-5-amines

H,N

B(OH NHNH, Ni(dppp)Cl, (10 mol %) D
‘HCI - N-y
e ZnCl, (2 equiv) R2
2

THF, 100 °C, No, 24 h 4or5

In a 10 mL Schlenk reaction tube, malononitrile (1a) (0.6 mmol, 2.0 equiv),
organoboronic acid (2) (0.8 mmol, 2.6 equiv), phenylhydrazine or substituted
phenylhydrazine hydrochloride (3) (0.3 mmol, 1.0 equiv), Ni(dppp)Cl, (0.03 mmol, 10
mol %, 16.3 mg), ZnCl, (0.6 mmol, 2.0 equiv, 81.8mg), were dissolved in
tetrahydrofuran (2.0 mL) under N, atmosphere. The reaction mixture was then heated
at 100 °C (oil bath) with vigorous stirring for 24 hours. After the reaction equilibrium,
the mixture was poured into ethyl acetate, which was washed with saturated NaHCO;
(2 x 10 mL) and then brine (1 x 10 mL). After the aqueous layer was extracted with
ethyl acetate, the combined organic layers were dried over anhydrous Na,SO, and
evaporated under vacuum. The filtrate was concentrated in vacuo and purified by a
silica gel packed flash chromatography column with petroleum ether/ethyl acetate (5:1)
as the eluent to afford the desired products 4 or 5.

2.3. Scaled-up synthesis of 1,3-diphenyl-1H-pyrazol-5-amine

HoN

BIOH), NHNH,  Ni(dppp)Cl, (10 mol %) \14/>_©
o U ("
2a 4a

ZnCl, (2 equiv)
THF, 100 °C, N, 24 h

In a 100 mL Schlenk reaction tube, malononitrile (1a) (10 mmol, 0.66 g), phenylboronic
acid (2a) (13.3 mmol, 1.63 g), phenylhydrazine (3a) (5 mmol, 0.54 g), Ni(dppp)Cl, (0.5
mmol, 10 mol %, 0.27 g), ZnCl,(10 mmol, 2.0 equiv, 1.36 g), were dissolved in
tetrahydrofuran (33.3 mL) under N, atmosphere. The reaction mixture was then heated
at 100 °C (oil bath) with vigorous stirring for 24 hours. After the reaction equilibrium,
the mixture was poured into ethyl acetate, which was washed with saturated NaHCO;
(2 x 50 mL) and then brine (1 x 50 mL). After the aqueous layer was extracted with
ethyl acetate, the combined organic layers were dried over anhydrous Na,SO, and
evaporated under vacuum. The filtrate was concentrated in vacuo and purified by a

silica gel packed flash chromatography column with petroleum ether/ethyl acetate (5:1)

3



as the eluent to afford the desired product 1,3-diphenyl-1H-pyrazol-5-amine (4a, 80 %,
0.94 g).

2.4. General procedure for the synthesis of 4,5-dihydropyridazin-3(2H)-ones

Sy
=
B(OH)2 NHNH2  Ni(dppp)Cl, (10 mol %
ne >CN +R1:—<j/ + R2:—(j/ ‘HCI (dpPP)Cha ( )> NN~ ©
Z Z ZnCl, (2 equiv) A
6a 2 3 I 7
%

THF, 100 °C, N», 24 h R!

In a 10 mL Schlenk reaction tube, succinonitrile (6a) (0.6 mmol, 2.0 equiv),
phenylboronic acid (2) (0.8 mmol, 2.6 equiv), phenylhydrazine or substituted
phenylhydrazine hydrochloride (3) (0.3 mmol, 1.0 equiv), Ni(dppp)Cl, (0.03 mmol, 10
mol %, 16.3 mg), ZnCl,(0.6 mmol, 2.0 equiv, 81.8mg), were dissolved in
tetrahydrofuran (2.0 mL) under N, atmosphere. The reaction mixture was then heated
at 100 °C (oil bath) with vigorous stirring for 24 hours. After the reaction equilibrium,
the mixture was poured into ethyl acetate, which was washed with saturated NaHCO3
(2 x 10 mL) and then brine (1 x 10 mL). After the aqueous layer was extracted with
ethyl acetate, the combined organic layers were dried over anhydrous Na,SO, and
evaporated under vacuum. The filtrate was concentrated in vacuo and purified by a
silica gel packed flash chromatography column with petroleum ether/ethyl acetate (4:1)
as the eluent to afford the desired products 7.

2.5. Scaled-up synthesis of 2,6-diphenyl-4,5-dihydropyridazin-3(2 H)-one

B(OH), NHNH2  Ni(dppp)Cl, (10 mol %
NC/\/CN + ©/ + ©/ (dppp)Cla ( 0)} N/N o
ZnCl, (2 equiv) '
6a 2a 3a

THF, 100 °C, N, 24 h 7a

In a 100 mL Schlenk reaction tube, succinonitrile (6a) (10 mmol, 2.0 equiv, 0.80 g),
phenylboronic acid (2a) (13.3 mmol, 2.6 equiv, 1.63 g), phenylhydrazine (3a) (5 mmol,
1.0 equiv, 0.54 g), Ni(dppp)Cl, (0.5 mmol, 10 mol %, 0.27 g), ZnCl, (10 mmol, 2.0
equiv, 1.36 g), were dissolved in tetrahydrofuran (33.3 mL) under N, atmosphere. The

reaction mixture was then heated at 100 °C (oil bath) with vigorous stirring for 24 hours.
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After the reaction equilibrium, the mixture was poured into ethyl acetate, which was
washed with saturated NaHCO; (2 x 50 mL) and then brine (1 x 50 mL). After the
aqueous layer was extracted with ethyl acetate, the combined organic layers were dried
over anhydrous Na,SO, and evaporated under vacuum. The filtrate was concentrated
in vacuo and purified by a silica gel packed flash chromatography column with
petroleum ether/ethyl acetate (4:1) as the eluent to afford the desired product 2,6-
diphenyl-4,5-dihydropyridazin-3(2H)-one (7a, 50 %, 0.63 g).

3.Analytical Data for All Products

HoN

—

7

1,3-diphenyl-1H-pyrazol-5-amine (4a): pale brown solid (59.2 mg, 84%). mp: 129-
130 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate,
5/1). "TH NMR (500 MHz, CDCl3) 6 7.83 (d, J= 7.5 Hz, 2H), 7.64 (d, J= 8.0 Hz, 2H),
7.49 (t,J = 8.0 Hz, 2H), 7.41-7.35 (m, 3H), 7.31 (t, J= 7.5 Hz, 1H), 5.95 (s, 1H), 3.84
(br, 2H). 3C NMR (125 MHz, CDCl;) 8 151.5, 145.8, 138.8, 133.6, 129.5, 128.5,
127.8, 127.4, 125.7, 124.2, 88.2. HRMS (ESI) m/z: [M + H]J" Calcd for C;sH4N;
236.1182; Found 236.1179. Spectroscopic data for the title compound were consistent

with those reported in the literature.!

HoN

S

1-phenyl-3-(p-tolyl)-1H-pyrazol-5-amine (4b): pale brown solid (56.1 mg, 75%). mp:
169-170 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCl3) 6 7.71 (d, J = 8.0 Hz, 2H), 7.62 (d, J=17.5
Hz, 2H), 7.49 (t,J= 7.5 Hz, 2H), 7.36 (t,J=7.0 Hz, 1H), 7.20 (d, /= 7.5 Hz, 2H), 5.92
(s, 1H), 3.78 (br, 2H), 2.37 (s, 3H). 13C NMR (125MHz, CDCl;) 8 151.6, 145.9, 138.6,
137.7, 130.5, 129.5, 129.2, 127.5, 125.6, 124.2, 88.1, 21.3. HRMS (ESI) m/z: [M +
H]" Caled for CigHi¢N3 250.1339; Found 250.1349. Spectroscopic data for the title

compound were consistent with those reported in the literature.?
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H,N

7

1-phenyl-3-(m-tolyl)-1H-pyrazol-5-amine (4c¢): pale brown solid (65.7 mg, 88%).

mp: 128-129 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, CDCls) 8 7.68 (s, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.59
(d, J=17.5 Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.28 (t, J = 8.0
Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 5.95 (s, 1H), 3.78 (br, 2H), 2.39 (s, 3H). 3C NMR
(125 MHz, CDCl;) 6 151.6, 145.8, 138.5, 138.1, 133.2, 129.6, 128.7, 128.4, 127.6,
125.3, 124.3, 122.9, 88.2, 21.5. HRMS (ESI) m/z: [M + H]" Calcd for C;¢H;sN3

250.1339; Found 250.1339.
H,N

—

o™

1-phenyl-3-(o-tolyl)-1H-pyrazol-5-amine (4d): Yellow Oil (20.2 mg, 27%). Column
chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 5/1). 'TH NMR
(500 MHz, CDCl3)  7.66 (d, J = 8.0 Hz, 2H), 7.60-7.59 (m, 1H), 7.49 (t, J = 7.5 Hz,
2H), 7.35 (t, J = 7.5 Hz, 1H), 7.23-7.21 (m, 3H), 5.83 (s, 1H), 3.85 (br, 2H), 2.54 (s,
3H). BC NMR (125 MHz, CDCls) 8 152.2, 144.8, 136.2, 133.4, 130.7, 129.4, 129.2,
127.6,127.2,125.7,123.9,91.5, 21.2. HRMS (ESI) m/z: [M + H]* Calcd for C;cH¢N;

250.1339; Found 250.1342.
HoN

e

%
: ,N\N O

3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-5-amine (4e): White solid (37.4 mg,
47%). mp: 184-185 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'TH NMR (500 MHz, CDCls) 6 7.75 (d, J = 8.5 Hz, 2H), 7.63
(d, J=17.5 Hz, 2H), 7.49 (t, J = 7.5 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.0
Hz, 2H), 5.91 (s, 1H), 3.83 (s, 3H). 13C NMR (125 MHz, CDCl5) 8 159.6, 151.3, 145.8,
138.6, 129.5, 127.4, 127.0, 125.1, 124.2, 113.9, 87.9, 55.3. HRMS (ESI) m/z: [M +

H]" Calcd for CigH N3O 266.1288; Found 266.1282. Spectroscopic data for the title
6



compound were consistent with those reported in the literature.?

HaN

saaad

3-(4-ethoxyphenyl)-1-phenyl-1H-pyrazol-5-amine (4f): White solid (42.7 mg, 51%)).
mp: 186-188 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, DMSO-d;) 6 7.67-7.64 (m, 4H), 7.49 (t, J = 8.0 Hz,
2H), 7.32 (t,J=7.5 Hz, 1H), 6.93 (d, J=9.0 Hz, 2H), 5.84 (s, 1H), 5.40 (br, 2H), 4.04
(9, J=7.0 Hz, 2H), 1.33 (t,J = 7.0 Hz, 3H). 3C NMR (125 MHz, DMSO-dj) & 158.6,
150.4, 148.6, 139.9, 129.6, 125.8, 125.7, 125.5, 123.2, 114.8, 87.3, 63.5, 15.2. HRMS

(EST) m/z: [M + HJ* Calcd for C,,H,gN;O 280.1444; Found 280.1447.
HoN

—

V,

3-(4-(tert-butyl)phenyl)-1-phenyl-1H-pyrazol-5-amine (4g): White solid (41.0 mg,
47%). mp: 165-166 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). '"H NMR (500 MHz, CDCls) & 7.74 (d, J = 8.5 Hz, 2H), 7.62
(d, J= 8.0 Hz, 2H), 7.49 (t, J = 8.0 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.36 (t,J=17.5
Hz, 1H), 5.94 (s, 1H), 3.81 (br, 2H), 1.34 (s, 9H). 3C NMR (125 MHz, CDCl5) 8 151.5,
151.0, 145.8, 138.6, 130.5, 129.5, 129.3, 127.5, 125.4, 124.2, 88.2, 34.6, 31.4. HRMS

(ESI) m/z: [M + H]" Calcd for C19H,,N3 292.1808; Found 292.1804.
HoN

©/N\N/ ) O

3-([1,1'-biphenyl]-4-yl)-1-phenyl-1H-pyrazol-5-amine (4h): White solid (60.7 mg,
65%). mp: 217-218 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'TH NMR (500 MHz, DMSO-dy) 6 7.85 (d, J = 8.5 Hz, 2H),
7.70 (t, J = 7.5 Hz, 6H), 7.53-7.46 (m, 4H), 7.38-7.34 (m, 2H), 5.98 (s, 1H), 5.47 (br,
2H). 3C NMR (125 MHz, DMSO-d;) 8 149.6, 148.3, 139.8, 139.3, 139.1, 132.8, 129.1,
128.9, 127.4, 125.7, 125.4, 125.3, 125.6, 122.9, 87.3. HRMS (ESI) m/z: [M + H]*

Calcd for C,;H sN5 312.1495; Found 312.1483.
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HoN

—

7
:: 'N\N OH

4-(5-amino-1-phenyl-1H-pyrazol-3-yl)phenol (4i): white solid (36.9 mg, 49%), mp:
189-192 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (400 MHz, DMSO-dy) 6 9.45 (s, 1H), 7.64 (d, J = 8.0 Hz, 2H),
7.56 (d, J= 8.4 Hz, 2H), 7.48 (t, J = 8.0 Hz, 2H), 7.31 (t,J = 7.6 Hz, 1H), 6.77 (d, J =
8.4 Hz, 2H), 5.79 (s, 1H), 5.36 (br, 2H). 13C NMR (101 MHz, DMSO-d;) & 157.6,
150.8, 148.5, 140.0, 129.6, 125.9, 125.4, 125.3, 123.2, 115.7, 87.2. HRMS (ESI) m/z:
[M + HJ" Calcd for C;5H4N30O 252.1131; Found 252.1140.

HoN _ y

J

1-phenyl-3-(4-(trimethylsilyl)phenyl)-1H-pyrazol-5-amine (4j): White solid (35.9
mg, 39%). mp: 141-143 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'TH NMR (400 MHz, CDCls) 6 7.80 (d, J = 8.0 Hz, 2H), 7.63
(d, J= 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 7.6 Hz, 2H), 7.36 (t,J = 7.6
Hz, 1H), 5.96 (s, 1H), 3.86 (br, 2H), 0.29 (s, 9H). 13C NMR (101 MHz, CDCl;) 8 151.6,
145.8, 140.0, 138.7, 133.9, 133.6, 129.6, 127.5, 124.9, 124.2, 88.3, -1.0. HRMS (ESI)
m/z: [M + H]" Calcd for C,3H,,N3Si 308.1578; Found 308.1581.

HoN

—

S

3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-5-amine (4k): White solid (59.2 mg, 78%).
mp: 157-158 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, CDCls) & 7.80-7.77 (m, 2H), 7.63 (d, J = 8.0 Hz,
2H), 7.50 (t, J= 7.5 Hz, 2H), 7.37 (t,J = 7.5 Hz, 1H), 7.07 (t, J = 8.5 Hz, 2H), 5.92 (s,
1H), 3.87 (br, 2H). 13C NMR (125 MHz, CDCls) 6 162.7 (C-F, Ucr = 245.0), 150.6,
146.0, 138.5, 129.6, 127.6, 127.4, 127.3, 124.2, 115.4 (C-F, 2Jc.r = 21.3), 88.0. HRMS
(ESI) m/z: [M + H]" Calcd for CsH3FN;3 254.1088; Found 254.1081. Spectroscopic

data for the title compound were consistent with those reported in the literature.?
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HoN

—

: ,N\N/ Cl

3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-5-amine (41): White solid (65.4 mg, 81%).
mp: 186-187 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "H NMR (500 MHz, CDCly) & 7.75 (d, J = 8.0 Hz, 2H), 7.63 (d, J= 7.5
Hz, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.40-7.34 (m, 3H), 5.94 (s, 1H), 3.87 (br, 2H). 13C
NMR (125 MHz, CDCl3) 8 150.4, 146.0, 138.4, 133.6, 131.9, 129.6, 128.7, 127.7,
125.9,124.2, 88.0. HRMS (ESI) m/z: [M + H]* Calcd for C;5H3CIN; 270.0793; Found

270.0798.
H,N

e

: ,N\N/ Br

3-(4-bromophenyl)-1-phenyl-1H-pyrazol-5-amine (4m): White solid (70.4 mg,
75%). mp: 208-210 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 4/1). 'TH NMR (500 MHz, DMSO-dy) 6 7.71 (d, J = 8.0 Hz, 2H),
7.65 (d, J = 8.0 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.51 (t,J = 8.0 Hz, 2H), 7.35 (t, J =
8.0 Hz, 1H), 5.93 (s, 1H), 5.49 (br, 2H). 3C NMR (125 MHz, DMSO-dy) & 148.9,
148.4, 139.1, 132.9, 131.4, 129.1, 127.0, 125.4, 123.0, 120.4, 87.2. HRMS (ESI) m/z:
[M + H]" Calcd for CsH;3BrN; 314.0287; Found 314.0281.

HoN

—

: ,N\N/ |

3-(4-iodophenyl)-1-phenyl-1H-pyrazol-5-amine (4n): White solid (66.1 mg, 61%).
mp: 228-230 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 4/1). "H NMR (500 MHz, DMSO-dy) & 7.74 (d, J = 8.5 Hz, 2H), 7.65 (d, J =
7.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.50 (t, J= 7.5 Hz, 2H), 7.35 (t, /= 7.5 Hz, 1H),
5.92 (s, 1H), 5.47 (br, 2H). 13C NMR (125 MHz, DMSO-d;y) 6 149.0, 148.4, 139.1,
137.2,133.2,129.1, 127.1, 125.4,123.0, 93.2, 87.1. HRMS (ESI) m/z: [M + H]* Calcd
for CsH;3IN3; 362.0149; Found 362.0149.



1-phenyl-3-(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-amine (40): White solid
(63.7 mg, 70%). mp: 208-210 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 5/1). 'H NMR (500 MHz, DMSO-dy) 6 7.97 (d, J = 8.0
Hz, 2H), 7.74 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.0 Hz, 2H), 7.52 (t, J = 8.0 Hz, 2H),
7.37 (t, J=1.5 Hz, 1H), 6.02 (s, 1H), 5.54 (br, 2H). 13C NMR (125 MHz, DMSO-dy)
5 148.6, 148.5, 139.0, 137.6, 129.2, 127.6 (C-F, 2Jc.r = 32.5 Hz), 126.6, 125.4 (C-F,
3Jc.r=3.8 Hz), 124.3(C-F, 'J-.r=300.0 Hz), 123.3, 87.5. HRMS (ESI) m/z: [M + H]*

Calcd for C;¢H;3F5N; 304.1056; Found 304.1052.
H,N

—

3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-5-amine (4p): Yellow solid (52.9 mg, 63%).
mp: 178-179 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, CDCls) & 8.24 (d, J = 8.5 Hz, 2H), 7.97 (d, /= 8.5
Hz, 2H), 7.64 (d, J= 7.5 Hz, 2H), 7.53 (t,J=7.0 Hz, 2H), 7.42 (t, /= 7.0 Hz, 1H), 6.04
(s, 1H), 3.91 (br, 2H). 3C NMR (125 MHz, CDCl;) 6 149.1, 147.2, 146.4, 139.8, 138.2,
129.7, 128.1, 125.0, 124.3, 124.0, 88.6. HRMS (ESI) m/z: [M + H]* Calcd for
Cy5H13N40, 281.1033; Found 281.1030.

HoN

V.

1-phenyl-3-(4-vinylphenyl)-1H-pyrazol-5-amine (4q): White solid (30.6mg, 39%).

V.

mp: 157-159 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCl;) 6 7.78 (d, J = 8.0 Hz, 2H), 7.64 (d, J=17.5
Hz, 2H), 7.51-7.48 (m, 2H), 7.44 (d, J = 8.0 Hz, 2H), 7.38-7.35 (m, 1H), 6.74 (dd, J =
17.5, 11.0 Hz, 1H), 5.96 (s, 1H), 5.78 (d, /= 17.5 Hz, 1H), 5.25 (d, /= 10.5 Hz, 1H),
3.86 (br, 2H).13C NMR (125 MHz, CDCl3) 8 151.2, 145.8, 138.7, 137.1, 136.7, 133.0,

10



129.5, 127.5, 125.4, 125.7, 124.2, 113.6, 88.2. HRMS (ESI) m/z: [M + H]" Calcd for
Ci7H6N3262.1339; Found 262.1346.

H>N

—

/
o
NO,

3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-5-amine (4r): Yellow solid (62.2 mg, 74%).
mp: 140-141 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, CDCls) & 8.62 (s, 1H), 8.17-8.13 (m, 2H), 7.64 (d, J
= 8.0 Hz, 2H), 7.56-7.51 (m, 3H), 7.41 (t,J = 7.5 Hz, 1H), 6.03 (s, 1H), 3.93 (br, 2H).
I3C NMR (125 MHz, CDCl;) 6 149.2, 148.7, 146.3, 138.4, 135.5, 131.3, 129.6, 129.4,
127.9, 124.2, 122.3, 120.4, 88.2. HRMS (ESI) m/z: [M + H]* Calcd for C;5H3N40,

281.1033; Found 281.1040.
H,N o)

ST

3-(benzo[d][1,3]dioxol-5-yl)-1-phenyl-1 H-pyrazol-5-amine (4s): White solid (74.5
mg, 89%). mp: 153-154 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl;) 8 7.62 (d, J = 8.0 Hz, 2H), 7.49
(t, J = 8.0 Hz, 2H), 7.37-7.34 (m, 2H), 7.29 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 8.0 Hz,
1H), 5.97 (s, 2H), 5.87 (s, 1H), 3.85 (br, 2H). 13C NMR (125 MHz, CDCl;) & 151.3,
147.9,147.4,145.8, 138.6, 129.5, 127.8, 127.4, 124.1, 119.4, 108.3, 106.3, 101.0, 88.0.
HRMS (ESI) m/z: [M + H]* Calcd for C¢H4N30; 280.1081; Found 280.1091.

()
4

ON\N O
3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-5-amine (4t): White solid (52.2 mg,
61%). mp: 191-193 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). '"H NMR (500 MHz, CDCl;) 8 8.26 (s, 1H), 8.02-8.00 (m, 1H),
7.88-7.82 (m, 3H), 7.68 (d, J=7.5 Hz, 2H), 7.52 (t, J = 8.0 Hz, 2H), 7.49-7.44 (m, 2H),
7.39 (t, J= 7.5 Hz, 1H), 6.11 (s, 1H), 3.89 (br, 2H). 13C NMR (125 MHz, CDCl;) &
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151.5, 146.0, 138.6, 133.6, 133.2, 130.8, 129.6, 128.3, 128.1, 127.7, 127.6, 125.1,
125.8, 124.3, 124.1, 88.4. HRMS (ESI) m/z: [M + H]* Calcd for C;oH;¢N; 286.1339;

Found 286.1326.

HoN
78

o™
1-phenyl-3-(thiophen-3-yl)-1H-pyrazol-5-amine (4u): White solid (31.8 mg, 44%).
mp: 158-160 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCl;) 8 7.62-7.58 (m, 3H), 7.49 (t, J = 8.5 Hz,
3H), 7.38-7.32 (m, 2H), 5.86 (s, 1H), 3.85 (br, 2H). 3C NMR (125 MHz, CDCl;)
148.0, 145.6, 138.6, 135.4,129.5, 127.5,125.1, 125.6, 124.3,120.8, 88.5. HRMS (ESI)

m/z: [M + H]" Calcd for C;3H,N3S 242.0746; Found 242.0743.
HoN

p—

1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-5-amine (4v): White solid (34.7 mg, 48%).
mp: 117-118 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). 'TH NMR (500 MHz, CDCl3) 6 7.60 (d, J = 7.5 Hz, 2H), 7.48 (t,J=17.5
Hz, 2H), 7.37-7.33 (m, 2H), 7.24-7.23 (m, 1H), 7.05-7.03 (m, 1H), 5.86 (s, 1H), 3.82
(br, 2H). 3C NMR (125 MHz, CDCl;) 3 146.9, 145.8, 138.4, 136.9, 129.5, 127.6,
127.3, 124.5, 124.3, 123.9, 88.2. HRMS (ESI) m/z: [M + H]* Calcd for C3H,N3S
242.0746; Found 242.0755.

(E)-1-phenyl-3-styryl-1H-pyrazol-5-amine (4w): White solid (18.1 mg, 23%). mp:
120-123 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). '"H NMR (400 MHz, CDCls) & 7.59 (d, J = 8.0 Hz, 2H), 7.50-7.47 (m,
4H), 7.38-7.32 (m, 3H), 7.25 (d, J = 5.6 Hz, 1H), 7.09 (d, J = 16.4 Hz, 1H), 7.03 (d, J
= 16.4 Hz, 1H), 5.88 (s, 1H), 3.84 (br, 2H). 13C NMR (101 MHz, CDCls) 6 151.0,

145.7, 138.5, 137.3, 130.3, 129.6, 128.7, 127.6, 127.5, 125.5, 124.0, 121.2, 87.5.
12



HRMS (ESI) m/z: [M + H]" Calcd for C,7H¢N3 262.1339; Found 262.1343.

HoN

—

7

3-phenyl-1-(p-tolyl)-1H-pyrazol-5-amine (5a): White solid (54.5 mg, 73%). mp: 141-
143 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate,
5/1). "TH NMR (500 MHz, CDCl3) 6 7.81 (d, J= 7.5 Hz, 2H), 7.49 (d, J= 8.0 Hz, 2H),
7.38 (t, J = 8.0 Hz, 2H), 7.31-7.28 (m, 3H), 5.95 (s, 1H), 3.83 (br, 2H), 2.41 (s, 3H).
13C NMR (125 MHz, CDCl;) 6 151.3, 145.8, 137.5, 136.1, 133.6, 130.1, 128.5, 127.7,
125.6, 124.2, 87.9, 21.1. HRMS (ESI) m/z: [M + H]* Calcd for C¢H;¢N3 250.13309;
Found 250.1340.

HoN

—

Y

3-phenyl-1-(m-tolyl)-1H-pyrazol-5-amine (5b): White solid (48.6 mg, 65%). mp: 90-
91 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate,
5/1). 'TH NMR (400 MHz, CDCl5) 6 7.82 (d, J = 8.0 Hz, 2H), 7.46 (s, 1H), 7.41-7.29
(m, 5H), 7.18 (d, J= 7.2 Hz, 1H), 5.93 (s, 1H), 3.86 (br, 2H), 2.42 (s, 3H). 13C NMR
(101 MHz, CDCls) & 151.4, 145.9, 139.7, 138.5, 133.6, 129.2, 128.5, 128.3, 127.8,
125.7, 125.0, 121.1, 88.0, 21.4. HRMS (ESI) m/z: [M + H]" Caled for CicH¢N;

250.1339; Found 250.1337.
H,N

N. ~
N

3-phenyl-1-(o-tolyl)-1H-pyrazol-5-amine (5¢): Yellow oil (47.1 mg, 63%). Column
chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 5/1). "TH NMR
(500 MHz, CDCl3) 6 7.81 (d, J = 7.5 Hz, 2H), 7.41-7.34 (m, 5H), 7.31-7.28 (m, 2H),
5.94 (s, 1H), 3.61 (br, 2H), 2.21 (s, 3H). 3C NMR (125 MHz, CDCl;) 3 151.3, 146.4,
137.0,136.8,133.8, 131.4, 129.4, 128.4, 128.1, 127.6, 125.9, 125.6, 86.5, 17.5. HRMS

13



(ESI) m/z: [M + HJ" Calcd for C;cH;¢N3 250.1339; Found 250.1346.
HoN

—

7
N\N

1-(4-isopropylphenyl)-3-phenyl-1H-pyrazol-5-amine (5d): White solid (51.6 mg,
62%). mp: 132-133 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl;) 8 7.83 (d, J = 7.5 Hz, 2H), 7.52
(d, J=8.5 Hz, 2H), 7.39 (t, J = 7.5 Hz, 2H), 7.35-7.29 (m, 3H), 5.93 (s, 1H), 3.84 (br,
2H), 3.01-2.93 (m, 1H), 1.29 (d, /= 7.0 Hz, 6H). 3C NMR (125 MHz, CDCl;) § 151.2,
148.5, 145.8, 136.3, 133.6, 128.5, 127.7, 127.5, 125.6, 124.3, 87.9, 33.9, 24.0. HRMS

(ESI) m/z: [M + HJ* Calcd for CgH,N3 278.1652; Found 278.1620.
HoN

—

/4
MeO

1-(4-methoxyphenyl)-3-phenyl-1H-pyrazol-5-amine (5e): White solid (38.2 mg,
48%). mp: 183-184 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl;) 8 7.80 (d, J = 7.5 Hz, 2H), 7.51
(d, J= 8.5 Hz, 2H), 7.38 (t,J = 7.5 Hz, 2H), 7.29 (t, J = 7.0 Hz, 1H), 7.01 (d, J = 8.5
Hz, 2H), 5.95 (s, 1H), 3.85 (s, 3H).13C NMR (125 MHz, CDCl;) 6 159.1, 151.2, 145.8,
133.6, 131.5, 128.4, 127.7, 125.1, 125.6, 114.7, 87.7, 55.6. HRMS (ESI) m/z: [M +
H]*" Calcd for C;¢H N3O 266.1288; Found 266.1292.

HoN

—

V
F

1-(4-fluorophenyl)-3-phenyl-1H-pyrazol-5-amine (5f): White solid (60.7 mg, 80%).
mp: 134-136 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCl3) 6 7.80 (d, J = 7.5 Hz, 2H), 7.61-7.58 (m,
2H), 7.39 (t, /= 8.0 Hz, 2H), 7.31 (t,J=7.5 Hz, 1H), 7.17 (t, J = 8.5 Hz, 2H), 5.93 (s,
1H), 3.80 (br, 2H). '3C NMR (125 MHz, CDCl5) 8 161.7 (C-F, 'Jc.r=246.3 Hz), 151.6,
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145.9, 134.8 (C-F, “Jo» = 3.8 Hz), 133.4, 128.5, 127.9, 125.2 (C-F, 2Jcr = 8.8 Hz),
125.6, 116.3 (C-F, 2Jcr = 22.5 Hz), 88.3. HRMS (ESI) m/z: [M + H]* Calcd for
C,5H,;FN; 254.1088; Found 254.1084.

H,oN

—

.
Cl

1-(4-chlorophenyl)-3-phenyl-1H-pyrazol-5-amine (5g): White solid (44.4 mg, 55%).
mp: 141-143 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCls) 6 7.80 (d, J = 7.5 Hz, 2H), 7.61 (d, J= 8.5
Hz, 2H), 7.46 (d, J= 8.5 Hz, 2H), 7.39 (t,J= 7.5 Hz, 2H), 7.31 (t,J= 7.5 Hz, 1H), 5.97
(s, 1H), 3.82 (br, 2H). 3C NMR (125 MHz, CDCl3) 6 151.8, 145.9, 137.3, 133.3, 133.0,
129.6, 128.6, 128.0, 125.6, 125.1, 88.7. HRMS (ESI) m/z: [M + H]* Calcd for
C,5H;3CIN3 270.0793; Found 270.0791.

HoN

—

/
Br

1-(4-bromophenyl)-3-phenyl-1H-pyrazol-5-amine (5h): White solid (60.1 mg,
64%). mp: 157-158 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl;) 8 7.79 (d, J = 7.5 Hz, 2H), 7.60
(d, J= 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.39 (t, /= 7.5 Hz, 2H), 7.32 (t,J=7.5
Hz, 1H), 5.94 (s, 1H), 3.81 (br, 2H). 13C NMR (125 MHz, CDCIl;) & 151.9, 145.8,
137.9, 133.3, 132.6, 128.5, 128.0, 125.7, 125.4, 120.8, 88.9. HRMS (ESI) m/z: [M +
H]*" Calcd for C;sH3BrN3 314.0287; Found 314.0276.

HoN

—

%
I

1-(4-iodophenyl)-3-phenyl-1H-pyrazol-5-amine (5i): White solid (58.5 mg, 54%).
mp: 177-178 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl

acetate, 5/1). "H NMR (500 MHz, CDCl3)  7.81-7.79 (m, 4H), 7.44-7.38 (m, 4H), 7.31
15



(t,J=7.5 Hz, 1H), 5.96 (s, 1H), 3.81 (br, 2H). 3C NMR (125 MHz, CDCl;) 4 151.9,
145.8, 138.6, 133.2, 128.5, 128.0, 125.7, 125.5, 91.9, 88.9. HRMS (ESI) m/z: [M +
H]*" Calcd for C;5H3IN; 362.0149; Found 362.0134.

HoN

—

7
o
FsC

3-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-amine (5j): White solid (54.5
mg, 60%). mp: 171-172 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'TH NMR (500 MHz, CDCls) & 7.85-7.81 (m, 4H), 7.74 (d, J =
8.5 Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 1H), 5.98 (s, 1H), 3.88 (br,
2H). BC NMR (125 MHz, CDCl;) & 152.3, 146.0, 141.8, 133.1, 128.8 (C-F, 2Jc.r =
33.8 Hz), 128.6, 128.2, 125.6 (C-F, 3Jc.r = 3.8 Hz), 125.7, 123.9 (C-F, 'Jcr=270.0
Hz), 123.3, 89.5. HRMS (ESI) m/z: [M + H]" Calcd for C;H;3F;N; 304.1056; Found
304.1057.

4-(5-amino-3-phenyl-1H-pyrazol-1-yl)benzonitrile (5k): White solid (50.7 mg,
65%). mp: 168-170 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'TH NMR (500 MHz, CDCls) 6 7.90 (d, J = 8.5 Hz, 2H), 7.80
(d, J=17.5 Hz, 2H), 7.76 (d, J = 9.0 Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.34 (t,J=7.5
Hz, 1H), 6.02 (s, 1H), 3.91 (br, 2H). 3C NMR (125 MHz, CDCIl;) 3 152.7, 146.1,
142.7, 133.4, 132.8, 128.6, 128.4, 125.7, 123.0, 118.4, 109.9, 90.4. HRMS (ESI) m/z:

[M + H]" Calcd for Ci¢H3N4 261.1135; Found 261.1135.
H,N

F\©/N\N
1-(3-fluorophenyl)-3-phenyl-1H-pyrazol-5-amine (51): White solid (61.5 mg, 81%).

mp: 98-99 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
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acetate, 5/1). 'TH NMR (400 MHz, CDCls) & 7.81 (d, J = 7.2 Hz, 2H), 7.46-7.38 (m,
5H), 7.32 (t, J = 7.2 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 5.96 (s, 1H), 3.89 (br, 2H). 3C
NMR (101 MHz, CDCl3) 6 163.1 (C-F, Jcr = 246.3 Hz), 151.9, 145.9, 140.2 (C-F,
3Jc.r=10.0 Hz), 133.2, 130.7 (C-F, 3Jc.r = 10.0 Hz), 128.6, 128.1, 125.7, 119.0 (C-F,
4Jcr=3.8Hz), 114.1 (C-F,%Jcr=21.3 Hz), 111.3 (C-F, 2J.r=25.0 Hz), 83.8. HRMS

(ESI) m/z: [M + HJ* Calcd for C;sH;3FN; 254.1088; Found 254.1093.
HoN

—

CI\©/N\N/

1-(3-chlorophenyl)-3-phenyl-1H-pyrazol-5-amine (5m): White solid (58.1 mg,
72%). mp: 135-137 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCls) 6 7.81 (d, J = 7.5 Hz, 2H), 7.72
(s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.42-7.38 (m, 3H), 7.33-7.32 (m, 2H), 5.95 (s, 1H),
3.87 (br, 2H). 3C NMR (125 MHz, CDCls) & 152.0, 145.9, 139.9, 135.2, 133.2, 130.4,
128.5, 128.1, 127.3, 125.7, 124.1, 121.6, 88.9. HRMS (ESI) m/z: [M + H]" Calcd for
Cy5H5CIN3 270.0793; Found 270.0785.

H,N

CL

Cl

1-(2-chlorophenyl)-3-phenyl-1H-pyrazol-5-amine (Sn): White solid (53.3 mg, 66%).
mp: 103-105 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "TH NMR (500 MHz, CDCl3) 6 7.81 (d, J = 7.5 Hz, 2H), 7.55-7.53 (m,
2H), 7.42-7.37 (m, 4H), 7.30 (t,J= 7.5 Hz, 1H), 5.96 (s, 1H), 3.70 (br, 2H). 3C NMR
(125 MHz, CDCls) & 152.2, 147.1, 135.9, 133.4, 132.3, 130.6, 130.5, 130.4, 128.5,
128.0,127.9,125.7,87.7. HRMS (ESI) m/z: [M + H]" Calcd for C,5H,3CIN; 270.0793;

Found 270.0794. Spectroscopic data for the title compound were consistent with those

reported in the literature.?
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HoN

L

OMe
1-(2-methoxyphenyl)-3-phenyl-1H-pyrazol-5-amine (50): White solid (39.8 mg,
50%). mp: 146-148 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl;) & 7.82 (d, J = 8.0 Hz, 2H), 7.53
(d,J=8.0 Hz, 1H), 7.40-7.36 (m, 3H), 7.29 (t,J=7.0 Hz, 1H), 7.10 (t,J=7.5 Hz, 1H),
7.05 (d, J=8.0 Hz, 1H), 5.94 (s, 1H), 3.87 (br, 2H), 3.84 (s, 3H). 13C NMR (125 MHz,
CDCl,) & 153.6, 152.0, 147.6, 133.9, 129.8, 129.3, 128.4, 128.0, 127.6, 125.7, 121.8,
112.8, 87.9, 56.4. HRMS (ESI) m/z: [M + H]" Calcd for C,cH;sN3O 266.1288; Found

266.1290.

H,N

—

.
S

1-(naphthalen-2-yl)-3-phenyl-1H-pyrazol-5-amine (5p): White solid (60.7 mg,
71%). mp: 133-135 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 5/1). '"H NMR (500 MHz, CDCl;) & 8.03 (s, 1H), 7.94 (d, /= 8.5
Hz, 1H), 7.87-7.82 (m, 4H), 7.78 (d, J = 8.5 Hz, 1H), 7.53-7.50 (m, 2H), 7.38 (t, J =
7.5 Hz, 2H), 7.30 (t, J= 7.5 Hz, 1H), 5.96 (s, 1H), 3.90 (br, 2H). 3C NMR (125 MHz,
CDCl;) 6 151.8, 146.2, 136.1, 133.5, 133.4, 132.2, 129.7, 128.6, 128.1, 127.9, 127.9,
125.9, 125.5, 125.7, 122.8, 121.7, 88.3. HRMS (ESI) m/z: [M + H]* Calcd for
Ci9H16N3 286.1339; Found 286.1325.

HoN

—

Y/,
\{/N\N

1-(tert-butyl)-3-phenyl-1H-pyrazol-5-amine (5q): White solid (17.4 mg, 27%). mp:
102-104 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 5/1). "H NMR (500 MHz, CDCl;) & 7.75 (d, J = 7.0 Hz, 2H), 7.35 (t, J= 7.5

Hz, 2H), 7.24 (t, J = 7.5 Hz, 1H), 5.90 (s, 1H), 3.58 (br, 2H), 1.69 (s, 9H). 3C NMR
18



(125 MHz, CDCls) 6 147.6, 145.4, 134.3, 128.4, 127.1, 125.3,91.4, 58.9, 29.4. HRMS
(ESI) m/z: [M + HJ* Calcd for C3H;gN3 216.1495; Found 216.1506.

2,6-diphenyl-4,5-dihydropyridazin-3(2H)-one (7a): off white solid (41.3 mg, 55%).
mp: 96-98 °C. Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 4/1). '"H NMR (400 MHz, CDCls) 8 7.81-7.78 (m, 2H), 7.60 (d, J = 8.0 Hz,
2H), 7.43-7.39 (m, 5SH), 7.27 (t, J = 7.6 Hz, 1H), 3.07 (t, J = 8.0 Hz, 2H), 2.77 (t, J =
8.0 Hz, 2H). 13C NMR (101 MHz, CDCl;) 8 165.4, 151.6, 141.3, 135.5, 130.1, 128.7,
128.6, 125.7, 125.1, 125.0, 28.1, 22.9. HRMS (ESI) m/z: [M + H]" Calcd for
Ci6H15N,0 251.1179; Found 251.1170. Spectroscopic data for the title compound were

consistent with those reported in the literature.*

2-phenyl-6-(p-tolyl)-4,5-dihydropyridazin-3(2H)-one (7b): red oil (33.3 mg, 42%).
Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 4/1). 'H
NMR (500 MHz, CDCls) 6 7.69 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.41 (t,
J=28.0 Hz, 2H), 7.28-7.21 (m, 3H), 3.05 (t, J = 8.0 Hz, 2H), 2.75 (t, J = 8.0 Hz, 2H),
2.38 (s, 3H). 3C NMR (125 MHz, CDCl5) 6 165.4, 151.7, 141.4, 140.3, 132.7, 129.4,
128.5, 125.5, 125.1, 124. 9, 28.1, 22.9, 21.4. HRMS (ESI) m/z: [M + Na]* Calcd for
C17H6N,NaO 287.1155; Found 287.1169. Spectroscopic data for the title compound

were consistent with those reported in the literature.*
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2-phenyl-6-(m-tolyl)-4,5-dihydropyridazin-3(2H)-one (7¢): red oil (38.0 mg, 48%).
Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 4/1). 'H
NMR (500 MHz, CDCly) & 7.62-7.57 (m, 4H), 7.42 (t, J = 8.0 Hz, 2H), 7.31-7.21 (m,
3H), 3.06 (t, J = 8.0 Hz, 2H), 2.76 (t, J = 8.0 Hz, 2H), 2.39 (s, 3H). 3C NMR (125
MHz, CDCl;) & 165.4, 151.9, 141.3, 138.4, 135.5, 130.8, 128.5, 125.7, 125.6, 125.0,
123.3, 28.1, 23.0, 21.5. HRMS (ESI) m/z: [M + Na]* Calcd for C;;H;4N,NaO
287.1155; Found 287.1160.

2-phenyl-6-(o-tolyl)-4,5-dihydropyridazin-3(2H)-one (7d): red oil (19.8 mg, 25%).
Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 4/1). TH
NMR (500 MHz, CDCl;) 6 7.56 (d, J = 8.0 Hz, 2H), 7.41-7.36 (m, 3H), 7.30-7.25 (m,
4H), 3.00 (t, J = 8.0 Hz, 2H), 2.78 (t, J = 8.0 Hz, 2H), 2.48 (s, 3H). 3C NMR (125
MHz, CDCl;) & 165.3, 155.2, 141.1, 136.5, 135.8, 131.3, 129.2, 128.5, 128.0, 125.6,
125.0, 124.9, 28.3, 26.6, 21.1. HRMS (ESI) m/z: [M + Na]" Calcd for C;7;H;,N,NaO
287.1155; Found 287.1157.

6-(4-methoxyphenyl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7e): red oil (26.1

mg, 31%). Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate,
20



4/1). 'TH NMR (500 MHz, CDCl3) & 7.75 (d, J= 9.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H),
7.41 (t,J=8.0 Hz, 2H), 7.26 (t,J = 7.0 Hz, 1H), 6.92 (d, J= 9.0 Hz, 2H), 3.83 (s, 3H),
3.04 (t,J= 8.0 Hz, 2H), 2.75 (t,J= 8.0 Hz, 2H). 13C NMR (125 MHz, CDCl;) 6 165.4,
161.2,151.4, 141.4, 128.5, 128.0, 127.7, 125.5, 124.9, 114.0, 55.4, 28.1, 22.8. HRMS
(ESI) m/z: [M + H]" Calcd for C,;H;7N,O, 281.1285; Found 281.1279.

6-(|1,1'-biphenyl]-4-yl)-2-phenyl-4,5-dihydropyridazin-3(2 H)-one (7f): light brown
solid (58.7 mg, 60%). mp: 123-125 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 4/1). 'TH NMR (500 MHz, CDCl;) 8 7.86 (d, J= 8.5 Hz,
2H), 7.64-7.60 (m, 6H), 7.46-7.35 (m, 4H), 7.36 (t,J= 7.5 Hz, 1H), 7.27 (t,J = 7.5 Hz,
1H), 3.07 (t, J= 8.0 Hz, 2H), 2.77 (t, J = 8.0 Hz, 2H). 13C NMR (125 MHz, CDCl;) 3
165.3, 151.2, 142.7, 141.3, 140.2, 134.4, 129.0, 128.6, 127.9, 127.3, 127.1, 125.6,
125.6, 124.9, 28.1, 22.9. HRMS (ESI) m/z: [M + H]J* Calcd for C,,H9N,O 327.1492;
Found 327.1501.

6-(4-fluorophenyl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7g): light green oil
(41.8 mg, 52%). Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 4/1). 'H NMR (500 MHz, CDCl;) 6 7.80-7.77 (m, 2H), 7.59-7.57 (m, 2H),
7.43-7.40 (m, 2H), 7.29-7.25 (m, 1H), 7.11-7.08 (m, 2H), 3.05 (t, J = 8.0 Hz, 2H),
2.77(t,J= 8.0 Hz, 2H).13C NMR (125 MHz, CDCl;) 8 165.1, 163.9 (C-F, 'J-.r=248.8
Hz), 150.5, 141.2,131.7 (C-F, 4Jc.r=2.5 Hz), 128.6, 128.1 (C-F, 3J-.r=8.8 Hz), 125.7,

124.9, 115.7 (C-F, 2Jc.r = 21.2 Hz), 28.0, 22.9. HRMS (ESI) m/z: [M + H]* Calcd for
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Ci6H14FN,0 269.1085; Found 269.1092.

Cl

6-(4-chlorophenyl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7h): light yellow oil
(56.2 mg, 66%). Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 4/1). "TH NMR (500 MHz, CDCl) 6 7.74 (d, J = 8.5 Hz, 2H), 7.57 (d, /= 8.0
Hz, 2H), 7.44- 7.38 (m, 4H), 7.28 (t,J = 7.5 Hz, 1H), 3.07 (t, J = 8.0 Hz, 2H), 2.79 (4,
J = 8.0 Hz, 2H). 3C NMR (125 MHz, CDCl3) & 165.1, 150.2, 141.1, 136.1, 133.9,
128.9, 128.6, 127.4, 125.7, 124.9, 27.9, 22.8. HRMS (ESI) m/z: [M + H]* Calcd for
C16H14CIN,O 285.0789; Found 285.0791. Spectroscopic data for the title compound

were consistent with those reported in the literature.*

Br

6-(4-bromophenyl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7i): light yellow oil
(68.9 mg, 70%). Column chromatography on silica gel (Eluent: petroleum ether/ethyl
acetate, 4/1). 'TH NMR (500 MHz, CDCl3) & 7.65 (d, J = 9.0 Hz, 2H), 7.57-7.52 (m,
4H), 7.41 (t, J= 8.0 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H), 3.03 (t, /= 8.0 Hz, 2H), 2.76 (t,
J = 8.0 Hz, 2H). 3C NMR (125 MHz, CDCl3) & 165.1, 150.3, 141.2, 134.4, 131.8,
128.6, 127.6, 125.7, 124.9, 124.4, 27.9, 22.7. HRMS (ESI) m/z: [M + H]* Calcd for
C16H14BrN,O 329.0284; Found 329.0296.
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6-(4-iodophenyl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7j): brown solid (67.7
mg, 60%). mp: 98-100 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 4/1). "TH NMR (400 MHz, CDCl3) 6 7.73 (d, J = 8.0 Hz, 2H), 7.57-
7.50 (m, 4H), 7.41 (t,J= 7.6 Hz, 2H), 7.27 (t, J= 7.6 Hz, 1H), 3.02 (t, J = 8.0 Hz, 2H),
2.76 (t, J = 8.0 Hz, 2H). 3C NMR (101 MHz, CDCl;) 6 165.1, 150.4, 141.2, 137.8,
135.0, 128.6, 127.7,125.7, 124.9, 96.4, 27. 9, 22.6. HRMS (ESI) m/z: [M + H]" Calcd
for C¢H4IN,O 377.0145; Found 377.0133.

ethyl 4-(6-oxo-1-phenyl-1,4,5,6-tetrahydropyridazin-3-yl)benzoate (7k): light
brown solid (73.4 mg, 76%). mp: 59-60 °C. Column chromatography on silica gel
(Eluent: petroleum ether/ethyl acetate, 4/1). 'TH NMR (500 MHz, CDCls) 6 8.08 (d, J =
8.5 Hz, 2H), 7.86 (d, /= 8.5 Hz, 2H), 7.58 (d, /= 7.5 Hz, 2H), 7.44 (t, J= 7.5 Hz, 2H),
7.30 (t,J=17.5 Hz, 1H), 4.40 (q, /= 7.0 Hz, 2H), 3.13 (t, /= 8.0 Hz, 2H), 2.82 (t, J =
8.0 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) & 166.1, 165.1,
150.2, 141.1, 139.4, 131.5, 129.8, 128.6, 125.8, 125.9, 124.9, 61.2, 27.9, 22.9, 14.3.
HRMS (ESI) m/z: [M + H]* Calcd for C19H;9N,0O5 323.1390; Found 323.1388.

CF;
2-phenyl-6-(4-(trifluoromethyl)phenyl)-4,5-dihydropyridazin-3(2H)-one 7:
brown solid (72.5 mg, 76%). mp: 79-81 °C. Column chromatography on silica gel
(Eluent: petroleum ether/ethyl acetate, 4/1). 'H NMR (500 MHz, CDCl3) 6 7.91 (d,
J=28.0 Hz, 2H), 7.67 (d, J = 8.0 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H), 7.43 (t, J=17.5
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Hz, 2H), 7.30 (t, J= 7.5 Hz, 1H), 3.12 (t, J = 8.0 Hz, 2H), 2.82 (t, J = 8.0 Hz, 2H).
13C NMR (125 MHz, CDCl3) 8 165.0, 149.7, 141.1, 138.8, 131.6 (C-F, 2Jc.r = 32.8
Hz), 128.6, 125.9, 125.4,125.6 (C-F, 3Jc.r=3.8 Hz), 124.9, 123.9 (C-F, \Jc.r=272.2
Hz), 27.8, 22.9. HRMS (ESI) m/z: [M + H]* Calcd for C;;H;4F3;N,O 319.1053;
Found 319.1053.

6-(naphthalen-2-yl)-2-phenyl-4,5-dihydropyridazin-3(2H)-one (7m): light yellow
oil (28.8 mg, 32%). Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 4/1). 'TH NMR (500 MHz, CDCl;) 6 8.12-8.07 (m, 2H), 7.89-7.84
(m, 3H), 7.64 (d, J = 7.5 Hz, 2H), 7.53-7.43 (m, 4H), 7.29 (t,J = 7.5 Hz, 1H), 3.21 (t,
J=8.0 Hz, 2H), 2.83 (t, /= 8.0 Hz, 2H). 3C NMR (125 MHz, CDCl3) 4 165.4, 151.3,
141.3, 134.0, 133.0, 132.9, 128.6, 128.6, 128.4, 127.8, 127.2, 125.7, 125.2, 125.0,
123.2, 28.1, 22.8. HRMS (ESI) m/z: [M + H]" Calcd for C,oH;7N,O 301.1335; Found

301.1344.
NI,N (@)
7]
S

2-phenyl-6-(thiophen-3-yl)-4,5-dihydropyridazin-3(2H)-one (7n): red oil (23.1 mg,
30%). Column chromatography on silica gel (Eluent: petroleum ether/ethyl acetate,
4/1).™TH NMR (500 MHz, CDCl3) 6 7.59-7.57 (m, 4H), 7.42 (t, J = 8.0 Hz, 2H), 7.35-
7.34 (m, 1H), 7.28 (d, J="7.5 Hz, 1H), 3.06 (t,J = 8.0 Hz, 2H), 2.78 (t, /= 8.0 Hz, 2H).
13C NMR (125 MHz, CDCl;) 8 165.2, 148.2, 141.2, 138.6, 128.5, 125.6, 125.6, 125.7,
125.0,124.9, 28.1, 23.7. HRMS (ESI) m/z: [M + H]" Calcd for C,4H;3N,OS 257.0743;
Found 257.0755.
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—2Z

6-phenyl-2-(p-tolyl)-4,5-dihydropyridazin-3(2H)-one (70): off white solid (22.2 mg,
28%). mp: 116-118 °C. Column chromatography on silica gel (Eluent: petroleum
ether/ethyl acetate, 4/1). '"H NMR (500 MHz, CDC]ls) 6 7.80-7.79 (m, 2H), 7.45 (d, J =
8.5 Hz, 2H), 7.42-7.40 (m, 3H), 7.22 (d, J = 8.5 Hz, 2H), 3.08 (t, /= 8.0 Hz, 2H), 2.77
(t, J= 8.0 Hz, 2H), 2.37 (s, 3H). 13C NMR (125 MHz, CDCl;) 8 165.3, 151.3, 138.8,
136.5, 135.5,129.9, 129.2, 128.6, 125.1, 124.9, 28.0,22.9, 21.1. HRMS (ESI) m/z: [M
+ Na]* Calcd for C17H;4N,NaO 287.1155; Found 287.1159.

—Z

2-(4-(tert-butyl)phenyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (7p): brown
solid (20.2 mg, 22%), mp: 133-135 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 4/1). 'H NMR (500 MHz, CDCl3) & 7.81-7.79 (m, 2H),
7.50 (d, J = 9.0 Hz, 2H), 7.45-7.40 (m, 5H), 3.09 (t, J = 8.0 Hz, 2H), 2.78 (t, J = 8.0
Hz, 2H), 1.34 (s, 9H).'3C NMR (125 MHz, CDCl;) 8 165.3, 151.4, 149.5, 138.7, 135.5,
129.9, 128.6, 125.1, 125.5, 124.5, 34. 6, 31.4, 28.0, 22.9. HRMS (ESI) m/z: [M + H]*
Calcd for C,oH»3N,0O 307.1805; Found 307.1801.
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2-(4-methoxyphenyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (7q): light brown
solid (34.5 mg, 41%), mp: 125-128 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 4/1). 'H NMR (500 MHz, CDCl;) & 7.80-7.78 (m, 2H),
7.53-7.40 (m, 5H), 6.95-6.93 (m, 2H), 3.82 (s, 3H), 3.08 (t, J = 8.0 Hz, 2H), 2.77 (t, J
= 8.0 Hz, 2H).13C NMR (125 MHz, CDCl3) 6 165.4, 158.2, 151.4, 135.5, 134.4, 130.0,
128.6, 125.4, 125.1, 113.9, 55.5, 27.9, 22.9. HRMS (ESI) m/z: [M + H]" Calcd for
C17H17N,0, 281.1285; Found 281.1275.

NO,

—2Z

2-(4-nitrophenyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (7r): yellow solid
(23.1 mg, 26%), mp: 110-112 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 4/1). 'H NMR (500 MHz, CDCl) 6 8.27 (d, /= 9.5 Hz,
2H), 7.95 (d, J=9.5 Hz, 2H), 7.84-7.82 (m, 2H), 7.48-7.47 (m, 3H), 3.14 (t, /= 8.0 Hz,
2H), 2.84 (t,J=28.0 Hz, 2H).13C NMR (125 MHz, CDCl3) 8 165.7, 153.3, 146.3, 144.9,
135.0,130.6, 128.8, 125.2, 124.0, 123.8, 28.3,22.9. HRMS (ESI) m/z: [M + H]* Calcd
for C,¢H14N305 296.1030; Found 296.1034. Spectroscopic data for the title compound

were consistent with those reported in the literature.’
4.Synthetic Applications

4.1. Synthesis of tetra-substituted pyrazole
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NPT

Bn —
)\ B(OH), NHNH, Ni(dppp)Cl, (10 mol %) P
NC™ CN + + » N‘N
ZnCl, (2 equiv)
1b 2a 3a

THF, 100 °C, Ny, 24 h 4x

In a 10 mL Schlenk reaction tube, 2-benzylmalononitrile (1b) (0.6 mmol, 2.0 equiv,
93.6 mg), phenylboronic acid (2a) (0.8 mmol, 2.6 equiv, 97.6 mg), phenylhydrazine or
substituted phenylhydrazine hydrochloride (3a) (0.3 mmol, 1.0 equiv, 32.4 mg),
Ni(dppp)Cl, (0.03 mmol, 10 mol %, 16.3 mg), ZnCl, (0.6 mmol, 2.0 equiv, 81.8mg),
were dissolved in tetrahydrofuran (2.0 mL) under N, atmosphere. The reaction mixture
was then heated at 100 °C (oil bath) with vigorous stirring for 24 hours. After the
reaction equilibrium, the mixture was poured into ethyl acetate, which was washed with
saturated NaHCOj; (2 x 10 mL) and then brine (1 x 10 mL). After the aqueous layer
was extracted with ethyl acetate, the combined organic layers were dried over
anhydrous Na,SO, and evaporated under vacuum. The filtrate was concentrated in
vacuo and purified by a silica gel packed flash chromatography column with petroleum

ether/ethyl acetate (5:1) as the eluent to afford the desired products 4x in 90% yield.

4-benzyl-1,3-diphenyl-1H-pyrazol-5-amine (4x): yellow oil (87.8 mg, 90%). Column
chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 5/1). 'TH NMR
(500 MHz, CDCl;) 6 7.63 (t, J = 8.0 Hz, 4H), 7.46 (t, J = 8.0 Hz, 2H), 7.37-7.29 (m,
8H), 7.21 (t, J= 7.0 Hz, 1H), 3.93 (s, 2H), 3.53 (s, 2H). 13C NMR (125 MHz, CDCl;)
o 151.4, 143.6, 139.9, 138.8, 133.9, 129.5, 128.8, 128.4, 128.2, 128.0, 127.7, 127.3,
125.3, 124.0, 99.8, 29.4. HRMS (ESI) m/z: [M + H]* Calcd for Cy,HyoN3 326.1652;
Found 326.1657

4.2. Synthesis of biologically active molecule in one pot
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1a, 0.6 mmol + 2a, 0.8 mmol + 3a, 0.3 mmol

N\\N

: . Ph |

i) standard conditions \ N
' _—

ii) TSNHNH,, acetophenone, I, :\'1//>‘"Ph

Ph”™ N
8a, 32%

In a 10 mL Schlenk reaction tube, malononitrile (1a) (0.6 mmol, 2.0 equiv, 39.6 mg),
phenylboronic acid (2a) (0.8 mmol, 2.6 equiv, 97.6 mg), phenylhydrazine or substituted
phenylhydrazine hydrochloride (3a) (0.3 mmol, 1.0 equiv, 32.4 mg), Ni(dppp)Cl, (0.03
mmol, 10 mol %, 16.3 mg), ZnCl,(0.6 mmol, 2.0 equiv, 81.8mg), were dissolved in
tetrahydrofuran (2.0 mL) under N, atmosphere. The reaction mixture was then heated
at 100 °C (oil bath) with vigorous stirring for 24 hours. After the mixture was cooled
to room temperature, acetophenone (0.25 mmol, 1.0 equiv, 30.1 mg), 4-
Methylbenzenesulfonhydrazide (0.375 mmol, 1.5 equiv, 69.8 mg), iodine (0.375 mmol,
1.5 equiv, 95.2 mg) was added to the mixture, The mixture was stirred at 100 °C under
air for 12 h. After completion of the reaction (monitored by TLC), the reaction mixture
was cooled to ambient temperature and water (30 mL) was added to the mixture, which
was then extracted with EtOAc (3 x 10 mL). The extract was washed with 10% w/w
Na,S,0; (aq), dried over anhydrous Na,SO,, and the solvent was removed under
vacuum to provide the crude product, which was purified by column chromatography

on silica gel to afford the desired products 8a in 32% yield.¢

N/’N
N / :
N

N

1-(1,3-diphenyl-1H-pyrazol-5-yl)-4-phenyl-1H-1,2,3-triazole (8a): light-yellow
solid (34.9 mg, 32%), mp: 122-123 °C. Column chromatography on silica gel (Eluent:
petroleum ether/ethyl acetate, 5/1). 'H NMR (500 MHz, CDCl3) 6 7.91 (d, J = 8.0 Hz,
2H), 7.80-7.78 (m, 3H), 7.46-7.30 (m, 11H), 7.02 (s, 1H).13C NMR (125 MHz, CDCl;)
o 151.8, 148.1, 137.7, 135.5, 132.1, 129.5, 129.0, 128.9, 128.8, 128.6, 126.0, 125.8,
123.8,121.8, 102.3. HRMS (ESI) m/z: [M + H]* Calcd for C,3H;gN5s 364.1557; Found
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364.1577. Spectroscopic data for the title compound were consistent with those
reported in the literature.?

4.3. The transformation of amino group

AN 0 Pyridine, r.t., 12 h TsaN
E\//>"Ph ¥ 4@’%‘ Cl > Dph

Ph™ N ¢} P VN

4a, 0.1 mmol 0.3 mmol 8b, 67%

In a 10 mL Schlenk reaction tube, 4-tosyl chloride (0.3 mmol, 3.0 equiv, 57.2 mg) was
added to a mixture of 1,3-diphenyl-1H-pyrazol-5-amine (4a) (0.1 mmol, 1.0 equiv, 23.5
mg) in pyridine (1 ml). The mixture was stirred at room temperature under air for 12 h.
After completion of the reaction, water (10 mL) was added to the mixture, which was
then extracted with EtOAc (3 x 10 mL). The combined organic layers were dried over
anhydrous Na,SO, and evaporated under vacuum. The filtrate was concentrated in
vacuo and purified by a silica gel packed flash chromatography column with petroleum

ether/ethyl acetate (8:1) as the eluent to afford the desired products 8b in 67% yield.

N-(1,3-diphenyl-1H-pyrazol-5-yl)-4-methyl-NV-tosylbenzenesulfonamide (8b): off
white solid (36.4 mg, 67%), mp: 205-207 °C. Column chromatography on silica gel
(Eluent: petroleum ether/ethyl acetate, 8/1). 'TH NMR (500 MHz, CDCl3) 6 7.77 (d, J =
7.5 Hz, 2H), 7.64-7.61 (m, 6H), 7.42-7.34 (m, 6H), 7.23 (d, J = 8.0 Hz, 4H), 6.32 (s,
1H), 2.46 (s, 6H). 3C NMR (125 MHz, CDCl;) & 151.2, 145.7, 138.4, 135.1, 132.6,
132.5,129.5,129.3,129.1, 128.7, 128.4, 128.2, 125.7, 125.6, 105.9, 21.8. HRMS (ESI)
m/z: [M + H]" Calcd for C,0H6N304S, 544.1359; Found 544.1348.

4.4. The late-stage oxidation of the obtained product’
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¢ >

le > N0
DMSO, 100°C, 12 h L
7a, 0.2 mmol 8c, 85%

A mixture of 2,6-diphenyl-4,5-dihydropyridazin-3(2H)-one 7a (0.2 mmol) and iodine
(25 mol%) in DMSO was stirred for 8 h at 100 °C. The completion of reaction was
monitored by TLC (acetone:hexane = 30:70). The brown-red coloured reaction mixture
was poured into saturated solution of sodium thiosulphate. The separated solid product
was filtered, dried and recrystallized from methanol. The 2,6-diphenylpyridazin-3(2H)-
one 8¢ was obtained in 85% yield.

2,6-diphenylpyridazin-3(2H)-one (8c): White solid, (42.2 mg, 85%). Column
chromatography on silica gel (Eluent: petroleum ether/ethyl acetate, 2/1). 'TH NMR
(500 MHz, CDCl3) 6 7.83 (d, J=7.0 Hz, 2H), 7.75 (d, J=9.5 Hz, 1H), 7.71 (d,J="7.5
Hz, 2H), 7.53-7.40 (m, 6H), 7.15 (d, J = 9.5 Hz, 1H). 3C NMR (125 MHz, CDCls) §
159.5, 144.9, 141.8, 134.5, 131. 5, 130.3, 129.7, 129.0, 128.8, 128.3, 126.1, 125.50.

5.The Mechanistic Investigations

5.1. Competitive experiments

” H,N

2e and 20 PhNHNH, standard conditions 2 _
0.4 mmol : 0.4 mmol * 3a, 0.3 mmol A~ > N OMe/CF
NC”~ "CN Ph” N e/Lirs

13, 0.6 mmol 4e:40= 10.89:1

Ina 10 mL Schlenk reaction tube, malononitrile (1a) (0.6 mmol, 2.0 equiv, 39.6 mg), 4-
methoxyphenylboronic acid (2e¢) (0.4 mmol, 1.3 equiv, 60.8 mg), 4-
trifluoromethylphenylboronic acid (20) (0.4 mmol, 1.3 equiv, 76.0 mg),
phenylhydrazine (3a) (0.3 mmol, 1.0 equiv, 32.4 mg), Ni(dppp)Cl, (0.03 mmol, 10 mol
%, 16.3 mg), ZnCl,(0.6 mmol, 2.0 equiv, 81.8mg), were dissolved in tetrahydrofuran
(2.0 mL) under N, atmosphere. The reaction mixture was then heated at 100 °C (oil
bath) with vigorous stirring for 24 hours. After the reaction equilibrium, the mixture
was poured into ethyl acetate, which was washed with saturated NaHCO; (2 x 10 mL)

and then brine (1 x 10 mL). After the aqueous layer was extracted with ethyl acetate,
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the combined organic layers were dried over anhydrous Na,SO,4 and evaporated under
vacuum. The filtrate was concentrated in vacuo and purified by a silica gel packed flash
chromatography column with petroleum ether/ethyl acetate (5:1) as the eluent to afford

the desired product 4e and 40 separately, the ratio of 4e and 40 is 10.89.

OMe/CF5
LT

PhB(OH), . 3e and 3j standard conditiori ph—’ N
2a, 0.8 mmol 0.15 mmol : 0.15 mmol PN —
NC CN NH,
1a, 0.6 mmol

5e:5) = 1:2.82

In a 10 mL Schlenk reaction tube, malononitrile (1a) (0.6 mmol, 2.0 equiv, 39.6 mg),
phenylboronic acid (2a) (0.8 mmol, 2.6 equiv, 97.6mg), 4-methoxyphenylhydrazine
hydrochloride (3e) (0.15 mmol, 1.0 equiv, 26.2mg), 4-
(trifluoromethyl)phenylhydrazine hydrochloride (3j) (0.15 mmol, 1.0 equiv, 31.9 mg),
Ni(dppp)Cl, (0.03 mmol, 10 mol %, 16.3 mg), ZnCl,(0.6 mmol, 2.0 equiv, 81.8mg),
were dissolved in tetrahydrofuran (2.0 mL) under N, atmosphere. The reaction mixture
was then heated at 100 °C (oil bath) with vigorous stirring for 24 hours. After the
reaction equilibrium, the mixture was poured into ethyl acetate, which was washed with
saturated NaHCOj; (2 x 10 mL) and then brine (1 x 10 mL). After the aqueous layer
was extracted with ethyl acetate, the combined organic layers were dried over
anhydrous Na,SO, and evaporated under vacuum. The filtrate was concentrated in
vacuo and purified by a silica gel packed flash chromatography column with petroleum
ether/ethyl acetate (5:1) as the eluent to afford the desired product 5e and 5j separately,
the ratio of Se and 5j is 1 to 2.82.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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The peak in black oval is the signal of Apiezon grease.
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'"H NMR (500 MHz, CDCl3) of compound 70
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The peak in black oval is the signal of Apiezon grease.
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'"H NMR (500 MHz, CDCl;) of compound 7p

The peak in black oval is the signal of Apiezon grease.
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'"H NMR (500 MHz, CDCl;) of compound 8a

The peak in black oval is the signal of Apiezon grease.
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'"H NMR (500 MHz, CDCl;) of compound 8b
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