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Typical Experimental Procedure

General information

All reactions were carried out in flame-dried reaction vessels. Reaction
temperatures are reported as the temperature of the bath surrounding the
reaction vessel. The commercially available chemicals were used without
further purification. All the N-arylamidines used were synthesized according to
reference.! All new compounds were fully characterized. Melting points were
determined on a melting point apparatus in open capillaries and are uncorrected.
1H and C NMR spectra were recorded on a 300 MHz or a 500 MHz NMR
spectrometers using CDCIl; or DMSO-d¢ as solvent and TMS as an internal
standard. High resolution mass spectral (HRMS) data were obtained with an

ionization mode of ESI or APCI on Agilent 6200 LC/MS TOF.

General procedures for 1,3,5-trisubstituted-1H-1,2,4-triazoles

N-arylamidines (1 mmol), nitrile (1.5-2 mmol), Cu(OAc),-H,O (0.1 mmol),
Na,COs (2 mmol) and 1,10-phenanthroline (0.1 mmol) were stirred in toluene
(2 mL) under reflux in air for 24 h in pre-heated oil bath. After cooling to room
temperature, the reaction was extracted with ethyl acetate. The combined
organic layer was dried over Na,SOs, filtrated, concentrated and purified by
column chromatography on silica gel (300-400 mesh) to give 3aa-3da with

petroleum ether/ethyl acetate as the eluent.

General procedures for 3,5-disubstituted-1H-1,2,4-triazoles.

Benzamidine hydrochloride (1 mmol), nitrile (1.5 mmol), Cu(OAc),-H,O (0.03
mmol), Na,CO3 (3 mmol) were stirred in toluene (2 mL) under reflux in air for
24 h in pre-heated oil bath. After cooling to room temperature, the reaction was
extracted with ethyl acetate. The combined organic layer was dried over
Na,SOy, filtrated, concentrated and purified by column chromatography on
silica gel (300-400 mesh) to give Saa-S5da with petroleum ether/ethyl acetate as

the eluent.



Characterization data for the products

1,3,5-triphenyl-1,2,4-triazole(3aa)2. Red-brown solid, mp 100-103 °C, Litm.p: 105-
106 °C, Yield 75 %; '"H NMR (300MHz, CDCl3) & 8.26-8.23 (m, 2H), 7.57-7.33 (m, 13H); °C
NMR (75 MHz, CDCl;) ¢ 162.3, 155.1, 138.7, 131.1, 130.4, 129.8, 129.4, 129.2, 129.0, 128.4,
127.0, 125.8.

3-(4-chlorophenyl)-1,5-diphenyl-1,2,4-triazole(3ab). Light red solid, mp 98-101 °C,
Yield 76 %; 'H NMR (300 MHz, CDCl3) & 8.18 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 6.9 Hz, 2H),
7.45-7.33 (m, 10H); °C NMR (75 MHz, CDCly) & 161.38 , 155.3, 138.5, 135.7, 130.5, 129.8,
129.6, 129.3,129.2, 129.0, 128.3, 125.8; C2oH;sN3C1 (M + H]") 332.0954, found 332.0949.
1,5-diphenyl-3-(4-(trifluoromethyl)phenyl)-1,2,4-triazole(3ac). White solid, mp
125-127 °C, Yield 82%; "H NMR (300 MHz, CDCl;) & 8.37 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1
Hz, 2H), 7.56 (d, J = 6.6 Hz, 2H), 7.44-7.34(m, 8H); *C NMR (75 MHz, CDCl;) 5 161.0, 155.5,
138.4, 134.5, 131.4(q, J = 32.3 Hz), 130.6, 129.9, 129.5, 129.3, 129.1, 128.0, 127.2, 1259 (q, J =
3.8 Hz), 124.6(q, J = 270.4 Hz). HRMS (ESI) calcd for CoH;sN3Fs ([M + H]") 366.1218, found
366.1213;

3-(4-methoxyphenyl)-1,5-diphenyl-1,2,4-triazole(3ad). = Red-brown  solid, mp
128-130 °C, Yield 56 %; '"H NMR (300 MHz, CDCly) & 8.18 (d, J = 8.4 Hz, 2H), 7.54 (d, J= 6.9
Hz, 2H), 7.40-7.31 (m, 8H), 6.98 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H); °C NMR (125 MHz, CDCLy) §
162.2, 161.1, 155.0, 138.8, 130.4, 129.8, 129.4, 129.1, 129.0, 128.5, 128.5, 125.8, 114.4, 55.7;
HRMS (ESI) caled for Co1H;sN;O ([M + HJ") 328.1450, found 328.1447.
1,5-diphenyl-3-(p-tolyl)-1,2,4-triazole(3ae). White solid, mp131-132°C, Yield 73 %; 'H

NMR (300 MHz, DMSO-dg) & 8.00(d, J = 8.1 Hz, 2H), 7.49-7.37(m, 10H), 7.30(d, J = 7.8 Hz,



2H), 2.34(s, 3H); *C NMR (125 MHz, DMSO-dg) & 161.6, 155.3, 139.9, 138.8, 131.0, 130.4,
130.3, 130.0, 129.6, 129.5, 128.6, 128.5, 126.8, 126.6, 21.8; HRMS (ESI) calcd for C,HsN; ([M
+H]") 312.1501, found 312.1495.

1,5-diphenyl-3-(o-tolyl)-1,2,4-triazole(3af). White solid, mp 87-89 °C, Yield 52 %; 'H
NMR (300 MHz, CDCl3) & 8.10 (d, J=3 Hz, 1H), 7.57 (d, J=6 Hz, 2H), 7.43-7.31 (m, 11H),
2.74 (s, 3H); *C NMR (75 MHz, CDCLy) § 163.1, 154.1, 138.7, 137.7, 131.5, 130.3, 130.3, 130.0,
129.7, 129.4, 129.4, 129.1, 129.0, 128.5, 126.2, 125.7, 22.3; HRMS (ESI) calcd for C, HsN; ([M
+H]") 312.1501, found 312.1493.

3-(2-chlorophenyl)-1,5-diphenyl-1,2,4-triazole(3ag). White solid, mp 107-109 °C, Yield
56 %; 'H NMR (300 MHz, CDCl3) & 8.03-8.01 (m, 1H), 7.58-7.50 (m, 3H), 7.43-7.34 (m, 10H);
C NMR (75 MHz, CDClL;) & 160.9, 154.5, 138.5, 133.4, 132.0, 131.1, 130.6, 130.5, 130.3,
129.8, 129.4, 129.3, 129.0, 128.2, 127.1, 125.8. HRMS (ESI) calcd for Co0H;sN5Cl ([M + H])
332.0954, found 332.0949.

3-(1,5-diphenyl-1H-1,2,4-triazol-3-yl)pyridine(3ah). White solid, mp109-110°C, Yield
81%; 'H NMR (300 MHz, DMSO-dg) § 9.27(s, 1H), 8.65(d, J = 4.5 Hz, 1H), 8.41(d, J = 8.1 Hz,
1H), 7.57-7.38(m, 11H); *C NMR (75 MHz, DMSO-dg) § 159.1, 155.3, 150.9, 147.5, 138.2,
133.8, 130.8, 130.0, 129.9, 129.2, 129.1, 127.8, 126.8, 126.3, 124.5; HRMS (ESI) calcd for
CioHsNu([M + H]") 298.1296, found 298.1291.
1,3-diphenyl-5-(p-tolyl)-1,2,4-triazole(3ba). White solid, mp 84-86 °C, Yield 72%; 'H
NMR (300 MHz, CDCls) § 8.24 (d, J=8.7Hz, 2H), 7.50-7.44 (m,10H), 7.16 (d, J = 7.8 Hz, 2H),
2.36(s, 1H); *C NMR (75 MHz, CDCl;) § 162.2, 155.3, 140.5, 138.7, 131.1, 129.7, 129.7, 129.6,

129.2, 129.1, 128.9, 126.9, 125.8, 125.4, 21.8. HRMS (ESI) caled for CoH;sN; (M + H])



312.1501, found 312.1495.
3-(4-chlorophenyl)-1-phenyl-5-(p-tolyl)-1,2,4-triazole(3bb). Pink solid, mp 119-121 °C,
Yield 82 %; 'H NMR (300 MHz, CDCls) § 8.18 (d, J = 8.4Hz, 2H), 7.44-7.42 (m, 9H), 7.17 (d, J
= 7.8Hz, 2H), 2.37 (s, 3H); °C NMR (75 MHz, CDCLy) 6 161.3, 155.4, 140.7, 138.7, 135.6, 129.8,
129.7, 129.2, 129.2, 129.2, 128.3, 125.8, 125.3, 21.82; C,;H;sN5Cl ([M + H]") 346.1111, found
346.1106.

1-phenyl-5-(p-tolyl)-3-(4-(trifluoromethyl)phenyl)-1,2,4-triazole(3bc). White solid,
mp 95-97 °C, Yield 85 %; 'H NMR (300 MHz, CDCls) & 8.36 (d, J = 7.8, 2H), 7.71 (d, J = 7.8Hz,
2H), 7.44 (w, 7TH), 7.17 (d, J = 7.5Hz, 2H), 2.36 (s, 3H); °C NMR (75 MHz, CDCl;) & 140.8,
138.6, 138.2, 134.7, 134.3, 131.4(q, J = 32.2 Hz), 130.1, 129.9, 129.8, 129.7, 129.7, 127.2, 126.4,
125.9 (q, J = 3.8 Hz), 124.6(q, J = 270.5 Hz), 21.7; HRMS (ESI) calcd for Co,H;¢NsF; ([M + H]")
380.1375, found 380.1369.

1-phenyl-3,5-di-p-tolyl-1,2,4-triazole(3be). Gray solid, mp 100-103 °C, Yield 69 %;; 'H
NMR (300 MHz, CDCly) & 8.13 (d, J = 8.1 Hz, 2H), 7.45-7.42 (m, 7H), 7.27 (d, J = 8.4 Hz, 2H),
7.15 (d, J = 8.1 Hz, 2H), 2.40 (s, 3H), 2.36 (s, 3H); °C NMR (75 MHz, CDCl3) § 162.3, 155.1,
140.5, 139.7, 138.9, 130.6, 129.7, 129.7, 129.7, 129.3, 129.1, 128.5, 127.0, 125.8, 125.6; HRMS
(ESI) caled for Co»HaoN3 ([M + H]") 326.1657, found 326.1652.
5-(4-chlorophenyl)-3-phenyl-1-(p-tolyl)-1H-1,2,4-triazole(3ca). Red-brown solid, mp
107-109 °C, Yield 65 %; 'H NMR (300 MHz, CDCls) § 8.24-8.21(m, 2H), 7.53-7.44(m, 5H),
7.35-7.27(m, 5H), 7.14-7.11(d, J= 7.5 Hz, 1H), 2.40(s, 3H); "C NMR (75 MHz, CDCl;) § 160.4,
152.1, 138.4, 136.5, 134.6, 129, 128.7, 128.4, 128.0, 127.7, 127.6, 127.3, 127.1, 125.1, 125.0,

124.5, 123.9, 121.1, 19.4; HRMS (ESI) caled for CoiHigNsCl (M + H]) 346.1111, found



346.1106;

1-(4-chlorophenyl)-3-phenyl-5-(p-tolyl)-1H-1,2,4-triazole(3da). White solid, mp
142-144 °C, Yield 70 %; '"H NMR (300 MHz, CDCls) & 8.23-8.21 (m, 2H), 7.49-7.35 (m, 9H),
7.18 (d, J = 7.8 Hz, 2H), 2.38 (s, 3H); °C NMR (75 MHz, CDCl3) § 160.5, 153.4, 138.9, 135.4,
132.9, 129.2, 128.7, 128.4, 128.0, 127.9, 127.4, 127.1, 125.1, 125.0, 123.4, 121.1, 20.0, HRMS
(ESI) caled for CoH;sN5Cl ([M + H]") 346.1111, found 346.1106.
3,5-diphenyl—1H-1,2,4-triazole(5aa)3. White solid, mp 188-190 °C, Lit.m.p: 190-191 °C,
Yield 89 %; 'H NMR (300 MHz, DMSO-dg) & 14.56 (s, 1H), 8.10 (b, 4H), 7.58-7.48 (m, 6H);
BCNMR (75MHz, DMSO-dq) § 162.5, 155.9, 132.1, 131.0, 129.9, 129.5, 128.1, 127.0, 126.7.
3-(4-chlorophenyl)-5-phenyl-1H-1,2,4-triazole(5ab). White solid, mp 232-234 °C, Yield
91 %; 'H NMR (500 MHz, DMSO-dg) 5 12.57(s, 1H), 8.21-8.15 (m, 3H), 7.85 (t, ] = 7.5 Hz, 1H),
7.76 (d, J = 8.1 Hz, 1H), 7.60-7.51 (m, 4H); °C NMR (125 MHz, DMSO-dq) & 162.6, 161.6,
156.1, 155.0, 135.8, 134.6, 131.2, 130.0, 129.7, 128.8, 128.5, 128.1, 127.1, 126.9; HRMS (ESI)
caled forCi4HiN;Cl ([M + H]) 256.0641, found 256.0636.
5-phenyl—3-(4-(triﬂu0romethyl)phenyl)-1H-1,2,4-triazole(5ac)3 . White solid, mp
218-219 °C, Lit.m.p: 214-216 °C, Yield 96 %; '"H NMR (300 MHz, DMSO-dg) & 14.83-14.76 (m,
1H), 8.32 (d, J = 7.8 Hz, 2H), 8.11 (d, J = 6.9 Hz, 2H), 7.99-7.86 (m, 2H), 7.58-7.49 (m, 3H); °C
NMR (75 MHz, DMSO-dg) & 161.2, 156.3, 135.9, 131.1, 129.7 (d, J = 27.1 Hz), 127.8, 127.6,
127.2,126.9 (d, J = 16.5 Hz), 126.4, 123.2.
3-(4-methoxyphenyl)-5-phenyl-1H-1,2,4-triazole(Sad). White solid, mp 164-165 °C,
Yield 83 %; 'H NMR (300 MHz, DMSO-dg) & 14.48(s, 1H), 8.17-8.08(m, 4H), 7.56-7.54(m, 3H),

7.15-7.12(m, 2H), 3.85(s, 3H); °C NMR (75 MHz, DMSO-dg) & 162.2, 161.5, 161.2, 160.7, 156.3,



155.8, 1323, 131.1, 130.9, 129.9, 129.7, 129.5, 128.6, 128.2, 127.8, 127.2, 126.7, 126.4, 115.3,
114.8, 56.1, 55.9; HRMS (ESI) calcd for C;sH4NsO ([M + H]") 252.1137, found 252.1127.
5-phenyl-3-(p-tolyl)-1H-1,2,4-triazole(5ae)*. White solid, mp 189-190 °C, Yield 90 %;
'H NMR (300 MHz, DMSO-d) & 14.48-14.44 (m, 1H), 8.11-7.96 (m, 2H), 7.98-7.96 (m, 2H),
7.57-7.29 (m, 5H), 2.39 (s, 3H); °C NMR (75 MHz, DMSO-dg) & 162.5, 162.3, 155.9, 155.7,
140.8, 139.2, 132.2, 131.0, 130.5, 130.1, 129.9, 129.8, 129.5, 128.1, 126.9, 126.7, 125.3.
5-phenyl-3-(o-tolyl)-1H-1,2,4-triazole(5af)*°(1:1). White solid, mp 165-166°C, Yield 78 %;
'H NMR (500 MHz, DMSO-dg) § 14.56 (s, 1H), 14.25 (s, 1H), 8.08 (s, 4H), 8.00 (d, J = 5.5 Hz,
1H), 7.69 (d, J = 6.5 Hz, 1H), 7.58-7.33 (m, 12H), 2.64 (s, 3H), 2.57 (s, 3H); °C NMR (125 MHz,
DMSO-dg) & 161.3, 162.1, 156.2, 155.0, 137.5, 137.2, 132.0, 131.0, 130.7, 129.9, 129.6, 128.2,
126.8, 22.6, 21.4.

3-(2-chlorophenyl)-5-phenyl-1H-1,2,4-triazole(Sag)(1:1). White solid, mp 166-167 °C, Yield
71 %; "H NMR (500 MHz, DMSO-d¢) 5 14.69 (s, 1H), 14.40 (s, 1H), 8.39-7.44 (m, 18H); '°C
NMR (125 MHz, DMSO-dg) 6 162.2, 161.1, 155.4, 153.6, 132.5, 132.4, 132.3, 132.0, 131.2, 130.0,
129.6, 128.4, 128.0, 127.0, 126.8;HRMS (ESI) caled for C1sH;1N;sCl ([M + H]") 256.0641, found
256.0632.

3-cyclohexyl-Sphenyl-1H-1,2,4-triazole(5ah). White solid, mp 119-120°C, Yield 78 %; 'H
NMR (300 MHz, DMSO-ds) & 13.60(s, 1H), 7.96(d, J = 6.3 Hz, 2H), 7.41-7.35 (m, 3H),
2.82-2.75(m, 1H), 1.95(d, J = 11.7 Hz, 2H), 1.77-1.64(m, 3H), 1.58-1.46(m, 2H), 1.41-1.16(m,
3H); 3C NMR (125 MHz, DMSO-dg) § 162.2, 161.3, 132.6, 129.8, 129.4, 126.5, 36.2, 31.8, 26.3,
26.2; HRMS (ESI) calcd for C4H N3 ([M + H]") 228.1501, found 228.1495.

5-(4-bromophenyl)-3-phenyl-1H-1,2,4-triazole(Sba)*’. White solid, mp 260-262 °C, Yield 88 %;



'H NMR (500 MHz, DMSO-dg) 814.63 (s, 1H), 8.08-8.04 (m, 4H), 7.81-7.70 (m, 2H), 7.60-7.44
(m, 3H); C NMR (125 MHz, DMSO-dq) 6 161.6, 156.2, 132.7, 130.9, 129.8, 128.8, 126.9, 123.5;
5-(4-bromophenyl)-3-(4-(trifluoromethyl)phenyl)-1H-1,2,4-triazole(Sbc). White solid, mp
223-235 °C, Yield 94 %; 'H NMR (500 MHz, DMSO-dg) & 14.89-14.82 (m, 1H), 8.30-8.29 (m,
2H), 8.05-8.03 (m, 2H), 7.96-7.71 (m, 4H); *C NMR (125 MHz, DMSO-dq) & 161.9, 161.3, 155.4,
154.8, 135.7, 133.0, 132.6, 131.6, 131.1, 129.0, 127.7, 127.3, 127.0, 126.6, 124.7, 124.0; HRMS
(ESI) calcd for CsHoN3F3Br ([M + H]") 368.0010, found 367.9999.
5-(4-bromophenyl)-3-(4-methoxyphenyl)-1H-1,2,4-triazole(Sbd). White solid, mp 230-232 °C,
Yield 75 %; "H NMR (300 MHz, DMSO-dg) 5 14.43 (s, 1H), 8.03-8.01 (m, 4H), 7.72 (b, 2H), 7.12
(b, 2H), 3.84(s, 3H); °C NMR (75 MHz, DMSO-dg) & 161.6, 156.0, 132.5, 131.4, 128.7, 123.0,
120.2, 115.3, 56.1; HRMS (ESI) calcd for C;sH;3N;0Br ([M + H]") 330.0242, found 330.0234.
3-phenyl-5-(p-tolyl)-1H-1,2,4-triazole(5ca). White solid, mp 180-181 °C, Yield 93 %; 'H NMR
(500 MHz, DMSO-dg) 614.48-14.44 (m, 1H), 8.11-7.97 (m, 4H), 7.58-7.30 (m, 5H), 2.39-2.37(m,
3H); *C NMR (125 MHz, DMSO-dq) & 162.3, 155.9, 140.5, 130.3, 129.7, 126.3, 21.8;HRMS (ESI)
caled for CsH4N; ([M + H]") 236.1188, found 236.1184.
3-(4-chlorophenyl)-5-(p-tolyl)-1H-1,2,4-triazole(Scbh). White solid, mp 272-274 °C, Yield 92 %;
'H NMR (500 MHz, DMSO-dg) & 14.52 (s, 1H), 8.10-8.09 (d, J = 4.8 Hz, 2H), 7.98-7.97 (d, J =
4.5 Hz, 2H), 7.60-7.58(m, 2H), 7.36-7.35(m, 2H), 2.38(s, 3H); °C NMR (125 MHz, DMSO-d,) &
162.5, 156.0, 140.6, 139.3, 132.4, 130.3, 129.6, 126.9, 125.5, 21.7; HRMS (APCI) calcd for
Cy1sH13N3C1([M + H]") 270.0798, found 270.0788.
3-(4-methoxyphenyl)-5-(p-tolyl)-1H-1,2,4-triazole(Scd). White solid, mp 216-218 °C, Yield

90 %; "H NMR (500 MHz, DMSO-d) & 14.25 (s, 1H), 7.99-7.93(m, 4H), 7.30(b, 2H), 7.06(b, 2H),



3.80(s, 3H), 2.34(s, 3H); °C NMR (125 MHz, DMSO-d¢) & 162.3, 161.3, 155.7, 139.2, 130.2,
128.4, 126.8, 115.1, 56.1, 21.8; HRMS (ESI) calcd for Ci¢H ¢N;O ([M + H]") 266.1293, found
266.1286;

5-methyl—3-phenyl—1H-1,2,4-triazole(5da)3. White solid, mp 154-155 °C, Lit.m.p: 163-165 °C,
Yield 45 %; 'H NMR (300 MHz, DMSO-ds) & 7.99-7.97 (m, 2H), 7.40-7.38 (m, 3H), 2.44 (s, 3H);

C NMR (75 MHz, DMSO-dg) 8 161.0, 156.3, 130.1, 130.0, 129.2, 126.8, 12.9.



'H and "C NMR spectra of the products.
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