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Copper Catalyzed Synthesis of 2H-1,2,3-Triazoles in Green Solvent
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Abstract The hydrolysis of 4-substituted 1-sulfonyl-1,2,3-triazoles induced by a catalytic amount of copper sulfate in the
green solvent of H2O/PEG-400 was reported, providing a wide range of 4-substituted-2H-1,2,3-triazoles in excellent yields.
The approach provides a green, simple and effective method for the preparation of 2H-1,2,3-triazole compounds. Bromination,
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arylation, and alkylation on 2H-1,2,3-triazoles by the one-pot method were also explored.
Keywords 2H-1,2,3-triazole; copper sulfate; triazole derivative; green solvent

1 Introduction

In the past few decades, the synthetic methods of 1,2,3-
triazole have been greatly developed.l'! 1,2,3-Triazole
compounds are five-membered heterocycles containing
three nitrogen atoms. The particularity of their structures
determines that they have certain special physical and
chemical properties. 1,2,3-Triazole derivatives have a vari-
ety of pharmacological properties, such as antituberculosis,
antifungal, antitumor, antibacterial activities.””) The 1,2,3-
triazole moiety can exert a variety of non-covalent interac-
tions to improve the solubility and ability to bind with bi-
molecular targets.’] At the same time, 1,2,3-triazole can be
used as an isostere of amides, esters or carboxylic acids, as
a common pharmacophore in many drugs.*! Therefore,
1,2,3-triazole derivatives play compelling roles in drug
development.

* Corresponding authors. E-mail: bijingjing2008@126.com; zgs@htu.cn

Until now, researchers have discovered many methods
for the synthesis of triazole compounds. For example,
Wan’s groupl®! reported that a wide range of 5-thiolated
1,2,3-triazoles was synthesized from p-thiolated enami-
nones and tosyl hydrazine using N,N,N',N'-tetramethyl-
ethylenediamine (TMEDA) as a promoter and water as the
solvent. At present, a few cases have focused on the prep-
aration of NH-1,2,3-triazoles. And it is mainly concentrat-
ed on the synthesis of 1H-1,2,3-triazoles. Kuang’s group!®!
studied a method for synthesizing 4-aryl-1H-1,2,3-triazoles
from anti-3-aryl-2,3-dibromopropanoic acids with Pds-
(dba); as a catalyst, xantphos as a ligand in N,N-dimethyl-
formamide (DMF) at 110 ‘C. Barluenga et al.l”! demon-
strated Pd-catalyzed synthesis of 4-aryl-1H-triazoles from
alkenyl halides and sodium azide with dioxane as the sol-
vent at 90 °C. Guan et al® described TsOH-mediated
1,3-dipolar cycloaddition of nitroolefins and sodium azide
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to synthesize 4-aryl-NH-1,2,3-triazoles with DMF as the
solvent. In Shu’s study,” a molecular iodine-mediated
coupling cyclization reaction of N-tosyl hydrazones and
sodium azide generated 4-aryl-NH-1,2,3-triazoles via se-
quential C—N and N—N bond formation, which used
strong organic acid MsOH as the catalyst, DMSO as the
solvent at 110 C. Yet now, There are few studies on the
preparation of 2H-1,2,3-triazoles, and the following meth-
ods are available. Taylor’s group!!’! found that 5-substi-
tuted 2H-1,2,3-triazole-4-ols could be obtained by a-azido
esters reacting with trialkyl phosphines in THF/H,O in
good yields (Scheme 1a). Lam et al.l'!l described the sol-
id-phase synthesis of 2H-1,2,3-triazoles via a [3+2] cy-
cloaddition of polymer-bound vinyl sulfones and sodium
azide under microwave condition at 120 C. The sub-
strates polymer-bound vinyl sulfones were prepared for
two steps in a high-temperature and high-boiling solvent
(Scheme 1b). Chen et al.l'”l developed an aluminium(1II)
chloride-catalyzed three-component reaction of aromatic
aldehydes, nitroalkanes and sodium azide to provide
4-aryl-NH-1,2,3-triazoles with dimethyl sulfoxide (DMSO)
as the solvent (Scheme 1c). Recently, Wang et al.'¥l re-
ported the synthetic method of 4-aryl-2H-1,2,3-triazoles
from 1-tosyl-1,2,3-triazoles, using strong organic acid
TsOH as a catalyst (Scheme 1d). To the best of our
knowledge, there is no detailed study on the synthesis of
2H-1,2,3-triazoles, especially in the controlled synthesis
process. It is better to consider greener methods, such as
avoiding the use of strong acid, organic solvents, minimiz-
ing catalysts, high temperature, etc. 1-Sulfonyl-1,2,3-tria-
zoles can be easily synthesized from alkynes and sulfonyl
azides in one step.['*! Herein, we wish to develop an effi-
cient method for the synthesis of 2H-1,2,3-triazoles under
green and mild conditions from these readily available
substrates.

2 Results and discussion

In our initial experiments, the effects to produce 4-phen-
yl-2H-1,2,3-triazole (2a) was investigated with 4-phenyl-1-
tolyl-1H-1,2,3-triazole (1aa) as the model substrate (Table
1). TsOH was first used as the catalyst and H>O as the sol-
vent.['*] Tt was found that 2a was obtained with only 40%
yield at 80 ‘C for 4 h owing to the poor solubility of the
raw material 1aa in water, which was different from the
literature!'3! (Table 1, Entry 1). Next, BF;*Et,O was used
as the catalyst and 1,2-dichloroethane (DCE) as the sol-
vent. Until the equivalent of BF3;*Et;O is 6, 2a could be
obtained with a yield of 47% (Table 1, Entry 2~35). Con-
sidering that the amount of BF3;*Et,O is too large, our in-
terest is still low-dose and cheap catalysts. CuSO4 and
ZnSO4 are cheap and available catalysts in hand. Then,
CuSO0s and ZnSO4 were explored by using H,O as the sol-
vent and reacting at 80 ‘C for 0.5 h. The catalytic effect
of CuSOy is better than that of ZnSO4 (Table 1, Entry 6~
7). Therefore, CuSO4 was selected as the catalyst and H,O
was used as the solvent. In Entries 8~9 (Table 1), the ef-
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Scheme 1 Synthesis of 2H-1,2,3-triazole

fects of temperature were investigated on the reaction for 6
h, and the reaction effects were poor at 40 and 60 C. Be-
cause the solubility of raw material and product were not
good in pure water, green solvent PEG-400 was used as a
solubilizing agent. When laa was treated with CuSO,
(0.01 equiv.) in water and PEG-400 (3.0 mL, 10 : 1 ratio)
at 60 ‘C, the reaction gave 2a in 83% yield after 24 h (Ta-
ble 1, Entry 11). When using 80 ‘C for hydrolyzation of
1aa, the product 2a could be obtained in a yield of 96% for
4 h (Table 1, Entry 12). When ZnSO4 (0.01 equiv.) was
used as a catalyst, the target compound 2a was obtained in
95% yield with 5 h at 80 ‘C (Table 1, Entry 13). Consid-
ering the factors of price, accessibility and industrializa-
tion, Eentry 12 was chosen as our optimal condition for the
preparation of 2H-1,2,3- triazoles.

Based on the optimized reaction condition, we system-
atically investigated the effect of various 1,4-disubstituted
1,2,3-triazole derivatives, as shown in Tables 2 and 3. From
Table 2, it can be seen that the reaction had good applica-
bility to 4-phenyl-1,2,3-triazole derivatives containing
various substituted sulfonyl groups, and 4-phenyl-2H-1,2,3-
triazole 2a was obtained in high yields. When the R! sub-
stituent was alkylsulfonyls (1ab~1ad), the reactions were
completed quickly, and 2a was obtained with the yields of
90%~98%. When the sulfonyl substituent R! was substi-
tuted phenyls, whether electron-withdrawing groups
(EWG) or electron-donating groups (EDG) on the aromatic

http://sioc-journal.cn/ 2761
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Table 1 Screening and optimization of reaction conditions®
N=N N-NH
~N"Ts  acid (equiv.) [ N
Solvent, T
1aa 2a
Entry Acid (equiv.) Solvent Time/h 7/C 2a, Yield”/%
1 TsOH (0.01) H.0 4 80 40
2 BF3+Et0 (1.0) DCE 0.5 80 Trace
3 BF3+Et0 (2.0) DCE 0.5 80 Trace
4 BF3+Et0 (4.0) DCE 0.5 80 Trace
5 BF3+Et20 (6.0) DCE 0.5 80 47
6 CuS04 (0.01) H.0 0.5 80 90
7 ZnS04 (0.01) H.0 0.5 80 38
8 CuSO04 (0.01) Hx0 6 40 Trace
9 CuSOs4 (0.01) H.0 6 60 20¢
10 CuS04(0.01) H20/PEG-400 (V' : V=4 1) 15 60 79¢
11 CuS04(0.01) H20/PEG-400 (V' : V=10 :1) 24 60 83
12 CuS04(0.01) H20/PEG-400 (V. V=10 1) 4 80 96
13 ZnS04 (0.01) H>0/PEG-400 (¥ : V=10 : 1) 5 80 95

@ All reactions were carried out with 4-phenyl-1-tolyl-1/H-1,2,3-triazole (1aa, 1.0 mmol), catalyst, solvent (3 mL), unless otherwise indicated.  Isolated yields. ¢ 80%

1aa was recovered. ¢ 7% laa was recovered. ¢ 20% laa was recovered.

Table 2 Synthetic raw materials and reactions of 4-pheny-1-1,2,3-triazole®*

o
N=N . N-NH
_a_pl . . p
N ﬁ R CuS0O, (0.01 equiv.) | N
O V(H,0): V(PEG-400) = 10:1, 80 °C
1a 2a
N=N o N=N o N=N o N=N
/ \ \ \
Ph—XN-g Ph—XN~¢ Ph—N~¢ Ph—\ N~¢_
1/ I ~ N n n—C4H7
o 0 0 o
1aa, 4 h, 96% 1ab, 1 h, 92% 1ac, 4.5 h, 90% 1ad, 6 h, 98%
_ N=N N=N _
N= 0 0 N=N o

1ae, 23 h, 96% 1af, 2.5 h, 94%

N=N N=N o

L P NS
Ph—Xy N\/,S Ph—XN~g
i

o COOEt o)

1ai,4 h, 91% 1aj, 2.5 h, 93%

1
Ph—\ N\”S’ ph—\_N-d
1l
o o} cl

1ag, 3.5 h, 92% 1ah, 33 h, 95%

N=N N

L o N=N o
Ph—X\ N\/s O Ph—N~¢_ S
0 g \

1ak, 3.5 h, 87% 1al, 26 h, 95%

@ All reactions were carried out with 4-phenyl-1-tolyl-1H-1,2,3-triazole (1a) (1.0 mmol), CuSO, (0.01 mmol), H,O/PEG400 (F/V=10/1, 3 mL) at 80 C, unless

otherwise indicated. ? Isolated yields.

ring, 2a also could be obtained in high yields (1ae~1aj,
91%~96%), which proved that the electronic effect of the
substituent groups had no significant effect on this reaction.
The hydrolysis of 2-naphthalenesulfonyl 1,2,3-triazole
(1ak) could be conducted with a yield of 87%. The yield
was slightly lower, which might be related to the steric
hindrance of 1ak. To our delight, when the R! substituent
was 2-thienyl, the reaction could process successfully (1al,
95%).

Based on the above results, we further expanded the
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scope of the substrates (Table 3). The hydrolysis of various
4-substituted 1-tosyl-1,2,3-triazoles 1b~1s could obtain
the corresponding 2H-1,2,3-triazoles 2b~2s with yields of
more than 90%. The electronic effects and the positions of
substituents on the benzene ring had no significant influ-
ence on the yields of 2H-1,2,3-triazoles (Table 3, com-
pounds 2b~2n). Among them, the reaction time of 4-p-
trifluoromethylphenyl-1-tosyl-1,2,3-triazole (1m) was 55 h,
mainly because 1m had poor solubility in PEG-400 and
floated on the surface of the solution during the reaction. In

Chin. J. Org. Chem. 2021, 41, 2760~2766
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Table 3 Synthesis of 2H-1,2,3-triazoles”

N:N\ i -~
J\/N-Ts CuS0Oy (0.01 equiv.) , N‘:
R2 V(H,0): V(PEG-400) = 10:1, 80 °C Rz/’\//

1b ~1s 2b ~2s
N-NH NNH N-NH N N-NH
/ _N N N / _N 2 ‘NH N
0 o] =N
\ Cl
2b, 7.5 h, 99% 2¢. 6 h, 96% 2d,6h, 91% 2e.6h. 95% 2. 7h, 91%
N— N—
N NH N—NH N=NH o NH N—NH
_N / N / \ N / A
cl Br
Cl . F
0 2i, 5 h, 93% 9
29, 6 h, 95% 2h, 6 h, 98% o 2,55h, 91% 2k, 24 h, 96%
N—NH
;o N=NH / l/\l—NH N—NH N—NH
_N 720 3 _N = U N / N
FaC =N VG 4
S
Br 2m, 55 h, 95% © 20, 10.5 h, 91% 2p, 11 h, 90%
s s 0 o , 10.0 N, , ,
21,105 h, 98% 2n, 24 h, 90% ° P °
N-NH N-NH p-NH
WN /\/\/\/L//N N
2q, 10 h, 91% 2r, 10 h, 90% 2s,35h, 92%

@ All reactions were carried out with sulfonylated 1,2,3-triazoles 1b~1s (1.0 mmol), CuSO; (0.01 mmol), H,O/PEG400 (¥/¥=10/1, 3 mL) at 80 °C, unless other-
wise indicated. ? Isolated yields.

addition, when the sulfonyl substituent R?> was 3-thienyl, N=N N-NH
2-naphthyl, alkyl, cyclohexenyl and cyclohexyl, the reac- (@) ©)§/N‘TS CuSO,, NBS ©/L/(N
tions could process successfully with good yields (Table 3, CH4CN, 80°C, 6 h Br
compounds 20~~2s). 1aa

4-Bromo-NH-1,2,3-triazole is an important intermediate
for the synthesis of poly-substituted 1,2,3-triazoles.l'>] We
envisaged that 4-phe'ny1—1-tosy1-1,2,3—triazole (laa) 'rea.ct— "N-Ts  CuSO,, Cu(OAG),, PhB(OH),
ed with the brominated reagent N-bromosuccinimide (b) 5
(NBS)!'31 under the catalysis of copper sulfate to prepare ©/K/ CH,CN, 807°C, 48 h
4-bromo-NH-1,2,3-triazole (Scheme 2a) by a one-pot

1aa
N,
method. After reacting at 80 ‘C for 6 h, the target com- ©\<T"N @ N\ N@
@ +
=N

pound 3 was obtained with a yield of 75%. At the same
time, the N-2/N-1 alkylation reaction of 4-substituted 1- 4b, 30%

tosyl-1,2,3-triazoles was also investigated. With 4-phenyl- 4a, 20%
1-tolyl-1,2,3-triazole and phenylboronic acid in hand, us-
ing Cu(OAc)!'®! and CuSO, as catalysts, N-2-phenyl- N:N\N_ CUSO.. CUOA) KuSiO
1,2,3-triazole 4a and N-1-phenyl-1,2,3-triazole 4b were (©) /T CuSOs CuOAd 02 28
obtained by a one-pot method in 20% and 30% yields, re- NazCOs, DMF, 110 %C, 23 h
spectively. 1aa N

Nitrogen heterocycles were important scaffolds in natu- N_Nﬁ %H
ral products with interesting biological activities.!” Lei’s | N O

group!'®! reported N-amidoalkylation of NH-1,2,3-tria-

zoles to obtain 2-amidoalkylated 4-phenyl-1,2,3-triazole 5 5, 85%

in harsh condition with 3 steps. The key step was selective Scheme 2  Derivatization of 2H-1,23-triazole by one-pot
N-2 alkylation of NH-1,2,3-triazole, using Cu(OAc), as the method

catalyst at 110 “C. Inspired by them, we used a one-pot ) . ) ) )

method with 4-phenyl-1-tolyl-1H-1,2,3-triazole and DMF trlazple 5 could be obtained in 85% yield, which was more
as starting materials, CuSO4 as a co-catalyst. When the efficient and gentle.

reaction temperature was 80 ‘C, 2-amidoalkylated 1,2,3-

Chin. J. Org. Chem. 2021, 41, 2760~2766 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2763
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3 Conclusions

In summary, an efficient method for preparing
2H-1,2,3-triazoles has been developed via hydrolysis reac-
tion catalyzed by copper sulfate in the green solvents
H,O/PEG-400, which avoided the use of base or acid. And
in most cases, the quantitative conversion is performed,
regardless of the electronic properties of the diverse sub-
stitutes. The approach provided a green and simple method
for the preparation of 2H-1,2,3-triazole compounds. In
addition, we also explored bromination, arylation, and al-
kylation on 2H-1,2,3-triazole by the one-pot method with
good results. The hydrolysis and derivatization of other
1,2,3-triazoles under green conditions is in progress.

4 Experimental section

4.1 General information

All reagents were obtained from commercial sources
and used without further purification. '"H NMR and "*C
NMR spectra were recorded on a Bruker Avance/600 (‘H
NMR: 600 MHz, 3C NMR: 150 MHz at 25 C) or a
Bruker Avance/400 ('H NMR: 400 MHz, '3C NMR: 100
MHz at 25 “C), and TMS as the internal standard.

4.2 General procedure for the preparation of 2H-
1,2,3-triazoles

The mixture of sulfonylated triazole derivative laa (1
mmol, 299 mg) and CuSOs (0.01 mmol, 1.6 mg) was
stirred in 3 mL of H,O/PEG400 (¥ : V=10/1) at 80 C
for 4 h. Then the mixture was added 15 mL of water and
extracted with dichloromethane (30 mL X 3). The organic
phase was collected, dried over anhydrous Na,SOs. The
solvent was removed by rotary evaporation under reduced
pressure. The residue was purified by silica gel column
chromatography to obtain 4-phenyl-2H-1,2,3-triazole
(22)'31 as a white solid (139.4 mg, 96%). m.p. 146~
148 °C; 'H NMR (600 MHz, CDCls) &: 12.08 (s, 1H), 7.99
(s, 1H), 7.83 (d, J=7.2 Hz, 2H), 7.46 (t, J=7.2 Hz, 2H),
7.39 (t, J=7.2 Hz, 1H). HRMS (ESI) calcd for CsH7KN;
[M-+K]" 184.0272, found 184.0293.

4-(p-Tolyl)-2H-1,2,3-Triazole (2b):[3! 99% yield. Light
yellow solid, m.p. 148~151 C; 'H NMR (400 MHz,
CDCls) 6: 12.32 (s, 1H), 7.98 (s, 1H), 7.67 (s, 1H), 7.62 (d,
J=17.6 Hz, 1H), 7.35 (t, J=7.6 Hz, 1H), 7.21 (d, J=7.6
Hz, 1H). HRMS (ESI) caled for CoH;oN; [M+H] "
160.0870, found 160.0847.

4-(m-Tolyl)-2H-1,2,3-Triazole (2¢): 96% yield. White
solid, m.p. 87~89 “C; 'H NMR (400 MHz, CDCls) 6:
12.65 (s, 1H), 7.99 (s, 1H), 7.67 (s, 1H), 7.63 (d, J=7.6
Hz, 1H), 7.35 (t, J=7.6 Hz, 1H), 7.21 (d, J/=7.6 Hz, 1H),
2.43 (s, 3H); ¥C NMR (151 MHz, CDClLy) J: 147.26,
138.89, 129.72, 129.70, 129.05, 126.97, 123.41, 21.55.
HRMS (ESI) calcd for CoH;oN3 [M+H]" 160.0870, found
160.0889.

4-(4-Methoxyphenyl)-2H-1,2,3-triazole  (2d):'31 91%
yield. Yellow solid, m.p. 162~165 C; 'H NMR (400
MHz, CDCl) ¢: 11.79 (s, 1H), 7.90 (s, 1H), 7.75 (d, J=
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8.8 Hz, 2H), 6.99 (d, J=28.8 Hz, 2H), 3.86 (s, 3H). HRMS
(ESI) caled for CoH oN3O [M+H]" 176.0819, found
176.0815.

4-(3-Methoxyphenyl)-2H-1,2,3-triazole ~ (2€):®)  95%
yield. White solid, m.p. 76~79 °C; 'H NMR (400 MHz,
CDCl) o: 8.00 (s, 1H), 7.45~7.31 (m, 3H), 6.98~6.89
(m, 1H), 3.88 (s, 3H). HRMS (ESI) caled for CoH N3O
[M+H]" 176.0819, found 176.0805.

4-(2-Chlorophenyl)-2H-1,2,3-triazole (2£):) 91% yield.
White solid, m.p. 105~108 °C; 'H NMR (600 MHz,
CDCLy) &: 12.37 (s, 1H), 8.27 (s, 1H), 7.93 (d, J=6.7 Hz,
1H), 7.50 (d, J=7.6 Hz, 1H), 7.35 (dt, J=25.0, 7.0 Hz,
2H). HRMS (ESI) caled for CsH;CIN; [M+H]"180.0323,
found 180.0369.

4-(3-Chlorophenyl)-2H-1,2,3-triazole (2g):! 95% yield.
White solid, m.p. 136~139 °C; 'H NMR (400 MHz,
CDCL;) 8: 12.00 (s, 1H), 7.98 (s, 1H), 7.84 (d, J=1.8 Hz,
1H), 7.75~7.66 (m, 1H), 7.44~7.32 (m, 2H). HRMS
(ESI) caled for CsH,CIN; [M+H]" 180.0323, found
180.0313

4-(4-Chlorophenyl)-2H-1,2,3-triazole ~ (2h):["31  98%
yield. White solid, m.p. 157~159 °C; 'H NMR (400
MHz, CDCly) 6: 11.73 (s, 1H), 7.96 (s, 1H), 7.81~7.73
(m, 2H), 7.48~7.40 (m, 2H). HRMS (ESI) calcd for
CsHCIKN; [M+K]™ 217.9982, found 217.9998.

4-(4-Fluorophenyl)-2H-1,2,3-triazole (2i):['*1 93% yield.
White solid, m.p. 127~130 °C; 'H NMR (400 MHz,
CDCLy) 6: 11.69 (s, 1H), 7.93 (s, 1H), 7.80 (td, J=2.0, 5.2
Hz, 2H), 7.15 (t, J=8.4 Hz, 2H). HRMS (ESI) calcd for
CsH7FN; [M+H]" 164.0619, found 164.0621.

4-(3-Fluorophenyl)-2H-1,2,3-triazole (2j):I'*1 91% yield.
White solid, m.p. 126~129 °C; 'H NMR (400 MHz,
CDCLy) &: 11.92 (s, 1H), 7.98 (s, 1H), 7.61 (d, J=7.6 Hz,
1H), 7.55 (dt, J/=2.0, 9.6 Hz, 1H), 7.42 (td, J/=6.0, 8.0 Hz,
1H), 7.12~7.04 (m, 1H). HRMS (ESI) calcd for CsH7FN3
[M+H]" 164.0619, found164.0639.

4-(4-Bromophenyl)-2H-1,2,3-triazole ~ (2k):['"J  96%
yield. White solid, m.p. 186~189 °C; 'H NMR (400
MHz, CDCl3) &: 11.83 (s, 1H), 7.96 (s, 1H), 7.70 (d, J=
8.4 Hz, 2H), 7.61~7.53 (m, 2H). HRMS (ESI) calcd for
HRMS (ESI) caled for CsHsBrKN; [M+K]™ 261.9377,
found 261. 9387.

4-(3-Bromophenyl)-2H-1,2,3-triazole (21):®) 98% yield.
White solid, m.p. 135~137 °C; 'H NMR (400 MHz,
CDCl) d: 11.85 (s, 1H), 7.99 (t, J=2.0 Hz, 1H), 7.97 (s,
1H), 7.76 (d, J=7.6 Hz, 1H), 7.51 (dd, J=8.0, 0.8 Hz,
1H), 733 (t, J=8.0 Hz, 1H). HRMS (ESI) caled for
CsHeBIKN; [M+K]" 261.9377, found 261.9361.

4-(4-(Trifluoromethyl)phenyl)-2H-1,2,3-triazole ~ (2m):
95% yield. Yellow solid, m.p. 100~103 ‘C; 'H NMR
(600 MHz, MeOD) &: 8.26 (s, 1H), 8.02 (d, J=8.0 Hz,
2H), 7.71 (d, J=28.0 Hz, 2H); 3C NMR (150 MHz,
MeOD) o: 146.55, 135.52, 131.41, 131.19, 130.98, 130.83,
130.76, 127.33, 126.92, 126.90, 126.87, 126.85. HRMS
(ESI) caled for CoH;FN; [M-+H]® 214.0587, found
214.0583.

Methyl 4-(2H-1,2,3-triazol-4-yl)benzoate (2n):[ 90%
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yield. Colorless oil. 'H NMR (600 MHz, CDCI;) J: 8.13
(d, J=8.4 Hz, 1H), 8.04 (s, 1H), 7.91 (d, J=7.8 Hz, 1H),
3.95 (s, 2H). HRMS (ESI) calcd for Ci1oHoKN30, [M+ K]
" 242.0372, found 242.0363.
4-(Thiophen-3-yl)-2H-1,2,3-triazole (20):®1 91% yield.
Light yellow solid, m.p. 134~137 °C; 'H NMR (400
MHz, CDCl3) o: 11.93 (s, 1H), 7.88 (s, 1H), 7.69 (dd, J=
2.8, 1.2 Hz, 1H), 7.49 (dd, J=5.2, 1.2 Hz, 1H), 7.42 (dd,
J=5.0,2.9 Hz, 1H). HRMS (ESI) calcd for C¢HgN3S [M+
H]" 152.0277, found 152.0251.
4-(Naphthalen-1-yl)-2H-1,2,3-triazole ~ (2p):®  90%
yield. Colorless oil. 'H NMR (400 MHz, Chloroform-d) &:
12.78 (s, 1H), 8.31 (dd, J=3.2, 6.4 Hz, 1H), 8.01 (s, 1H),
7.92 (dd, J=3.2, 6.4 Hz, 2H), 7.69 (d, J=7.2 Hz, 1H),
7.57~17.50 (m, 3H). HRMS (ESI) caled for Ci2H;oN3
[M+H]" 196.0870, found 196.0865.
4-(Cyclohex-1-en-1-yl)-2H-1,2,3-triazole  (2q): 91%
yield. Yellow oil. '"H NMR (400 MHz, CDCl3) &: 7.69 (s,
1H), 6.58~6.28 (m, 1H), 2.44 (dd, J=6.0, 8.0 Hz, 2H),
2.22 (tt, J=3.2, 6.0 Hz, 2H), 1.86~1.57 (m, 4H); 3C
NMR (151 MHz, CDCls) o: 147.97, 128.95, 127.16,
127.06, 26.26, 25.50, 22.47, 22.18. HRMS (ESI) calcd for
CsH N3 [M+H]" 150.1026, found 150.1055.
4-Heptyl-2H-1,2,3-triazole (2r): 90% yield. Colorless
oil. '"H NMR (600 MHz, CDCls) J: 12.89 (s, 1H), 7.51 (s,
1H), 2.74 (t, J=7.8 Hz, 2H), 1.69 (p, J=7.8 Hz, 2H),
1.35~1.25 (m, 8H), 0.87 (t, J=6.6 Hz, 3H); '*C NMR
(150 MHz, CDCl;) o: 139.77, 131.59, 31.85, 29.29, 29.27,
29.11, 25.07, 22.74, 14.19. HRMS (ESI) calcd for CoH3N3
[M+H]" 168.1496, found 168.1478.
4-Cyclohexyl-2H-1,2,3-triazole (2s): 92% yield. White
solid, m.p. 83~85 C; 'H NMR (600 MHz, CDCls) 4:
13.06 (s, 1H), 7.51 (s, 1H), 2.79 (tt, J=3.6, 11.4 Hz, 1H),
2.07~2.01 (m, 2H), 1.82 (dt, J=3.6, 13.2 Hz, 2H), 1.75~
1.70 (m, 1H), 1.49~1.36 (m, 4H), 1.30~1.24 (m, 1H);
3C NMR (150 MHz, CDCl;) 6: 151.48, 129.68, 34.79,
32.92, 26.16, 26.04. HRMS (ESI) calcd for CsHi4N; [M+
H]" 152.1183, found 152.1185.

4.3 Synthesis of 4-bromo-5-phenyl-2H-1,2,3-triazole
3)

The mixture of 1aa (I mmol, 299 mg), CuSO4 (0.01
mmol, 1.6 mg), N-bromosuccinimide (NBS) (1.5 mmol,
267 mg) was dissolved in 3 mL of CH3CN, and stirred at
80 C for 6 h. Then the acetonitrile was evaporated to
dryness, followed by adding 15 mL of water. The extrac-
tion was performed with dichloromethane (30 mL X5).
The organic phase was collected, dried over anhydrous
Na,SOs, and the solvent was removed by rotary evapora-
tion under reduced pressure. The residue was purified by
silica gel column chromatography to obtain 4-bromo-5-
phenyl-2H-1,2 3-triazole (3)!'¥) as a white solid (167 mg,
75%). m.p. 157~159 C (it m.p. 155~157 C); 'H
NMR (400 MHz, DMSO-ds) J: 15.61 (s, 1H), 7.85 (d, J=
7.2 Hz, 2H), 7.53 (t, J=7.2 Hz, 2H), 7.47 (d, J=7.2 Hz,
1H). HRMS (ESI) caled for CsH¢BrN3Na [M + Na] "
245.9638, found 245. 9656.
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4.4 Synthesis of 2,4-diphenyl-2H-1,2,3-triazole (4a)
and 1,4-diphenyl-1H-1,2,3-triazole (4b)

The mixture of 1aa (I mmol, 299 mg), CuSO; (0.3
mmol, 47.9 mg), Cu(OAc), (1.2 mmol, 218 mg),
PhB(OH), (1.2 mmol, 146.3 mg) was stirred in 3 mL of
CH;CN at 80 ‘C for 48 h. Then the acetonitrile was evap-
orated to dryness, followed by adding 15 mL of water. The
extraction was performed with dichloromethane (30
mL X3). The organic phase was collected, dried over an-
hydrous Na,SO4, and the solvent was removed by rotary
evaporation under reduced pressure. The residue was puri-
fied by silica gel column chromatography to obtain white
solids 4a (44.2 mg, 20%) and 4b (66.3 mg, 30%).

2,4-Diphenyl-2H-1,2,3-triazole (4a):!!% Yellow solid,
m.p. 43~46 C (lit.['! m.p. 43~45 C); 'H NMR (400
MHz, CDCls) o: 8.15 (d, J=8.0 Hz, 2H), 8.06 (s, 1H),
791 (d, J=17.2 Hz, 2H), 7.49 (dt, J=28.0, 11.6 Hz, 4H),
7.43~7.33 (m, 2H); C NMR (151 MHz, CDCl) ¢:
149.02, 140.05, 132.71, 130.19, 129.43, 129.11, 128.98,
127.57, 126.30, 118.97. HRMS (ESI) calcd for Ci4Hi2N3
[M-+H]" 222.1026 found 222.1032.

1,4-Diphenyl-1H-1,2,3-triazole (4b):['1 Yellow solid,
m.p. 185~187 C (lit.' m.p. 186~187 C); 'H NMR
(600 MHz, CDCl3) o: 8.20 (s, 1H), 7.94~7.90 (m, 2H),
7.82~7.78 (m, 2H), 7.55 (t, J=7.9 Hz, 2H), 7.46 (d, J=
7.8 Hz, 3H), 7.38 (d, J=7.4 Hz, 1H); 3*C NMR (150 MHz,
CDCl;) o: 148.56, 137.22, 130.40, 129.92, 129.06, 128.91,
128.57, 126.00, 120.68, 117.74. HRMS (ESI) caled for
Ci1sHpN; [M+H]" 222.1026 found 222.1051.
4.5 Synthesis of N-methyl-N-((4-phenyl-2H-1,2,3-
triazol-2-yl)methyl)formamide (5)

The mixture of 1aa (1 mmol 299 mg), CuSO4 (0.3
mmol, 47.9 mg), Cu(OAc): (0.2 mmol, 36.3 mg), K»>S,0s
(2 mmol, 540.6 mg), Na,CO; (1.1 mmol, 116.6 mg) was
dissolved in 5 mL of N,N-dimethylformamide (DMF), and
stirred at 110 ‘C for 23 h. Then the mixture was added 15
mL of water and extracted with dichloromethane (30
mL X3). The organic phase was collected, dried over an-
hydrous Na,;SO4, and the solvent was removed by rotary
evaporation under reduced pressure. The residue was puri-
fied by silica gel column chromatography to obtain N-
methyl-N-((4-phenyl-2H-1,2,3-triazol-2-yl)methyl)forma-
mide (5)['% as a white solid (183.7 mg, 85%). m.p. 56~
58 C (lit!"! m.p. 58~60 ‘C); 'H NMR (600 MHz,
CDCl3) o: 8.50 (s, 0.75H), 8.18 (s, 0.25H), 7.91 (s, 1H),
7.78 (d, J=8.0 Hz, 2H), 7.44 (q, J=7.5 Hz, 2H), 7.39~
7.35 (m, 1H), 5.93 (s, 0.54H), 5.75 (s, 1.55H), 3.03 (s,
0.76H), 2.95 (d, J=1.4 Hz, 2.25H); *C NMR (150 MHz,
CDCl3) 0: 163.21, 162.98, 149.34, 148.85, 132.56, 132.27,
129.12, 129.10, 129.04, 128.92, 126.19, 67.28, 60.95,
33.75, 29.68. HRMS (ESI) calcd for C;1H12N4NaO [M—+
Na]" 239.0904, found 239.0911.

Supporting Information 'H NMR and *C NMR spectra

of products. The Supporting Information is available free
of charge via the Internet at http://sioc-journal.cn/.
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