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铜催化的 2H-1,2,3-三氮唑的绿色制备 

毕晶晶*    孙潇潇    高  松    陈长坡    张贵生* 
(河南师范大学化学化工学院  绿色化学介质与反应教育部重点实验室  精细化学品绿色制造协同创新中心   

河南省有机功能分子与药物创新重点实验室  河南新乡 453007) 

摘要  报道了 4-取代-1-磺酰基-1,2,3-三氮唑在绿色溶剂中的催化水解反应, 以 1 mol%硫酸铜作为催化剂, 在水/ 
PEG-400 混合溶剂中以较高的收率高效合成了 4-取代-2H-1,2,3-三氮唑. 该方法为制备 2H-1,2,3-三氮唑类化合物提供了

一种绿色、简单、有效的方法. 此外, 还用一锅法对 2H-1,2,3-三氮唑进行了溴化、芳基化、烷基化的探索, 效果良好.  
关键词  2H-1,2,3-三氮唑; 硫酸铜; 三唑衍生物, 绿色溶剂 

Copper Catalyzed Synthesis of 2H-1,2,3-Triazoles in Green Solvent

Bi, Jingjing*    Sun, Xiaoxiao    Gao, Song    Chen, Changpo    Zhang, Guisheng* 
(Key Laboratory of Green Chemical Media and Reactions, Ministry of Education, Collaborative Innovation Center of Henan 

Province for Green Manufacturing of Fine Chemicals, Henan Key laboratory of Organic Functional Molecule and Drug 
Innovation, School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang, Henan 453007) 

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, 
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.[1] 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.[2] 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.[3] 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.[4] Therefore, 
1,2,3-triazole derivatives play compelling roles in drug 
development.  

Until now, researchers have discovered many methods 
for the synthesis of triazole compounds. For example, 
Wanʼs group[5] reported that a wide range of 5-thiolated 
1,2,3-triazoles was synthesized from β-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. Kuangʼs group[6] 
studied a method for synthesizing 4-aryl-1H-1,2,3-triazoles 
from anti-3-aryl-2,3-dibromopropanoic acids with Pd2-
(dba)3 as a catalyst, xantphos as a ligand in N,N-dimethyl-
formamide (DMF) at 110 ℃. Barluenga et al.[7] demon-
strated Pd-catalyzed synthesis of 4-aryl-1H-triazoles from 
alkenyl halides and sodium azide with dioxane as the sol-
vent at 90 ℃. Guan et al.[8] 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 Shuʼs study,[9] 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 ℃. Yet now, There are few studies on the 
preparation of 2H-1,2,3-triazoles, and the following meth-
ods are available. Taylorʼs group[10] found that 5-substi-
tuted 2H-1,2,3-triazole-4-ols could be obtained by α-azido 
esters reacting with trialkyl phosphines in THF/H2O in 
good yields (Scheme 1a). Lam et al.[11] 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 ℃. 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.[12] developed an aluminium(III) 
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.[13] 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.[14] 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 H2O as the sol-
vent.[13] It was found that 2a was obtained with only 40% 
yield at 80 ℃ for 4 h owing to the poor solubility of the 
raw material 1aa in water, which was different from the 
literature[13] (Table 1, Entry 1). Next, BF3•Et2O was used 
as the catalyst and 1,2-dichloroethane (DCE) as the sol-
vent. Until the equivalent of BF3•Et2O is 6, 2a could be 
obtained with a yield of 47% (Table 1, Entry 2～5). Con-
sidering that the amount of BF3•Et2O is too large, our in-
terest is still low-dose and cheap catalysts. CuSO4 and 
ZnSO4 are cheap and available catalysts in hand. Then, 
CuSO4 and ZnSO4 were explored by using H2O as the sol-
vent and reacting at 80 ℃ for 0.5 h. The catalytic effect 
of CuSO4 is better than that of ZnSO4 (Table 1, Entry 6～
7). Therefore, CuSO4 was selected as the catalyst and H2O 
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 ℃. 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 1aa was treated with CuSO4 
(0.01 equiv.) in water and PEG-400 (3.0 mL, 10∶1 ratio) 
at 60 ℃, the reaction gave 2a in 83% yield after 24 h (Ta-
ble 1, Entry 11). When using 80 ℃ 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 ℃ (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 R1 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 R1 was substi-
tuted phenyls, whether electron-withdrawing groups 
(EWG) or electron-donating groups (EDG) on the aromatic
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Table 1  Screening and optimization of reaction conditionsa 

 

Entry Acid (equiv.) Solvent Time/h T/℃ 2a, Yieldb/% 
1 TsOH (0.01) H2O 4 80 40 
2 BF3•Et2O (1.0) DCE 0.5 80 Trace 
3 BF3•Et2O (2.0) DCE 0.5 80 Trace 
4 BF3•Et2O (4.0) DCE 0.5 80 Trace 
5 BF3•Et2O (6.0) DCE 0.5 80 47 
6 CuSO4 (0.01) H2O 0.5 80 90 
7 ZnSO4 (0.01) H2O 0.5 80 38 
8 CuSO4 (0.01) H2O 6 40 Trace 
9 CuSO4 (0.01) H2O 6 60 20c 
10 CuSO4 (0.01) H2O/PEG-400 (V∶V＝4∶1) 15 60 79e 
11 CuSO4 (0.01) H2O/PEG-400 (V∶V＝10∶1) 24 60 83 
12 CuSO4 (0.01) H2O/PEG-400 (V∶V＝10∶1) 4 80 96 
13 ZnSO4 (0.01) H2O/PEG-400 (V∶V＝10∶1) 5 80 95 

a All reactions were carried out with 4-phenyl-1-tolyl-1H-1,2,3-triazole (1aa, 1.0 mmol), catalyst, solvent (3 mL), unless otherwise indicated. b Isolated yields. c 80% 
1aa was recovered. d 7% 1aa was recovered. e 20% 1aa was recovered. 

Table 2  Synthetic raw materials and reactions of 4-pheny-l-1,2,3-triazolea,b 
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a All reactions were carried out with 4-phenyl-1-tolyl-1H-1,2,3-triazole (1a) (1.0 mmol), CuSO4 (0.01 mmol), H2O/PEG400 (V/V＝10/1, 3 mL) at 80 ℃, unless 
otherwise indicated. b 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 R1 substituent 
was 2-thienyl, the reaction could process successfully (1al, 
95%).  

Based on the above results, we further expanded the 

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  
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Table 3  Synthesis of 2H-1,2,3-triazolesa,b 
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a All reactions were carried out with sulfonylated 1,2,3-triazoles 1b～1s (1.0 mmol), CuSO4 (0.01 mmol), H2O/PEG400 (V/V＝10/1, 3 mL) at 80 ℃, unless other-
wise indicated. b Isolated yields.

 

addition, when the sulfonyl substituent R2 was 3-thienyl, 
2-naphthyl, alkyl, cyclohexenyl and cyclohexyl, the reac-
tions could process successfully with good yields (Table 3, 
compounds 2o～2s). 

4-Bromo-NH-1,2,3-triazole is an important intermediate 
for the synthesis of poly-substituted 1,2,3-triazoles.[15] We 
envisaged that 4-phenyl-1-tosyl-1,2,3-triazole (1aa) react-
ed with the brominated reagent N-bromosuccinimide 
(NBS)[15] under the catalysis of copper sulfate to prepare 
4-bromo-NH-1,2,3-triazole (Scheme 2a) by a one-pot 
method. After reacting at 80 ℃ for 6 h, the target com-
pound 3 was obtained with a yield of 75%. At the same 
time, the N-2/N-1 alkylation reaction of 4-substituted 1- 
tosyl-1,2,3-triazoles was also investigated. With 4-phenyl- 
1-tolyl-1,2,3-triazole and phenylboronic acid in hand, us-
ing Cu(OAc)2

[16] and CuSO4 as catalysts, N-2-phenyl- 
1,2,3-triazole 4a and N-1-phenyl-1,2,3-triazole 4b were 
obtained by a one-pot method in 20% and 30% yields, re-
spectively. 

Nitrogen heterocycles were important scaffolds in natu-
ral products with interesting biological activities.[17] Leiʼs 
group[18] reported N-amidoalkylation of NH-1,2,3-tria- 
zoles to obtain 2-amidoalkylated 4-phenyl-1,2,3-triazole 5 
in harsh condition with 3 steps. The key step was selective 
N-2 alkylation of NH-1,2,3-triazole, using Cu(OAc)2 as the 
catalyst at 110 ℃. Inspired by them, we used a one-pot 
method with 4-phenyl-1-tolyl-1H-1,2,3-triazole and DMF 
as starting materials, CuSO4 as a co-catalyst. When the 
reaction temperature was 80 ℃, 2-amidoalkylated 1,2,3- 
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Scheme 2  Derivatization of 2H-1,2,3-triazole by one-pot 
method 

triazole 5 could be obtained in 85% yield, which was more 
efficient and gentle. 
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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 
H2O/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. 1H NMR and 13C 
NMR spectra were recorded on a Bruker Avance/600 (1H 
NMR: 600 MHz, 13C NMR: 150 MHz at 25 ℃) or a 
Bruker Avance/400 (1H NMR: 400 MHz, 13C NMR: 100 
MHz at 25 ℃), 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 1aa (1 
mmol, 299 mg) and CuSO4 (0.01 mmol, 1.6 mg) was 
stirred in 3 mL of H2O/PEG400 (V∶V＝10/1) at 80 ℃ 
for 4 h. Then the mixture was added 15 mL of water and 
extracted with dichloromethane (30 mL×3). The organic 
phase was collected, dried over anhydrous Na2SO4. 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 
(2a)[13] as a white solid (139.4 mg, 96%). m.p. 146～
148 ℃; 1H NMR (600 MHz, CDCl3) δ: 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 C8H7KN3 
[M＋K]＋ 184.0272, found 184.0293. 

4-(p-Tolyl)-2H-1,2,3-Triazole (2b):[13] 99% yield. Light 
yellow solid, m.p. 148～151 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 12.32 (s, 1H), 7.98 (s, 1H), 7.67 (s, 1H), 7.62 (d, 
J＝7.6 Hz, 1H), 7.35 (t, J＝7.6 Hz, 1H), 7.21 (d, J＝7.6 
Hz, 1H). HRMS (ESI) calcd for C9H10N3 [M＋H] ＋ 
160.0870, found 160.0847. 

4-(m-Tolyl)-2H-1,2,3-Triazole (2c): 96% yield. White 
solid, m.p. 87～89 ℃; 1H NMR (400 MHz, CDCl3) δ: 
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); 13C NMR (151 MHz, CDCl3) δ: 147.26, 
138.89, 129.72, 129.70, 129.05, 126.97, 123.41, 21.55. 
HRMS (ESI) calcd for C9H10N3 [M＋H]＋ 160.0870, found 
160.0889. 

4-(4-Methoxyphenyl)-2H-1,2,3-triazole (2d):[13] 91% 
yield. Yellow solid, m.p. 162～165 ℃; 1H NMR (400 
MHz, CDCl3) δ: 11.79 (s, 1H), 7.90 (s, 1H), 7.75 (d, J＝

8.8 Hz, 2H), 6.99 (d, J＝8.8 Hz, 2H), 3.86 (s, 3H). HRMS 
(ESI) calcd for C9H10N3O [M＋H]＋  176.0819, found 
176.0815. 

4-(3-Methoxyphenyl)-2H-1,2,3-triazole (2e):[9] 95% 
yield. White solid, m.p. 76～79 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.00 (s, 1H), 7.45～7.31 (m, 3H), 6.98～6.89 
(m, 1H), 3.88 (s, 3H). HRMS (ESI) calcd for C9H10N3O 
[M＋H]＋ 176.0819, found 176.0805.  

4-(2-Chlorophenyl)-2H-1,2,3-triazole (2f):[9] 91% yield. 
White solid, m.p. 105～108 ℃; 1H NMR (600 MHz, 
CDCl3) δ: 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) calcd for C8H7ClN3 [M＋H]＋180.0323, 
found 180.0369.  

4-(3-Chlorophenyl)-2H-1,2,3-triazole (2g):[9] 95% yield. 
White solid, m.p. 136～139 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 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) calcd for C8H7ClN3 [M＋H]＋  180.0323, found 
180.0313 

4-(4-Chlorophenyl)-2H-1,2,3-triazole (2h):[13] 98% 
yield. White solid, m.p. 157～159 ℃; 1H NMR (400 
MHz, CDCl3) δ: 11.73 (s, 1H), 7.96 (s, 1H), 7.81～7.73 
(m, 2H), 7.48～7.40 (m, 2H). HRMS (ESI) calcd for 
C8H6ClKN3 [M＋K]＋ 217.9982, found 217.9998. 

4-(4-Fluorophenyl)-2H-1,2,3-triazole (2i):[13] 93% yield. 
White solid, m.p. 127～130 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 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 
C8H7FN3 [M＋H]＋ 164.0619, found 164.0621. 

4-(3-Fluorophenyl)-2H-1,2,3-triazole (2j):[13] 91% yield. 
White solid, m.p. 126～129 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 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 C8H7FN3 
[M＋H]＋ 164.0619, found164.0639. 

4-(4-Bromophenyl)-2H-1,2,3-triazole (2k):[13] 96% 
yield. White solid, m.p. 186～189 ℃; 1H NMR (400 
MHz, CDCl3) δ: 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) calcd for C8H6BrKN3 [M＋K]＋ 261.9377, 
found 261. 9387. 

4-(3-Bromophenyl)-2H-1,2,3-triazole (2l):[9] 98% yield. 
White solid, m.p. 135～137 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 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), 7.33 (t, J＝8.0 Hz, 1H). HRMS (ESI) calcd for 
C8H6BrKN3 [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 ℃; 1H NMR 
(600 MHz, MeOD) δ: 8.26 (s, 1H), 8.02 (d, J＝8.0 Hz, 
2H), 7.71 (d, J＝8.0 Hz, 2H); 13C NMR (150 MHz, 
MeOD) δ: 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) calcd for C9H7FN3 [M＋H] ＋  214.0587, found 
214.0583.  

Methyl 4-(2H-1,2,3-triazol-4-yl)benzoate (2n):[6] 90% 
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yield. Colorless oil. 1H NMR (600 MHz, CDCl3) δ: 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 C10H9KN3O2 [M＋ K]
＋ 242.0372, found 242.0363. 

4-(Thiophen-3-yl)-2H-1,2,3-triazole (2o):[9] 91% yield. 
Light yellow solid, m.p. 134～137 ℃; 1H NMR (400 
MHz, CDCl3) δ: 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 C6H6N3S [M＋
H]＋ 152.0277, found 152.0251. 

4-(Naphthalen-1-yl)-2H-1,2,3-triazole (2p):[9] 90% 
yield. Colorless oil. 1H NMR (400 MHz, Chloroform-d) δ: 
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), 
7.57～7.50 (m, 3H). HRMS (ESI) calcd for C12H10N3   
[M＋H]＋ 196.0870, found 196.0865. 

4-(Cyclohex-1-en-1-yl)-2H-1,2,3-triazole (2q): 91% 
yield. Yellow oil. 1H NMR (400 MHz, CDCl3) δ: 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); 13C 
NMR (151 MHz, CDCl3) δ: 147.97, 128.95, 127.16, 
127.06, 26.26, 25.50, 22.47, 22.18. HRMS (ESI) calcd for 
C8H12N3 [M＋H]＋ 150.1026, found 150.1055.  

4-Heptyl-2H-1,2,3-triazole (2r): 90% yield. Colorless 
oil. 1H NMR (600 MHz, CDCl3) δ: 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); 13C NMR 
(150 MHz, CDCl3) δ: 139.77, 131.59, 31.85, 29.29, 29.27, 
29.11, 25.07, 22.74, 14.19. HRMS (ESI) calcd for C9H18N3 
[M＋H]＋ 168.1496, found 168.1478. 

4-Cyclohexyl-2H-1,2,3-triazole (2s): 92% yield. White 
solid, m.p. 83～85 ℃; 1H NMR (600 MHz, CDCl3) δ: 
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); 
13C NMR (150 MHz, CDCl3) δ: 151.48, 129.68, 34.79, 
32.92, 26.16, 26.04. HRMS (ESI) calcd for C8H14N3 [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 (1 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 ℃ 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×5). 
The organic phase was collected, dried over anhydrous 
Na2SO4, 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)[15] as a white solid (167 mg, 
75%). m.p. 157～159 ℃ (lit.[15] m.p. 155～157 ℃); 1H 
NMR (400 MHz, DMSO-d6) δ: 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) calcd for C8H6BrN3Na [M＋Na] ＋ 
245.9638, found 245. 9656. 

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 (1 mmol, 299 mg), CuSO4 (0.3 
mmol, 47.9 mg), Cu(OAc)2 (1.2 mmol, 218 mg), 
PhB(OH)2 (1.2 mmol, 146.3 mg) was stirred in 3 mL of 
CH3CN at 80 ℃ 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×3). The organic phase was collected, dried over an-
hydrous Na2SO4, 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):[16] Yellow solid, 
m.p. 43～46 ℃ (lit.[16] m.p. 43～45 ℃); 1H NMR (400 
MHz, CDCl3) δ: 8.15 (d, J＝8.0 Hz, 2H), 8.06 (s, 1H), 
7.91 (d, J＝7.2 Hz, 2H), 7.49 (dt, J＝8.0, 11.6 Hz, 4H), 
7.43～7.33 (m, 2H); 13C NMR (151 MHz, CDCl3) δ: 
149.02, 140.05, 132.71, 130.19, 129.43, 129.11, 128.98, 
127.57, 126.30, 118.97. HRMS (ESI) calcd for C14H12N3 
[M＋H]＋ 222.1026 found 222.1032.  

1,4-Diphenyl-1H-1,2,3-triazole (4b):[16] Yellow solid, 
m.p. 185～187 ℃ (lit.[16] m.p. 186～187 ℃); 1H NMR 
(600 MHz, CDCl3) δ: 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); 13C NMR (150 MHz, 
CDCl3) δ: 148.56, 137.22, 130.40, 129.92, 129.06, 128.91, 
128.57, 126.00, 120.68, 117.74. HRMS (ESI) calcd for 
C14H12N3 [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)2 (0.2 mmol, 36.3 mg), K2S2O8 
(2 mmol, 540.6 mg), Na2CO3 (1.1 mmol, 116.6 mg) was 
dissolved in 5 mL of N,N-dimethylformamide (DMF), and 
stirred at 110 ℃ for 23 h. Then the mixture was added 15 
mL of water and extracted with dichloromethane (30 
mL×3). The organic phase was collected, dried over an-
hydrous Na2SO4, 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)[18] as a white solid (183.7 mg, 85%). m.p. 56～
58 ℃ (lit.[17] m.p. 58～60 ℃); 1H NMR (600 MHz, 
CDCl3) δ: 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); 13C NMR (150 MHz, 
CDCl3) δ: 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 C11H12N4NaO [M＋
Na]＋ 239.0904, found 239.0911. 

 
Supporting Information  1H NMR and 13C NMR spectra 
of products. The Supporting Information is available free 
of charge via the Internet at http://sioc-journal.cn/.  



   
有机化学 研究论文 

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

References 
[1] (a) Liu, Q.; Lü, Y.; Bao, P.; Yue, H.; Wei, W. Chin. J. Org. Chem. 

2020, 40, 4015 (in Chinese). 
(刘启顺, 吕玉芬, 鲍鹏丽, 岳会兰, 魏伟, 有机化学, 2020, 40, 
4015.) 
(b) Zhang, F.; Peng, X.; Ma, J. Chin. J. Org. Chem. 2019, 39, 109 
(in Chinese). 
(张发光, 彭星, 马军安, 有机化学, 2019, 39, 109.) 
(c) Dong L.; Wang S.; Zhang X.; Cheng J.; Yuan Y. Chem. J. Chin. 
Univ. 2019, 40, 927 (in Chinese). 
(董丽蓉, 王思雨, 张小媚, 成佳佳, 袁耀锋, 高等学校化学学
报, 2019, 40, 927.) 
(d) Liu, Z.; Hao, W.; Gao, W.; Zhu, G.; Li, X.; Tong, L.; Tang, B. 
Sci. China Chem. 2019, 62, 1001.  

[2] (a) Yao, Y.; Ren, C.; Chen, L.; Zhong, L.; Xu, T.; Tan, C. Chin. J. 
Org. Chem. 2021, 41, 2055 (in Chinese). 
(姚阳意, 任朝丽, 陈丽, 钟良坤, 许天明, 谭成侠, 有机化学, 
2021, 41, 2055.) 
(b) Sheng, C.; Zhang, W. Curr. Med. Chem. 2011; 18, 733. 
(c) Wang, C.; Zhou, F.; Zhou, J. Chin. J. Org. Chem. 2020, 40, 3065 
(in Chinese). 
(王才, 周锋, 周剑, 有机化学, 2020, 40, 3065.) 
(d) Zheng, B.; Cheng, S.; Dong, H.; Zhu, J.; Han, Y.; Yang, L.; Hu, 
J. Acta Chim. Sinica 2020, 78, 1089 (in Chinese). 
(郑斌, 程盛, 董华泽, 朱金苗, 韩钰, 杨亮, 胡进明, 化学学报, 
2020, 78, 1089.)  

[3] (a) Zhang, L.; Zhao, J.; Wang, Y. Acta Chim. Sinica 2015, 73, 1182 
(in Chinese). 
(张丽芳, 赵杰, 王勇, 化学学报, 2015, 73, 1182.) 
(b) Gao, C.; Chang, L.; Xu, Z.; Yan, X.-F.; Ding, C.; Zhao, F.; Wu, 
X.; Feng, L.-S. Eur. J. Med. Chem. 2019, 163, 404.  

[4] (a) Bonandi, E.; Christodoulou, M. S.; Fumagalli, G.; Perdicchia, 
D.; Rastelli, G.; Passarella, D. Drug Discovery Today 2017, 22, 

1572. 
(b) Cheng W.; Wang W.; Shang H.; Zhang H.; Guo Q.; Chen H.; 
Zou Z. J. China Pharm. Univ. 2018, 49, 56 (in Chinese). 
(成伟华, 王文倩, 尚海, 张宏武, 郭强, 陈虹, 邹忠梅, 中国药
科大学学报, 2018, 49, 56.) 

[5] Deng, L.; Cao, X.; Liu, Y.; Wan, J.-P. J. Org. Chem. 2019, 84, 
14179.  

[6] Zhang, W.; Kuang, C.; Yang, Q. Synthesis. 2010, 283.  
[7] Barluenga, J.; Valdés, C.; Beltrán, G.; Escribano, M.; Aznar, F. 

Angew. Chem. Int. Ed. 2006, 45, 6893.  
[8] Quan, X.-J.; Ren, Z.-H., Wang, Y.-Y.; Guan, Z.-H. Org. Lett. 2014, 

16, 5728.  
[9] Shu, W.; Zhang, X.; Zhang, X.; Li, M.; Wang, A.; Wu, A. J. Org. 

Chem. 2019, 84, 14919.  
[10] Taylor, S. D.; Lohani, C. R. Org. Lett. 2016, 18, 4412.  
[11] Gao, Y.; Lam, Y. Org. Lett. 2006, 8, 3283.  
[12] Hu, Q.; Liu, Y.; Deng, X.; Li, Y.; Chen, Y. Adv. Synth. Catal. 2016, 

358, 1689.  
[13] Dong, H.; Zhang, D.; Fang, R.; Du, Q.; Dong, Zh.; Wei, H.; Shi, 

M.; Wang, F. Synth. Commun. 2018, 48, 1227.  
[14] (a) Raushel, J.; Fokin, V. V. Org. Lett. 2010, 12, 4952. 

(b) Shao, C.; Wang, X.; Zhang, Q.; Luo, S.; Zhao, J.; Hu, Y. J. Org. 
Chem. 2011, 76, 6832. 
(c) Liu, Y.; Wang, X.; Xu, J.; Zhang, Q.; Zhao, Y.; Hu, Y. Tetra-
hedron 2011, 67, 6294.  

[15] Wang, X.; Sidhu, K.; Zhang, L.; Campbell, S.; Haddad, N.; Reeves, 
D. C.; Krishnamurthy, D.; Senanayake, C. H. Org. Lett. 2009, 11, 
5490.  

[16] Liu, Y.; Yan, W.; Chen, Y.; Petersen, J. L.; Shi, X. Org. Lett. 2008, 
10, 5389.  

[17] (a) Zhang, M.; Zhang, A. J. Heterocycl. Chem. 2012, 49, 721. 
(b) Zhang, M.; Wang, Q.; Peng, Y.; Chen, Z.; Wan, C.; Chen, J.; 
Zhao, Y.; Zhang, R.; Zhang, A. Chem. Commun. 2019, 55, 13048.  

[18] Deng, X.; Lei, X.; Nie, G.; Jia, L.; Li, Y.; Chen, Y. J. Org. Chem. 
2017, 82, 6163. 

(Li, L.; Fan, Y.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


