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Abstract 

The Cu(I)-catalyzed 1,3-dipolar cycloaddition between terminal alkynes and organic azides 

generating 1,4-disubstituted 1,2,3-triazoles has attracted considerable attention owing to its 

consistency, specificity, and biocompatibility. Copper nanoparticles supported on various 

supports such as agarose, cellulose, chitosan, charcoal, activated carbon, silica gel, aminoclay, 

polymer support like poly(styrene-co-maleimide) (SMI) and polyvinylpyrrolidone (PVP) have 

been utilized as heterogeneous catalyst for the synthesis of 1,2,3-triazoles. This review 

summarizes various straightforward and efficient methods for the regioselective synthesis of 1,4-

disubstituted 1,2,3-triazoles utilizing supported copper nanoparticles as a source of the 

heterogeneous catalytic species and water as solvent. 
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1. Introduction 

 

The term click chemistry was first coined by Kolb, Finn, and Sharpless in a review article 

published in 2001.1 Click chemistry includes extremely exothermic bond formations such as 

cycloaddition reactions, nucleophilic ring opening, addition reactions to carbon-carbon multiple 

bonds and non-aldol-type carbonyl reactions.2 The Cu(I)-catalyzed [3+2] azide alkyne 

cycloaddition reaction (CuAAC) reported by the group of Sharpless3 and Meldal4 is one of the 

most reliable click reactions has been used synonymously with click chemistry in recent 

literature (Scheme 1).5-7 It transforms terminal alkyne and organic azide exclusively into the 

corresponding 1,4-disubstituted 1,2,3-triazole. This metal catalyzed method has many benefits 

over Huisgen cycloaddition reactions of azide with terminal alkyne.8-10 The latter technique 

yields a mixture of 1,4- and 1,5-regioisomers. Further, the reaction required a strong electron-

withdrawing substituent either on azide or on alkyne under high temperature (80-120 ◦C) and 

prolonged reaction period.11 

 

 
 

Scheme 1. Thermal and copper catalyzed Huisgen cycloaddition between azide with terminal 

alkyne. 

 

Moreover, this click reaction is associated with a number of benefits including great 

efficiency, regioselectivity, and compatibility with reaction conditions. The special property of 

the 1,4-disubstituted 1,2,3-triazole ring in terms of its capability to participate in hydrogen bond 

and dipole-dipole interactions has made click chemistry even more useful for a variety of 

applications.12 

1,2,3-Triazoles are main class of heterocycles because of their extensive range of biological 

properties such as antimicrobial,13 anticancer,14 antitubercular,15 anti-HIV,16 antimalarial,17 

antibacterial,18 antifungal,19 antiviral,20 antiepileptic,21 antidiabetic22 and antiallergic behavior.23 

They are also used as optical brighteners,24 light stabilizers,25 fluorescence chemosensors,26 and 

corrosion retarding agents.27 

Because of increasing anxiety about environmental effects, great efforts have been made 

towards the improvement of green chemistry that decreases pollution in chemical synthesis. For 

these purposes development of new heterogeneous and recyclable catalysts, the use of eco-

benign solvents and the coupling of three or more components in a single step are vital and 

exciting issues in green chemistry.2 The use of water as an economical and safer solvent has 
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many advantages over expensive, combustible and toxic organic solvents, diminishing 

atmospheric pollution. In addition, conducting the reaction in aqueous media allows easy phase 

separation of products because most of the organic compounds are not soluble in water.28 

Nanomaterials have aroused much attention in current times because of their interesting 

properties dissimilar from those of their corresponding bulk materials.29 Metal nanoparticles 

have received importance as dynamic catalysts for various organic conversions.30,31 In particular, 

copper nanoparticles, owing to its price effectiveness, has gained very good impact mainly in the 

areas of catalysis and biology.32 In recent years there has also been increasing interest in using 

environmentally benign, economical, easily available and strong support/stabilizer materials for 

the synthesis of metal nanoparticles. 

A number of homogeneous copper catalysts have been employed for the click reaction of 

azides and alkynes.33-37 In spite of the high selectivity, important productivity, improved yield 

and simplicity of optimization of the reported homogeneous catalysts, they suffer from the 

difficulty of separating the copper catalyst from the products, which produces environmental 

barriers to broadening their scope, thus limiting their extensive use in a number of applications. 

Elimination of trace quantities of catalyst from the end product is important because metal 

contamination can cause toxicity, especially in the pharmaceutical industry. Even with the 

careful use of many methods such as distillation or chromatography, the extraction or elimination 

of trace amounts of catalyst remains a challenge. In order to solve this problem, chemists have 

investigated a best strategy; the use of a heterogeneous catalyst for the preparation of 1,2,3-

triazoles.38-40 A review article published in Accounts of Chemical Research has documented the 

literature reporting the use of copper nanoparticles in synthesis of 1,2,3-triazoles.41 

The heterogenization of click catalysts is an attractive alternative, due to the benefits of easy 

removal, recovery and reusability that it offers. Immobilization of catalysts on solid supports is 

one of the best methods to improve the efficiency and recovery of catalyst. Heterogenization has 

been achieved by the covalent and non-covalent immobilization of copper species onto a number 

of supports such as activated carbon,42 zeolites,43 titanium oxide,44 alumina,45 aluminium 

oxyhydroxide fibers,46 silica,47-48 crosslinked poly(ethyleneimine),49 basic Amberlyst,48 Tentagel 

resin,51 ionic polymers,52 biopolymers53 and carbon nantotubes.54 

In some of these heterogeneous catalysts, the immobilization of amine-based ligands with a 

contrasted ability as homogeneous click mediators for the synergetic exploitation of their Cu (I) 

chelating capabilities and base character has demonstrated to be an efficient approach for the 

design of such hybrid materials. In particular dimethyl aminomethyl,50 tris[(1-benzyl-1H-1,2,3-

triazol-4-yl)methyl]amine (TBTA),51 3-aminopropyl,47 3-[(2-aminoethyl)amino]propyl47 and 

1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD)48 have been used as chelating frameworks by their 

grafting onto a polystyrene matrix or silica. 

Magnetic heterogeneous catalysts also constitute an excellent choice. Magnetic nano-sized 

particles55-58 have recently been industrialized as promising supports for immobilization with 

applications in catalytic transformations as strong, readily available and high-surface area 

heterogeneous catalysts. Further, they have the advantage of being magnetically recoverable by 
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an external permanent magnet, thereby facilitating the catalyst separation after the reaction, so 

avoiding time-consuming and difficult separation steps and allowing for practical continuous 

catalysis. In addition, these catalysts can be used under aqueous conditions to give the desired 

products in very brief reaction times and high yields.59 The present review will focus on the 

literature with applications of copper nanoparticles in the CuAAC for the synthesis of various 

1,4-disubstituted 1,2,3-triazole derivatives utilizing only water as the solvent system. 

 

 

2. Copper Nanoparticle-catalyzed Synthesis of 1,4-Disubstituted 1,2,3-

Triazoles 

 

This section involves the one-pot multicomponent reactions for the synthesis of 1,4-disubstituted 

1,2,3-triazoles utilizing in situ-generated organic azides as well as the cycloaddition reaction 

between organic azides and terminal alkynes. 

 

2.1. One-pot synthesis of 1,4-disubstituted 1,2,3-triazoles from in situ generated organic 

azides 

One pot regeoselective synthesis of 1,4-disubstituted 1,2,3-triazoles (1) using alumina-supported 

copper nanoparticles (Cu-Al2O3) as a heterogeneous catalyst was described by Kantam et al. 

(Scheme 2).60 The catalyst was prepared from Cu(II) acetyl acetonate and aluminium 

isopropoxide precursors using an aerogel protocol. Further, the performance of the catalyst was 

fully retained after reuse up to four times. The catalyst was identified by XRD, TEM, XPS, AI 

MAS NMR and ICP-AES. 

 

 
 

Scheme 2. Cu/Al2O3 catalyzed one pot CuAAC reaction for the regioselective formation of 1,4-

disubstituted 1,2,3-triazoles in water. 

 

Sharghi et al. synthesized copper nanoparticles supported on charcoal for multicomponent 

catalytic formation of 1,2,3-triazole (2) derivatives from benzyl halides or alkyl halides, terminal 

alkynes and sodium azide using water (Scheme 3).61 This copper catalyst immobilized on 
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activated carbon exhibits an excellent catalytic performance and 1,4-regioselectivity for 1,3-

dipolar Huisgen cycloaddition reaction for the construction of 1,2,3-triazole framework. This 

method avoids the handling of organic azides as they are generated in situ and has a broad 

practical scope for the preparation of new azacrown ether and anthraquinone derivatives of 

triazole. SEM, AFM, XRD, FT-IR and ICP were used to characterize the (Cu/C) heterogeneous 

catalyst. The catalyst can be repeatedly used ten times without significant loss of catalytic 

activity and subsequently recovered after the reaction. 

 

 
 

Scheme 3. Triazole synthesis via copper nanoparticles supported on charcoal. 

 

Shargi et al. reported an effective, regioselective, one-pot synthesis of β-hydroxytriazole 

(3) from sodium azide, epoxide, and non-activated terminal alkyne by a three-component click 

reaction, via the formation of 2-azido alcohol from sodium azide and epoxide (Scheme 4).62 This 

nontoxic, mild and eco-friendly reaction was achieved in the presence of T(o-Cl)PPCu-

AMWCNT heterogeneous catalyst in the absence of any additives at ambient temperature in 

water as a green solvent. The catalyst was prepared by Immobilization of [meso-tetrakis(o-

chlorophenyl)porphyrinato]Cu(II) nanoparticles onto activated multi-walled carbon nanotubes 

(AMWCNT). Further, the results revealed that the catalyst was recovered by separation after 

every experiment and could be recycled for the 1,2,3-triazole synthesis in more than ten 

consecutive reactions. Likewise the catalyst was identified by SEM, TEM, AFM, XRD, TG and 

ICP analysis. 

Alonso et al. presented a new heterogeneous catalyst consisting of oxidized copper 

nanoparticles on activated carbon for the multicomponent Huisgen 1,3-dipolar cycloaddition 

from different azide precursors, including organic halide, diazonium salt, epoxide, aniline or 

alkene in water (Scheme 5).63 A promising route for one-pot transformation of carbon-carbon 

double bonds into triazoles bearing a versatile methylsulfanyl group is also described. The 

catalyst can be easily recovered by filtration and reused leading to triazoles (4) in quantitative 

yield along five consecutive cycles. According to ICP-MS analysis, no leaching of copper was 

detected after the fifth cycle. 
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Scheme 4. Synthesis of β-hydroxy-1,4-disubstituted 1,2,3-triazoles using AMWCNT-supported 

T(o-Cl)PPCu catalyst. 

 

 

Scheme 5. Click reaction catalyzed by CuNPs/C using organic halides. 

 

Wang et al. developed supported Cu(II) catalysts [imidazolium-loaded Merrifield resin-

supported copper (Cu-PSIL) and cross-linked polymeric ionic liquid material-supported copper 

(Cu-CPSIL)] and used for the one-pot synthesis of 1,4-disubstituted 1,2,3-triazoles (5) without 

using a reducing agent (Scheme 6).64 Cu-PSIL was derived from CuI and imidazolium-loaded 

polymeric support PSIL. The catalytic performance of the heterogeneous CuO/SiO2 catalyst 

prepared by a precipitation-gel method was also investigated. The study indicated that the three 

supports acted as ligands stabilizing the copper particles. This reaction system avoids the 

handling of organic azides, as they are produced in situ, making this already dominant click 

process even more user-friendly and nontoxic. High yields of 1,2,3-triazoles were neatly 

synthesized in water at room temperature by both catalysts and reused for a number of times 

without major detriment to activity. Based on XPS, IR and ESI-MS characterizations, it was 

proposed that the alkyne-alkyne homocoupling proceed on the Cu(II) site to form the 
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catalytically active Cu(I) species and the cycloaddition proceeded over the active Cu(I) species 

generated. 

Alonso et al. described copper nanoparticles on activated carbon as modest and proficient 

catalyst for the synthesis of β-hydroxy-1,2,3-triazoles (6) from various epoxides and alkynes in 

water. The catalyst remained reusable at a low copper loading for five cycles without any 

significant loss of catalytic activity (Scheme 7).64 The study found that the catalyst was handled 

in air and all of the experiments were carried out without air exclusion. The regio- and stereo-

chemistry of the reaction was studied by X-ray crystallographic analysis. 

 

 

Scheme 6. The one-pot direct synthesis of 1,2,3-triazoles catalyzed by supported Cu(II) catalysts 

Cu-CPSIL (A), Cu-PSIL (B) and CuO/SiO2 (C). 

 

 

Scheme 7. One-pot multicomponent copper nanoparticles catalyzed click synthesis of 

β-hydroxy-1,2,3-triazoles from epoxides and alkynes. 
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In a smart approach, Alonso et al. developed a reusable heterogeneous catalyst by 

immobilization of oxidized copper nanoparticles on activated carbon. The catalyst was used in 

the multicomponent synthesis of 1,2,3-triazoles (7) from organic halides, diazonium salts, and 

aromatic amines in water (Scheme 8).66
 The product was easily isolated and does not require 

purification. The reported catalyst was better than other heterogeneous copper catalysts and 

apparently works under heterogeneous conditions. 

 

R1X + NaN3 + R2

H2O (2 mL) , 70 °C

N
N

N

R2

R1

( 11 examples, 76-99% )

7

7j: R1 = C6H5CH2- , R
2 = C6H5-, X = I , 98%,

X = Br , 98%

7f: R1 = C6H5CH2- , R
2 = C6H5-, X = Cl , 99%

7a: R1 = 4-CNC6H4CH2- , R
2 = C6H5-, X = Br , 99%

7b: R1 = 2,4-OCH3C6H3CH2- , R
2 = C6H5-, x = Br , 98%

7c: R1 = C6H5CHCHCH2- , R
2 = C6H5-, X = Br , 94%

7k: R1 = C6H5COCH2- , R
2 = C6H5-, X = Br , 98%,

X = Cl , 82%

7d: R1 = C2H5COOCH2- , R
2 = C6H5-, X = Br , 98%

7i: R1 = CH3(CH2)7CH2- , R
2 = C6H5-, X = Cl , 94%;

X = I , 98%

7h: R1 = C6H5- , R
2 = C6H5OCH2-, X = Br , 76%

7g: R1 = C6H5CH2- , R
2 = (CH3)3Si- , X = Br , 82%

7e: R1 = C6H5CH2
- , Alkyne =

, X = Br , 87%

CuNPs/C (0.5 mol%)

 

Scheme 8. Multicomponent synthesis of 1,2,3-triazoles. 

 

 
 

Scheme 9. One-pot synthesis of 1,4-disubstituted 1,2,3-triazoles. 

 

Wan and Cai developed silica-immobilized NHC–Cu(I) catalyst for an efficient and green 

one-pot synthesis of 1,4-disubstituted 1,2,3-triazoles (8) from halides, sodium azide and aromatic 
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alkynes.67 The reactions progressed smoothly to furnish corresponding products in high yields 

(Scheme 9). In addition, the catalyst could be easily recovered and reused for six rounds without 

significant loss of activity. The catalyst showed 1,4-regioselectivity for the [3,2]-Huisgen 

cycloaddition in water as a green solvent. This method has benefit that organic azides are 

generated in situ, thus making procedure more environmentally acceptable. 

Nasir Baig et al. developed a highly efficient, acceptable and green method for azide-

alkyne-cycloaddition for the synthesis of triazoles (8) using a highly active magnetically 

recoverable nano ferrite-glutathione-copper (nano-FGT-Cu) catalyst in water under microwave 

irradiation conditions (Scheme 10).66 Easy magnetic separation of the catalyst removes the 

requirement for catalyst filtration after accomplishment of the reaction, which adds to the 

greenness of this reaction. The catalyst was characterized by XRD, TEM, and ICP-AES analysis. 

 

 
 

Scheme 10. Synthesis of 1,4-disubstituted 1,2,3-triazoles by one-pot multicomponent reaction 

catalyzed by magnetic nano-FGT-Cu catalyst. 

 

1,4-Dihydroxyanthraquinone-Cu(II) nanoparticles immobilized on silica gel [AQ2-

Cu(II)/APSiO2] as extremely efficient, biodegradable heterogeneous nanocatalyst was developed 

by Shargi and co-workers. This nanocatalyst was used for click approach to the three-component 

synthesis of regioselective 1,2,3-triazole (10) products in water, from a number of epoxides, 

terminal alkynes and sodium azide (Scheme 11).69 The novel heterogeneous catalyst was 

prepared by simple impregnation of aminopropyl silica gel (APSiO2) with [AQ2-Cu(II)]. The 

reaction was modest with a small reaction time in water. Further, isolation and handling of in situ 

generated organic azide intermediates that are potentially unstable, was avoided by this method. 

The most important benefit of using heterogenized [AQ2-Cu (II)/APSiO2] as catalyst in 

comparison with [AQ2-Cu(II)], is the easiness with which they can be recycled as stable species 

from the reaction mixture and reused. Study found that the catalytic activity of the present 

catalyst is intact even after ten cycles. It also showed that the increase in the activity of the 
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heterogeneous catalyst was due to the nano-sized construction of catalyst and the uniform 

dispersion of metallic nanoparticles on high specific surface area of silica gel. The novel 

heterogeneous nanoparticles [AQ2-Cu(II)/APSiO2] was characterized using FTIR, XRD, AFM 

and SEM. Also, the active surface area of the SiO2, APSiO2 and [AQ2-Cu(II)/APSiO2] was 

measured using a homemade TG analyzer. 

 

 
 

Scheme 11. 1,4-disubstituted 1,2,3-triazoles synthesis catalyzed by heterogeneous catalyst 

[AQ2-Cu(II)/APSiO2]. 

 

Magnetically separable copper ferrite nanoparticles were developed as a catalyst for the 

synthesis of 1,2,3-triazoles (11) (Scheme 12).70 The reaction proceed via a three component 

reaction between various benzyl bromides, alkynes and sodium azide in water at 70 ◦C. Further, 

the azide was produced in situ from the nucleophilic substitution reaction of organic halide with 

sodium azide. Moreover, the study found that the nanoparticles could be recovered and reused 

for several cycles with consistent activity. Because of the magnetic property, the catalyst was 

easily separated from the reaction mixture 
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Scheme 12. Triazole synthesis in tap water using CuFe2O4 as catalyst. 

 

Sharghi et al. reported a heterogeneous catalyst for the Huisgen 1,3-dipolar cycloaddition. 

The catalyst was prepared by immobilization of 4’-phenyl-2,2’:6’,2’’-terpyridine copper(II) 

complex on activated multiwalled carbon nanotubes [AMWCNTs-OCuII-PhTPY] (Scheme 

13).71 The recyclable catalyst was characterized by SEM, TEM, AFM, UV/vis and FT-IR 

techniques. The catalyst was recycled five times without any loss of catalytic activity. 

 

 
 

Scheme 13. Huisgen 1,3-dipolar cycloaddition catalyzed by AMWCNTs-OCuII-PhTPY. 

 

In continuation of his work, Alonso et al. prepared copper nanoparticles on activated 

carbon and used as a heterogeneous catalyst for the multicomponent click synthesis of 

potentially biologically active triazoles (Scheme 14). A series of 1,4-disubstituted 1,2,3-triazoles 

(13) have been  derived from the natural products (–)-menthol, lactic acid, D-glucose, oestrone, 

and cholesterol, and from the synthetic compound phenacetin, in a good yield.72 
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R1X + NaN3 + R2

H2O (2 mL) , 70 °C

N
N

N

R2

R1

13

CuNPs/C (0.5 mol%)

13a: R1 = C6H5CH2
- , R2 =

O
X = Br , 77%

O
AcO

AcO

OAc

OAc

13b: R1 = R2 = C6H5
-, X = Br , 70%

13c: R1 = C6H5CH2
- , R2 =

H

HH

H

O

X = Br , 75%

13d: R1 = C6H5CH2
- , R2 = MeO

O

O

Time = 16 h

Time = 16 h

Time = 16 h

Time = 8 h

13e: R1 = C6H5CH2
- , R2 =

HH

H

O

O

Time = 8 h

13f: R1 = C6H5CH2
- , R2 =

OEt

N

O

Time = 8 h

X = Br , 95%

X = Br , 81%

X = Br , 85%

(6 examples, 70-95%)

 

 

Scheme 14. Multicomponent synthesis of triazoles, catalyzed by copper nanoparticles on 

activated carbon. 

 

Xiong and Cai attempted the synthesis of 1,4-disubstituted 1,2,3-triazoles (14) under 

microwave irradiation conditions in water using Fe3O4 supported Cu(I) magnetic nano particles 

as a heterogeneous catalyst (Scheme 15).73 The high activity, easy separation, commercial 

availability and reusability are the salient features of the catalyst. This catalyst reduces the 

reaction time; improve the purity as well as the yields of the products. No significant loss of 

catalyst activity was detected up to four cycles. 
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Scheme 15. The one pot and scale up click reaction under microwave–assisted conditions using 

Fe3O4 magnetic nanoparticle-supported Cu(I) catalyst. 

 

Nador and co-workers presented copper nanoparticles supported on silica coated 

maghemite as a magnetically recoverable catalyst. The catalyst was used for multicomponent 

Huisgen 1,3-dipolar cycloaddition reaction between sodium azide, alkyl halide and terminal 

alkyne in water at 70 °C (Scheme 16).74 The CuNPs/MagSilica catalyst was characterized by 

means of TEM, EDX, XRD, TPR, and ICP-AES. The possibility of catalyst leaching in the 

reaction media was evaluated by using atomic absorption spectroscopy. The catalyst was used 

without any pretreatment. 

 

R2
N N

N

R2

NaN3++R1X

R1

(10 examples, 87-96%)

15
H2O (2 mL) , 70 °C, air

CuNPs/Mag Silica (4.3 mol %)

15a: R1 = C6H5CH2-, R
2 = C6H5-, X = Br , 98% 15f: R1 = C6H5CH2- , R

2 = C6H5-, X = Cl , 83%

15b: R1 = C6H5CH2-, R
2 = 4-BrC6H4-, X = Br , 95% 15g: R1 = 4-CH3C6H4CH2- , R

2 = C6H5-, X = Br , 75%

15c: R1 = C6H5CH2-, R
2 = 4-(CH3)2NC6H4-, X = Br,98% 15h: R1 = 2-O2NC6H4CH2-, R

2 = C6H5-, X = Br , 77%

15d: R1 = C6H5CH2- , R
2 = n-C4H9-, X = Br , 93% 15g: R1 = 4-CH2=CHC6H4- , R

2 = C6H5-, X = Cl , 70%

15e: R1 = C6H5CH2- , R
2 = c-C6H11-, X = Br , 95% 15g: R1 = 4-CH3OC6H4CH2- , R

2 = C6H5-, X = Cl , 50%  
 

Scheme 16. Multicomponent Huisgen 1,3-dipolar cycloaddition reaction catalyzed by 

CuNPs/MagSilica catalyst. 
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Gholinejad and Jeddi synthesized copper nanoparticles immobilized on agarose 

(CuNPs/agarose) as a heterogeneous catalyst (Scheme 17).75 The catalyst was used in the click 

synthesis of 1,4-disubstituted 1,2,3-triazoles (16) in green solvent water. The catalyst was 

described by EDX, SEM, TGA, TEM and XRD. The heterogeneous catalyst was used for five 

times with insignificant fall in catalytic activity. 

 

 
 

Scheme 17. Synthesis of 1, 4-disubstituted 1,2,3-triazoles using CuNPs/agarose catalyst. 

 

Chavan and his group demonstrated for the first time cellulose supported cuprous iodide 

nanoparticles (cell-cuI NPs) as an highly efficient heterogeneous and recyclable catalyst in the 

click synthesis of 1,4-disubstituted 1,2,3-triazoles (17) by a one pot three component reaction 

between alkyl/aralkyl bromide, alkyne, and NaN3 in water (Scheme 18).76 The catalyst has been 

identified by XRD, HRTEM, SEM, ICP-AES, EDS and IR spectroscopy. The catalyst was found 

to be reusable for five consecutive runs without significant reduction in activity. 

 
NN

N
R2

R1

+ NaN3 + R2

( 22 examples, 80-96% )

R1 Br

17

17a: R1 = C6H5-, R
2 = C6H5-, X = Br , 96% 17l: R1 = 4-ClC6H4- , R

2 = CH3C6H4-, X = Br , 88%

17b: R1 = 4-ClC6H4- , R
2 = C6H5-, X = Br , 89% 17m: R1 = 4-FC6H4- , R

2 = CH3C6H4-, X = Br , 92%

17c: R1 = 4-FC6H4- , R
2 = C6H5-, X = Br , 91% 17n: R1 = 4-CH3C6H4- , R

2 = CH3C6H4-, X = Br , 89%

17d: R1 = 4-CH3C6H4- , R
2 = C6H5-, X = Br , 89% 17o: R1 = 4-CH3OC6H4- , R

2 = CH3C6H4-, X = Br 93%

17e: R1 = 4-CH3OC6H4- , R
2 = C6H5-, X = Br , 87% 17p: R1 = 2-ClC6H4- , R

2 = CH3C6H4-, X = Br , 87%

17f: R1 = 2-ClC6H4- , R
2 = C6H5-, X = Br , 88% 17q: R1 = C6H5-, R

2 = 2-Pyridinyl- , X = Br , 86%

17g: R1 = 4-O2NC6H4- , R
2 = C6H5-, X = Br , 94% 17r: R1 = 4-ClC6H4- , R

2 = 2-Pyridinyl- , X = Br , 85%

17h: R1 = C2H5OCOCH2- , R
2 = C6H5-, X = Br , 85% 17s: R1 = 4-FC6H4- , R

2 = 2-Pyridinyl- , X = Br , 90%

17i: R1 = CH3(CH2)4- , R
2 = C6H5-, X = Br , 82% 17t: R1 = 4-CH3C6H4- , R

2 = 2-Pyridinyl- , X = Br , 87%

17j: R1 = CH3(CH2)7- , R2 = C6H5-, X = Br , 81% 17u: R1 = 4-ClC6H4- , R
2 = 4-CH3OC6H4OCH2-, X = 90%

17k: R1 = C6H5-, R
2 = CH3C6H4-, X = Br , 89% 17v: R1 = C6H5-, R

2 = C6H5SCH2- , X = 85%

Cell-CuI (3.5 mol%)

H2O (3 mL), 70°C

 
 

Scheme 18. Synthesis of 1,4-disubstituted-1,2,3-triazoles using cellulose supported cuprous 

iodide nanoparticles. 
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Roy et al. reported the synthesis of a new Cu(II) attached functionalized SBA-15 type 

mesoporous silica and employed it as an efficient catalyst for the synthesis of 1,4-disubstituted 

1,2,3-triazoles (18) through one pot click reaction between azides formed in situ from the 

corresponding amines and acetylenes in water at 0 ˚C to room temperature (Scheme 19).77 The 

mesoporous silica SBA-15 was first amine functionalized using 3-amino propyltriethoxysilane 

(3-APTES) which was then subjected to undergo Schiff base condensation reaction with 2-

pyridinecarboxaldehyde to form a new imine functionalized mesoporous SBA-15, followed by 

grafting of copper acetate onto it, to form Cu@PyIm-SBA-15 material. The catalyst was recycled 

for five cycles without any significant loss of catalytic activity. The catalyst was characterized by 

small-angle PXRD, TEM image analyses and EPR spectrum. The easy product purification and 

high recyclability of the catalyst make the procedure green and cost effective. 

 

R1NH2

(1) Conc. HCl : H2O (1:1)

NaNO2 (0-5 °C)

(2) NaN3 R2

Cu@PyIm-SBA-15

(0.1 Cu mol%)

, 6-8 h, rt

N
NN

R2

R1

(14 examples 90-98 % )

R1N3

18a: R1 = C6H5-, R2 = C6H5- , 98% 18h: R1 = 3-ClCH4- , R
2 = 4-C6H5C6H4- , 92%

18b: R1 = 4-O 2NC6H4- , R
2 = C6H5- , 95% 18i: R1 = 2-O2NC6H4- , R2 = 4-C6H5C6H4- , 93%

18c: R1 = 2-IC6H4- , R2 = C6H5- , 97% 18j: R1 = 2-O 2NC6H4- , R
2 = 2-O2NC6H4- , 96%-

18d: R1 = 4-CH3OC6H4- , R2 = C6H5- , 95% 18k: R1 = 2-O2NC6H4- ,R
2 = C8H12- , 96%

18e: R1 = 3-ClC6H4- , R2 = C6H5- , 98% 18l: R1 = C6H5CH2- , R2 = 2-Pyridinyl- , 92%

18f: R1 = 3-ClCH4- , R2 = 4-CNC6H4- , 96% 18m: R1 = 3-ClC6H4- , R
2 = HOCH2- , 90%

18g: R1 = 2-O 2NC6H4- , R2 = 4-FC6H4- , 94% 18n: R1 = 4-O2NC6H4-, R2 = HOCH2- , 96%

18

 
 

Scheme 19. One pot click reaction catalyzed by Cu@Pylm-SBA-15 in water. 

 

Hashemi and his co-workers reported for the first time in situ prepared copper 

nanoparticles on modified poly(styrene-co-maleic anhydride) (SMA) catalyst and employed it as 

an efficient catalyst for the one pot three component click synthesis of 1,4-disubstituted-1H-

1,2,3-triazoles (19) from α-haloketones or alkyle halides, sodium azide and terminal alkynes in 

water as a green reaction (Scheme 20).78 A new polymer supported copper iodide nanoparticle 

catalyst was prepared from the reaction of SMA with 4-aminopyridine to obtain the 

poly(styrene-co-maleimide) (SMI) and then the copper iodide nanoparticles were prepared in situ 

and immobilized on the polymer surface to give the supported catalyst. The catalyst allowed the 

regioselectivity of 1,4-disubstituted-1H-1,2,3-triazoles in good to excellent yields. The catalyst 

was recycled for five times with very low leaching of the supported catalyst. The catalyst was 

identified by SEM, energy dispersive spectroscopy analysis of X-rays and inductively coupled 

plasma. 
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Scheme 20. Azide–alkyne click reaction catalyzed by CuI nanoparticles on modified 

poly(styrene-co-maleic anhydride) that is  poly(styrene-co-maleimide) (SMI). 

 

2.2. Synthesis of 1,4-disubstituted 1,2,3-triazoles from preformed organic azides 

Pourjavadi et al. entrapped magnetic nanoparticles into the cross-linked 

poly(imidazole/imidazolium) immobilized Cu(II) and used it as an heterogeneous catalyst for the 

synthesis of 1,4-disubstituted 1,2,3-triazoles (20) via one-pot click reaction (Scheme 21).79 The 

catalyst was identified by SEM, TEM, TGA, XRD, EDAX, VSM, AAS, and FTIR technique. 

The catalyst was recovered without any loss of catalytic activity. 

 

 
 

Scheme 21. One-pot click reaction catalyzed by MNP@PILCu. 

 

Naeimi and Nejadshafiee demonstrated that Cu(I)-modified SiO2, in particular 

Cu(I)@phosphorated SiO2 (CPSi) catalyzed the click reaction for the synthesis of β-hydroxy-

1,2,3-triazoles from epoxides, terminal alkynes and sodium azide under green conditions 

(Scheme 22).80 The catalyst was reused ten times and no significant loss of activity was 

observed. The catalyst was fully characterized by FTIR, TGA, CHN, SEM, TEM, EDX and 

atomic adsorption spectroscopy. 
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Scheme 22. Click reaction for the synthesis of b-hydroxy-1,2,3-triazoles catalyzed by CPSi 

catalyst. 

 

A simple procedure for the rapid one-pot synthesis of 1,4-disubstituted 1,2,3-triazoles (22) 

in water using poly(ionic liquid)-coated magnetic nanoparticles (P[imCu/IL][Cl]) as a novel 

heterogeneous catalyst was described by Pourjavadi and his group (Scheme 23).81 The resulting 

magnetically separable nanoparticles as a catalyst has a high level of loading of copper ions 

without any aggregation and copper leaching. This property of the catalyst is especially useful in 

industrial applications. P[imCu/IL][Cl] was characterized using TEM, SEM, XRD, FT-IR, DTG 

and TGA analysis. 

 

 
 

Scheme 23. Synthesis of 1,4-disubstituted 1,2,3-triazoles catalyzed by P[imCu/IL][Cl]. 

 

Recently, a copper nano catalyst supported on modified silica mesopore KIT-5 was 

prepared by Mirsafaei and his group. The 3-aminopropyltriethoxysilane (APTES) on KIT-5 was 

synchronized with Cu(I). SEM, FT-IR, XRD and EDAXS techniques were used to characterize 

the obtained catalyst. The novel catalyst was found highly active and used in the synthesis 1,4-
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disubstituted 1,2,3-triazoles (23) via click reaction between terminal alkynes, α-halo ketones or 

alkyl halide or sodium azide in water as a green solvent (Scheme 24).82 

 

 
 

Scheme 24. Click reaction in water using copper nanoparticles on modified KIT-5 as catalyst. 

 

In 2015, Saadat and co-workers synthesized Cu(I) iodide nanoparticles on polyaniline 

(PANI@CuI-NPs) as a heterogeneous catalyst for the synthesis of 1,4-disubstituted 1,2,3-

triazoles (24) from multicomponent click reaction between α-halo ketones/benzyl halide, 

terminal alkyne and sodium azide (Scheme 25).83 The catalyst was used for five cycles with high 

catalytic activity. 

 

 
 

Scheme 25. 1,3-dipolar Huisgen cycloaddition reaction of α-halo ketones/benzyl halide, terminal 

alkyne and sodium azide. 

 

A highly loaded heterogeneous polymeric copper catalyst was synthesized by the 

immobilization of copper ions in a graphene oxide/poly(vinyl imidazole) nanocomposite and 

employed for the one-pot three component click synthesis of triazoles (25) (Scheme 26).84 The 

reaction was carried out in water using only 0.1% of catalyst. The reaction also proceeded well 
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with only 0.002 mol% of catalyst showing high catalytic activity of catalyst. The catalyst was 

reused for five cycles without any leaching of the supported catalyst. 

 

 
 

Scheme 26. Click synthesis of triazoles using polymeric copper catalyst. 

 

In 2015, Lua and co-workers prepared a new magnetic NiFe2O4 supported glutamate-copper 

catalyst by a straightforward method. It was found to be an excellent catalyst for one-pot 

synthesis of 1,4-disubstituted-1,2,3-triazoles (26) in water at room temperature (Scheme 27).85 

This protocol has many advantages like aqueous reaction medium, ambient reaction condition, 

high yields, wide substrate scope, easy separation of catalyst using an external magnet and 

efficient recycling. The catalyst was characterized by XRD, EDX, TEM, SEM, XPS and VSM. 

 

 
 

Scheme 27. NiFe2O4 catalyst for one-pot synthesis of 1,4-disubstituted-1,2,3-triazoles. 

 

Magnetic copper nanoparticles were prepared by the immobilization of copper sulphate onto 

multi-layered poly(2-dimethylaminoethyl acrylamide)-coated Fe3O4 nanoparticles. The catalytic 
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activity of the catalyst was found to be very high for the click synthesis of 1,2,3-triazoles (27) 

(Scheme 28).86 Only a 0.3 mol% of catalyst was found to be sufficient to complete the reaction 

in water at 50 °C. The prepared catalyst was highly stable and efficient. The catalyst was 

characterized by various techniques. 

 

R2
N N

N

R2

NaN3++R1X

R1

(15 examples, 87-96%)

27
H2O (2 mL) , 50 °C

MNP@PDMA-Cu (0.3 mol %)

27a: R1 = C6H5CH2-, R
2 = C6H5-, X = Br , 96% 27i: R1 = CH3CH2CH2- , R

2 = C6H5-, X = Br , 88%

27b: R1 = 4-CH3C6H4CH2-, R
2 = C6H5-, X = Br , 91% 27j: R1 = H2NCOCH2- , R

2 = C6H5-, X = Br , 84%

27c: R1 = 4-ClC6H4CH2-, R
2 = C6H5-, X = Br,95% 27k: R1 = C6H5CH2-, R

2 = CH3(CH2)3CH2-, X = Br , 92%

27d: R1 = 4-O2NC6H4CH2- , R
2 = C6H5-, X = Br , 97% 27l: R1 = 4-BrC6H4CH2- , R

2 = CH3(CH2)3CH2-, X = Br , 70%

27e: R1 = 4-BrC6H4CH2- , R
2 = C6H5-, X = Br , 90% 27m: R1 = CH3(CH2)5CH2- , R

2 = CH3(CH2)3CH2-, X = Br , 77%

27f: R1 = C6H5CH2- , R
2 = C6H5-, X = OTs , 94% 26n: R1 = C6H5COCH2- , R

2 = CH3(CH2)3CH2-, X = Br , 82%

27g: R1 = C6H5COCH2- , R
2 = C6H5-, X = Br , 87% 26o: R1 = CH3(CH2)5CH2- , R

2 = CH3(CH2)3CH2-, X = Cl , 75%

27h: R1 = C2H5OCOCH2- , R
2 = C6H5-, X = Br , 85%  

 

Scheme 28. Click synthesis of 1,2,3-triazoles using magnetic copper nanoparticles. 

 

In 2016, Bhardwaj and co-workers developed copper nanoparticles onto ethylene diamine 

functionalized with inorganic/organic magnetic composite Cu(0)–Fe3O4@SiO2/NH2cel and the 

catalytic activity of the catalyst was studied in the one-pot synthesis of 1,4-disubstituted 1,2,3-

triazoles (28) (Scheme 29).87 Functionalization of inorganic/organic composite by ethylene 

diamine allows the creation of active sites for the immobilization of Cu(0) nanoparticles. The 

catalyst was recognized by various techniques like FTIR, TGA, XRD, SEM, HRTEM, EDX, 

ICP-AES, UV–Vis and VSM. 

 

 
 

Scheme 29. Synthesis of 1,4-disubstituted 1,2,3-triazoles via Cu(0)–Fe3O4@SiO2/NH2cel 

catalyst. 
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Hydrazine hydrate as reducing agent was used to prepare PVP stabilized copper 

nanoparticles in ionic liquid (Scheme 30).88 These nanoparticles were used as catalyst for the 1,3-

dipolar cycloaddition reaction between alkyne and aryl azide to yield 1,2,3-triazoles (29) in high 

yields. The nanoparticles were characterized by SEM, TEM, and EDAX. Further, it was also 

observed that the recycling of the catalyst does not involve segregation of the particles from the 

solvent. The catalytic system worked extremely well for five consecutive runs after separation of 

the product. Thus the particles can be recycled for a number of times. 

 

 
 

Scheme 30. PVP stabilized copper nanoparticles catalyzed synthesis of triazoles. 

 

Zhang et al. prepared a novel polyvinylpyrrolidone(PVP) coated Cu(1) oxide nanoparticles 

[PVP-coated Cu2O-NPs] and applied these nanoparticles as the catalyst for the azide-alkyne click 

chemistry for the synthesis of 1,2,3-triazoles (30) in water under aerobic conditions (Scheme 

31).89 TEM was used to characterize the Cu2O-NPs which shows that the nanoparticles were well 

dispersed in aqueous solution and have a size of 20±10 nm and form small aggregates. PVP was 

chosen as a stabilizing and dispersing agent to make a stable Cu2O-NPs catalyst. The size of 

these small aggregates was determined by DLC. The Cu2O composition of the Cu2O-NPs was 

obtained by ICP analysis implies that the nanoparticles are coated with PVP, making the whole 

composite stable in aqueous solution. The XRD method proves that the nanoparticles are Cu2O-

NP. XPS indicates that CuO is present only on the surface of the Cu2O-NPs as a thin amorphous 

outer shell. The cytotoxicity of Cu2O-NP was evaluated by an in vitro 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The catalytic activity of the catalyst was 

investigated in the Huisgen cycloaddition reaction using 6-azidohexane-1-ol and hex-5-yn-1-ol 

as model substrates in water and aerobic conditions. The PVP coated Cu2O-NPs is more efficient 

in azide-alkyne click reactions in water for both aliphatic and aromatic azides and alkynes and 

less toxic than the normally used CuSO4/reductant catalyst systems. 
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Scheme 31. Click reaction catalyzed by Cu2O-NPs. 

 

Fernandez et al. established a non-magnetic and magnetic supported Cu(I) chelating 

adsorbents (Si-BPMA·Cu+, Dw-BPMA·Cu+, Si-BPA·Cu+ and Fe3O4@Si-BPA·Cu) as highly 

effective heterogeneous catalyst for click chemistry (Scheme 32).90 These adsorbents were 

organized from silica or silica-coated magnetite nanoparticles by the incorporation of the 

chelating ligands through a number of efficient ways based on the aza-Michael-type addition of 

vinyl sulfone to amines. The copper complexation capabilities of these materials permit them to 

play as a heterogeneous click catalytic systems when used in their complexed form. The 

innovative non-magnetic and magnetic Cu(I)-supported hybrid resources proved to be robust and 

efficient heterogeneous catalysts that are capable to support click reactions by using particularly 

low amounts with insignificant copper leaching, mainly in case of the silica-based non-magnetic 

adsorbents, rapid and easy removal by filtration or magnetic decantation together with 

recyclability properties. This excellent catalytic profile is due to the stabilization of Cu(I) 

mediated by its complexation. These materials open new opportunities for the preparation of 

greener clicked compound (31). 

 

 
 

Scheme 32. Click reaction using nonmagnetic Si-PMA·Cu+NPs (A), Si-His·Cu+NPs (B), 

BPMA·Cu+NPs (C), Dw-BPMA·Cu+NPs (D), Si-BPA·Cu+NPs (E) and magnetic nanoparticles 

Fe3O4@Si-BPA·Cu (F) as heterogeneous catalyst. 
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Cu(0)-nanoparticles in the nano pores of modified montmorillonite were developed 

(Scheme 33).91 The specific surface area, pore diameter and pore size distribution of 

montmorillonite were adjusted by controlled acid activation. The study found that the pores 

provided the space for nanoparticle formation and limited the growth of the particles up to the 

preferred nano size range. The TEM image of nanoparticles showed that dispersed Cu(0) 

nanoparticles were formed in the micro- and mesopores of activated montmorillonite.  From the 

TEM study, it was also observed that the nanoparticles were spherical, well separated from each 

other and having sizes below 10 nm. The powder XRD analysis confirmed construction of 

Cu(0)-nanoparticles. The high surface area modified montmorillonite as support for Cu(0)-

nanoparticles revealed a beneficial effect on the rate and regioselectivity of 1,4-disubstituted 

1,2,3-triazoles (32). The nano catalysts were reprocessed for a lot of reactions without significant 

reduction of catalytic activity under the same conditions. 

 

 
 

Scheme 33. Azide alkyne click reaction in water catalyzed by Cu(0) nanoparticles. 

 

Bimetallic copper nanoparticles as a simple heterogeneous catalyst to synthesize 1,4-

disubstituted 1,2,3-triazoles (33) in water were presented by Hudson et al. (Scheme 34).92 

Interestingly, in this system, the Fe(0) core play three-fold role. First, it provides a means for 

magnetic recoverability, second, it helps as a source of electrons to reduce Cu(II) into Cu(I) and 

third, it acts as a support for Cu(I) species to avoid their liberation as soluble ions, permitting a 

heterogeneous mechanism. The synthesis of Cu@FeNPs catalyst proceeds without the use of any 

ligand, making this reaction economical. This work represents two general green chemistry 

themes: magnetic nanoparticles as easily recoverable catalysts and aqueous “click chemistry”. 
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Scheme 34. Azide–alkyne click reaction catalyzed by magnetic copper–iron nanoparticles 

Cu@Fe NPs. 

 

Kumar et al. presented the synthesis of aminoclay supported copper nanoparticles for the 

azide-alkyne click chemistry in water under aerobic conditions (Scheme 35).93 The catalyst 

permitted the regioselectivity of 1,4-disubstituted 1,2,3-triazoles (34) in good to excellent yields. 

The study found that no distinct difference in yield and reaction rate was detected when the 

recovered catalyst was used.  The catalyst was recycled for five times with very low leaching of 

the supported catalyst. The efficient binding of Cu nanoparticles over aminoclay support avoids 

the accumulation of Cu nanoparticles and clarified the longer lifetime of the catalyst 

(Cu/aminoclay nanocomposite) in the triazole production. 

 

 
 

Scheme 35. Synthesis of triazoles catalyzed by copper nanoparticles immobilized on aminoclay. 

 

Chitosan-copper (chit-CuSO4) catalyst was synthesized via immobilization of copper 

sulphate on chitosan by stirring an aqueous suspension of chitosan in water with copper sulfate 

(Scheme 36).94 The catalyst thus formed has been utilized for the azide-alkyne cycloaddition 

reactions in water at ambient temperature yielding 1,4-disubstituted 1,2,3-triazoles (35) in good 

yield. The catalyst can be recycled and reused for five consecutive runs without any loss of 

activity. The catalyst was characterized by XRD and SEM. 
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R1 N3 + R2

Chit-CuSO4 (5 mg)

H2O (5 mL), rt, 4 h

N
N

N

R2

( 19 examples, 12-99% )

R1

35a: R1 = C6H5-, R
2 = C6H5- , 99% 35k: R1 = 4-O2NC6H4-, R

2 = C6H5- , 96%

35b: R1 = C6H5-, R
2 = 4-CH3C6H4- , 99% 35l: R1 = 4-FC6H4-, R

2 = C6H5- , 97%

35c: R1 = C6H5-, R
2 = 4-CH3OC6H4- , 99% 35m: R1 = 3-O2NC6H4-, R

2 = 4-CH3C6H4- , 94%

35d: R1 = C6H5-, R
2 = 4-ClC6H4 , 98% 35n: R1 = 4-O2NC6H4-, R

2 = 4-CH3C6H4- , 96%

35e: R1 = C6H5 , R
2 = 4-CH3OC6H5- ,97% 35o: R1 = 4-FC6H4-,R

2 = 4-CH3C6H4- , 98%

35f: R1 = C6H5- R2 = 4-NO2C6H5- , 95% 35p: R1 = 4-O2NC6H4-, R
2 = 4-CH3OC6H4- , 96%

35g: R1 = C6H5-, R
2 = 2-Pyridinyl- , 96% 35p: R1 = 4-FC6H4-, R

2 = 4-CH3OC6H4- , 98%

35h: R1 = 3-O2NC6H4-, R
2 = C6H5- , 94% 35q: R1 = 3-O2NC6H4-, R

2 = 4-CH3OC6H4- , 96%

35i: R1 = 4-O2NC6H4-, R
2 = C6H5- , 96% 35r: R1 = CH2CHCH2-, R

2 = C6H5- , 93%

35j: R1 = C6H5-, R
2 = CH3(CH2)3- , 12%

35

 

Scheme 36. Click reaction using the chit-CuSO4 catalyst. 

 

Ali and his group investigated a novel heterogeneous ligand–accelerated copper loaded 

catalyst (DHQD)2PHAL. The catalyst is very simple to handle and is environmentally secure. 

(DHQD)2PHAL catalyzes the three-component reaction for the construction of 1,4-disubstituted 

1,2,3-triazoles (36) from alkyl halide, sodium azide and alkyne (Scheme 37).95    Furthermore, the 

catalyst can be recycled and reused several times without any significant loss in activity. The 

catalyst was easily arranged in large scale quantity with high loading level of copper ion. 

 

 
 

Scheme 37. Experiment for synthesis of 1,2,3-triazole catalyzed by ligand–accelerated copper 

loaded catalyst (DHQD)2PHAL from variety of organic azides and alkynes in water at room 

temperature. 

 

In 2015, Hajlaoui and his group developed a modest and very efficient synthetic protocol 

for the synthesis of 1,4-disubstituted 1,2,3-triazoles (37) from copper nano particles 

cycloaddition of terminal acetylene with carbohydrate azide using green solvent water (Scheme 

38).96 The experimental results showed that the reaction was influenced by steric effects, 

whereas in the presence of carbohydrate group shows complete regioselectivity. The CuNPs not 

only provide suitable yields but also gives products under very mild conditions. This method 

could offer good opportunities for the formation of important heterocyclic compounds. 
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Scheme 38. Copper nanoparticle-catalyzed reactions of terminal acetylenes with carbohydrate 

azides. 
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Zhang and co-workers synthesized a novel catalyst by the combination of CMP and Cu2O. 

The acidic CMP catalyst was found to be a highly competent heterogeneous catalyst for the 

synthesis of 1,4-disubstituted 1,2,3-triazoles (38) through a suitable 1,3-dipolar cycloaddition 

(Scheme 39).97 The catalyst could be easily recovered and reused for at least six cycles without 

losing activating efficiency for Cu2O. 

 

N

Cu2O(0.5 mol%) /
CMP(5 mol%)

H2O (2 mL), 60 °C

NN

R2

38

(9 examples , 90-98%)

R1
+ R2

38a: R1 = C6H5CH2-, R
2 = C6H5OCH2- , 98% 38e: R1 = 4-O2NC6H4CH2-, R

2 = 4-CH3C6H4-, 90%

38b: R1 = C6H5CH2-, R
2 = 4-O2NC6H4OCH2- , 91% 38f: R1 = 4-O2NC6H4CH2-, R

2 = 4-ClC6H4OCH2- , 92%

38c: R1 = C6H5CH2-, R
2 = 4-ClC6H4OCH2- , 95% 38g: R1 = C6H5-, R

2 = 4-ClC6H4OCH2- , 94%

38d: R1 = C6H5CH2-, R
2 = 4-CH3C6H4 , 95% 38h: R1 = C6H5-, R

2 = 4-CH3C6H4- , 94%

38h: R1 = C6H5-, R
2 = C6H5OCH2- , 98%

N3 R1

 
 

Scheme 39. CMP promoted Cu2O-catalyzed synthesis of triazoles. 

 

 

3. Conclusions 

 

The Cu(I)-catalyzed 1,3-dipolar cycloaddition variant of Huisgen reaction has emerged as 

powerful tool in the synthetic organic chemistry, material chemistry, chemical biology and 

medicinal chemistry. But the elimination of trace quantities of homogeneous copper catalyst 

from the desired product is important especially in the pharmaceutical industry. This problem 

can be circumvented by the use of heterogeneous copper catalyst and a number of these catalysts 

has been synthesized and used for the synthesis of 1,2,3-triazoles. The use of supported copper 

nanoparticles is environmentally benign, economical, the nanoparticles are easily available, and 

it avoids the contamination of the desired product with metal. Click chemistry has been a notable 

recent breakthrough and further research on copper nanoparticle-catalyzed click reaction variant 

may be useful for the efficient and green synthesis of novel compounds with wide potential in 

various fields. 

 

 

4. Abbreviations 

 

AFM = Atomic forced microscopy 

AI MAS NMR = Adsorption isotherm-magic angle spinning-nuclear magnetic resonance 

AMWCNT = Activated Multi-Walled Carbon Nanotubes 

APSiO2 = Aminopropyl silica gel 

3-APTES = 3-Aminopropyltriethoxysilane 
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AQ2-Cu(II)/APSiO2 = 1,4-Dihydroxyanthraquinone-copper(II) nanoparticles immobilized on 

aminopropyl silica gel 

Cell-CuI = Cuprous iodide on cellulose 

chit-CuSO4 = Copper sulfate immobilized on chitosan 

Cu-Al2O3 = Alumina supported copper nanoparticles 

Cu-CPSIL = Cross-linked polymeric ionic liquid material-supported copper 

Cu-PSIL = Imidazolium-loaded Merrifield resin-supported copper 

Cu(0)– Fe3O4@SiO2/NH2cel = Silica coated magnetic copper nanoparticles onto ethylene 

diamine functionalized cellulose 

CuNPs/MagSilica = Copper nanoparticles supported on silica coated maghemite 

CMP = carboxymethylpullulans 

(DHQD)2PHAL = Hydroquinidine-1,4-phthalazinediyl diether 

DMTSF = Dimethyl(methylthio) sulfonium tetrafluoroborate 

EDAX = Energy dispersive X-ray analysis 

EDS = Energy dispersive spectroscopy (EDS) analysis 

EDX = Energy dispersive X-ray spectroscopy 

EPR = Electron paramagnetic resonance 

ESI-MS= Electrospray ionization mass spectrometry  

FT-IR = Fourier transform infrared spectroscopy  

GO/Pim/Cu = Copper ions in a graphene oxide/poly(vinyl imidazole) 

HRTEM = High resolution transmission electron microscopy 

ICP-AES = Inductively coupled plasma atomic emission spectroscopy 

ICP-MS = Inductively coupled plasma-mass spectrometry 

MTT = 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

nano-FGT-Cu catalyst = Nano ferrite-glutathione-copper catalyst 

MNP@PDMA-Cu = Copper sulphate onto multi-layered poly(2-dimethylaminoethyl 

acrylamide)-coated magnetic nanoparticles 

PSIL = Imidazolium-loaded polymeric support 

PVP-coated Cu2O-NPs = Polyvinylpyrrolidone coated copper (I) oxide nanoparticle 

PXRD = Powder X-ray differaction 

PANI@CuI-NPs = Copper (I) iodide nanoparticles on polyaniline 

P[imCu/IL][Cl] = Poly(1-vinyl imidazole 

co-ionic liquid) 

SEM = Scanning electron microscopy 

SMA = Styrene-co-maleic anhydride 

SMI = Styrene-co-maleimide 

T(o-Cl)PPCu = Meso-tetrakis(o-chlorophenyl)porphyrinato]copper(II) nanoparticles 

T(o-Cl)PPCu-AMWCNT = Meso-tetrakis(o-chlorophenyl)porphyrinato]copper(II) nanoparticles 

onto Activated Multi-Walled Carbon Nanotubes. 

TEM = Transmission electron microscopy 
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TGA = Thermogravimetric analysis 

XPS = X-ray photoelectron spectroscopy  

XRD = X-ray diffraction (XRD) 
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