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Introduction 

Of all the click reactions, the copper (I)-catalyzed version of 

Huisgen 1,3-dipolar  azide–alkyne cycloaddition (CuAAC) 

reaction  independently described by the groups of Sharpless and 

Meldal in 2002, is one of the most common and useful synthetic 

reactions in organic chemistry.
1-3

 The CuAAC has become a 
prime example of click chemistry because of its reliability, 

specificity, and biocompatibility and has been widely used in 

different areas of science, such as organic synthesis, drug 

discovery, bioconjugation, polymer and supramolecular 

chemistry.
4-8

 

Nevertheless, an increasing alertness of the need for more 
sustainable approach for synthetic chemistry across academic and 

industrial communities, numerous environmentally friendly 

strategies have been recognized: to carry out reactions  in solvent 

free condition; to change the use of stoichiometric reagents with 

catalysts; to use biocatalytic processes, and finally to carry out 

reactions in aqueous media.
9
 From the viewpoint of ‘click 

chemistry’ water is used as a solvent along with other water-

miscible organic solvents such as DMSO, THF, and 
t
BuOH in 

typical CuAAC reaction.
10

 In particular, water is a cheap, 

nonflammable, nontoxic, and environmentally benign solvent.
11

 

Therefore, development of organic reactions in water over 

traditional solvents will contribute to the cleaner green chemistry 
process.  

Very surprisingly, certain  Cu-binding ligands  play an important 

role in the rate acceleration of CuAAC over the ligand-free 

process with stabilization of copper (I) ions from oxidation and 

disproportionation.
12

 In this regard, noteworthy examples include 

the commonly applied TBTA,
13

 sulfide ligands,
14

 histidine
15

 and 
benzimidazole derivatives,

16
 pyridine– phosphinimine,

17
 

bisoxazoline-pyridine (pybox) ligands,
18

 phosphites,
19

 

phosphinite and phosphonite,
20

 NHC carbenes,
21

 THPTA,
22

 

oximinoalkylamines,
23

 AMTC
24

 and MBHTM.
25
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However, these strategies have some inherent deficiencies, 

including relatively sluggish synthetic routes, high copper and 

ligand loading, high temperature, long reaction time and use of 

organic solvents. Most of the ligands are non polar and only a 

few reports are available for water soluble ligands such as 
THPTA

22
 and AMTC

24
. Consequently, there is still a need for the 

development of new, efficient, highly economical, widely 

applicable, commercially feasible as well as environmentally 

sustainable way for the synthesis of 1,2,3-triazoles in order to 

meet their growing demand in various section. 

Urea is a cheap, remarkably stable, readily accessible, water 
soluble and non-toxic substance and nowadays the chemistry of 

urea based organic reactions has been developed rapidly because 

of interest in their geometrical structures and complexing 

ability.
26

 We recently disclosed urea/Pd(OAc)2 as efficient 

catalyst for phosphine-free Suzuki–Miyaura cross-coupling 

reactions.
27

 In order to establish the utility of urea as a ligand we 
decided to extend its chemistry to CuAAC reaction and to the 

best of our knowledge this is one of the simplest green protocols 

for ligand promoted click reactions reported so far. To contribute 

our interest on click chemistry,
28

 herein we describe a simple, 

reliable and synthetically straightforward approach for the 

preparation of diverse 1,2,3-triazoles under mild condition. 

Results and discussion 

We began to explore optimal parameters for the click reaction 

using benzyl azide as a coupling partner for phenyl acetylene in 

water using urea as a ligand under standard cycloaddition 

conditions (Table 1, entry-1). To our delight, the reaction 

undergoes near completion after only 60 min and excellent yields 
can be achieved. Further screening of different Cu salts indicated 

that CuSO4.5H2O/Na ascorbate showed superior reactivity over 

others in this reaction (Table 1, entries 2-5). Interestingly, using 

of thiourea or guanidine as a ligand led to slightly lower yield of 

the desired product (Table 1, entries 6-7). It was worth to note 

that in the absence of urea the product obtained was only 40% 
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after 60 min and the reaction was completed only after 6h 

highlighting the indispensable role of the ligand (Table 1, entries 

8-9). Notably, it was found that all these reactions could be 

performed in air with no detectable evidence of side product 

formation. Throughout this work, the optimized reaction 

conditions comprise of 1 mol% CuSO4.5H2O as catalyst, 5 mol% 
Na ascorbate as reducing agent and 2 mol% urea as the promoter 

ligand. 

Table 1. Optimization of reaction conditions.
a 
 

 

 

 

Entry [Cu] 
1 mol% 

Na 
ascorbate 

Ligand 
2 mol% 

time Yield 
(%)

b
 

1 CuSO4.5H2O  5mol% Urea  1h 99 
2 CuI  - Urea  1h 90 

3 CuCl2.2H2O  5mol% Urea  1h 88 
4 Cu(OAc)2.H2O  5mol% Urea  1h 89 

5 CuCl  - Urea  1h 90 
6 CuSO4.5H2O  5mol% Thiourea  1h 78 

7 CuSO4.5H2O  5mol% Guanidine  1h 84 
8 CuSO4.5H2O  5mol% -  1h 40 

9 CuSO4.5H2O  5mol% - 6h 92 
10 - - Urea  24h - 

a
 1 mmol of azide, 1.2 mmol of alkyne, 1.0 mol % of [Cu] and 5.0 mol % 

sodium ascorbate in the presence of 2 mol % of ligand in H2O at room 

temperature. 

b
 Isolated yields by column chromatography. 

 

With the optimized reaction conditions established, 

exploration of the scope of the catalyst system was performed 

with structurally different azides and acetylenes. Phenylacetylene 

could react satisfactorily with diverse azides (Table 2, Entries 1-

10) affording the corresponding products with high isolated 

yields. It is noteworthy that both the electron-rich and the 

electron deficient aryl azides showed an excellent reactivity and 

furnished the products in high yields in short reaction times 

(Table 2, entries 3-9) at room temperature. Halide substituents 

such as Br, F, and Cl were all tolerated in this transformation and 
resulting triazoles are primed for further functionalization. In the 

case of aliphatic azide also, good yields were observed under the 

standard reaction conditions (Table 2, entry -10).  Obviously, 

cycloaddition with aromatic alkynes such as p-

methylphenylacetylene, p-methoxyphenylacetylene proceeded 

smoothly to give the corresponding 1,2,3-triazoles in almost 
quantitative yields (Table 3, Entries 1-3). In addition, aliphatic 

alkynes were also effectively clicked with the benzyl azide to 

form the desired triazole products in excellent yields (94-99%) 

after 3h (Table 3, entries 4-5). Moreover the reaction appears to 

be quite tolerant of common functional groups including 

alcohols, esters and acids (Table 3, entries 6-8). 

Table 2. Azide–alkyne cycloaddition of phenyl acetylene and 

different azides in water.
a
 

 

 

 

 

Entry Azide Product Time Yield
b
 

 
1 

 N
N N

 

 
1h 

 
99 
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N
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Cl

 

 

1h 

 

95 
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N
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1h 

 
96 
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N

N N

Br

 

 

1h 

 

95 
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N

N N

MeO

 

 

1h 

 

97 
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N

N N

NC

 

 
1h 

 
96 

10  N
N N

 

3h 90 

a
 1 mmol of azide, 1.2 mmol of alkyne, 1.0 mol % of CuSO4.5H2O and 5.0 

mol % sodium ascorbate in the presence of 2 mol % of urea in H2O at room 

temperature. 

b
 Isolated yields by column chromatography. 

 
Table 3. Azide–alkyne cycloaddition of benzyl azide and 

different alkynes in water.
a
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b
 

 

1 

 N
N N

 

 

1h 

 

99 

 

2 

 N
N N

 

 

1h 

 

94 

Ph Bn N3
N

N

N

Ph

Bn

[Cu] / Na ascorbate

ligand, H2O, rt

Ph R' N3
N

N

N

Ph

R'

CuSO4.5H2O/ Na ascorbate

urea, H2O, rt

N3

O2N

N3

N3

N3

Cl

N3

Cl

N3

F

N3

Br

N3

CN

N3

OMe

N3
7

R Bn N3
N

N

N

R

Bn

CuSO4.5H2O/ Na ascorbate

urea, H2O, rt



  

 3 
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 N
N N

OMe 

 

1h 

 

95 
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 N
N N

 

 

3h 

 

90 
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 N
N N

 

 

3h 

 

92 

 

6 

 N
N N

OH

O  

 

2h 

 

90 

 

7 

 N
N N

O

O  

 

2h 

 

94 

 

8 

 N
N N

OH 

 

3h 

 

92 

a
 1 mmol of  benzyl azide, 1.2 mmol of alkyne, 1.0 mol % of CuSO4.5H2O 

and 5.0 mol % sodium ascorbate in the presence of 2 mol % of urea in  2 ml 

of H2O at room temperature. 

b
 Isolated yields by column chromatography. 

Conclusion 

In summary, we have developed a simple and highly efficient 

methodology for copper-catalyzed azide alkyne cycloaddition 
reactions at room temperature. With the ease of procedure, mild 

reaction conditions, use of inexpensive reagents, and high 

generality of substrates, we believe that this greener and cost 

effective process creates a new avenue for scientific community. 
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HIGHLIGHTS 

 

 The method exploits commercially available 

and inexpensive urea as a ligand  

 Economical and environmentally friendly 

water as the medium 

 One of the simplest protocols for ligand 

promoted click reactions reported so far 

 CuAAC reaction can be performed in water 

at room temperature  

 
 


