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A combination of carboxymethylpullulans (CMP) and Cu2O has been developed as a highly efficient 

catalytic system for Huisgen-click reaction. Our results indicate that the acidic CMP could be used for 6 

cycles without decreasing the activating efficiency for Cu2O. 

Introduction 

By now click chemistry has emerged as a prominent organic transformation. The copper(I)-catalyzed 

azide-alkyne cycloaddition (CuAAC) reaction is one of the most popular reactions within the click 

chemistry concept since discovered by the groups of Sharpless1 and Meldal2 independently. The CuAAC 

reaction has attracted much attention and been applied in the synthesis of pharmaceuticals, agrochemicals, 

dyes, corrosion inhibitors, biochemicals, polymers and functional materials due to its reliability, specificity 

and biocompatibility.3  

A plethora of copper catalytic systems have been utilized for CuAAC reaction including Cu(I) species,4 

Cu(II) salts/reducing agents2,5 and metallic copper.6 Compared with other Cu(I) species, Cu2O is the most 

readily available and practical catalyst. Efforts were made to enhance the catalytic efficiency of Cu2O
7-11 

because the directly used Cu2O powder in the CuAAC reaction showed very poor catalytic efficiency.12 To 

date, the catalytic capability of Cu2O in CuAAC reactions has not been thoroughly exploited because of 

lacking appropriate reaction conditions. Very recently, inspired by the reported PhCOOH/Cu2O catalytic 

system by Hu et al., 8 we have reported Cu(OAc)2·H2O/NH2NH2·H2O as a highly efficient catalytic system 

for the CuAAC reaction, which in situ generates Cu2O-NPs and HOAc in water at room temperature.13 Our 

results indicate that the in situ generated HOAc plays an important role in the CuAAC reaction. While not 

only the PhCOOH/Cu2O catalytic system, but also the Cu(OAc)2·H2O/NH2NH2·H2O catalytic system has 

drawbacks due to the unrecoverable and unreusable properties of the used small molecular organic acid in 

the processes, which both show better activating efficiency for Cu2O.  

Until now, polymers, as important supports, have been employed for immobilization of copper species 
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for CuAAC reaction and resulted in easy removal, recovery and reusability of the copper catalyst.14 To 

solving the recyclability problem of small organic acid mentioned above, a water-soluble polymer linked 

with such kind of small molecular organic acid could be considered, which usually should not dissolve in 

common organic solvents, such as ethyl acetate, CHCl3, CH2Cl2. Therefore, after the 1,2,3-triazoles 

precipitated from the reaction mixture or extracted by water-insoluble organic solvents, the water-soluble 

polymers could still remain in the water phase for reusing. Carboxymethylpullulan (CMP), which has been 

widely studied in polymer chemistry,15 is a water-soluble, nontoxic derivative of pullulan with carboxylic 

acid groups linked to the main chain. The main aim of this work is to investigate the activated efficiency 

and the recyclability ability of CMP in the Cu2O-catalyzed CuAAC reaction. To the best of our knowledge, 

there is still no report of CMP as the activator for Cu2O on the CuAAC reaction. The work described in this 

paper selected Cu2O/CMP as a catalyst system for the CuAAC reaction in water and demonstrated that the 

CMP showed better recyclability ability for Cu2O than the reported PhCOOH and HOAc. 

O

OH
OH

OH

CH2
O

OH

OH

CH2OCH2COOH

OO

O

OH

OH

CH2OCH2COOH

O
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Scheme 1. Structure of carboxymethylpullulan (CMP) 

 

Results and Discussion 

CMP was prepared by reaction of alkali-pullulan with sodium chloroacetate in a 2:1 isopropanol-water 

mixture according to the reported procedure.15a The Cu2O was prepared according our previous literature.13 

The reaction between propargyl phenyl ether and azide benzyl was selected as the model reaction (Scheme 

2) to test the catalytic efficiency of the Cu2O/CMP catalyst system. The reaction conditions were settled as 

follows: propargyl phenyl ether (1.0 mmol), azide benzyl (1.0 mmol), Cu2O (2 mol%), CMP (10 mol%), 

and water (2 mL). The influence of the amount of CMP on the isolated yields of the model reaction was 

investigated. 

N3

+ O reaction condition

N
N
N

O

 

Scheme 2. Model reaction for screening the Cu2O/CMP catalytic system 

Initially, the pH values of different amount of CMP in 2 mL water were measured and the pH value of 
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the used water is 7.00. As shown in Figure 1, the pH value of the CMP solution greatly affected the 

isolated yield of the model reaction. When the amounts of the CMP (based on the alkyne) increased from 2 

mol% to 20 mol%, the pH value decreased from 3.40 to 2.78 (line a), which is easy to understand that the 

more amount of acid the lower the pH value. The yields increased significantly over the concentration 

range of 2 mol% to 10 mol% (yield from 24.6% to 98.0%) and decreased over the concentration range of 

10 mol% to 20 mol% (yield from 98.0% to 15.6%). The yield over the concentration range of 2 mol% to 10 

mol% increased with the decreased of the pH values, which is consistent with our previous results that is 

the lower the pH value the faster the reaction rate.13 As we all known that Cu2O is almost insoluble in water, 

while in acidic water it becomes soluble and the Cu(I) ions are released, which is ready to disproportionate 

or be oxidized to copper (II). The lower the pH values, the faster the release rate. The CMP has two 

important roles in the Huisgen-click reaction. One is providing the needed protons, which promote the 

release of Cu(I) ions. The other role of CMP is acting as a stabling agent to prevent the disproportionation 

or oxidization of the released of Cu(I) ions. The in situ released Cu(I) in the reaction mixture catalyzed the 

Huisgen-click reaction between the added organic alkynes and azides. The more Cu(I) ions, the faster the 

reaction rate. While the contrary results obtained from the yields over the concentration range of 10 mol% 

to 20 mol%, which decreased from 98.0% to 15.6%. One reason is ascribed to the higher viscosity of the 

aqueous CMP solutions at the high concentration. Another reason is ascribed to the strong copper chelation 

ability of CMP. For proving this, special experiments were designed and carried out. To the round bottom 

flask, Cu2O (2 mol%), CMP (10 mol%), and water (2 mL) were added. After stirred for 6 mins, propargyl 

phenyl ether (1.0 mmol) and azide benzyl (1.0 mmol) were added and stirred for another 20 mins. After 

working up, only 40% isolated yield was obtained. It is worthy to be mentioned that when Cu2O (2 mol%), 

CMP (20 mol%), and water (2 mL) were put together and stirred for 6 mins, coagulation was observed. The 

same experimental result was obtained when it was carried out under a nitrogen atmosphere. The above 

experimental results confirmed the copper(I) chelation ability of CMP. Therefore the optimized reaction 

was settled as follows: Cu2O (2 mol%), CMP (10 mol%), and water (2 mL) and the Cu2O (2 mol%) should 

be the last one to be added. 
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Figure 1. Effects of the amount of CMP to alkyne on yields and pH values 

Secondly, the affection of the Cu2O-loading on the model reaction was investigated. The model reaction 

was carried out in water at room temperature in 20 mins in presence of 10 mol% CMP. As shown in Table 

1, it could be seen that the larger the catalyst loading, the faster the reaction rate (entry 1 to 6). The model 

reaction could be finished in 20 mins by increasing the catalyst loading above 2 mol%. When decreasing 

the catalyst loading to 1 mol%, it would take 2 h to complete the reaction. Further reducing the catalyst 

loading to 0.5 mol% and 0.1 mol%, it would take 10 h and 17 h to finish the model reaction respectively. 

Unfortunately, when the catalyst loading was reduced to 0.05 mol%, very poor yield (8%) was obtained 

even after reacting for 24 h. For improving the reaction rate of the model reaction at lower catalyst loading, 

heating is considered as a simple and direct way.16 Very encouraged, the model reaction could complete in 

20 mins when catalyzed by 0.5 mol% Cu2O at 80 ºC (entry 9). At the same condition mentioned above, the 

reaction could complete smoothly in 20 mins even the amount of CMP reducing to 5 mol%. It is worth to 

mention that only 15% yield is obtained when catalyzed by 10 mol% Cu2O in absence of CMP (entry 8), 

which indicated the importance of the CMP. The results above encouraged us to study the effect of the 

reaction temperature on the model reaction with the relatively lower loading of Cu2O and CMP.  

Table 1. The screening of the catalyst loading on the model reaction 

Entry Cu2O (mol%) Times (min) a Yield(%) b 

1 10 20 98/15 c 

2 5 20 98 

3 2 20 98 

4 1 20 24 

5 0.5 20 16  

6 0.1 20  5  

7 0.05 24 h 8 

Page 4 of 11RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
3 

Ja
nu

ar
y 

20
15

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

n 
D

ie
go

 o
n 

15
/0

1/
20

15
 1

0:
43

:2
6.

 

View Article Online
DOI: 10.1039/C4RA14813D

http://dx.doi.org/10.1039/c4ra14813d


 5

8  0.05 d 24 h 15 

9 0.5 d 20 98 

10 0.5 e 20 98 

a Reaction conditions: propargyl phenyl ether (1 mmol), azide benzyl (1 mmol), CMP (10 mol%), H2O (2 mL), 

rt; 
b Isolated yields; 

c In absence of CMP; 
d Reaction temperature is at 80 ºC; 

e CMP (5 mol%), H2O (2 mL), 

reaction temperature is at 80 ºC. 

For investigating the effect of reaction temperature on the model reaction, the reaction conditions were 

settled as follows: propargyl phenyl ether (1.0 mmol), azide benzyl (1.0 mmol), Cu2O (0.5 mol%), CMP (5 

mol%), and water (2 mL). The model reaction was carried out in 20 mins at different temperature among 

the temperature range from 30 ºC to 100 ºC. As shown in Figure 2, the higher the reaction temperature, the 

faster the reaction rate from 30 ºC to 60 ºC. When the temperature is above 60 ºC, the yield obtained in 20 

mins is almost the same. So the optimized reaction condition is as follows: propargyl phenyl ether (1.0 

mmol), azide benzyl (1.0 mmol), Cu2O (0.5 mol%), CMP (5 mol%) and water (2 mL) at 60 ºC. 

 

Figure 2. Effects of the reaction temperature on the model reaction 

 

Figure 3. Recyclability of CMP for the model reaction 

There is an interesting thing happened during working up the model reaction. When the reaction was 
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 6

extracted by ethyl acetate, a yellow organic phase and an almost colorless water phase were obtained 

(Figure 4). It could be imaged that the in situ formed copper(I) ion might be coordinated with the obtained 

triazoles.17 The bright yellow organic phase could maintain for several weeks without changes. When the 

propargyl phenyl ether was replaced by phenylacetylene, the extracting phenomenon was the same, even 

using CH2Cl2 or chloroform as the extracting solvents. It was very interesting that when the pure obtained 

triazoles from the model reaction were stirred with CMP and Cu2O for 20 mins and the mixture were 

extracted by ethyl acetate, the organic phase was colorless. This indicated that chelation of triazoles with 

copper(I) happened in the Huisgen-click reaction cycles, which should be responsible for the leaching of 

Cu(I) from the catalytic system. When the yellow organic phase was washed by aqueous ammonia, it 

became colorless and the water phase became blue. The results mentioned above proving that the copper 

almost transferred to the organic phase, thus the catalysis copper could not be recycled. Therefore the 

recyclability of the CMP was investigated. The model reactions were carried out at 60 ºC in a relatively 

large scale: propargyl phenyl ether (10 mmol), azide benzyl (10 mmol), Cu2O (0.5 mol%), CMP (5 mol%), 

and water (20 mL). After the reaction mixture extracting by ethyl acetate, the remaining water phase was 

added the same amount of starting alkyne, azide and Cu2O. As shown in Figure 3, after the model reaction 

carried out for 6 cycles, the yield showed slowly decreasing. In the ninth cycle, the yield decreased sharply 

to 50 % and the pH values of the remaining water phase is 4.36. It could be imaged that the hydrogen ions 

were slowly consumed by Cu2O. When the Cu2O was replaced by CuOH (1 mol%), the same trend of pH 

and catalytic efficiency changes could be obtained. It was very interesting that after the remaining water 

phase was acidified by HCl to 2.82, the catalytic efficiency of CMP was recovered. The remaining water 

phase could be reused for another 6 times without notable yields changes. It is worth to mention that when 

the pure water in the absence of CMP was acidified by HCl to 2.82, the obtained yield is only 25.6% even 

if the reaction temperature is at 60 ºC. It should attribute to the stable ability of CMP for copper(I) ion and 

the importance of CMP for Cu2O-AAC reaction.  

 

Figure 4. The picture of before the reaction (left) and after the reaction (right) 
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 7

A wide range of diversely substituted terminal alkynes and azides were carried out under the optimized 

conditions in water at 60 ºC. As shown in Table 2, the reactions work well not only with alkyl azides, but 

also with aryl azides. All reactions were highly regioselective towards the 1,4-disubstituted triazoles within 

20 mins.  

Table 2. Synthesis of triazoles using CMP/Cu2O system 

R1 N3 + R2
Cu2O(0.5 mol%) / CMP(5 mol%) NN

N

R2

R1

3a-t1 2
H2O

 

ON

N N

O

O

N

N N

O

O

O
N

N N

O

O

NO2

O
N

N N

O

O

Cl

N

N N

O

O

3a (20 min, 98%) 3b20 min, 95%) 3c (20 min, 96%) 3d (20 min, 92%) 3e (20 min, 90%)

ON

N N
N

N N

ON

N N

NO2

ON

N N

Cl

N

N N

3f (20 min, 98%) 3g (20 min, 91%) 3h (20 min, 95%) 3i (20 min, 95%) 3j (20 min, 96%)

ON

N N

N

N N

O
N

N N

NO2

ON

N N

Cl

N

N N

3k (20 min, 90%) 3l (20 min, 92%) 3m (20 min, 94%) 3n (20 min, 94%) 3o (20 min,89%)

O2N

N

N N

O
N

N N

NO2

N

N N

3p (20 min, 98%) 3q (20 min, 90%) 3r (20 min, 87%) 3s (20 min, 90%) 3t (20 min, 91%)

N

N N

O2N

ON

N N

Cl

O2N

O2N O2N

NO2

 

The proposed mechanism (Scheme 3) for the reaction will be the same as established mechanism shown 

in earlier report.18 The CMP played important roles in the reaction:8, 19-21 (a) CMP breaks the crystal 

structure of Cu2O to allow the formation of copper(I) species-highly efficient catalysts for CuAAC reaction 

assisted by the its acidity; (b) CMP- as a ligand coordinated Cu(I) of monomer to promote the formation of 

alkynyl-copper(I) intermediate (3) (step 2); (c) it had active effect on cycloaddition (step 3) and 

protonation of C-Cu bond (step 4); (d) the CMP comes into another cycle. 

N N
N R1

R Cu

C C Cu(I)CMPR Cu(I)

C CR H

Cu(I)CMP

N N
N R1

R

C CHR

R1N3 Step 4

Step 1

Step 2

Step 3

(1)
(2)

(3)

(4)

(5)

Cu2O

HOOC-CH2-Pullulan

Cu(I)+ -OOC-CH2-Pullulan

H
+

 

Scheme 3. Proposed mechanism for the CuAAC reaction 

Conclusions  
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 8

In summary, we presented a novel and high yield Cu2O/CMP catalyst system in water with a relatively 

short reaction time. Such a method will be interesting as the remaining water phase containing CMP could 

be reused for several runs and could be recovered by simply acidified by hydrochloride acid.  
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+
Cu2O(0.5 mol%) / CMP(5 mol%) NN

N

R2

R1
O

N3

H2O
 

Cu2O/CMP has been developed as a highly efficient catalytic system for Huisgen-click reaction in 

water at 60 ºC. 
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