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Figure 5. XRD patterns of (a) Chi, (b) Chi-Gly, and (c) 
Chi-Gly@CuI 

target yields. When using the electron-donating substitu-
ents as the aryl halide, e.g. 4-OMe (3b), 4-Me (3c), 4-OEt 
(3d) and 4-OCF3 (3g), they could reacted successfully to 
afford excellent yields. However, as compared with the 
electron-donating substituents, the aryl halides with elec-
tron-withdrawing substituents, e.g. 4-NO2 (3j), 4-Ac (3k) 
and 3-NO2 (3l), they only gave moderate yields. In addi-
tion, steric hindrance also had an impact on the yield of the 
reaction, e.g. 2-OMe and 2-Me, they had adverse effects on 
the yield. 2-Iodonaphthalene was tested to obtain targeted 
product with 75% yield. Furthermore, cross-couplings be-
tween different nitrogen heterocycles with 4-lodoanisole

were investigated, e.g. piperidine, pyrrolidine, n-butyl- 
amine, 2-pyrrolidinone, 1H-benzoimidazole, 4-methyl-1H- 
imidazole, and 5-nitroindole. To our delight, it was obvi- 
ous that excellent yields were obtained with different 
N-heterocycles. 

The Ullmann C—N reaction of iodobenzene with imid-
azole was used again as a model reaction to evaluate the 
reusability of Chi-Gly@CuI. Compared with fine power, 
the form of spherical beads could be easily separated from 
products by simple filtration without weight loss, and then 
the spherical catalyst was washed four times with water 
and ethyl acetate. The separated spherical catalyst was 
added into model reaction under the same reaction condi-
tions. The results of reusable catalyst were shown in Figure 
7. It was exhibited that the catalyst maintained catalytic 
activity after being reused 10 times. In order to analyze 
copper leaching of reusable catalyst, the copper content in 
the original catalyst was measured to be 2.16 wt % by the 
ICP-AES. After several reactions, the copper content in the 
separated spherical catalyst was measured to be 1.98 wt% 
in the third run and 1.14 wt% in the fifth run. It was con-
firmed that Chi-Gly@CuI maintained excellent catalytic 
activity after several runs of this reaction. 

3  Conclusions 

In summary, we had successfully prepared cross-linked 
chitosan beads as a green, recyclable, supported catalyst for 
the copper-catalyzed Ullmann C—N coupling reaction in  

 

Figure 6  XPS spectra of Chi-Gly and Chi-Gly@CuI (a), Cu 2p peaks of Chi-Gly@CuI and recovered Chi-Gly@CuI after the third run 
(b), N 1s pattern of Chi-Gly (c) and Chi-Gly@CuI (d) 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2019, 39, 1720～1726 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     1725 

Table 2  C—N coupling reaction catalyzed by Chi-Gly@CuIa 

 

 

a Reaction conditions: aryl halides 1 (1.0 mmol), nitrogen nucleophiles 2 (1.2 mmol), Na2CO3 (2.0 mmol) and Chi-Gly@CuI (25 mg, loading 5 mol%) in the water (4 
mL) at 100 ℃ for 24 h. 

 

Figure 7  Recycling and reuse of Chi-Gly@CuI as catalyst 

water. In particular, the catalyst performed excellent cata-
lytic effects in water system and could be easily separated 
from products by simple filtration almost without weight 
loss. In addition to its excellent catalytic activity, 
Chi-Gly@CuI can maintain catalytic activity after 10 times 
of recycling. Most noticeably, the preparation process of 
this environmentally-friendly catalyst is simple, and it will 
have large potential used in industrial production. 

 
Supporting Information  Experimental details and pro-
ton nuclear magnetic resonance of synthesized products. 
The Supporting Information is available free of charge via 
the Internet at http://sioc-journal.cn/. 
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