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A recyclable functional hybrid catalyst was prepared via a simple method using chitosan as a linear
polysaccharide and an ionic liquid. In this work, the synthesis of chitosan supported 1-phenyl-1H-
tetrazole-5-thiol ionic liquid copper(II) complex (CS@Tet-IL-Cu(II)) was investigated. The synthesized
CS@Tet-IL-Cu(II) was characterized using XRD, EDS, elemental mapping, STEM, FT-IR, TG/DTA, ICP-MS
and TEM analyses. CS@Tet-IL-Cu(II) was applied as an effective and novel catalyst in the synthesis of ary-
laminotetrazoles via the cycloaddition reaction of arylcyanamides and NaN3 in DMF solvent. The exper-
imental results indicated that the type of substituents on arylcyanamides could affect the type of
products (A or B isomer). The arylcyanamides with electron withdrawing and donating groups can pro-
duce isomer A (5-arylamino-1H-tetrazole) and isomer B (1-aryl-5-amino-1H-tetrazole), respectively. In
addition, CS@Tet-IL-Cu(II) can be reused five times with no noteworthy loss of performance.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, tetrazole compounds have made many contri-
butions to chemistry, medicine, and pharmaceuticals. Tetrazoles
can be applied as isosteres of carboxylic acids, ligands in a variety
of complexes, as well as explosives in different propellants [1–5].
Tetrazole anions are ten times more lipophilic than carboxylate
anions, which is an important feature in the design of different
drug molecules to penetrate cell membranes [6–8]. In addition,
tetrazoles are applied as herbicides, plant growth regulators, and
fungicide stabilizers in agriculture [9–11]. Tetrazole is a 5-
membered ring with special properties including high acidity and
enthalpy of formation as well as high N number. In addition, tetra-
zoles are very stable [12–14]. Various tetrazole derivatives have
been successfully used as efficient compounds in the preparation
of N-containing compounds [15,16]. Tetrazole containing com-
pounds have various applications; especially in medicine, such as
antihypertensive drugs and antitumor agents [17,18].

There are some methods for the preparation of arylaminotetra-
zoles. Due to the many benefits and applications of arylaminotetra-
zoles, there are several methods to synthesize them (Scheme 1)
[19,20]. Some of the methods shown in Scheme 1 for the synthesis
of aminotetrazoles have drawbacks including the use of non-safe
azide sources, expensive reagents, and homogeneous catalysts,
harsh reaction conditions as well as tedious workup, low yield,
and production of a mixture of different isomers [21].

Recently, arylaminotetrazoles have been synthesized by the
[2 + 3] cycloaddition reaction of monosubstituted cyanamides
and sodium azide (NaN3). Due to some advantages of heteroge-
neous catalysts, researchers have used them in the synthesis of
arylaminotetrazoles [22–26].

Heterogeneous catalysts are one of the most promising com-
pounds for different reactions. One of the most significant steps
in the fabrication of heterogeneous catalysts is to select a suitable
support for the decoration of metal nanoparticles or complexes
[27–34]. Natural polymers or biopolymers, for example cellulose,
alginate, starch, gum, chitin, and chitosan are the most promising
compounds, which are broadly applied as efficient supports in
the synthesis of heterogeneous catalysts. In recent years, among
the various biopolymers, chitosan has attracted a lot of attention
due to its many benefits. In fact, chitosan is a hydrophobic and lin-
ear polysaccharide, which is prepared by deacetylation of chitin in
an alkaline solution. Chitin, which is the most abundant polysac-
charide after cellulose, is obtained from the exoskeletons of
shrimp, crabs, and squid (Fig. 1). In addition, chitosan is a cationic
polysaccharide with some advantages including biodegradability,
accessibility, biocompatibility, and none-toxicity. These advan-
tages make chitosan a suitable and biodegradable choice for the
preparation of heterogeneous catalysts [21].
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Scheme 1. Different methods for the synthesis of aminotetrazoles.
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Ionic liquids (ILs), which are a novel class of eco-friendly, safe
solvents composed mainly of ions, are applied in various applica-
tions; especially in catalysis. In other words, ILs can play different
roles as catalysts, reagents, reaction media, and solvents. Nowa-
days, the use of ILs as catalysts is very much considered by
researchers because they have many benefits such as high thermal
stability, recyclability, and exceptional solvation properties
[35,36].

An efficient heterogeneous metal ionic liquid catalyst (CS@Tet-
IL-Cu(II)) by 1-phenyl-1H-tetrazole-5-thiol has been designed and
characterized in this work. In other words, 1-phenyl-1H-tetrazole-
5-thiol ionic liquid Cu(II) complex has been supported on chitosan
using (3-chloropropyl)trimethoxysilane. To the best of our knowl-
edge, this is the first report on the synthesis of a tetrazole based
ionic liquid stabilized on the surface of chitosan. Although there
are several reports concerning imidazole based ionic liquids [28],
very few ionic liquid based tetrazoles have been synthesized
[29,37,38]. However, it is noteworthy that there are no reports
on the synthesis of ionic liquids using 1-phenyl-1H-tetrazole-
5-thiol. Therefore, this report could create a new route for the
synthesis of ionic liquid based tetrazoles. Next, the prepared
CS@Tet-IL-Cu(II) was applied in the preparation of arylaminotetra-
zole derivatives by [2 + 3] cycloaddition reaction of a wide range of
substituted arylcyanamides and NaN3 in DMF solvent (Scheme 2).
The results show that the CS@Tet-IL-Cu(II) has excellent catalytic
activity and the products are obtained in good yields. The use of
2

a relatively inexpensive catalyst, generality, efficiency, short reac-
tion time, simplicity, easy work-up procedure, reusability of the
catalyst, straightforward isolation of the products, and the high
yield of products are the advantages of this protocol.

2. Experimental

2.1. Tools and chemicals

All chemicals were obtained from Merck and Aldrich Chemical
Co. Chitosan (De-acetylation degree: 85%, molecular weight:
50,000–80,000 Da (medium), particle dimension: powder with a
mesh size of 80, soluble in 1% acetic acid) was supplied by Nano
Novin Polymer (NNP) Co. Company. The structure of the synthe-
sized heterogeneous catalyst was characterized using FT-IR, XRD,
TEM, FESEM, and EDS analyses. The products were characterized
by FT-IR, 1HNMR, and 13CNMR. The FT-IR and NMR spectra were
recorded using Perkin-Elmer 781 and Bruker spectrophotometer
and Avance DRX-400 and 600 MHz, respectively. The morphology
and size of the prepared catalyst were obtained by TEM using JEM-
F200 JEOL, and FESEM, Hitachi S-4700 instruments. The XRD and
TG/DTA analyses were performed using Philips PW 1373 diffrac-
tometer and STA 1500 Rheometric-Scientific, respectively. The ele-
mental contents of the catalyst were determined by inductively
coupled plasma optical emission spectrometry (ICP-MS, Perkin
Elmer, Optima 8000).



Fig. 1. Schematic representation of the preparation of chitosan from chitin.
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2.2. Synthesis of ionic liquid (Tet-IL)

In a 150 mL flask, 5 mmol of 1-phenyl-1H-tetrazole-5-thiol and
5 mmol of (3-chloropropyl)trimethoxysilane (TMOS) were added
to 50 mL of ethanol and the reaction mixture was subjected to
reflux conditions. Reaction progress was followed by TLC. After
20 h, the reaction temperature was reduced to 50–55 �C. 5 mmol
of 1,4-butane sultone were then added dropwise to the reaction
mixture and stirring was continued for 8 h (Tet-IL).
2.3. Synthesis of CS@Tet-IL-Cu(II)

Firstly, in a 250 mL flask, 1.5 g of chitosan (CS) were added to
Tet-IL, prepared in the previous stage, and the resulting mixture
was refluxed for 24 h. When the reaction was over, the reaction
mixture was cooled and the resulting precipitate (CS@Tet-IL) was
separated from the reaction mixture by filtration, washed several
times with ethanol, and then dried. In the next stage, in a 150 flask,
a mixture of 1.2 g of CS@Tet-IL and 0.4 g of CuCl2 was refluxed for
24 h. The resulting precipitate (CS@Tet-IL-Cu(II)) was then sepa-
rated by filtration and dried after washing with ethanol
(Scheme 3).
2.4. Synthesis of arylcyanamides

Different arylcyanamides were produced according to literature
methods [39].
3

2.5. Synthesis of arylaminotetrazoles

In a 50 mL flask, 1 mmol of arylcyanamides, 1.5 mmol of NaN3,
0.05 g of CS@Tet-IL-Cu(II), and 7 mL of DMF were added and the
mixture obtained was stirred at 120 �C for an appropriate time
(the reaction progress was monitored by TLC). Upon the comple-
tion of the reaction, the reaction mixture was cooled and
CS@Tet-IL-Cu(II) was removed from the reaction medium via filtra-
tion. The reaction mixture was then treated with 25 mL of HCl and
25 mL of ethyl acetate while being vigorously stirred. The organic
layer was separated from the mixture and the aqueous layer was
over-extracted using 25 mL of ethyl acetate. Finally, the separated
organic layers were washed with water, followed by the removal of
solvent, and crystallization in ethanol for further purification.
3. Results and discussion

3.1. Characterization of CS@Tet-IL-Cu(II)

CS@Tet-IL-Cu(II) structure was confirmed using XRD, EDS, ele-
mental mapping, TEM, STEM, FT-IR, ICP-MS and TG/DTA analyses.

Fig. 2 displays the XRD pattern of CS@Tet-IL-Cu(II). The peak
observed in 2h = 20� is related to the presence of chitosan in the
synthesized catalyst, which matches the XRD pattern reported in
the literature [40]. Due to the uniform distribution of copper parti-
cles in the synthesized catalyst, the peak corresponding to the cop-
per particles is not visible.

The chemical compositions of CS@Tet-IL and CS@Tet-IL-Cu(II)
were determined using EDS and elemental mapping analyses.



Scheme 3. Synthetic pathway for the preparation of CS@Tet-IL-Cu(II) catalyst.

Fig. 2. XRD pattern of CS@Tet-IL-Cu(II).

 

Scheme 2. Schematic representation of synthesis of arylaminotetrazoles using CS@Tet-IL-Cu(II).
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Fig. 3. EDS spectra and elemental mapping analysis of a) CS@Tet-IL and b) CS@Tet-IL-Cu(II).
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Fig. 3 (continued)
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Fig. 3 displays the EDS spectra of the CS@Tet-IL and CS@Tet-IL-Cu
(II). The EDS analysis of the catalyst was carried out by a Cu grid
to hold the sample. As shown in Fig. 3 (a), copper is not observed
in the CS@Tet-IL elemental mapping. EDS and elemental mapping
of the CS@Tet-IL-Cu(II) confirmed the presence of the C, O, Si, Cu
and N in the structure of CS@Tet-IL-Cu(II) (Fig. 3 (b)). The
CS@Tet-IL-Cu(II) elemental mapping confirmed the uniform
distribution of copper particles on the CS@Tet-IL surface. The con-
tent of the Cu within CS@Tet-IL-Cu(II), as determined using ICP-
MS, was 0.6 wt%.
6

TEM analysis was applied to determine the particle size. Fig. 4
displays the TEM images of CS@Tet-IL and CS@Tet-IL-Cu(II). As
shown in Fig. 4, the copper complex is evenly distributed on the
surface of chitosan ionic liquid. The average size of a copper com-
plex is about 10 nm. The STEM images of CS@Tet-IL and CS@Tet-IL-
Cu(II) are displayed in Fig. 5, which confirm the homogenous
assembly of the synthesized catalyst.

Fig. 6 shows the FT-IR spectra of CS@Tet-IL and CS@Tet-IL-Cu
(II). As observed, the peak in the range of 3200–3500 cm�1 is
related to NH and OH of chitosan. Furthermore, the peaks at



Fig. 4. TEM images of CS@Tet-IL (top) and CS@Tet-IL-Cu(II) (bottom).

Fig. 5. STEM images of (left) CS@Tet-IL and (right) CS@Tet-IL-Cu(II).
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2886, 1624 and 1152 cm�1 correspond to the tensile vibrations of
C-H (sp3) bonds, C = N bonds of tetrazole and SO3�, respectively,
which confirms the presence of tetrazole and IL in the structure
of the synthesized CS@Tet-IL-Cu(II).

Thermogravimetric (TG) and differential thermal analysis (DTA)
tests in airflow (120 mL/min) at a heating rate of 2 �C/min on an
7

autonomic TG/DTA were carried out from 40 �C to 700 �C. Fig. 7
(a, b) shows the comparative weight loss of CS@Tet-IL and
CS@Tet-IL-Cu(II). For both samples, the weight loss observed at
temperatures below 200 �C is due to the release of water or organic
solvents in the structure. In addition, in both samples, the weight
loss in the temperature range of 200–500 �C corresponds to the



Fig. 6. FT-IR spectra of CS@Tet-IL and CS@Tet-IL-Cu(II).
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decomposition of chitosan and 1-phenyl-1H-tetrazole-5-thiol
functionalized ionic liquid. As shown in Fig. 7 (b), another
decomposition stage is observed after 600 �C, which is related to
the decomposition of the prepared catalyst.

3.2. Catalytic application of CS@Tet-IL-Cu(II) in the synthesis of
arylaminotetrazoles

The synthesized CS@Tet-IL-Cu(II) was applied as an efficient
catalyst in the [2 + 3] cycloaddition reaction of arylcyanamides
and NaN3 in DMF solvent for the synthesis of arylaminotetrazoles.
The cycloaddition of 4-chlorophenylcyanamide and NaN3 using
CS@Tet-IL-Cu(II) was chosen as a model reaction to optimize the
reaction conditions. Since cycloaddition reactions are performed
at high temperatures, DMF was selected as the most suitable sol-
vent. Different amounts of the catalyst were used to perform this
reaction, the results of which are summarized in Table 1. The reac-
tion does not occur in the absence of a catalyst (Table 1, entry 1). As
displayed in Table 1, the most significant result is obtained in the
reaction of 1 mmol of 4-chlorophenylcyanamide with 1.5 mmol
of NaN3 in the presence of 0.05 g of CS@Tet-IL-Cu(II) in DMF sol-
vent (Entry 4). When the amount of catalyst is slightly increased,
the product yield does not significantly increase (Entry 5). How-
ever, decreasing the amount of the catalyst significantly reduces
the product yield (Entry 3).

To prepare arylaminotetrazoles, various types of aryl-
cyanamides with electron donating and withdrawing groups were
used (Table 2). Our results indicate that various arylcyanamides
with different electron donating and withdrawing groups form
arylaminotetrazole derivatives in high yields. In addition, the
results show that cyanamides with electron donating groups are
more reactive. On the other hand, as shown in Table 2, the cycload-
dition reaction time of arylcyanamides containing electron-
donating groups is shorter than that of arylcyanamides with elec-
tron withdrawing groups. According to Table 2, arylcyanamides
8

containing electron withdrawing and donating groups produce iso-
mer A (5-arylamino-1H-tetrazole) and isomer B (1-aryl-5-amino-
1H-tetrazole), respectively.

The advantage of our method over other methods is that
depending on the arylcyanamide used in the cycloaddition reac-
tion, the product will be either isomer A or B, while other methods
using HN3, glacial acetic acid, and FeCl3-SiO2 yield an isomeric mix-
ture (Scheme 4) [3,25]. In other words, our method is regiospecific.
This is in concordance with the reports previously published
regarding the synthesis of arylaminotetrazoles using natrolite zeo-
lite, Ag/Fe3O4 nanocomposite, and Fe3O4@SiO2-aminotet-Cu(II) cat-
alyst [22–24]. The reported protocols have disadvantages such as
the production of the mixtures of isomers [3,25], use of hydrazoic
acid as a highly toxic and explosive compound, harsh reaction con-
ditions, long reaction times, low yield, difficulty of work up due to
the application of homogeneous catalysts, in situ generation of
hydrazoic acid, difficulties in preparation and availability of the
Natrolite zeolite [23] as a local and natural catalyst and also
Euphorbia peplus Linn leaf extract for the synthesis of Ag/Fe3O4

nanocomposite [22]. Compared to other reported catalysts,
CS@Tet-IL-Cu(II) avoids the previously reported problems and per-
forms the best. To the best of our knowledge, this is the first report
wherein an ionic liquid based tetrazole has been immobilized on
the chitosan surface as an effective support.

Based on previous reports [22–24], a mechanism is proposed for
the synthesis of arylaminotetrazole derivatives, as displayed in
Scheme 5. The products were obtained via the guanidine azide
intermediates.

The chemical structures of the synthesized arylaminotetrazoles
derivatives (A and B isomers) were confirmed using FT-IR, 1HNMR,
and 13CNMR spectroscopy (Fig. 8). In the FT-IR spectra of the syn-
thesized A and B isomers, the peaks corresponding to NH and NH2

are observed. In the 1HNMR spectrum of A isomer, two NH peaks
are observed corresponding to the NH of the amine connected to
the aryl group and NH of the tetrazole ring. However, the 1HNMR



Fig. 7. TG/DTA analysis of (a) CS@Tet-IL and (b) CS@Tet-IL-Cu(II).
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of B isomer shows one peak for the NH2 group. Fig. 8 shows the 13-
CNMR spectrum of 5-(3-bromophenyl)amino-1H-tetrazole. As
observed in the Figure; both isomers have peaks in the 154–158
region associated with the tetrazole ring.
3.3. Reusability of the CS@Tet-IL-Cu(II)

One of the significant features of heterogeneous catalysts is
their ability to be recycled and reused. To test the recyclability of
9

the catalyst, the cycloaddition reaction of 2-
chlorophenylcyanamide with NaN3 using CS@Tet-IL-Cu(II) in
DMF solvent was selected as the model reaction. After the reaction
is over; CS@Tet-IL-Cu(II) is separated from the reaction mixture by
filtration, washed several times with ethanol, dried and applied for
the next cycle. As shown in Scheme 6, CS@Tet-IL-Cu(II) can be used
for up to 5 consecutive cycles with no significant reduction of cat-
alytic performance. The XRD pattern, TEM images, and elemental
mapping of the CS@Tet-IL-Cu(II) after 5 cycles display that the



Table 1
Optimization of reaction conditions for the synthesis of 5-(4-chlorophenyl)amino-1H-tetrazole.a

Entry Catalyst (g) Time (min) Yieldb (%)

1 0 120 0
2 0.01 60 66
3 0.03 40 78
4 0.05 30 85
5 0.07 30 85

a Reaction conditions: 4-chlorophenylcyanamide (1 mmol), NaN3 (1.5 mmol), DMF (7 mL), catalyst, 120 �C.
b Isolated yield.
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physical and chemical features such as chemical composition, size,
and shape have not changed (Fig. 9). To check the heterogeneity of
this catalyst, which is an important factor, the filtrate of each cycle
was also analyzed by ICP-MS technique. Very low copper contam-
ination was observed during these experiments. Copper leaching
after the recycling tests was investigated and ICP-MS analysis
showed that copper leaching was negligible (~0.1%).
4. Conclusion

In this study, a chitosan supported metal ionic liquid has been
successfully synthesized. Chitosan supported 1-phenyl-1H-
tetrazole-5-thiol ionic liquid copper(II) complex has been prepared
using (3-chloropropyl)trimethoxysilane (CS@Tet-IL-Cu(II)). The
prepared CS@Tet-IL-Cu(II) has been applied as a novel and effective
heterogeneous catalyst in the [2 + 3] cycloaddition reaction of aryl-
cyanamides with NaN3 in DMF as a solvent for the synthesis of ary-
10
laminotetrazole derivatives. The structure of the synthesized
CS@Tet-IL-Cu(II) was confirmed using XRD, FT-IR, EDS, elemental
mapping, STEM, TG/DTA, ICP-MS and TEM analyses. The prepared
CS@Tet-IL-Cu(II) performs well in the synthesis of arylaminotetra-
zole derivatives even after 5 consecutive cycles. Our method for the
synthesis of arylaminotetrazole derivatives is effective. It has many
advantages such as the application of high performance heteroge-
neous catalysts, no use of toxic and explosive compounds such as
NH3, formation of high efficiency products, and single isomer (iso-
mer A or B).
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Table 2
Synthesis of arylaminotetrazole derivatives in the presence of CS@Tet-IL-Cu(II).a

Entry Arylcyanamide Product Time (min) Yieldb (%) TON TOF (min�1)

1 20 86 182176 9109

2 25 83 175821 7033

3 20 83 175821 8791

4 20 82 173703 8685

5 20 85 180058 9003

6 20 86 182176 9109

7 30 83 175821 5860

8 40 81 171584 4289

9 30 85 180058 6002

10 45 85 180058 4001

11 45 83 175821 3907

12 30 85 180058 6002

13 20 86 182176 9109

14 20 85 180058 9003

a Reaction conditions: Arylcyanamide (1 mmol), NaN3 (1.5 mmol), DMF (7 mL), CS@Tet-IL-Cu(II) (0.05 g), 120 �C.
b Isolated yield.
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Scheme 4. Synthesis of 5-arylamino-1H-tetrazole (isomer A) and 1-aryl-5-amino-1H-tetrazole (isomer B) under different reaction conditions.

 

Scheme 5. The proposed mechanism for the synthesis of arylaminotetrazoles.
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Fig. 8. FT-IR (top), 1HNMR (center) and 13CNMR (below) spectra of 5-(3-bromophenyl)amino-1H-tetrazole.
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Scheme 6. Reusability of the CS@Tet-IL-Cu(II).

Fig. 8 (continued)

M. Nasrollahzadeh, N. Motahharifar, Z. Nezafat et al. Journal of Molecular Liquids 341 (2021) 117398

14



0

100

200

300

400

500

600

10 20 30 40 50 60 70 80 90

In
te

ns
ity

 (a
.u

)

2 (degree)

Fig. 9. XRD pattern, TEM images, and elemental mapping of the recycled CS@Tet-IL-Cu(II).
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