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Abstract:
Triazoles are an important group that have active biological properties, and their synthetic platform
and reactions have been fully investigated by many synthetic and medicinal chemists during the
recent years. Magnetic nanocatalysts have recently been used in the design of many reactions, so
in this method, an efficient, novel, and recyclable magnetic nanocatalyst γ-Fe2O3@MoS2@Zn
was synthesized by the reaction of premade γ-Fe2O3@MoS2 and ZnCl2 to furnish the desired
nanocatalyst which was characterized by using FT-IR, XRD, SEM, EDX, TEM, mapping and VSM
techniques. The catalyst was used in the synthesis of mono- and bis-triazoles by the reaction of
thiosemicarbazide or butane-1,4-diyl-bis(hydrazinecarbimidothioate) with various arylaldehydes
at room temperature and in ethanol/water (50:50) as solvent. This novel protocol gave the desired
products excellent yields (92− 96%) and lower reaction times (15− 20 min). The synthesized
magnetic nanoparticles were comfortability separated from the reaction mixture by means of
an external magnet and employed in six consecutive runs without any significant changes in
its catalytic activity. The advantages of this current method are short reaction time, excellent
efficiency, use of green solvent, magnetic nanocatalyst, and cost-effectiveness.

Keywords: Bis-triazole; Nanoparticle; Triazole; γ-Fe2O3; MoS2; Zinc

1. Introduction

Triazole is a class of heterocyclic compounds that have var-
ious applications in different fields, including pharmaceuti-
cals, agriculture, and materials science [1–5]. The presence
of triazole rings in organic compounds provides unique
properties, making them valuable in drug discovery and
synthetic organic chemistry. Many triazole derivatives have
shown promising biological activities, such as antimicro-
bial, antifungal, antiviral, and anticancer properties (Fig. 1)
[5–9]. These compounds can act as enzyme inhibitors or
receptor agonists/antagonists, making them potential can-
didates for the treatment of various diseases. In the field
of agriculture, triazoles are widely used as fungicides to

protect crops from fungal infections [9–14]. They inhibit
the growth of fungi by interfering with their sterol biosyn-
thesis pathway. Triazole-based fungicides have proven to
be effective against a wide range of plant diseases and have
contributed significantly to improving crop yields [15, 16].
Triazoles also find applications in materials science due

to their unique electronic and optical properties. They can
act as ligands in coordination chemistry or be incorporated
into polymers to enhance their thermal stability or electri-
cal conductivity. Additionally, triazole-based compounds
have been utilized in the synthesis of dyes, pigments, and
fluorescent probes [17–20]. The synthesis of triazoles can
be achieved through various methods, including click chem-
istry reactions such as the Huisgen 1,3-dipolar cycloaddition
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Figure 1. Some biologically active triazole derivatives.

reaction between an azide and an alkyne. This reaction has
gained significant attention due to its efficiency and versatil-
ity in producing diverse triazole derivatives [21–23]. Vari-
ous reaction conditions have been reported for the synthesis
of triazoles such as using γ-Fe2O3@FAp@Cr [24] and Co
[25] in ethanol, Fe3O4@SiO2@Tannic acid [26] nanoparti-
cles in CHCl3, amino glucose-functionalized silica-coated
NiFe2O4 MNPs in ethanol [27], [C16MPy]AlCl3Br in wa-
ter [28], cobalt incorporated fluorapatite encapsulated iron
oxide nanocatalyst in ethanol [29] and recently reported
protocols on the synthesis and evaluation of functionalized
triazoles [30–35]. Previously reported methods for the syn-
thesis of triazole derivatives have some disadvantages, such
as tough reaction conditions, intricate synthetic pathways
as well as long reaction times with low yield. Thus, con-
sidering the importance of triazole derivatives, we decided
to develop an effective and simple method for the prepa-
ration of mono- and bis-triazoles using a novel, green and
recyclable nanocatalyst (γ-Fe2O3@MoS2@Zn). Facile sep-
aration of the nanocatalyst from the reaction mixture, lower
reaction time, excellent yields, and reusability of the catalyst
are some prominent advantages of the present protocol.

2. Experimental

2.1 General
All chemicals were purchased from Merck and Fluka. Melt-
ing points were obtained on a Buchi B-545 apparatus in
open capillary tubes. FT-IR spectra were recorded on a
VERTEX 70 Brucker spectrometer using KBr pills. 1H
NMR spectra were run on a 300 MHz Bruker DRX-300 in
DMSO-d6 as solvent and TMS as internal standard. 13C
NMR spectra were done on a 75 MHz Bruker DRX-75 in

DMSO-d6 as solvent. The X-ray diffraction (XRD) pattern
was carried out on a Philips X’Pert MPD diffractometer
with a Co-Kα source (λ = 1.78897 Å). Scanning Elec-
tron Microscope (SEM) was checked on a model VP 1450,
company: LEO-Germany. Elemental analysis (EDX) was
carried out on Oxford Instruments EDS Microanalysis X-
MAX-80; model: TeScan-Mira III. TEM measurements
were done on a Zeiss-EM10C-100 KV instrument, and the
VSM spectrum was obtained on a BHV-55 vibrating sample
magnetometer at room temperature. TLC was run in ethyl
acetate: n-hexane (1:1) on Silica gel 60 F254 plates.

2.2 Synthesis of magnetic nanoparticles
γ-Fe2O3@MoS2@Zn

γ-Fe2O3@MoS2 was synthesized according to the reported
articles [31–33]. A mixture of γ-Fe2O3@MoS2 (10 mg)
in EtOH (10 mL) was irradiated by ultrasound (40 kHz)
at 25 ◦C for 30 min, to give suspension I, then, 40 mmol
ZnCl2 was dissolved in 15 mL deionized water and then
ammonia solution (4%) was added dropwise into the ZnCl2
solution until the turbid solution was clear (solution II).
Finally, solution II was mixed with suspension I, and the
ultimate suspension was refluxed for 2 hours. The resulting
product was removed using an external magnet 1.4 tesla,
washed with hot water frequently, and dried at 100 ◦C for
6 hours in the oven to give γ-Fe2O3@MoS2@Zn as a dark
brown solid.

2.3 Typical procedure for the synthesis of mono- and
bis-triazoles

Bis-triazole derivatives were synthesized according to
the reported papers [24–29]. Briefly, a mixture of
butane-1,4-diyl-bis(hydrazinecarbimidothioate) (1 mmol),
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1-(4-nitrophenyl)-3-phenyl-1H-pyrazole-4-carbaldehyde (2
mmol) and γ-Fe2O3@MoS2@Zn (7 mol%) were stirred in
EtOH/ water (50:50) at room temperature and the progress
of the reaction was monitored by TLC (ethyl acetate: n-
hexane 1:1). After completion of the reaction, catalyst was
removed by an external magnet, washed with ethanol and
dried to be used in the next run. The solution was con-
centrated, and the obtained solid product was purified by
recrystallization from ethanol to produce the desired product
3a with a 96% yield. The melting points of all known prod-
ucts were verified by comparing their melting temperature
with the reported values [36, 37] (Table 4). The structure of
new products (3b, 3c, 5a, 5b, Tables 4&5) was established
by FT-IR, 1H NMR and 13C NMR.

2.4 Physical and spectroscopic data of the novel com-
pounds

2.4.1 2,2′-((butane-1,4-diylbis(sulfanediyl))bis(1h-
1,2,4-triazole-5,3-diyl))bis(4-((e)-(3-
nitrophenyl)diazenyl)phenol) (3b)

Yield 95%, Yellow solid; M. p. > 300 ◦C. FT-IR (KBr),
ν , cm-1: 3417 (OH), 3244, 3149 (NH), 2984 (C-H), 1588
(C=C and C=N), 1536, 1364 (NO2), 1288 (C-S-C), 1218
(C-O). 1H NMR (300 MHz, DMSO-d6), δ , ppm: 1.80
(br. s, 2H), 3.10 (br. s, 2H), 7.07 (d, J = 9.0 Hz, 1H),
7.50-7.62 (m, 2H), 7.79-7.88 (m, 3H), 8.13 (s, 1H), 8.21
(s, 1H), 8.48 (s, 1H). 13C NMR (75 MHz, DMSO-d6), δ ,
ppm: 159.9, 152.5, 145.9, 139.0, 135.1, 131.2, 129.8, 124.6,
123.5, 122.7, 121.6, 117.3, 28.6, 26.2.

2.4.2 2,2′-((butane-1,4-diylbis(sulfanediyl))bis(1h-
1,2,4-triazole-5,3-diyl))bis(4-((e)-(4-
bromophenyl)diazenyl)phenol) (3c)

Yield 94%, Cream solid; M. p. > 300 ◦C. FT-IR (KBr),
ν , cm-1: 3445 (OH), 3313 (NH), 3151 (OH), 2931 (C-H),
1645, 1602, 1512 (C=C and C=N), 1263 (C-S-C), 1201
(C-O), 1059 (C-Br). 1:H NMR (300 MHz, DMSO-d6),
δ , ppm: 1.71 (br. s, 2H), 3.01 (br. s, 2H), 6.99 (d, J =
9.0 Hz, 1H), 7.57 (d, J = 9.0 Hz, 2H), 7.72 (dd, J = 3.0,
9.0 Hz, 1H), 7.79 (d, J = 9.0 Hz, 2H), 8.04 (s, 1H), 8.12
(s, 1H), 8.38 (s, 1H). 13C NMR (75 MHz, DMSO-d6), δ ,
ppm: 160.1, 151.1, 145.8, 138.8, 135.6, 130.0, 129.7, 124.7,
124.3, 123.7, 121.7, 117.4, 29.9, 28.2.

2.4.3 5-(4-Chlorophenyl)-3-(cyclopentylthio)-1h-1,2,4-
triazole (5a)

Yield 95%, Cream solid; M. p. 276-279 ◦C. FT-IR (KBr),
ν , cm-1: 3426, 3240 (N-H), 1601, 1511 (C=C and C=N),
1269, 1054 (C-O-C). 1H NMR (300 MHz, DMSO-d6), δ ,
ppm: 1.65-1.69 (m, 4H), 2.98 (t, J = 6.0 Hz, 4H), 3.2 (m,
1H), 7.39 (d, J = 8.5 Hz, 2H), 7.77 (d, J = 8.5 Hz, 2H),
11.41, (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6), δ ,
ppm: 153.1, 135.9, 131.1, 129.5, 129.3, 128.6, 43.9, 35.4,
29.0.

2.4.4 3-(Cyclopentylthio)-5-(4-nitrophenyl)-1h-1,2,4-
triazole (5b)

Yield 95%, Yellow solid; M. p. 291-294 ◦C. FT-IR (KBr),
ν , cm-1: 3372 (N-H), 1599, 1539 (C=C and C=N), 1507,
1338 (NO2), 1225, 1059 (C-S-C). 1H NMR (300 MHz,
DMSO-d6), δ , ppm: 2.43 (br. s, 4H), 3.2 (m, C-H), 3.83 (br.
s, 4H), 7.60 (d, J = 8.4 Hz, 2H), 7.97 (d, J = 8.4 Hz, 2H),
8.86, (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6), δ , ppm:
157.0, 135.2, 134.2, 131.1, 129.6, 129.1, 42.8, 24.9, 22.3.

3. Results and discussion

3.1 Preparation and characterization of the catalyst

γ-Fe2O3@MoS2 was synthesized according to the recent
reports [36–39]. Then, γ-Fe2O3@MoS2 was suspended in
EtOH (suspension I) and reacted with zinc chloride in NH3
(4%) solution (suspension II) at 80 ◦C for 2 hours. The
resulted γ-Fe2O3@MoS2@Zn nanoparticles was purified
by washing several times with deionized water (Scheme 1).
The structure of the γ-Fe2O3@MoS2@Zn was confirmed
by FT-IR, XRD, EDX, Mapping analysis, SEM, TEM, and
VSM techniques.

3.2 Characterization of γ-Fe2O3@MoS2@Zn

3.2.1 Xrd

The XRD analysis of γ-Fe2O3@MoS2@Zn magnetic
nanoparticle is shown in Fig. 2. The XRD analysis shows
diffraction peaks at around 2θ = 15.4◦, 33.5◦, 37.3◦ and
60.1◦, which are related to the MoS2 (JCPDS card No. 37-
1492). Diffraction peaks at around 2θ = 31.8◦, 34.9◦, 39.6◦,
and 50.7◦ are also related to the γ-Fe2O3 (JCPDS File No.
79-0007). The average size of the nanomagnetic catalyst
was calculated to be about 70 nm via the Scherrer equation.

Scheme 1. A two-step solvothermal process for the preparation of the Fe2O3@MoS2@Zn MNPs.
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Figure 2. The XRD image of γ-Fe2O3@MoS2@Zn.

3.2.2 SEM
The SEM image of the γ-Fe2O3@MoS2@Zn MNPs were
investigated and demonstrated via Scanning Electron Micro-
scope technique (Fig. 3). According to the Scanning Elec-
tron Microscope images of synthesized magnetic nanocata-
lysts, the spherical morphology is confirmed for the nanocat-
alyst particles. The average size of γ-Fe2O3@MoS2@Zn
MNPs is about 75 nm.

3.2.3 EDX
The EDX (Fig. 4a) and mapping analyses (Figure. 4 b-g) for
γ-Fe2O3@MoS2@Zn nanocatalyst obviously confirmed the
existence of Fe, O, Mo, S and Zn elements in the nanoparti-
cles structure.

3.2.4 VSM
The morphology and size of the γ-Fe2O3@MoS2 mag-
netic nanoparticles were obtained via the TEM analysis

Figure 3. The SEM micrograph of the γ-Fe2O3@MoS2@Zn
magnetic nanoparticles.

Figure 4. The EDX image (a) and mapping analysis (b) of
γ-Fe2O3@MoS2@Zn.

(Fig. 5). According to the TEM analysis, the size of the
γ-Fe2O3@MoS2@Zn nanoparticles was estimated at about
60−70 nm.

3.2.5 FT-IR
The FT-IR spectrum of γ-Fe2O3@MoS2@Zn nanocatalyst
is shown in Fig. 6. The band at 576 cm-1 belongs to the
stretching vibration of Fe-O, and the stretching vibration
of Mo-O appears at 1021 cm-1. The broad band at 3288
cm-1 is related to the stretching vibrations of the hydroxide
groups and adsorbed water [36–38].

3.2.6 VSM
Fig. 7 clearly shows the magnetic properties of γ-
Fe2O3@MoS2@Zn. The VSM curve of γ-Fe2O3@MoS2
@Zn MNPs was obtained using a vibrating sample
magnetometer at 25 ◦C. The results confirmed that γ-
Fe2O3@ MoS2@Zn nanoparticles have superparamagnetic
behavior at room temperature. The magnetic properties of
γ-Fe2O3@MoS2@Zn led to easy separation of the catalyst
using an external magnet.
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Figure 5. TEM spectra of γ-Fe2O3@MoS2@Zn.

After preparation and characterization of the γ-
Fe2O3@MoS2@Zn MNPs via spectroscopic and
microscopic techniques, its catalytic activity was examined
by the synthesis of a series of mono- and bis-triazoles
(Scheme 2). To optimize the reaction conditions,
butane-1,4-diyl-bis(hydrazinecarbimidothioate) (1) and
1-(4-nitrophenyl)-3-phenyl-1H-pyrazole-4-carbaldehyde
(2a) were reacted in the presence of γ-Fe2O3@MoS2@Zn
MNPs as a model reaction in diverse conditions by using
different solvents and temperatures (Table 1).

The effect of various catalysts and solvents on the reaction
time and yield was checked. The results showed that the
reaction in EtOH/water (50:50) at room temperature in

Figure 6. FT-IR spectra of γ-Fe2O3@MoS2@Zn.

Figure 7. VSM analysis of γ-Fe2O3@MoS2@Zn.

the presence of γ-Fe2O3@MoS2@Zn nanocatalyst leads
to product 3a in 15 min and 96% yield (Table 1, Entry
8). The current method demonstrated that the reaction
in the presence of γ-Fe2O3@MoS2@Zn MNPs produces
admissible results.
This method was compared with reported methods and

Scheme 2. Synthesis of the bis-triazole hybrids using γ-Fe2O3@MoS2@Zn MNPs.

Table 1. Synthesis of 3a by of γ-Fe2O3@MoS2@Zn nanocatalyst in various solvents and temperatures.

Entry Solvent Temperature (◦C) Time (min) Yield (%)a,b

1 EtOH 25 16 94
2 MeOH 25 17 91
3 Iso-propyl alcohol 25 19 86
4 t-BuOH 25 18 89
5 THF 25 25 67
6 Toluene 25 30 71
7 H2O 25 18 93
8 H2O/EtOH 25 15 96
9 H2O/EtOH 50 15 96

10 H2O/EtOH 80 15 96
aisolated yield. bReaction conditions: butane-1,4-diyl-bis(hydrazinecarbimidothioate) 1 (1 mmol), 1-(4-nitrophenyl)-3-
phenyl-1H-pyrazole-4-carbaldehyde 2a (2 mmol), solvent (5 mL), catalyst (7 mol%).
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different catalysts which showed that the current protocol
provides a better result (Table 2).
The effect of the amount of nanocatalyst was examined
on the progress of the model reaction by using various
amounts of the catalyst and the results are presented in
Table 3 which confirms that the use of 7 mol% of the
catalyst produces the product 3a in lower reaction time and
higher yield (Table 3, Entry 2).
This method was utilized in the synthesis of a series
of bis-triazole derivatives under the optimized reaction
conditions, and the results are shown in Table 4.
The scope of this protocol was further extended to the
reaction of cyclopentyl hydrazinecarbimidothioate (5) and
arylaldehydes in EtOH/water (50:50) in the presence of
γ-Fe2O3@MoS2@Zn nanocatalyst and at room temperature
which led to products 5a and 5b (Scheme 3) in excellent
yields (Table 5). Our investigations showed that the
reaction with aryl aldehydes bearing electron-withdrawing
or electron donating group proceeds almost with similar
efficiency. The advantages of this current method are short
reaction time, excellent efficiency, use of green solvent,
easily separable nanocatalyst, and cost-effectiveness.
The proposed mechanism for the synthesis of mono-
and bis-triazoles catalyzed by γ-Fe2O3@MoS2@Zn is
demonstrated in Scheme 4. Initially, carbonyl group

of arylaldehyde is activated by γ-Fe2O3@MoS2@Zn,
then, butane-1,4-diyl-bis(hydrazinecarbimidothioate) or
cyclopentyl hydrazinecarbimidothioate is added to the
activated carbonyl group which leads to the intermediates
(A) and (B). In continuation, the target products 3a-l, 5a,
and 5b are formed by intramolecular cyclization.
Figure 8 shows the recyclability of γ-Fe2O3@MoS2@Zn
nanocatalyst in the synthesis of model compound 3a. After

Figure 8. The recyclability of γ-Fe2O3@MoS2@Zn for the
preparation of target product 3a.

Scheme 3. Synthesis of the mono-triazole derivatives by γ-Fe2O3@MoS2@Zn MNPs.

Table 2. Synthesis of 3a via reported methods and current method.

Entry Solvent Temperature (◦C) Time (min) Yield (%)a,b Reference

1 γ-Fe2O3@FAp@Co EtOH r. t. 55 95 [29]
2 γ-Fe2O3@FAp@Cr EtOH r. t. 60 94 [24]
3 γ-Fe2O3@FAp EtOH/water r. t. 95 90
4 ZnCl2 EtOH/water r. t. 180 82
5 γ-Fe2O3@MoS2@Zn EtOH/water r. t. 15 96 Current method

aIsolated yield. bReaction conditions: butane-1,4-diyl-bis(hydrazinecarbimidothioate) 1 (1 mmol), 1-(4-nitrophenyl)-3-
phenyl-1H-pyrazole-4-carbaldehyde 2a (2 mmol), solvent (5 mL), room temperature.

Table 3. Considering the effect of the amount of catalyst on the effect and reaction time of product 3a in EtOH/water
(50:50) solvent and at room temperature.

Entry amount of catalyst (mol%) Time (min) Yield (%)

1 5 20 92
2 7 15 96
3 10 15 96

aIsolated yield. bReaction conditions: butane-1,4-diyl-bis(hydrazinecarbimidothioate) 1(1 mmol), 1-(4-nitrophenyl)-3-
phenyl-1H-pyrazole-4-carbaldehyde 2a (2 mmol), solvent (5 mL), room temperature, catalyst 7 mol%.
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Table 4. Synthesis of Bis-triazole hybrids (3a-l) using γ-Fe2O3@MoS2@Zn magnetic nanoparticles under optimized
conditions.

Entry product structure Time (min) M.P (Observed) M.P (reported) Yielda (%)

1 3a 15 257-260 260-262[29] 96

2 3b 15 > 300 new 95

3 3c 15 > 300 new 94

4 3d 10 231-232 228-230[29] 93

5 3e 12 245-247 248-250[29] 92

6 3f 15 248-251 246-248[29] 95

aIsolated

2252-0236[https://doi.org/10.57647/j.ijc.2024.1404.37]
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Continue of Table 4.

Entry product structure Time (min) M.P (Observed) M.P (reported) Yielda (%)

7 3g 12 233-235 234-236[29] 95

8 3h 15 214-216 216-218[29] 94

9 3i 12 211-213 208-210[29] 92

10 3j 15 245-248 244-246[29] 96

11 3k 15 282-285 281-283[29] 95

12 3l 15 275-277 278-280[29] 95

aIsolated
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Table 5. Synthesis of mono-triazole derivatives (5a, 5b) by γ-Fe2O3@MoS2@Zn nanocatalyst.

Entry product structure Time (min) M.P (Observed) M.P (reported) Yielda (%)

1 5a 18 276-279 new 95

3 5b 15 291-294 new 95

aIsolated yield

Scheme 4. The probable mechanism for the synthesis of mono- and bis-triazole hybrids catalyzed by γ-Fe2O3@MoS2@Zn.
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Figure 9. TEM image of γ-Fe2O3@MoS2@Zn after six
runs.

Figure 10. FT-IR image of γ-Fe2O3@MoS2@Zn after six
runs.

the end of each reaction, the nanocatalyst was separated
from the reaction mixture using an external magnet, then
washed with hot water, dried at 100 ◦C and reused in the
subsequent run. This study showed that the catalytic activity
and morphology of γ-Fe2O3@MoS2@Zn nanocatalyst was
mainly preserved after six repeated runs which was con-
firmed by SEM and FT-IR spectra (Figure 9 and Figure 10).

4. Conclusion
In present report, we have provided γ-Fe2O3@MoS2@Zn
as an efficient, novel, eco-friendly, recyclable magnetic
nanoparticle for the synthesis of a series of mono- and
bis-triazole derivatives. Among the evident advantages of
the current method are remarkable reaction yield, short
reaction time, simple purification of all products without the
need for chromatographic separation and easy recyclability
of the catalyst.
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