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Heterocycles containing nitrogen element have many medicinal properties.
Among them, triazoles show significant anticancer and antifungal properties.
Because of the beneficial properties of these compounds, chemists have always
sought an easier and more effective way to synthesize these compounds. In this
study, ten new 3-aminoaryl-5-aryl-1,2,4-triazole derivatives were prepared through
the reaction of N-acyl-N'-aryl thioures and hydrazine hydrate under reflux
conditions. The progress of the reaction was observed by thin layer chromatography
(CHCI3-EtOH 10:1 (v:v)) on 60 HF2s4 silica gel plates, which were examined under
UV 254 and 365 nm light. In most of the articles reported on the synthesis of
triazole derivatives, the final and pure product is obtained by chromatography on
10*10 cm RP 18Fa2sss plates. In this research, triazole derivatives prepared by
recrystallization from ethanol three times, high purity products were obtained. The
structures of the synthesized compounds were confirmed by analyzes Ft-IR,
!HNMR and 3CNMR. The antibacterial properties of the synthesized compounds
were investigated by the well diffusion method. All compounds showed good
antibacterial properties against Staphylococcus aureus and Escherichia coli
bacteria. Compounds 3g and 3f showed the highest resistances against bacteria S.
aureus, and compounds 3g and 3e showed the highest resistance against bacteria E.
coli.

1. Introduction

Heterocyclic compounds, both natural and
synthetic, show interesting biological activities

antiproliferative (2012). Potts, 1961)
anticonvulsant  (Li et al, 2013), anti-

and are often key components in various
biological processes. Heterocyclic compounds
containing nitrogen atom have attracted
considerable attention due to their wide range of
medicinal activities. For example, a number of
1,2,4-triazole  derivatives are known as
antibacterial, antifungal (Lipshutz, 1986),
antituberculosis  (Prasanna et al., 2013),
anticancer (Uzgoren-Baran et al., 2012),
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inflammatory (Patel et al.,, 2014), analgesic
(Rehman et al., 2014; Muniyappan et al., 2020;
Bozorov et al. al., 2020; Bozorov et al., 2014;
Lakkola et al., 2019; Zhang et al., 2014). For
example, fluconazole is used as an antimicrobial
drug, while verozol, letrozole, and anastrozole
are nonsteroidal drugs used to treat cancer, and
lorcolezole is wused as an anticonvulsant
(Sambasiva et al., 2014; Peterson et al., 2010;
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Oza et al., 2010). The synthesis of triazole
derivatives has attracted much attention from
researchers due to their various applications.
triazole rings (Malah et al., 2020), in a wide
range of drugs due to their antiviral activity and
other activities, including histamine H1/H2
receptor blockers, cholinesterase active agents,
CNS stimulants, anxiety Ants and sedatives
(Matin et al., 2022) are included. The
electrophilic and nucleophilic centers in N-acyl-
N'-aryl thioureas make them useful synthons for
the synthesis of various heterocycles.

In recent decades, the literature has been
enriched with progressive findings about the
synthesis and pharmacological activities of 3,5-
disubstitutal — 1,2,4-triazoles ring which is a
core  structure in  various  synthetic
pharmaceuticals displaying a wide variety of
biological activities.

The use of amidines and amidates (Ueda et
al., 2009; Castanedo et al., 2011; Xu et al.,
2010), oxamides (Batchelor et al., 2008), S-
methylilisothioureas  (Yin et al, 2009)
isocyanides (Sarnpitak et al., 2013), N-
cyanobenimidate (Lee et al., 2012) benzamides
derivaties (Sudheendran et al.,, 2014) and
Suzuki_Miyaura reaction (Katkevica et al.,
2013) in reasonable yieldes has been repoted.

Due to rapid genetic  changes,
microorganisms develop resistance to many
antibiotics and therapeutic agents (Palma et al.,
2020; Duval et al., 2019; Holmes et al., 2016;
Donadu et al., 2020). In the last few decades,
benzotriazole and its derivatives are of great
importance in medicinal chemistry.

The effectiveness of triazole derivatives as
drug precursors has attracted the attention of all
researchers for a long time. Benzotriazole
derivatives act as agonists for many biologically
active proteins (Sahu et al., 2013).

Different  derivatives  synthesized by
different researchers showed antimicrobial
activity such as antibacterial, antifungal,
antiviral, antihelminthic, antiprotozoal and
antimicrobial (Karaca Genger et al., 2017).

The antimicrobial activity of triazole
derivatives has been widely investigated since
the late 1980s, and together with all azole rings,
it has become one of the most prominent
research activities in recent years. In the early
20th century, the discovery and development of
antibacterial drugs was one of the most
important scientific achievements (Appna et al.,

2019). Despite investment in antimicrobial drug
discovery, no new drug classes have been
discovered in the past 20 years.

In addition, the problem of treating
infections due to increasing resistance to
antibiotics highlighted the necessity of creating
new drugs. For decades, scientists have studied
various nitrogen rings and determined that when
triazoles are part of larger heterocyclic systems,
they exhibit biological activity, particularly
antibacterial activity.

Escherichia coli is a Gram-negative,
facultatively anaerobic, rod-shaped bacterium
commonly found in the lower intestine of warm-
blooded organisms (Tenaillon et al., 2010;
Wells., 2000). Staphylococcus aureus is a gram-
positive spherically shaped bacterium that
causes a wide range of clinical diseases
(Masalha et al., 2001). Infections caused by this
pathogen are common in both community-
acquired and hospital-acquired environments.

Staphylococcus aureus and Escherichia coli
are the most important causes of food-related
diseases in the world (Vogt et al., 2005). It has
been reported that this bacterium can be found in
foods such as milk, other dairy products,
vegetables and fermented and raw meats. The
enterotoxin of Staphylococcus aureus is resistant
to heat and if it is present in food, it is not
destroyed by heat.

In this research, we will introduce a simple
and effective method for the synthesis of triazole
derivatives with high efficiency.

2. Materials and Methods

Compounds were obtained from Merck and
used without further purification. The melting
points were taken on an Electerothermal-9100
capillary melting point apparatus and are
uncorrected. TLC was performed using Silica
gel 60 HF2s4 fluorescent plates (Merck), which
were examined under UV 254 and 365 nm light.
Infrared spectra (v/cm™) were recorded on
Shimadzu IR-470, using KBr disks. *H and *C-
NMR spectra were recorded on DRX-400 MHz
NMR Spectrometer at 293 K in DMSO-ds.
Spectra were internally referenced to TMS.
Peaks are reported in ppm up field of TMS.
Elemental analyses (C, H, N) were performed
with a Heraeus CHN-O-Rapid analyzer.
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3.1. General procedure for the preparation 3-
amino aryl -5-aryl-1,2,4-triazole derivatives

To a stirred solution of thiourea (Lmmol) in
15 ml of CHCl, was added dropwise a mixture
of hydrazine hydrate (1.5 mmol) in 5 ml CH,CI;
under reflux condition for 12h. The progress of
reaction was monitored by TLC (CHCI;:EtOH
10 : 1). After completion of reaction, the mixture
was cooled and the solvent was removed under
reduced pressure, and the residue was
recrystallized from EtOH.

3.2. Spectral data of synthesized 3-amino aryl
-5-aryl-1,2,4-triazole derivatives

3-(4-Ethyl phenyl) amino-5-(4-methyl phenyl)-
4H-1,2,4-triazole(3a)

White crystals; yield: 0.26 g (92%); mp 246-
248°C. IR (KBr): 3325, 3275 (NH); 2915 (CH
aliph); 1610 (C=N); 1560 (C=C). 'H-NMR
(DMSO-dg): 1.15 (3H, t, %Jun=7.6, CHs); 2.35
(3H, s, CHs); 2.52 (2H, q, 3Jun=7.6, CH,); 3.42
(H, brs, NH); 7.08 (2H, d, 3Jun=8.4, 2CH); 7.31
(2H, d, *Ju=8.0, 2CH); 7.50 (2H, d, *Jun=8.4,
2CH); 7.89 (2H, d, *Juw=8.0, 2CH); 9.17 (H, s,
NH arom). C-NMR (DMSO-dg): 16.4 (CHg);
21.4 (CHs); 27.9 (CHy); 116.4 (C); 126.2 (2CH);
128.4 (2CH); 129.9 (2C); 134.9 (C); 1395
(C=N); 140.1 (C=N). Anal. Calcd. for C17H1sN4
(278): C, 73.38; H, 6.48; N, 20.14. Found: C,
73.41; H, 6.39; N, 20.20.

3-(2-Methyl phenyl) amino-5-(4-methyl phenyl)-
4H-1,2,4-triazole(3b)

White crystals; yield: 0.23 g (87%); mp 238-
240°C. IR (KBr): 3325, 3275 (NH); 2915 (CH
aliph); 1600 (C=N); 1560 (C=C). H-NMR (
DMSO-ds): 2.29 (3H, s, CH3); 2.36 (3H, s,
CHs); 6.86 (H, brs, CH); 7.16 (2H, brs, 2CH);
7.30 (2H, brs, 2CH); 7.87 (2H, d, 3Ju=8.0,
2CH); 7.92 (H, brs, CH); 12.32 (H, brs, NH);
13.64 (H, brs, NH arom).Anal. Calcd for
CisH1sN4 (264): C, 72.73; H, 606, N, 21.25.
Found: C, 72.71; H, 6.09; N, 21.29.

3-(4-Methyl phenyl) amino-5-(4-Chloro phenyl)-
4H-1,2,4-triazole(3c)

White crystals; yield:0.27 g (90%); mp 262-
264°C. IR (KBr): 3400, 3280 (NH); 2940 (CH
aliph); 1610 (C=N); 1560 (C=C). 'H-NMR

(DMSO-dg): 2.24 (3H, s, CHs); 7.08 (2H, d,
3JHH=7.2, ZCH); 7.49 (2H, d, 3.]|-||-|=7.6 Hz,
2CH); 7.58 (2H, d, *Ju=5.6, 2CH); 8.99 (2H, d,
3Jun=8.0, 2CH); 9.22 (H, s, NH); 12.71 (H, s,
NH arom). Anal. Calcd for CisH13CINg (284.5):
C, 63.27; H, 4.57; N, 19.68; Cl, 12.49. Fond: C,
63.30; H, 4.59; N, 19.60; ClI, 12.52.Cl,

3-(4-Ethyl phenyl) amino-5-(4-Chloro phenyl)-
4H-1,2,4-triazole(3d)

White crystals; yield: 0.28 g (93%); mp 270-
271°C. IR (KBr): 3453 (NH); 2964 (CH aliph);
1620 (C=N). 'H-NMR (DMSO-de): 1.16 (3H, t,
3JHH:7.6, CHg); 2.53 (ZH, q, 3JHH:7.6, CHz);
7.10 (2H, d, *Juu=8.4, 2CH); 7.50 (2H, d,
3Juh=8.8, 2CH); 7.58 (2H, d, 3Jun=8.4 Hz,
2CH); 8.00 (2H, d, J41=8.8, 2CH); 9.25 (H, s,
NH); 13.16 (H, brs, NH arom). *C-NMR
(DMSO-ds): 16.4 (CHs); 27.9 (CH2); 116.4 (C);
126.2 (2CH); 128.4 (2CH); 129.9 (2C); 134.9
(C); 139.5 (C); 140.1 (C).

Anal. Calcd for CisHisCINs (298.5): C,
64.32; H, 5.03; N, 18.79; CI, 11.89. Found: C,
64.36; H, 5.10; N, 18.75; ClI, 11.93.

3-(2-Methyl phenyl) amino-5-(4-Chloro phenyl)-
4H-1,2,4-triazole(3e)

White crystals; yield: 0.26 g (91%); mp 208-
209°C. IR (KBr): 3449 (NH); 2925 (CH aliph);
1607 (C=N); 1543 (C=C). 'H-NMR (DMSO-ds):
2.32 (3H, s, CHs); 6.98 (H, brs, NH); 7.05 (H, t,
3Jun=6.8, CH); 7.20 (H, d, ®Jun=6.4, CH); 7.24
(H, t, Jun=6.4, CH); 7.41 (2H, d, 3Jun=8.0 Hz,
2CH); 7.68 (H, d, *Jus=7.2, CH); 7.88 (2H, d,
Juu=8.0, 2CH); 8.20 (H, brs, NH arom). Anal.
Calcd for C1sH13CINg (284.5): C, 63.27; H, 457;
N, 19.68; Cl, 12.49; Fond: C, 63.30; H, 4.59; N,
19.60; Cl, 12.52.

3-(4-Ethyl phenyl) amino-5-(4-Fluoro phenyl)-
4H-1,2,4-triazole(3f)

White crystals; yield: 0.27 g (96%0); mp
258-260°C. IR (KBr): 3449 (NH); 2926 (CH
aliph); 1614 (C=N); 1556 (C=C). 'H-NMR
(DMSO-ds): 1.18 (3H, t, *Jun=7.6, CHa); 2.54
(2H, q, 3Juw=7.6, CH,); 7.11 (2H, d, 3Juu=7.2,
2CH); 7.36 (2H, t, *Jus=8.8, 2CH); 7.51 (2H, d,
$Jun=8.4, 2CH); 8.01 (2H, m, 2CH); 9.21 (H, s,
NH); 12.36 (H, brs, NH arom). *C-NMR
(DMSO-dg): 16.2 (CHs); 28.0 (CHp); 114.9
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(CH); 115.1 (CH); 116.2 (CH); 116.4 (CH);
116.6 (C); 126.3 (2CH); 128.3 (2CH); 128.4
(2CH); 130.0 (C); 130.1 (C); 135.3 (C=N);
139.8 (C=N); 161.9 (C-F); 164.4 (C-F). Anal.
Calcd for CisHisFN4 (282): C, 68.09; H, 5.32;
N, 19.86; F, 6.74. Found: C, 69.02; H, 5.36; N,
19.91; F, 6.67.

3-(Phenyl) amino-5-(4-Ethyl phenyl)-4H-1,2,4-
triazole(3g)

White crystals; yield: 0.25 g (93%); mp 222-
224°C. IR (KBr): 3431, 3246 (NH); 3040(CH
arom); 1616 (C=N); 1492 (C=C). H-NMR
(DMSO-dg): 1.16 (3H, t, *Juu=7.6, CHs); 2.53
(2H, g, *Jue=7.6, CHy); 7.10 (2H, d, *Jun=8.0,
2CH); 750 (5H, m, 5CH); 7.99 (2H, d,
3Juk=8.4, 2CH); 9.18 (H, brs, NH); 13.68 (H,
brs, NH arom). Anal. Calcd for C1sHisN4 (264):
C, 72.73; H, 6.06; N, 21.25. Found: C, 72.80; H,
6.12; N, 21.19.

3-(2-Methyl phenyl) amino-5-(phenyl)-4H-1,2,4-
triazole(3h)

White crystals; yield: 0.22 g (88%); mp 217-
218°C. IR (KBr): 3453, 3163 (NH); 3032(CH
arom); 1684 (C=N); 1537 (C=C). 'H-NMR
(DMSO-ds): 2.51 (3H, s, CHas); 7.38 (9H, m,
9CH arom); 10.19 (H, brs, NH); 11.16 (H, s, NH
arom). *C-NMR (DMSO-ds): 19.9 (CHs); 125.9
(CH); 127.8 (CH); 128.2 (2CH); 128.4 (2CH);
129.0 (C); 131.0 (C); 131.2 (CH); 134.6 (CH);
136.3 (CH); 137.8 (C); 170.8 (C=N); 180.9
(C=N). Anal. Calcd for CisHiaNs (250): C,
72.00; H, 5.60; N, 22.40. Found: C, 72. 07; H,
5.57; N, 22.37.

3-(2-Methyl phenyl) amino-5-(4-Ethyl phenyl)-
4H-1,2,4-triazole(3i)

White crystals; yield: 0.24 g (86%); mp 252-
254°C. IR (KBr): 3447 3302 (NH); 2923 (CH
aliph); 1611 (C=N); 1545 (C=C). 'H-NMR
(DMSO-dg): 1.16 (3H, t, 3Juu=7.6, CHa); 2.51
(3H, s, CHa); 2.57 (2H, q, *Jun=7.6, CHy); 7.10
(2H, d, J1n=8.0 Hz, 2CH); 7.34 (3H, brs, 3CH);
7.52 (2H, d, 3Juw=8.4 Hz, 2CH); 7.67 (H, brs,
CH); 9.08 (H, brs, NH); 13.36 (H, brs, NH
arom). Anal. Calcd for Ci7HisNs (278): C,
73.38; H, 6.48; N, 20.14. Found: C, 73.41; H,
6.39; N, 20.17

3-(4-Methyl phenyl) amino-5-(4-ethyl phenyl)-
4H-1,2,4-triazole(3j)

White crystals; yield: 0.24 g (85%); mp 255-
256°C. IR (KBr): 3439 (NH); 2964 (CH aliph);
1628 (C=N); 1430 (C=C). 'H-NMR (DMSO-ds):
1.16 (3H, t, 3Juu=7.6, CHg); 2.37 (3H, s, CHa);
252 (2H, q, %Jw=10.4, CH,); 7.10 (2H, d,
3JHH=8.O, 2CH), 7.33 (ZH, d, 3\]HH:?.G, ZCH),
751 (2H, d, 3Jun=8.4, 2CH); 7.88 (2H, d,
$Juk=8.0, 2CH); 9.13 (H, s, NH); 13.62 (H, brs,
NH arom). Anal. Calcd for Ci7HisN. (278): C,
73.38; H, 6.48; N, 20.14. Found: C, 73.41; H,
6.39; N, 20.20.

3.3. Biology
3.3.1. Agar well diffusion assay testing

Preparation of McFarland half standard
solution

At first, in order to determine the
concentration of inoculum for bacterial culture
on the plate, barium sulfate standard turbidity
equivalent to McFarland's half standard was
used. To prepare the standard half McFarland
solution, 0.5 cc of 0.048 M barium chloride
solution (BaCl,.2H,0) was added to 99.5 cc of
0.36 N sulfuric acid solutions with a high speed
stirrer. Standard absorbance of McFarland half
solution at 625 nm should be between 0.8-0.13.

4 cc of the prepared suspension was poured
into screw-capped tubes (the same size as the
tubes used to prepare the bacterial solution ready
for inoculation). Before using this solution every
time, it should be stirred well and vigorously
with a vortex. If suspended particles of barium
are seen, another new solution should be made.

Cultivation of standard concentration of desired
bacteria

Using Inoculating Loops, a small amount of
the desired bacteria that was already grown in
solid culture medium was removed and poured
into a test tube containing 4 cc of liquid culture
medium. Then it was incubated for 24 hours at
37 °C. During this time, bacteria have grown
strongly and the turbidity of the solution has
increased. We take some of the solution (about 1
cc) with a sampler and pour it into another test
tube containing 4 cc of liquid culture medium.
The obtained turbidity should exactly match the
turbidity of the 0.5 McFarland solutions. Then
the loop was inserted into the test tube to be
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coated with bacteria and the bacteria were
cultivated linearly on the solid culture medium.
In the next step, wells with a diameter of 2 mm
were created using a Pasteur tube.

3.3.2. Sample preparation and antibacterial
test by well method

0.002 g of each sample was poured into the
microtube. Then 1 cc of Solvent X was added to
it and mixed well by vortex. In each of the
created wells, the concentration prepared from
each sample is poured so that the well is
completely filled. Then the prepared plates were
incubated for 24 hours at 37 °C. After this time,
the halo formed around the well was measured
with a ruler and reported.

3. Results and Discussion

Due to the diverse biological activity of
1,2,4-triazoles and our continuing interest in the
development of new strategies toward the
synthesis of heterocyclic compounds (Yavari et
al., 2007; Pourshamsian et al., 2010; Montazeri

O S
)L JJ\ Ar'
Ar- N N + NH,NH, H,0
H H
ey (2)
Ar Ar
3a 4-Et-C6H5
3b  4-Me-C6H5
3¢  4-CI-C6H5
3d 4-CI-C6H5
3e 4-CI-C6H5
3f 4-F-C6H5
3g 4-Et-C6H5
3h  Ph
3i  4-Et-C6H5

3] 4-Me-C6H5

et al, 2011; Montazeri et al., 2012;
Pourshamsian et al., 2012a; 2013b; 2014c) we
report a simple and efficient reaction, between
N-acyl-N- aryl thioureas 1 and hydrazine hydrate
(2), which leads to 3-aminosubstituted 5 aryl-
1,2,4-triazoles (3a-3j) in good yields (Scheme
1). The progress of reaction was monitored by
TLC (CHCI5:EtOH 10:1). The selection of
suitable and reactive raw materials in the
positions desired by the chemist will lead to the
synthesis of compounds with the least by-
products and will result in an easier work-up.
The electrophilic and nucleophilic centers in N-
acyl-N'-aryl thioureas make them useful
compounds for the synthesis of various
heterocycles. The advantage of this method was
that all the products were recrystallized three
times from ethanol and reached a high purity of
the desired product, and there was no need to
purify the product using a chromatography
column.

N-N
CH,Cl I\ Ar'
=2 A ON
Reflux g H
(3a-3j)
Yield (%)

4-Me-C6H5 92
2-Me-C6H5 87
4-Me-C6H5 90
4-Et-C6H5 93
2-Me-C6H5 91
4-Et-C6H5 96

Ph 93
2-Me-C6H5 88
2-Me-C6H5 86
4-Et-C6H5 85

Scheme 1. The reaction has been carried out and the yield percentage of the synthesized products

The structures of compounds 3a-3j were
deduced from their elemental analyses and their
IR, 'H- and BC-NMR spectra. The structure of
product 3a was supported by NMR
spectroscopy. The 'H-NMR spectrum of
compound 3a gave a triplet due to three protons
of the CHs group (8 = 1.15), singlet due to three
protons of the CHs (8 = 2.35), quarted due to two
protons of the CH, group (6 = 2.52). Four
doublet at (6 = 7.08, 7.31, 7.50, and 7.89) are to

aromatic protons. A singlet at (& = 7.30) is due
to NH proton and another singlet at (6 =9.17) is
due to NH aromatic proton. Elemental analysis
also gave satisfactory results for all the
compounds. Spectral data of other compounds
are given in section 4. The *C-NMR spectrum
of compound 1a showed 13 signals which
confirmed with structures. The proposed
mechanism is showed in Scheme 2.
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O S OH S g);HJS]\
'
Ar)LNJLN'Ar' Ar#\NJ\N.Al" Z;Ir% N N.Al‘
H H H-NH H N'H H
NHZ NH2
H2N'NH2
N-N HZNQ
/ \ (] ]
Ar/QN)\N/Al‘ Al‘)\N N.Al‘
H H H H

Scheme 2: Proposed mechanism for the synthesis of 3-aminosubstituted 5 aryl-1,2,4-triazoles

Antibacterial activities of 3-amino aryl -5-aryl
-1,2,4-triazoles

The antibacterial properties of all the
synthesized compounds were investigated at
a concentration of 2000 pg/ml. The
antibacterial activity of the compounds was
performed using the agar well diffusion
method against E. coli and S. aurous

" Sa Bacteria

bacteria. The results are reported in Table 1
and Figure 1. As can be deduced from Table
1, compounds 3g and 3f showed the highest
resistances against bacteria S. aureus, and
compounds 3g and 3e showed the highest
resistance against bacteria E. coli.

Figure 1. Perform antibacterial test by agar well diffusion method
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Table 1. Inhibition zones (mm) of synthesized 3-amino aryl -5-aryl -1,2,4-triazoles against bacteria by
agar well diffusion method

Against  Against Sample
Entry Product S.aureus E. coli concentration

bacteria  bacteria pg/ml
1 3a 11 9.5 2000
2 3b 14 11 2000
3 3c 17 10 2000
4 3d 21 11 2000
5 3e 21 22 2000
6 3f 25 20 2000
7 39 26 22 2000
8 3h 15 14 2000
9 3i 17 15 2000
10 3j 24 20.5 2000
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