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Abstract

Triazole ring system has attracted a continuously growing interest of synthetic organic chemists and those
dealing with the medicinal compounds due to its versatile potential to interact with biological systems. Schiff
bases are also considered as one of the most biologically active compounds. The aim of the present study was
to synthesize new Schiff bases bearing triazole nucleus and to assess their antimicrobial activities. Four new
Schiffbase derivatives of 1,2,4-triazole-3-thione were synthesized by combining two different pharmacophores
viz. triazole nucleus and Schiff base moiety and were characterized by spectral techniques (UV, FT-IR, and
NMR). The Schiff bases were evaluated for antibacterial (Staphylococcus aureus, Escherichia coli, and
Klebsiella pneumoniae) and antifungal (Candida albicans) activities. The synthesized compounds exhibited

good to moderate activities against different strains of bacteria and fungi tested.
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Introduction

Heterocyclic chemistry is a distinct field of chemistry
with a long history and prospects due to its versatile
biological activities. Heterocyclic compounds were
the earliest compound known to mankind. Among
the heterocycles, triazole ring systems have received
considerable attention due to their applications in
the fields of medicine, industry, and agriculture as
agrochemicals [1-3]. All triazoles are of synthetic
origin and there is no triazole ring system detected as
yet in nature.

Triazoles are heterocyclic organic compounds having
a five-member aromatic ring with three nitrogen
atoms and two carbon atoms. It is one of a pair of
isomeric chemical compounds with chemical formula
C,HN,. The triazole exists in two isomeric forms
viz. 1,2,3-isomer and 1,2,4-isomer, with respect to
the location of nitrogen in the ring [4]. Triazoles
and their derivatives are of great importance in
medicinal chemistry and can be used for the synthesis

of numerous heterocyclic compounds with different
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biological activities such as antiviral [5], antibacterial
[6-8], antitubercular, antimalarial [9], antifungal
[10-12], anticancer [13-15], anti-inflammatory [16],
antidepressant [17], antioxidant [18], local anesthetic,
antiobesity, antidiabetic, anti-Parkinson's[19],
analgesic [20], anticonvulsant [21], antianxiety,
antihistaminic, antiepileptic, antihypertensive [22],
etc. Various drugs of medicinal uses that contains the
1,2,4-triazole nucleus have already been synthesized.
Some of the drugs are anastrozole (anticancer) [23],
Ribavirin (antiviral) [24], voriconazole (antifungal)
[5], posaconazole (antifungal) [6], trazodone
(antidepressant) [25], estazolam (anticonvulsant)
[26], rizatriptan (antimigraine) [27], alprazolam
(tranquilizer) [28], rilmazafone (sedative-hypnotic)
[29], diniconazole (fungicidal in agriculture) [6],
Bitertanol (fungicidal), triazomol (pesticidal) and
paclobutrazol (plant growth regulator) [29].

One of the most investigated reactions of triazoles
is the formation of Schiff bases by condensing
4-amino-1,2,4-triazole-3-thiones with aldehydes [30-
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33]. Schiff bases are the compounds carrying imine
(>C=N-) or azomethine (-CH=N-) functional group
[34]. Schiff bases possess structural similarities with
natural biological substances and are aso found in
different enzymes such as tryptophan synthases,
transaminases, transketolases etc. [35,36]. They are
an important class of compounds in many fields such
as analytical, biological, and inorganic chemistry and
are aversatile pharmacophore [37].

Structural modifications of the triazole ring system
by using different functionalities and aromatic rings
are expected to result in potential candidates for
antibacterial and antifungal agents. So, in the present
work, some new compounds are synthesized by
combining chemically different but pharmacologically
compatible 1,2,4-triazole nucleus and Schiff base
moiety in one frame to evaluate their antimicrobial
activities.

Materials and Methods

Starting materials

4-chlorobenzoic acid, 2,4-dichlorobenzoic acid,
and vanillin were purchased from Himedia,
furfuraldehyde, methanol and potassium hydroxide
from Fisher scientific, carbon disulphide from
Merck and ethanol from Changshu Honsgsheng Fine
Chemical. All chemicals and solvents used for the
experiment were of synthetic grade and were used
without further purification.
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Physical measurements

Melting points of the synthesized compounds were
determined on the Optics Technology electro-thermal
apparatus by an open capillary tube. UV-Visible
absorption spectra were monitored on a UV-Visible
double beam spectrophotometer from Labtronics
(Model LT-2802) using DMSO as a solvent. FT-
IR spectra were recorded on spectrum GX Fourier
transform infrared (FT-IR) spectrophotometer using
the KBr pellet method. '"H-NMR and *C-NMR spectra
were recorded at ambient temperature on Varian
VNMRS 400 MHz NMR spectrometer using DMSO
as the solvent with TMS as an internal standard.

Synthesis and analyses
The compounds were synthesized from the starting
materials according to Scheme 1.

Synthesis of methyl ester (1a,b) [38]

The respective substituted benzoic acid (0.1 mol) was
dissolved in anhydrous methanol (50 mL) in a 250
mL round bottom flask fitted with a reflux condenser.
Concentrated sulphuric acid (0.02 mol) was added
and the reaction mixture subjected to reflux for 8-10
h. After the completion of the reaction, the excess
methanol was removed and the contents were poured
into water, neutralized with 20% (w/v) solution of
sodium bicarbonate, and then dried over anhydrous
magnesium sulphate.

Synthesis of acid hydrazide (2a,b) [38]

The ester (1) (0.10 mol) was dissolved in absolute
ethanol (20 mL), 99% hydrazine hydrate (0.15

(@)
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Scheme 1: Synthetic routes of Schiff bases of 1,2,4-triazole derivatives
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mol) was added slowly with constant stirring and
the reaction mixture was heated under reflux for 4
h. The mixture was concentrated and then cooled.
The crude solid was filtered, washed with water and
recrystallized from absolute ethanol to give aryl acid
hydrazide.

Synthesis of dithiocarbazinate (3a,b) [39]

The acid hydrazide (2) (0.05 mol) was added to
a solution of potassium hydroxide (0.075 mol) in
absolute ethanol (50 mL) at room temperature. Carbon
disulphide (0.15 mol) was added and the mixture was
stirred at room temperature for 18 h. The mixture was
diluted with anhydrous diethyl ether (20 mL). The
crude solid was filtered, washed several times with
anhydrous diethyl ether, and dried in a desiccator.

Synthesis of 4-Amino-5-substituted-1,2,4-
triazole-3-thione (4a,b) [40]

99% hydrazine hydrate (0.04 mol) was gradually
added to the above potassium salt (3) (0.02 mol)
dissolved in water (20 mL) with stirring and the
mixture was refluxed gently till the evolution of
hydrogen sulphide ceased. The mixture was then
cooled to room temperature and diluted with 100
mL cold water containing some crushed ice and
was acidified with concentrated hydrochloric acid.
A yellow solid separated was filtered, washed with
water, and recrystallized from ethanol.

Synthesis of Schiff bases of 4-Amino-5-
substituted-1,2,4-triazole-3-thione (5a-5d) [41]
To the hot ethanolic solution of aldehyde (0.01 mol)
containing 5 drops of concentrated sulphuric acid, a
hot ethanolic solution of the triazole (4) (0.01 mol)
was added in small portions over a period of 1 h and
refluxed for 3 h. The reaction mixture was cooled,
filtered, and recrystallized from ethanol to give (5a-
5d).

2 2
1 1
N-NH Ccl1 'N-NH
6 sl 4 éh\s 6 sl 4 3/&8
7 1 N 7 n N Cl
\ \
C17s 10 12N=13 CI’s 10 12N=13
? 14 ? 14
15 O 15 O
16 17 16 17
(52) (5b)
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5-(2-chlorophenyl)-4-(furan-2-ylmethyleneamino)-
1,2,4-triazole-3(2H)-thione (5a)

Pale yellow solid, yield 65% (1.976 g); mp 197 °C;
UV-Visible spectrum (A__ ) nm = 302, 308, 344; IR
v_in KBr (selected bands) cm™ = 3095 (s), 1615 (s),
1573 (m), 1495 (s), 1476 (s), 1290 (s), 1045 (m), 840
(m), 760 (s); '"H NMR (400MHz, DMSO-d,) & = 9.689
(1H, s, H-13), 7.972 (1H, br s, H-8), 7.677 - 7.59 (4H,
m, H-17, H-11, H-9 and HN-), 7.156 (1H, td, J = 7.6,
2.0 Hz, H-10), 7.305 (1H, d., H-15), 6.728 (1H, dd. J
=3.2, 1.6 Hz, H-16); *C NMR (100MHz, DMSO-d,)
§=179.9 (C-3), 149.0 (C-14), 148.3 (C-5), 145.3 (C-
17), 134.2 (C-13), 132.6 (C-11), 132.3 (C-7), 131.9
(C-9), 130.1 (C-8), 128.0 (C-10), 122.6 (C-6), 117.4
(C-15), 111.5 (C-16).

5-(2,4-dichlorophenyl)-4-(furan-2-
ylmethyleneamino)-1,2,4-triazole-3(2H)-thione (5b)
Black solid, yield 61% (2.054 g); mp 204 °C; UV-
Visible spectrum (A_ ) nm = 302, 309, 344; IR v__
in KBr (selected bands) cm™ = 3089 (m), 1614 (m),
1543 (m), 1501 (s), 1475 (s), 1280 (m), 1020 (m),
765 (s), 725 (m); 'H NMR (400MHz, DMSO-d,) § =
9.741 (1H, br s, H-13), 7.989 (1H, br s, H-8), 7.875
(1H, d, J =2.0 Hz, H-17), 7.726 (1H, d, J = 8.0 Hz,
H-11), 7.654 (1H, dd, J = 8.0, 2.0 Hz, H-10), 7.320
(1H, d, J = 3.6 Hz, H-15), 6.741 (1H, t, J = 2.0 Hz,
H-16); *C NMR (100MHz, DMSO-d,) § =178.9 (C-
3), 148.0 (C-14), 145.2 (C-5), 143.7 (C-17), 138.8(C-
13), 137.9 (C-7), 131.2 (C-8), 130.5 (C-11), 129.9
(C-9), 126.7 (C-10),121.1 (C-6), 118.8 (C-15),113.4
(C-16).
5-(2-chlorophenyl)-4-(4-hydroxy-3-
methoxybenzylideneamino)-1,2,4-triazole-
3(2H)-thione (5c)

Light green solid, yield 60% (2.148 g); mp 185 °C;
UV-Visible spectrum (A, ) nm = 302, 308, 344; IR

2
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" 17 OCHj, 18 17 OCH;
OH OH
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Figure 1: Structures of synthesized Schiff bases
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v in KBr (selected bands) cm™ = 3363 (m), 3062
(m), 1666 (m), 1597 (s), 1512 (s), 1463 (s), 1265(s),
1296 (s), 1261 (s), 1261 (s), 1026 (s), 817 (m), 717 (m);
'H NMR (400MHz, DMSO-d,) 6 = 10.145 (1H, br s,
HO-), 9.731 (1H, br s, H-13), 7.828 (1H, dd, /= 8.4,
2.0 Hz, H-8), 7.786 (1H, d, J = 8.4, Hz, H-15),7.746
(1H, dd, J = 8.8, 2.0 Hz, H-11), 7.626 (1H, m, H-9),
7.530 (1H, m, H-10), 7.438 (1H, dd, J = 8.4, 2.0 Hz,
H-19), 6.918 (1H, d, J=11.6, H-18), 3.833 (3H, brs,
CH,); "C NMR (100MHz, DMSO-d,) 6 = 178.9 (C-
3), 155.0 (C-13), 152.2 (C-17), 150.7 (C-16), 148.0
(C-5), 137.3 (C-11), 134.0 (C-7), 132.4 (C-9), 131.1
(C-14), 130.9 (C-8), 125.4 (C-10), 123.5 (C-6), 122.9
(C-19), 117.6 (C-18), 113.4 (C-15), 46.0 (CH,).

5-(2,4-dichlorophenyl)-4-(4-hydroxy-3-
methoxybenzylideneamino)-1,2,4-triazole-
3(2H)-thione (5d)

Yellowish brown solid, yield 48% (1.879 g); mp 124
°C; UV-Visible spectrum ()\'max) nm = 302, 309, 322;
IRv__ in KBr (selected bands) cm™ = 3280 (s), 3209
(m), 1654 (m), 1581 (s), 1482 (s), 1463 (s), 1261(m),
1291 (s), 1261 (s), 1031 (m), 814 (s), 734 (m); 'H
NMR (400MHz, DMSO-d,) & = 10.255, 10.029 (1H,
br s, HO-, E and Z geometrical isomers), 9.765, 9.508
(1H, br s, H-13, E and Z geometrical isomers), 7.929,
7.736 (1H, d, J = 8.4 Hz, H-11, E and Z geometrical
isomers), 7.908, 7.859 (1H, d, /= 2.0 Hz, H-8, E and
Z geometrical isomers), 7.663-7.608 (1H, m, H-15, £
and Z geometrical isomers), 7.428, 7.228 (1H, dd, J =
8.4,2.0Hz, H-10, E and Z geometrical isomers), 7.383,
7.260 (1H, d, J = 1.6 Hz, H-19, E and Z geometrical
isomers), 6.964, 6.881 (1H, d, J= 8.4 Hz, H-18, E and
Z geometrical isomers), 3.835, 3.751 (3H, br s, CH,,
E and Z geometrical isomers); *C NMR (100MHz,
DMSO-d,) & = 178.8 (C-3), 159.5 (C-13), 150.0 (C-
17), 149.7 (C-15), 148.0 (C-5), 134.2 (C-7), 133.4 (C-
14),129.1 (C-11), 128.9 (C-8), 127.4 (C-9), 127.0 (C-
10), 122.9 (C-19), 121.1 (C-6), 117.0 (C-18), 112.1
(C-15),46.0 (CH,).

Antimicrobial (antibacterial and antifungal)
screening

The antimicrobial activity of the newly synthesized
compounds (5a-5d) in two different concentrations
(1% and 3%) were evaluated against various
microorganisms, representing Gram-positive bacteria
(Staphylococcus aureus), Gram-negative bacteria

K. Devkota, et. al., 2020

(Escherichia coli and Klebsiella pneumoniae) and
fungus (Candida albicans) according to the cup-plate
assay. The overnight culture of bacterial and fungal
species from nutrient agar and potato dextrose agar
respectively was adjusted to 0.5 McFarland standards
and was spread on the surfaces of Muller-Hinton
agar plates using a sterile cotton swab to prepare
microbial lawns. The suitably spaced apart wells of
6 mm diameter were made on each agar plate and the
labeled wells were loaded with 50 pL of each triazole
solution. Ciprofloxacin (3%) and Ketoconazole (3%)
were used as reference antibacterial and antifungal
respectively. DMSO was used as a negative control.
The Petri dishes were kept 30 minutes for diffusion
37 °C for 24 h. After incubation,
the diameters of the inhibition zones were measured
in mm and the results of antimicrobial activities were
interpreted.

and incubated at

Results and Discussion

Chemistry

Four new Schiff bases of 4-amino-1,2,4-triazole-
3-thione (5a-d) were synthesized according to the
synthetic route illustrated in scheme 1. The esters
(1a,b) were prepared by heating the substituted
benzoic acid with methanol and a catalytic amount
of conc. H,SO,. The reaction of 1 with hydrazine
hydrate in ethanol yielded corresponding aroyl
hydrazides (2a,b). Treatment of 2 with alcoholic
potassium hydroxide and carbon disulphide resulted
in the formation of corresponding potassium 3-aroyl
dithiocarbazate (3a,b). The ring closure of potassium
3-aroyl dithiocarbazate (3a,b) excess hydrazine
hydrate in ethanol yielded 4-amino-5(substituted
phenyl)-1,2,4-triazole-3-thione (4a,b). Condensation
of 1,2,4-triazole (4a,b) with furfuraldehyde in
refluxing ethanol in the presence of conc. H,SO, as
catalyst gave (5a,b), and while condensation with
vanillin gave (Sc,d).

Spectroscopic studies

The structures of the Schiff bases (5a-d) were
confirmed by UV, 'H-NMR, and C-NMR spectral
analysis.

UV-Visible analysis
The UV-Vis spectra of the compounds were studied
in DMSO. The absorption spectra of the compounds
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(5a — 5d) exhibited three-bands around 302 nm, 309
nm, and 344 nm. The first two peaks are attributable
to aromatic C=C and azomethine C=N (n—n*)
transitions while the third band is attributable to the
n—7n* transitions associated with the non-bonding
electron pair of the azomethine nitrogen and sulphur
atoms [42].

FT-IR analysis

In the IR spectra of compounds 5a-d, no absorption
bandsweredetectedatabout1651-1707 cm'indicating
the absence of C=0 group of compound 3a-b which
is evidence for the conversion of dithiocarbazinate
to triazoles [43]. The most characteristic absorptions
due to the triazole nucleus are observed at 1666-
1614 cm™ (C=N), and 1290-1261 cm' (C=S) [35].
The absence of medium intensity bands in the region
3500-3200 cm™" attributable to NH, protons of 4a-b
demonstrates the formation of Schiff bases [44].
Since the 1,2,4-triazole contains thioamide -NH-C=S
functional group, the sulphur at 3-position of the ring
can be incorporated as a thiol (Fig. 2a) [45] or thione
(Fig. 2b) [46] function. There is no absorbance band
in the region c.a. 2600 cm™' attributable to stretching
of S—H, but the presence of band v(N-H) stretching
vibration at 3084-3092 cm' indicating that the
triazole Schiff base remains in thione form [47]. The
strong absorption at 814 cm™ is due to the stretching
vibration of the (C-Cl) group.

N-N N-NH
Ar/& N>\SH Ar/& N>§S
N — N
\kr' \kr‘
@ (b)
Figure 2: Tautometric forms of Schiff base (a) thiol and (b) thione
!H-NMR analysis

In 'TH-NMR spectra of 5a-d, the absence of signals
approximately at 8, 5.76 ppm (NH,) and the presence
of a sharp azomethine group (H-C=N) singlet at
9.741-9.508 ppm demonstrate the formation of Schiff
bases. [48]. The lack of the exchangeable SH signal
c.a. 4.0 ppm indicated the predominance of the thione
tautomer in DMSO-d, [49]. A singlet appeared in
the downfield region at 5, 10.145 and 10.255 ppm
in the 'H-NMR spectra of 5S¢ and 5d respectively
corresponded to the phenolic OH, proton [50]. The
signals for the aromatic ring protons appeared at
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their usual chemical shifts with 5, 6.741-7.989 ppm
[51]. Besides, -OCH, group of compound 5S¢ and
5d resonated at 3.833 and 3.835 ppm respectively
integrating three protons as a singlet. [52].

BC-NMR analysis

The “C-NMR signals at 5. 134.0 ppm (5a), 138.8
ppm (5b), 155.0 ppm (Sc¢), and 159.5 ppm (5d) due
to the azomethine carbon confirm the formation of
Schiff bases [53]. Moreover, a downfield chemical
shift at 8. 179.9-178.8 ppm indicates the existence
of the C=S group and thus the predominance of
the thione tautomer in solution [54]. The aromatic
carbons of the phenyl rings gave signals between §_.
112.1-152.2 ppm while those of the furanyl ring gave
signals between & 111.5-149.0 ppm [55]. In 5b and
5d the signal at 46.0 ppm i.e. in the aliphatic region is
attributable to the methoxy carbon (OCH,) [52].

Antimicrobial screening
The antimicrobial screening revealed that the tested
compounds showed moderate to good activity at the

concentrations of 1% and 3% in DMSO.
A) Staphylococcus aureus

Sa

5b 7 5¢

B) Escherichia coli
a

D) Candida albicans

Figure 3: Antimicrobial activities of synthesized compounds
against (A) S. aureus (B) E. coli (C) K. pneumonia,
and (D) C. albicans
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Table 1: Antimicrobial activities of synthesized compounds and the reference antibiotics

Sample Concentration Diameter of Inhibition Zone (mm)
Code (%) S. aureus E. coli K. pneumoniae C. albicans
1 9 17 10 4
Sa
3 8 16 8 5
1 7 16 9 6
5b
3 7 14 7 7
1 8 14 8 6
5c
3 6 12 7 8
1 6 12 8 7
5d
3 5 7 3 9
Ciprofloxacin 3 23 30 21 -
Ketoconazole 3 - - - 24

The compounds showed comparatively good activity
against Gram-negative bacterial strains compared to
the ciprofloxacin reference.

The results are summarized in Table 1.

All four Schiff bases showed promising antibacterial
activity against E. coli than other bacterial strains.
Based on the zone of inhibition produced against the
tested bacterial species, compound 5b showed was
found to be more effective than other compounds (5a,
Sc, and 5d).

In the case of antifungal activity, all the synthesized
compounds exhibited moderate activity against a
fungal strain Candida albicans (yeast) compared to
the standard drug ketoconazol. The compound 5d
showed more potent activity than other compounds
(5a, 5b, and 5c¢) against a fungal strain.

Compounds 5a and Sc¢ with 2-chlorphenyl group
at C-5 showed greater antibacterial activity than
compounds Sb and 5d containing 2,4-dichlorophenyl
group. The addition of electron-withdrawing Cl
atom on the phenyl ring at C-5 therefore tends to
decrease antibacterial activity [56]. On the other
hand, Compounds 5a and 5b with a furanyl group
on azomethine carbon (—CH=N-) showed more
antibacterial activity compared to compounds 5c¢
and 5d with a 4-hydroxy-3-methoxyphenyl group.
The bulkiness of group on the azomethine carbon
tends to decrease antibacterial activity. In the case of
antifungal activity, the observations were just reverse.
The results are in agreement with the observation that
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electron density of substituent at the C-5 position of the
1,2,4-triazole nucleus and on the azomethine carbon
determine the antibacterial and antifungal activities
[57]. The small difference in the antimicrobial
activity of synthesized compounds suggests that the
triazole nucleus may be playing an important role in
the microbial inhibition.

Conclusion

The four new novel 1,2,4-triazole derivatives (5a,
5b, 5¢ & 5d) were prepared successfully in the
laboratory. All the synthesized compounds were
obtained in good yield. The spectroscopic techniques
(UV, FT-IR, 'H-NMR, and *C-NMR) confirmed the
structure of the newly-synthesized derivatives. The
synthesized compounds act as better antibacterial
agents than as antifungal agents. The compound
S5a showed prominent bacterial inhibition whereas
compound 5d exhibited good fungal inhibition
among the synthesized compounds. The increase
in electron deficiency of the phenyl group at C-5
tends to decrease the antibacterial activity, while it
tends to enhance the antifungal activity. Moreover,
the bulkiness of substituent at azomethine carbon
also tends to decrease the antibacterial activity, but
increase the antifungal activity.

Acknowledgements

Authors express our sincere thanks to Dr. Deval
Prasad Bhattarai (Chonbuk National University,
South Korea) for the FT-IR spectra, Dr. Agni Koirala
(Sogang University, South Korea) for NMR spectra,

https://www.nepjol.info/index.php/JNCS



Journal of Nepal Chemical Society, June 2020, Vol. 41, No. 1

Hari Bhakta Oli (Department of Chemistry, Amrit
Campus) for the UV-Visible data acquisition and NIST
College, Khusibu, Kathmandu for the antimicrobial
screening.

References

1. F. E. Dayan, A. C. Vincent, J. G. Romagni,
S. N. Allen, S. O. Duke, M. V. Duke, J. J.
Bowling and J. K. Zjawiony, Amino- and Urea-
substituted thiazoles inhibit photosynthetic
electron transfer, Journal of Agricultural and
Food Chemistry, 2000, 48(8), 3689-3693. (DOI:
10.1021/j19911545)

2. W. Huang, and G. F. Yang, Microwave-assisted,
one-pot syntheses and fungicidal activity of
polyfluorinated ~ 2-benzylthiobenzothiazoles,
Bioorganic & Medicinal Chemistry, 20006,
14(24),  8280-8285.  (DOI: 10.1016/.
bmc.2006.09.016)

3. L. Shao, X. Zhou, Q. Zhang, J-B. Liu, J.
Zhong and J-X. Fang, Synthesis, structure,
and biological activity of novel 1H-1,24-
triazol-1-yl-thiazole  derivatives,  Synthetic
Communications, 2007, 37(2), 199-207. (DOL:
10.1080/00397910601031629)

4. 1. L. Finar, Organic Chemistry, Vol. II, 5"
ed., ELBS Publication/Longman Group UK
Limited, England, 1975, 621-636.

5. A. K. Jordao, P. P. Afonso, V. F. Ferreira, M.
C. de Souza, M. C. Almeida, C. O. Beltrame,
D. P. Paiva, S. M. Wardell, J. L. Wardell, E.
R. Tiekink, C. R. Damaso and A. C. Cunha,
Antiviral  evaluation of N-amino-1,2,3-
triazoles against Cantagalo virus replication in
cell culture, European Journal of Medicinal
Chemistry, 2009, 44(9), 3777-3783. (DOI:
10.1016/j.ejmech.2009.04.046)

6. Y.K.Lee,and A. W.Fothergill, Invitro antifungal
activities of amphotericin B, fluconazole,
Itraconazole, Terbinafine, Caspofungin,
Voriconazole, and Posaconazole against 30
clinical isolates of Cryptococcus neoformans
var. neoformancs, Mycobiology, 2003, 31(2),
95-98. (DOI: 10.4489/MYCO0.2003.31.2.095)

7.  H. A. Torres, R. Y. Hachem, R. F. Chemaly, D.
P. Kontoyiannis and I. I. Raad, Posaconazole:
a broad-spectrum triazole antifungal, Lancet

32

10.

11.

12.

13.

14.

K. Devkota, et. al., 2020

Infectious Diseases, 2005, 5(12), 775-785.
(DOLI: 10.1016/s1473-3099(05)70297-8)

M. Koparir and C. Orek, Synthesis and
biological activities of some novel aminomethyl
derivatives  of  5,5'-butane-1,4-diyl-bis[4-
allyl-2,4-dihydro-3H-1,2,4-triazole-3-thiones,
Chemical Science Transactions, 2013, 2(S1),
181-191. (DOI: 10.7598/cst2013.480)

G. D. Kini, E. M. Henry, R. K. Robins, S. B.
Larson, J. J. Marr, R. L. Berens, C. J. Bacchi,
H. C. Nathan and J. S. Keithly, Synthesis,
structure, and antiparasitic activity of sulfamoyl
derivatives of ribavirin, Journal of Medicinal
Chemistry, 1990, 33(1), 44-48. (DOI: 10.1021/
jm00163a008)

H. Bektas, A. Demirbas, N. Demirbas, and S. A.
Karaoglu, Synthesis of some new biheterocyclic
triazole derivatives and evaluation of their
antimicrobial activity, Turkish Journal of
Chemistry, 2010, 34, 165-180. (DOI: 10.3906/
kim-0905-36)

M. S. Karthikeyan, D. J. Prasad, B. Poojary,
K. S. Bhat, B. S. Holla and N. S. Kumari,
Synthesis and biological activity of Schiff
and Mannich bases bearing 2,4-dichloro-5-
fluorophenyl moiety, Bioorganic & Medicinal
Chemistry, 2006, 14(22), 7482-7489. (DOI:
10.1016/5.bmc.2006.07.015)

K. P. Kapri and B. Shakya, Synthesis,
characterization and antimicrobial evaluation of
Schiff bases of 4-amino-5-(4-tert-butylphenyl)-
4H-1,2,4-triazole-3-thiol, Journal of Nepal
Chemical Society, 2018, 39, 1-9.

P. C. Chen, V. Patil, W. Guerrant, P. Green, and
A. K. Oyelere, Synthesis and structure-activity
relationship of histone deactylase (HDAC)
inhibitors with triazole-linked cap group,
Bioorganic & Medicinal Chemistry,2008,16(9),
4839-4853. (DOI: 10.1016/j.bmc.2008.03.050)

K. Sztanke, T. Tuzimski, J. Rzymowska,
K. Pasternak and M. Kandefer-Szerszen,
Synthesis, determination of the lipophilicity,
anticancer and antimicrobial properties of
some fused 1,2,4-triazole, European Journal
of Medicinal Chemistry, 2007, 43(2), 404-419.
(DOLI: 10.1016/j.ejmech.2007.03.033)

https://www.nepjol.info/index.php/JNCS



Journal of Nepal Chemical Society, June 2020, Vol. 41, No. 1

15.

16.

17.

18.

19.

20

21

22.

P. Cikla-suzgun, N. Kaushik-Basu, A. Basu, P.
Arora, T.T. Talele,I. Durmaz, R. Cetin-Atalay and
S. G. Kucukguzel, Anti-cancer and anti-hepatitis
C virus NS5B polymerase activity of etodolac
1,2,4-triazoles, Journal of Enzyme Inhibition
and Medicinal Chemistry, 2015, 30(5), 778-
785. (DOLI: 10.3109/14756366.2014.971780)

S.Maddila, R. Pagadala, and S. B. Jonnalagadda,
1,2,4-Triazoles: A review of synthetic
approaches and the biological activity, Letters
in Organic Chemistry, 2013, 10(10), 693-714.
(DOLI: 10.2174/157017861010131126115448)

A. K. Zafer, O. Ahmet, T. Z. Gulhan, D. A.
Mehlika, and D. C. Ozgur, New pyrazoline
derivatives and their antidepressant activity,
European Journal of Medicinal Chemistry,
2010, 45(9), 4383-4387. (DOI: 10.1016/.
ejmech.2010.06.011)

F.Yu, Y-L.Jia, H-F. Wang, J. Zheng, Y. Cui, X-Y.
Fang, L-M. Zhang and Q-X. Chen, Synthesis
of triazole Schiff's base derivatives and their
inhibitory kinetics of tyrosinase activity, PLOS
One, 2015, 10(9), e0138578. (DOI: 10.1371/
journal.pone.0138578)

S. M. Rabea, N. A. El-Koussi, H. Y. Hassan and
T. A. Fadl, Synthesis of 5-phenyl-1-(3-pyridyl)-
1H-1,2,4-triazole-3-carboxylic acid derivatives
of potential anti-inflammatory activity, Archiv
der Pharmazie, 2006, 339(1), 32-40. (DOI:
10.1002/ardp.200500151)

M. Amir, H. Kumar, and S. A. Javed, Non-
carboxylic analogues of naproxen: design,
synthesis, and pharmacological evaluation
of some 1,3,4-oxadiazole/thiadiazole and
1,2,4-triazole derivatives, Archiv Pharmazie
(Weinheim), 2007, 340(11), 577-585. (DOI:
10.1002/ardp.200700065)

T. Plech, J. J. Luszczki, M. Wujec, J. Flieger and
M. Pizon M., Synthesis, characterization and
preliminary anticonvulsant evaluation of some
4-alkyl-1,2,4-triazoles, European Journal of
Medicinal Chemistry, 2013, 60, 208-215. (DOI:
10.1016/j.ejmech.2012.11.026)

T. J. Walsh, A. Groll, J. Hiemenz, R. Fleming,
E. Roilides, and E. Anaissie, Infections
due to emerging and uncommon medically
important  fungal pathogens,  Clinical

33

23.

24.

25.

26.

27.

28.

29.

30.

K. Devkota, et. al., 2020

Microbiology and Infection., 2004, 10, 48-66.
(DOI: 10.1111/5.1470-9465.2004.00839.x)

A. Howell, J. Cuzick, M. Baum, A. Buzdar,
M. Dowsett, J. F. Forbes, G. Hoctin-Boes, J.
Houghton, G.Y. Locker and J. S. Tobias, Results
of the ATAC (Arimidex, Tamoxifen, alone or in
combination) trial after completion of 5 years'
adjuvant treatment for breast cancer, Lancet,
2005, 365 (9453), 60-62. (DOI: 10.1016/s0140-
6736(04)17666-6)

S. Crotty, D. Maag, J. J. Arnold, W. Zhong, J. Y.
N. Lau, Z. Hong, R. Andino and C. E. Cameron,
The broad-spectrum antiviral ribonucleoside
ribavarin is an RNA virus mutagen, Nature
medicine, 2000, 6(12), 1375-1379. (DOI:
10.1038/82191)

T. E. Schwasinger-Schmidt and M. Macaluso,
Other antidepressants, Handbook  of
Experimental Pharmacology, 2019, 250, 325-
355. (DOL: 10.1007/164_2018 167)

G. L. Post, R. O. Roger, J. E. Crowder, J.
Houston, J. M. Ferguson, R. J. Bielski, L.
Bailey, H. G. Pearlman, G. Helene, V. S. Shu
and M. W. Pierce, Estazolam treatment of
insomania in generalized anxiety disorder: a
placebo controlled study, Journal of Clinical
Psychopharmacology, 1991, 11(4), 242-248.

K. Wellington and G. L. Plosker, Rizatriptan:
An update of its use in the management of
migraine, Drugs, 2002, 62, 1539-1574. (DOL:
10.2165/00003495-200262100-00007).

M. Bechir, K. Schwegler and R. Chenevard,
Anxiolytic therapy with alprazolam increases
muscle sympathetic activity in patients with
panic disorders, Autonomic Neuroscience,
2007, 134(1-2), 69-73. (DOI: 10.1016/.
autneu.2007.01.007)

Y. Andrei, Introduction: Small heterocycles in
synthesis, Chemical Reviews, 2014, 114(16),
7783-7783. (DOI: 10.1021/cr500323m)

F. Zhang, Q. Wen, S-F. Wang, B. S. Karim,
Y-S. Yang, J-J. Liu, W-M. Zhang and H-L. Zhu,
Design synthesis and antibacterial activities
of  5-(pyrazin-2-yl)-4H-1,2,4-triazole-3-thiol
derivatives containing Schiff base formation
as FabH inhibitory, Bioorganic Medicinal

https://www.nepjol.info/index.php/JNCS



Journal of Nepal Chemical Society, June 2020, Vol. 41, No. 1

31.

32.

33.

34.

35.

36.

37.

38.

39.

Chemistry Letter, 2014, 24(1), 90-95. (DOL:
10.1016/j.bmcl.2013.11.079)

K. Karrouchi, L. Chemlal, J. Taoufik, Y.
Cherrah, S. Radi, M. E. A. Faouzi and M_;
Ansar, Synthesis, antioxidant and analgesic
activities of Schiff bases of 4-amino-1,2.4-
triazole derivatives containing a pyrazole
moiety, Annales Pharmaceutiques Francaises,
2016, 74(6), 431-438. (DOI. 10.1016/.
pharma.2016.03.005)

R-Y.Jin, C-Y. Zeng, X-H. Liang, X-H. Sun, Y-F.
Liu, Y-Y. Wang and S. Zhou, Design, synthesis,
biological activities and DFT calculation of
novel 1,2,4-triazole Schiff base derivatives,
Bioorganic Chemistry, 2018, 80, 253-260.
(DOI: 10.1016/j.bioorg.2018.06.030)

G. Roman, Schiff bases and triazolothiadiazines
derived from a thiophene-substituted 4-amino-
3-mercapto-1,2,4-triazole, Acta Chemica lasi,
2019, 27(2), 137-154. (DOI: 10.2478/achi-
2019-0011)

E. Jungreis and S. Thabet, Analytical
Applications of Schiff’ Bases, Marcell Dekker,
New York, USA, 1969.

S. Dayagi and Y. Degani, in The Chemistry of
the Carbon-Nitrogen Double Bond, (Ed. S.
Patai), Interscience Publishers, London, UK,
1970.

M. S. Islam, M. R. Karim, W. Boadi, S. Falekun
and A. H. Mirza, Biological evaluation of new
Schiff bases: Synthesized from 4-amino-3,5-
dimethyl-1,2,4-triazole, phenanthroline and
bipyridine dicarboxaldehydes, Advances in
Biological Chemistry, 2016, 6, 180-192. (DOI:
10.4236/abc.2016.66016)

A. Kajal, S. Bala, S. Kamboj, N. Sharma and V.
Saini, Schiff bases: A versatile pharmacophore,
Journal of Catalysts, 2013, 2013, 1-14. (DOL:
10.1155/2013/893512

B. S. Furniss, A. J. Hannaford, P. W. G. Smith,
and A. R. Tatchell, Vogel s Text Book of Practical
Organic Chemistry, 5 Ed. Longman Scientific
and Technical, copublished in the United States
with John Wiley and Sons Inc., New York,
USA, 1991; pp 1077 & 1269.

N. Ergenc, N. Ulusoy, G. Capan, G. O. Sanis

34

40.

41.

42.

43.

44,

45.

46.

K. Devkota, et. al., 2020

and M. Kiraz, Synthesis and antimicrobial
properties of new 4-(alkylidene/arylidene)-
amino-5-(2-furanyl)-2,4-dihydro-3H-1,2,4-
triazole-3-thiones and 6-aryl-3-(2-furanyl)-7H-
1,2,4-triazole[3,4-b][1,3,4] thiadiazines, Archiv
der Pharmazie, 1996, 329(8-9), 427-430. (DOI:
10.1002/ardp.19963290811)

J. R. Reid and N. D. Heindel, Improved
synthesis of 5-substituted-4-amino-3-mercapto-
(4H)-1,2,4-triazoles, Journal of Heterocyclic
Chemistry, 1976, 13, 925-926. (DOI: 10.1002/
jhet.5570130450

B. Mishra and R. Ali, A novel synthesis of
s-triazolo[3,4-b][1,3,4] thiadiazole derivatives,
Indian Journal of Chemistry, 1988, 27B, 576-
577.

R. Haddad, E. Yousif and A. Ahmed, Synthesis
and characterization of transition metal
complexes of 4-amino-5-pyridyl-4H-1,2,4-
triazole-3-thiol, SpringerPlus, 2013, 2, 510.
(Doi: 10.1186/2193-1801-2-510

O. D. Cretu, S. F. Barbuceanu, G. Saramet and
C. Draghici, Synthesis and characterization
of some 1,2,4-triazole-3-thiones obtained
from intramolecular cyclization of new
1-(4-(4-X-phenylsulfonyl)benzoyl)-4-(4-
iodophenyl)-3-thiosemicarbazides, Journal of
Serbian Chemical Society, 2010, 75(11), 1463-
1471. (DOI: 10.2298/JSC091221122C)

M. Hanif and Z. Chohan, Synthesis, spectral
characterization and biological studies of
transition metal(Il) complexes with triazole
Schiffbases, Applied Organometallic Chemistry,
2013, 27, 36-44. (DOI: 10.1002/a0¢.2936)

N. S. Habib, R. Soliman, F. A. Ashour and M.
El-Taiebi, Synthesis and antimicrobial testing of
4H-1,2,4-triazole, 1,2,4-triazolo[3,4-b][1,3,4]
thiadiazole and 1,2,4-triazolo[3,4-b][1,3,4]
thiadiazine derivatives of 1H-benzimidazole,
Die Pharmazie, 1997, 52(11), 844-847.

N. F. Eweiss, A. A. Bahajaj and E. A. Elsherbini,
Synthessis of heterocycles. Part VI. Synthesis
and antimicrobial activity of some 4-amino-
5-aryl-1,2,4-triazole-3-thiones and their
derivatives, Journal of Heterocyclic Chemistry,
1986, 23, 1451-1458. (DOI: 10.1002/
jhet.5570230540

https://www.nepjol.info/index.php/JNCS



Journal of Nepal Chemical Society, June 2020, Vol. 41, No. 1

47.

48.

49.

50.

51.

S. A. Elsayed, A. M. Noufal and A. M. EI-
Hendawy, Synthesis, structural characterization
and antioxidant activity of some vanadium(IV),
Mo(VI)/(IV) and Ru(Il) complexes of pyridoxal
Schiff base derivatives, Journal of Molecular

Structure, 2017, 1144, 120-128. (DOI:
10.1016/j.molstruc.2017.05.020)
M. R. Aouad, Synthesis, characterization

and antimicrobial evaluation of some new
Schiff, Mannich and acetylenic Mannich
bases incorporating a 1,2,4-triazole nucleus,
Molecules, 2014, 19(11), 18897-18910. DOI:
10.3390/molecules191118897

M. A. Ali, A. H. Mirza, R. J. Butcher and K.
A. Crouse, The preparation, characterization
and biological activity of palladium(II)
and platinum(Il) complexes of tridentate
NNS ligands derived from S-methyl- and
S-benzyldithiocarbazates and the X-ray crystal
structure of the [Pd(mpasme)Cl] complex,
Transition Metal Chemistry, 2006, 31, 79-87.
(DOI: 10.1007/s11243-005-6305-3)

G. B. Bagihalli, P. G. Avaji, S. A. Patil and P.
S. Badami, Synthesis, spectral characterization,
in vitro antibacterial, antifungal and cytotoxic
activities of Co(II), Ni(Il) and Cu(Il) complexes
with 1,2,4-triazole Schiff bases, European
Journal of Medicinal Chemistry,2008,43,2639-
2649. (DOI: 10.1016/j.ejmech.2008.02.013)

C. Yuan, X. Liu, Y. Wu, L. Lu and M. Zhu,
A triazole Schiff base-based selective and
sensitive fluorescent probe for Zn*: A
combined experimental and theoretical study,
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2016, 154, 215-
219. (DOI: 10.1016/j.s22.2015.10.035)

35

52.

53.

54.

55.

56.

57.

K. Devkota, et. al., 2020

H. Bayrak, A. Demirbas, S. A. Karaoglu
and N. Demirbas, Synthesis of some new
1,2,4-triazoles, their Mannich and Schiff bases
and evaluation of their antimicrobial activities,
European Journal of Medicinal Chemistry,
2009, 44, 1057-1066. (DOI: 10.1016/.
ejmech.2008.06.019)

Y. M. Issa, H. B. Hassib and H. E. Abdelaal, 'H
NMR, 1°C NMR and mass spectral studies of
some Schiff bases derived from 3-amino-1,2,4-
triazole, Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 2009, 74(4),
902-910. (DOI: 10.1016/j.s2a.2009.08.042)

R. E. Kidre, I. A. M. Radini and B. F. Abdel-
Wahab, Synthesis of new heterocycles
incorporating  3-(N-phthalinidomethyl)-1,2,4-
triazole as antimicrobial agents, FEgyptian
Journal of Chemistry, 2016, 59(5), 731-744.

M. R. Aouad, M. Messali, N. Rezki, A. A. S. Alj,
and A. Lesimple, Synthesis and characterization
of some novel 1,2,4-triazoles, 1,3,4-thiadiazoles
and Schiff bases incorporating imidazole
moiety as potential antimicrobial agents, Acta
Pharmaceutica, 2007, 65, 117-132. (DOI:
10.1515/acph-2015-0011)

N. Aggarwal, R. Kumar, P. Dureja and J. M.
Khurana, Synthesis, antimicrobial evaluation
and QSAR analysis of novel nalidixic acid based
1,2,4-triazole derivatives, European Journal of
Medicinal Chemistry, 2011, 46, 4089-4099.
(DOI: 10.1016/j.ejmech.2011.06.009

N. C. Desai, N. Bhatt, H. Somani and A.
Trivedi, Synthesis, antimicrobial and cytotoxic
activities of some novel thiazole clubbed
1,3,4-oxadiazole,  European  Journal of
Medicinal Chemistry, 2013, 67, 54-59. (DOI:
10.1016/j.ejmech.2013.06.029)

https://www.nepjol.info/index.php/JNCS



