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ABSTRACT
A novel 1,2,4-Triazole-Pyridine hybrid derivatives was synthesized by the reaction of nicotinohydrazide with carbon
disulfide to yield potassium-3-pyridyl-dithiocarbazate (I). This was further cyclized with ammonia solution to yield 5mercapto-substituted 1,2,4-Triazole-Pyridine hybrid (II). This was finally reacted with different substituted benzyl
derivatives to produce 1,2,4-Triazole-Pyridine hybrid derivatives (III). Purity of the derivatives was confirmed by thin
layer chromatography and melting point. Structure of these derivatives was set up by determining infrared spectroscopy,
nuclear magnetic resonance spectroscopy and mass spectroscopy. Further, the synthesized derivatives were evaluated for
their in vitro antibacterial activity against the two gram-negative bacteria ( Escherichia coli (MTCC 443), Pseudomonas
aeruginosa (MTCC 424)) and two gram positive bacteria (Staphylococcus aureus (MTCC 96), Streptococcus
pyogenes (MTCC 442), and antifungal activity against the Aspergillus niger (MTCC 282), Aspergillus clavatus (MTCC
1323), Candida albicans (MTCC 227) by cup-plate method. Out of all synthesized derivatives, two derivatives i.e. 3-(5(3-nitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine
and
3-(5-(3,5-dinitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine
showing more potent antibacterial activity while 3-(5-(2,4-dinitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine showing more
potent anti fungal activity.
Keywords: 1,2,4-triazole, nicotinohydrazide , substituted benzyl derivatives , pyridine hybrid, antimicrobial activity.
INTRODUCTION
The emerging infectious diseases and the increasing
number of multi-drug resistant microbial pathogens are the
main challenge behind the treatment of infectious diseases.
In spite of wide range of anti-microbial drugs with
different mechanisms of action used to treat with microbial
infections either alone or in combination and also the
existence many compounds used in different phases of
clinic trials, microbial infections have been becoming a
worldwide problem. An increase in mortality might be due
to emergence of antimicrobial resistance. The toxic side
effects and the increasing chances of microbial resistance
are the problem with clinically used drugs that are often
dose limiting1-5. Moreover, the long term use of several
drugs to treat microbial infections may cause serious health
problems, especially in patients with impaired liver or
kidney functions.
To search and synthesize of combinational
chemotherapeutic drugs with different mechanisms of
action and with low side effects constitute an important
part of the methods that aims to overcome the
antimicrobial resistance. Beside the development of
completely new agents possessing chemical characteristics
that clearly differ from those of existing ones, there is
another approach containing to
combine two or more pharmacophores into a single
molecule. Therefore, a single molecule containing more
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than one pharmacophores, each with different mode of
action, could be beneﬁcial for the treatment of microbial
infectious. These merged pharmacophores may be
addressing the active site of different targets and offer the
possibility to overcome drug resistance. In addition, this
approach can also reduce unwanted side effects6-11.
Amongst the broad range of heterocyclic that are being
explored for expansion of new components in the field of
medicinal chemistry, 1,2,4-Triazole-Pyridine hybrids and
their fused heterocyclic derivatives has received
considerable attention owing to their synthetic and
effective biological importance. The triazole is an
attractive bridge group, which could connect two
pharmacophores to produce novel bifunctional molecules,
while it is almost impossible to be hydrolyzed, oxidized or
reduced.
Based on these literature data and the features described
previously12-24, we have created a small library of 1,2,4Triazole-Pyridine hybrid derivatives as per Figure I. A
series of 1,2,4-Triazole-Pyridine hybrid derivatives linked
with substituted benzyl group was synthesized by the
reaction of nicotinohydrazide with carbon disulfide to
yield potassium-3-pyridyl-dithiocarbazate (I). This was
further treated with ammonia solution to yield 5-mercaptosubstituted 1,2,4-Triazole-Pyridine hybrid (II). This was
finally reacted with different benzyl derivatives to produce
series of 1,2,4-Triazole-Pyridine hybrid derivatives (III).
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Figure 1: Representation of the series of reactions for the synthesis of novel 1,2,4-Triazole- Pyridine hybrids.
These 1,2,4-Triazole-Pyridine hybrid derivatives, were
characterized by thin layer chromatography and melting
point. Structure of these derivatives was set up by
determining infrared spectroscopy, nuclear magnetic
resonance spectroscopy and mass spectroscopy. All the

synthesized compounds were screened for their biological
activities. Their antimicrobial and antifungal activities
were tested and compared with the ones of some
commercial antibiotics.
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Table 1: Characterization data of synthesized 1,2,4-triazole derivatives.
Derivatives R1
Molecular
Molecular Melting Appearance
formula
weight
point
(⁰C)
3a.
4C15H14N4OS 298
215
Yellow
OCH3
solid
3b.
3C15H14N4OS 298
258
Yellow
OCH3
solid
3c.
2C15H14N4OS 298
300
Yellow
OCH3
solid
3d.
4-NO2
C14H11N5O2S 313
320
Yellow
solid
3e.
3-NO2
C14H11N5O2S 313
328
White Solid

% yield
(w/w)

λ max
(nm)

Chemical Name
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Experimental
Open capillary method was adopted to determine the
melting points and the purity of compounds was checked
by TLC. Fourier transform infrared (FTIR) spectra
(KBR, cm-1) were recorded on Perkins Elmer Infrared283 FTIR, 1HNMR (CDCl3) were on a Bruker 300MHz
spectrometer using TMS as an internal reference and the
MS were recorded on Aapi 3000 LC-MS.
The synthesized compounds 3a–3h were examined for
their in vitro antibacterial activity against the two gramnegative
bacteria
( Escherichia
coli (MTCC
443), Pseudomonas aeruginosa (MTCC 424)) and two
gram positive bacteria (Staphylococcus aureus (MTCC
96), Streptococcus pyogenes (MTCC 442)), by cupplate method [25-27]. Zone of inhibition of all
derivatives was determined and compared with standard
Streptomycin and Clotrimazole, which were used as
reference drug. Moreover, Aspergillus niger (MTCC
282), Aspergillus clavatus (MTCC 1323), Candida
albicans (MTCC 227) were chosen based on their
clinical and pharmacological importance. In order to
investigate the antifungal activity of the compounds, a
modified microdilution technique was used28,29.
Synthesis of potassium-3-pyridyl-dithiocarbazate (I)
A solution of 8.4g (0.15M) of potassium hydroxide,
200ml of absolute ethanol and 13.7g (0.10M) of pyidyl2-carbohydrazide was treated to the addition of 11.4g
(0.15M) of carbon disulfide. The mixture was diluted
with 150ml of absolute ethanol and agitated for 12-16
hr. It was then diluted with 200ml of dry ether and dried
at 650C. The salts, prepared as described above were
obtained is nearly quantitatively yield and were
employed without further purification.
Synthesis of 5-mercapto-3-pyridyl-1,2,4-Triazole (II)
A suspension of I (24g, 0.096M), 95% Ammonia
20ml(0.864M) and water 40ml was refluxed with
stirring for 3 to 4 hrs. The color of this reaction mixture
changed to yellow, hydrogen sulfide was evolved and a
homogeneous solution resulted. A white solid was
precipitated by dilution with cold water (100ml) and
acidify with conc. HCL, filtered and washed with cold
water and recrystallized.
Synthesis of 3-benzylthio-5-pyridin-3-yl,1,2,4-Triazole
(III)
A mixture of II (0.006M), (0.69g,6M) in dry N,Ndimethyl formamide(3ml) was added to a solution of
sodium(0.14g, 6M) in dry methanol (2ml). After 10 min
of stirring at room temperature, benzyl halide (6M) was
added. The resultant suspension was stirred with CaCl2
guar tube at room temperature 1-23 hrs. The completion
of reaction was confirmed by TLC and then resultant
solution was poured in crushed ice.
In-vitro Antibacterial Screening of Synthesized
Compounds
The synthesized compounds were tested for their in
vitro antibacterial activity against the two gram-negative
bacteria ( Escherichia coli (MTCC 443), Pseudomonas
aeruginosa (MTCC 424)) and two gram positive
bacteria
(Staphylococcus
aureus (MTCC
96), Streptococcus pyogenes (MTCC 442)), by cup-
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Table 2. Combustion analysis of synthesized derivatives.
Derivatives
Combustion Analysis
Theoretical Value
Observed Values
a.
C (60.38%) H (4.73%) N (18.78%) O (5.36%) S C (59.30%) H (4.70%) N (18.65%) O (5.32%)
(10.75%)
(10.70%)
b.
C (60.38%) H (4.73%) N (18.78%) O (5.36%) S C (59.30%) H (4.70%) N (18.65%) O (5.32%)
(10.75%)
(10.70%)
c.
C (60.38%) H (4.73%) N (18.78%) O (5.36%) S C (59.30%) H (4.70%) N (18.65%) O (5.32%)
(10.75%)
(10.70%)
d.
C (53.66%) H (3.54%) N (22.35%) O (10.21%) S C (52.60%) H (3.51%) N (22.15%) O (10.17%)
(10.23%)
(10.20%)
e.
C (53.66%) H (3.54%) N (22.35%) O (10.21%) S C (52.60%) H (3.51%) N (22.15%) O (10.17%)
(10.23%)
(10.20%)
f.
C (53.66%) H (3.54%) N (22.35%) O (10.21%) S C (52.60%) H (3.51%) N (22.15%) O (10.17%)
(10.23%)
(10.20%)
g.
C (46.93%) H (2.81%) N (23.45%) O (17.86%) S C (46.13%) H (2.80%) N (23.35%) O (17.79%)
(8.95%)
(8.90%)
h.
C (46.93%) H (2.81%) N (23.45%) O (17.86%) S C (46.13%) H (2.80%) N (23.35%) O (17.79%)
(8.95%)
(8.90%)

S
S
S
S
S
S
S
S

i.
plate method. Clotrimazole and Streptomycin were used as
standard drug for antibacterial studies. Nutrient Agar (Beef
extract 10 gm, Peptone 10 gm, Sodium Chloride 5 gm,
Agar 20 gm, urfied water 1000ml) was employed as
culture media for antibacterial studies. The ingredients
were dissolved in water, and adjust the PH to 7.2 to 7.4 by
using dilute alkali/dilute acid and autoclave at 120 ºC for
20 min.30-35 ml of nutrient agar was transferred to
the Petri dish. 1000μg/disc and 500μg/disc concentration
of the test compounds are prepared & Dimethyl Foramide
(DMF) was used as vehicle and Chlotrimazole &
Streptomycin was used as standard. Nutrient agar plates
were prepared aseptically to get a thickness of 5-6 mm. The
plates were allowed to solidify and inverted to prevent
condensate falling on the agar surface. The plates were
dried at 37 ºC just before inoculation. The standard
inoculums is inoculated in the plates prepared earlier
aseptically by dipping a sterile swab in the inoculums,
removing the excess of inoculums by pressing and rotating
the swab firmly against the sides of the culture tube above
the level of the liquid and finally streaking the swab all
over the surface of 60 after each application. Finally press
the swab round the edge of the agar surface. The sterilized
discs for the test drugs were placed in the Petri dishes
aseptically. Incubate the Petri dish at 37 ºC ± 0.2 ºC for
about 18-24 hrs, after placing them in the refrigerator for
one hour to facilitate uniform diffusion. The average zone
diameter of the plates were measured and recorded. All
compounds synthesized were tested for antibacterial
activity against gram-negative bacteria and gram positive
bacteria.
Antifungal activity
Aspergillus
niger (MTCC
282), Aspergillus
clavatus (MTCC 1323), Candida albicans (MTCC 227)
were chosen based on their clinical and pharmacological
importance. In order to investigate the antifungal activity
of the compounds, a modified microdilution technique was
used. The funga spores were washed from the surface of
agar plates with sterile 0.85% saline containing 0.1%
Tween 80 (v/v) and spore suspension was adjusted with

sterile saline to a concentration of 1.0 × 10 5. Compound
solutions were added to the broth Malt medium with
inoculum. DMSO was used as a negative control, and
commercial fungicides, griseofulvin and ketoconazole
were used as positive controls. Five percent DMSO was
used as a negative control. The sensitivities of the
microorganism species to the synthesized derivatives were
determined by measuring the sizes of inhibitory zones
(including the diameter of disk) on the agar surface around
the disks, and values <8 mm were considered as not active
against microorganisms.
RESULTS AND DISCUSSION
In current investigation we are synthesized derivatives of
1,2,4-Triazole-Pyridine hybrids and screened for potential
antimicrobial and antifungal action. Also, for the first time
we have used nicotinohydrazide as a starting material for
the synthesis of above mentioned derivatives. The newly
synthesized 1,2,4-Triazole-Pyridine hybrid derivatives
were subjected to confirmation of physical and analytical
parameters by using techniques like TLC, IR, NMR and
MS. Finally, these compounds were screened for in
vitro antibacterial activity against the two gram-negative
bacteria ( Escherichia coli (MTCC 443), Pseudomonas
aeruginosa (MTCC 424)) and two gram positive bacteria
(Staphylococcus
aureus (MTCC
96), Streptococcus
pyogenes (MTCC 442), and antifungal activity against the
Aspergillus
niger (MTCC
282), Aspergillus
clavatus (MTCC 1323), Candida albicans (MTCC 227)
by cup-plate method.
Strategy for the synthesis of different 1,2,4-TriazolePyridine hybrid derivatives is outlined in Figure 1. Total
08 different 1,2,4-Triazole-Pyridine hybrid derivatives
were prepared by treating 5-mercapto-substituted 1,2,4Triazole-Pyridine hybrid with different substituted benzyl
derivatives. Chemical structure, melting point and other
physical data were mentioned in Table 1. Formation of
different 1,2,4-Triazole-Pyridine hybrid derivatives was
recognized by using different spectral techniques like IR,
1
H NMR and MS.
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Table 3. Spectral data of synthesized 1,2,4-triazole derivatives.
Derivatives IR (KBr cm-1)
3a. 3a

3b. 3b

3c. 3c

3d. 3d

3e. 3e

3f. 3f

3g. 3g

3h. 3h

2998.46(Ar-C-H str), 1598.35.47(Ar-C=C str),
1155.47 (Ar–C–C str), 1510.36(C=Nstr), 1285.47(-CN- str), 641.81(-C-S str), 1165.79(OCH3 str)
2942.56(Ar-C-H
str),
1643.56(Ar-C=C
str),
1121.67(Ar–C–C str), 1511.12(C=Nstr), 1213.87(-CN- str), 631.78(-C-S str), 1105.13(OCH3 str)
2840.45(Ar-C-H
str),
1611.76(Ar-C=C
str),
1106.45(Ar–C–C str), 1511.10(C=Nstr), 1286.45(-CN- str), 698.34(-C-S str), 1112.12(OCH3 str)
3168.46(Ar-C-H str), 1628.35.47(Ar-C=C str),
1145.47 (Ar–C–C str), 1510.36(C=Nstr), 1285.47(-CN- str), 619.81(-C-S str), 1365.79(-NO2 str)
2912.56(Ar-C-H
str),
1613.56(Ar-C=C
str),
1121.67(Ar–C–C str), 1522.12(C=Nstr), 1243.87(-CN- str), 641.78(-C-S str), 1335.13(-NO2 str)
2890.45(Ar-C-H
str),
1621.76(Ar-C=C
str),
1108.45(Ar–C–C str), 1551.10(C=Nstr), 1246.45(-CN- str), 688.34(-C-S str), 1312.12(-NO2 str)
3134.78(Ar-C-H
str),
1622.89(Ar-C=C
str),
1156.89(Ar–C–C str), 1501.21(C=Nstr), 1254.76(-CN- str), 698.98(-C-S str), 1342.45(-NO2 str)
3078.45(Ar-C-H
str),
1632.67(Ar-C=C
str),
1109.78(Ar–C–C str), 1520.90(C=Nstr), 1215.43(-CN- str), 685.56(-C-S str), 1332.56(-NO2 str)

1H NMR δ (ppm)
(DMSO-d6)
6.66-7.95 (m 4H, Ar-H), 4.18 (s 2H,
-CH2), 7.48-8.82 (m 4H, pyridine
ring), 3.67 (s 3H, -CH3)
6.76-7.81 (m 4H, Ar-H), 4.15 (s 2H,
-CH2), 7.44-8.86 (m 4H, pyridine
ring), 3.76 (s 3H, -CH3)
6.65-7.28 (m 4H, Ar-H), 4.17 (s 2H,
-CH2), 7.50-8.84 (m 4H, pyridine
ring), 3.57 (s 3H, -CH3)
7.26-8.01 (m 4H, Ar-H), 4.19 (s 2H,
-CH2), 7.60-8.85 (m 4H, pyridine
ring)
7.36-8.11 (m 4H, Ar-H), 4.16 (s 2H,
-CH2), 7.62-8.64 (m 4H, pyridine
ring)
6.76-7.31 (m 4H, Ar-H), 4.15 (s 2H,
-CH2), 7.60-8.62 (m 4H, pyridine
ring)
8.38-8.93 (m 3H, Ar-H), 4.19 (s 2H,
-CH2), 7.60-8.60 (m 4H, pyridine
ring)
7.58-9.00 (m 3H, Ar-H), 4.18 (s 2H,
-CH2), 7.65-8.68 (m 4H, pyridine
ring)

MS
297+
297+
297+
312+
312+
312+
357+
357+

3i.
IR spectrum of one 1,2,4-Triazole-Pyridine hybrid
derivative, (3e) i.e. 3-(5-(3-nitrobenzylthio)-4H-1,2,4triazol-3-yl)pyridine showed strong C=N stretching (str)
band at 1522.12 cm -1 and C-N absorption band at 1243.87
cm-1 which indicate ring closure of 1, 2, 4-triazole ring. An
absorption band at 2912.56 cm -1 is due to aromatic (Ar) CH str, band at 1613.56 cm -1 is due to C=C str, band at
1335.13 cm -1 is due to -NO2 str str and band at 1121.67cm
-1
is due to C-C str. Strong absorption at around 3078.85
cm-1 and around 1620.47 cm-1 was present in all final
derivatives, which was confirmation for aromatic C-H and
C=C bonds respectively. The presence of specific

functional groups in final synthesized derivatives was
confirmed by 1H NMR data. The 1H NMR spectrum of
1,2,4-Triazole-Pyridine hybrid derivative, (3e) i.e. 3-(5(3-nitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine shown
in the region 7.36-8.11 is due to four aromatic proton,
7.62-8.64 is due to four pyridine proton, and 4.16 is due
to two methylene proton. The mass spectra of 1,2,4Triazole-Pyridine hybrid derivative, (3e) i.e. 3-(5-(3nitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine showed
molecular ion peak at m/z 312 which is in conformity with
the molecular formula C14H11N5O2S. In the same way,
spectral data of remaining derivatives are given in Table 3.

Table 4 Anti –Bacterial Activity of synthesized 1,2,4-triazole derivatives using plate hole diffusion method:
Compounds
Zone of inhibition (mm)
Gram-ve bacteria
Gram +ve bacteria
E.Coli
P. aeruginosa
S.aureus
S.pyrogenes
500
1000
500
1000
500
1000
500
1000
μg/ml
μg/ml
μg/ml
μg/ml
μg/ml
μg/ml
μg/ml
μg/ml
3a.
12
16
11
16
10
15
09
16
3b.
11
15
10
16
10
15
10
17
3c.
12
15
12
17
08
13
08
14
3d.
08
12
08
14
11
15
10
16
3e.
12
18
08
13
12
17
10
17
3f.
10
16
10
16
11
16
09
16
3g.
12
17
13
18
12
16
10
16
3h.
12
16
10
16
12
16
10
16
Streptomycin
15
24
14
23
----Clotrimazole
----15
24
16
25
DMF(control)
----#Diameter of zone of inhibition expressed in mm
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Table 5 Anti –Fungal Activity of synthesized 1,2,4-triazole derivatives using plate hole diffusion method:
Compounds
Zone of inhibition (mm)
A. niger
3a.
3b.
3c.
3d.
3e.
3f.
3g.
3h.
Ketonazole
Griseofulvin
DMSO (solvent)

500 μg/ml
10
09
11
09
09
10
12
13
18
20
-

1000μg/ml
16
15
19
16
18
16
19
20
24
28
-

A. clavatus
500 μg/ml
10
10
13
08
10
12
13
13
17
22
-

1000μg/ml
18
19
20
14
16
17
18
21
23
29
-

C.albicans
500 μg/ml
12
12
13
09
19
10
13
14
15
20
-

1000μg/ml
19
18
19
15
17
16
20
22
28
28
-

#Diameter of zone of inhibition expressed in mm
The synthesized derivatives are evaluated for antibactrtial
and antifungal potantial. The tested derivatives exhibited
12-18 mm zone of inhibition in 1000μg/ml concentration
against Gram-ve bacteria and Gram+ve bacteria, whereas
standard drug Streptomycin and Clotrimazole showed 2425 mm zone of inhibition (Table 4). Similarly, derivatives
also elicited 14-22 mm zone of inhibition 1000μg/ml
concentration against fungas, whereas standard drug
Ketonazole and Griseofulvin produced showed 23-28 mm
zone of inhibition (Table 5).
Out of all synthesized derivatives, two derivatives i.e. 3(5-(3-nitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine and
3-(5-(3,5-dinitrobenzylthio)-4H-1,2,4-triazol-3yl)pyridine showing more potent antibacterial activity
while
3-(5-(2,4-dinitrobenzylthio)-4H-1,2,4-triazol-3yl)pyridine showing more potent anti fungal activity.
It was found that the 3-position and 5-postion of triazole
nucleus are extremely important sites for molecular
modification, which can play a dominant role in
determining the pharmacological activities of triazole
derivatives. Therefore we have attempted to develop the
derivatives of triazole nucleus at 3-position and 5-postion
with a view to evaluate further the potency of the
molecules. In the present study, as discussed above we
have synthesized the 1,2,4-Triazole-Pyridine hybrid
derivatives. The resulting compounds produced around
75% efficacy as compared to standard against gram-ve,
gram+ve bacteria and fungi. Results revealed that novel
1,2,4-Triazole-Pyridine hybrid
showed significantly
antibacterial and anti fungal activities as compared to
other 1,2,4-Triazole-Pyridine hybrids (Table 4 & 5).
CONCLUSION
A new series of different 1,2,4-Triazole-Pyridine hybrid
derivatives were prepared by treating 5-mercaptosubstituted 1,2,4-Triazole-Pyridine hybrid with different
substituted benzyl derivatives, by a simple, suitable and
well-organized synthetic route. Physical and analytical
parameters of the newly synthesized 1,2,4-TriazolePyridine hybrid derivatives were confirmed by TLC, IR,

NMR and MS. Subsequently, in antimicrobial screening,
the compounds showed antibacterial and anti fungal
activities.
In
antimicrobial
screening,
3-(5-(3nitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine and 3-(5(3,5-dinitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine
showing more potent antibacterial while 3-(5-(2,4dinitrobenzylthio)-4H-1,2,4-triazol-3-yl)pyridine showing
more potent anti fungal activity as compare to other
derivatives. Thus, we feel that the data of present study
may pave a way for the development of novel antibacterial
and antifungal agents with good efficacy and lesser
adverse effects.
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