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ABSTRACT

A synthesis of a series of 1,2,4-triazole derivatives (5a-g) have been accomplished in excellent yields by an oxidation of pyrimidinylhydrazines of
various aryl carbaldehydes with iodobenzene diacetate. The chemical structures of the synthesized compounds were confirmed by FT-IR, 'H NMR, "*C
NMR and mass spectral studies. All the compounds were screened for their anticonvulsant activity against maximal electroshock (MES) seizure method
and their neurotoxic effects were determined by rotorod test. Compound 5f was found to be the most potent of this series. The same compound showed

no neurotoxicity at the maximum dose administered (100 mg/kg).
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INTRODUCTION

1,2,4-Triazoles have drawn great attention to biological chemists
from few decades due to its wide variety of activity, low
toxicity, good pharmacokinetic and pharmacodynamic
profiles.! 3-Amino-1,2,4-triazole was the first 1,2,4-triazole to be
manufactured on large scale from aminoguanidine formate,
useful as herbicides.? A number of biological activities such as
antimicrobial®, anti-inflammatory*, anticonvulsant®, anticancer®,
antimycobacterial’, antioxidant® and antimalarial® have been
associated with N- substituted triazole attached with different
heterocyclic nuclei. Heterocyclic pyrimidine moiety is a versatile
lead molecule in pharmaceutical development and has a wide
range of biological activity. In the past few decades, the
therapeutic interest of pyrimidine derivatives in pharmaceutical
and medicinal fields has been given a great attention to the
chemists. Literature survey reveals that pyrimidine derivatives
are well known to have antimycobacterial'®, antitumor'!,
antiviral'?, anticancer'?, anti-inflammatory'# and antimicrobial
activities.!> In recent years, the extensive studies have been
focused on pyrimidine derivatives because of their diverse
chemical reactivity, accessibility and wide range of biological
activities.

The anticonvulsants are a diverse group of pharmaceuticals used
in the treatment of epileptic seizures. Anticonvulsants are also
increasingly being used in the treatment of bipolar disorder, since
many seem to act as mood stabilizers. The goal of an
anticonvulsant is to suppress the rapid and excessive firing of
neurons that start a seizure. Failing this, an effective
anticonvulsant would prevent the spread of the seizure within the
brain and offer protection against possible excitotoxic effects that
may result in brain damage. Some studies have site that
anticonvulsants themselves are linked to lower IQ in children.'¢
Anticonvulsants are more accurately called antiepileptic drugs

(AEDs), sometimes referred to as antiseizure drugs. While an
anticonvulsant is a fair description of AEDs, it neglects to
differentiate the difference between convulsions and epilepsy.
Convulsive non-epileptic seizures are quite common and these
types of seizures will not have any response to an antiepileptic
drug. In view of these reports, the present paper reports the
synthesis of 1,2,4-triazole derivatives and characterized by
different spectral studies. Anticonvulsant activity of all the
compounds was also reported.

MATERIALS AND METHODS

All solvents and reagents were purchased from Sigma Aldrich
Chemicals Pvt Ltd. Melting range was determined by Veego
Melting Point VMP III apparatus. The FT-IR spectra were
recorded using KBr discs on FT-IR Jasco 4100 infrared
spectrophotometer. '"H NMR spectra were recorded on Bruker
DRX -500 spectrometer at 400 MHz using DMSO-d; as solvent
and TMS as an internal standard. '*C NMR spectra were recorded
at 100 MHz Bruker DRX 500 spectrometer using DMSO- ds as
solvent and TMS as internal standard. The mass spectra of the
samples were recorded using the instrument LC -MSD-Trap-
XCT.

General procedures for the synthesis of (5a-g)

Initially 1-(5-bromo-2-chloropyrimidin-4-yl)hydrazine (2) was
synthesized by the reaction of 5-bromo-2,4-dichloropyrimidine
(1) in MeOH and hydrazine hydrate, the mixture was stirred for
about 1 h at r.t. to afforded desired product 2 with high yield.!”
The reaction of 2 with morpholine was carried out in the presence
of EtOAc to furnish 1-(5-bromo-2-morpholinopyrimidin-4-
yDhydrazine (3) in 75-85 % yield. The hydrazones (4a-g) were
obtained by condensation of 3 (0.01 mol) with different aldehydes
(0.01 mol) in EtOH. Compounds (5a-g) were obtained in good
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yield by the reaction of (4a-g) (0.01 mol) with IBD (0.012 mol)
in MeOH stirred for about 2 h at 15-20 °C. The synthesized
molecules (5a-g) were structurally characterized by mass, *C
NMR, 'H NMR and FT-IR spectral studies. The synthetic route
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for the synthesis of (5a-g) is summarized in Scheme 1. Chemical
structures and physical data of the synthesized compounds are

given in Table 1.
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Scheme 1: Synthetic pathway for the 1,2,4-triazole derivatives (5a-g)

Reagents and conditions:(i) NHoNH,.H,O, MeOH, TEA, 5-10 °C, 1 h. (ii) morpholine, EA, r.t., 1 h. (iii) ArCHO, EtOH, r.t., 1 h. (iv)

IBD, MeOH, 15-20 °C, 2 h.

Table 1: Chemical structures and physical data of Sa-g

Compound Ar Yield (%) m. p. (°C) Solvent for
recrystallization
5a \O 76 124-126 Methanol
5b \O\ 74 160-163 Ethanol
Br
5¢ \@\ 81 170-172 Ethanol
Cl
5d < : Cl 80 179-181 Ethanol
Se Cl 79 200-202 Methanol
5f F 81 164-166 Methanol
% Cl
Sg CH,4 80 137-140 Ethanol

Synthesis of 1-(S5-bromo-2-chloropyrimidin-4-yl)hydrazine
2

A solution of 5-bromo-2,4-dichloropyrimidine (1) (0.01 mol) in
EtOH was cooled to 0-5 °C in an ice bath. Triethylamine (0.01
mol) was added to the cold reaction mixture and then hydrazine

hydrate (0.02 mol) was added slowly at 5-10 °C. The reaction
mixture was allowed to stir at room temperature for 1h. The solid
thus obtained was filtered, washed with chilled water and dried to
afford compound 2.!” '"H NMR (DMSO-ds) &: 8.06 (s, 1H, NH),
7.85 (s, 1H, py-H), 4.34 (s, 2H, NH,).
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Synthesis of 1-(5-bromo-2-morpholinopyrimidin-4-

ylhydrazine (3)

To a solution of 1-(5-bromo-2-chloropyrimidin-4-yl)hydrazine
(2) (0.01 mol) in EtOAc (50 ml) and morpholine (0.021 mol) was
added. Reaction mixture was refluxed on a water bath for 1 h. The
solvent was evaporated on a steam bath, water was added into
reaction mixture and stirred for 15 min. The solid thus obtained
was filtered, washed with chilled water and dried to afford
compound 3. '"H NMR (DMSO-dj) 6: 8.06 (s, 1H, py-H), 7.85 (s,
1H, NH), 4.38 (s, 2H, NH,), 3.63-3.60 (m, 8H, 4CH>).

2-Benzylidene-1-(5-bromo-2-morpholinopyrimidin-4-
yl)hydrazine (4a)

Compound 4a was obtained from3 (2.74 g, 0.01 mol) and
benzaldehyde (1.06 g, 0.01 mol). 'H NMR (DMSO-dy) §: 10.46
(s, 1H, NH), 8.43 (s, 1H, P y-H), 8.11 (s, 1H, C H), 7.69-7.66 (d,
2H, Ar-H, J=9.0 Hz), 7.45-7.37 (m, 3H, Ar-H), 3.66-3.64 (m, 8H,
4CHo).

2-(4-Bromobenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4b)

Compound 4b was obtained from 3 (2.74 g, 0.01 mol) and 4-
bromobenzaldehyde (1.85 g, 0.01 mol). 'H NMR (DMSO-dj) &:
10.53 (s, 1H, NH), 8.40(s, 1H, Py-H), 8.11 (s, 1H, CH), 7.61 (s,
4H, Ar-H), 3.66-3.63 (m, 8H, 4CHa).

2-(4-Chlorobenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4¢)

Compound 4c¢ was obtained from 3 (2.74 g, 0.01 mol) and 4-
chlorobenzaldehyde (1.40 g, 0.01 mol). '"H NMR (DMSO-dy) §:
10.53 (s, 1H, NH), 8.41 (s, 1H, Py-H), 8.12 (s, 1H, CH), 7.70-
7.67 (d, 2H, Ar-H, J=9.0 Hz), 7.50-7.47 (d, 2H, Ar-H), 3.66-3.64
(m, 8H, 4CHy).

2-(3-Chlorobenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4d)

Compound 4d was obtained from 3 (2.74 g, 0.01 mol) and 3-
chlorobenzaldehyde (1.40 g, 0.01 mol). 'H NMR (DMSO-dp) §:
10.52 (s, 1H, NH), 8.41 (s, 1H, P y-H), 8.11 (s, 1H, CH), 7.70 (d,
2H, Ar-H, J=9.0 Hz), 7.49 (d, 2H, Ar-H, J=9.0 Hz), 3.66-3.65 (m,
8H, 4CH,).

2-(2-Chlorobenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4e)

Compound 4e was obtained from 3 (2.74 g, 0.01 mol) and 2-
chlorobenzaldehyde (1.40 g, 0.01 mol). '"H NMR (DMSO-dy) §:
10.82 (s, 1H, NH), 8.86 (s, 1H, Py-H), 8.13 (s, 1H,

CH), 8.02 (d, 1H, Ar-H, J=9.0 Hz), 7.52 (d, 1H, Ar-H, J=9.0 Hz),
7.40-7.37 (t, 2H, Ar-H), 3.66-3.63 (m, 8H, 4CH>).

2-(4-Chloro-2-fluorobenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4f)

Compound 4f was obtained from 3 (2.74 g, 0.01 mol) and 4-
chloro-2-fluorobenzaldehyde (1.58 g, 0.01 mol). 'H NMR
(DMSO-dy) : 10.68 (s, 1H, NH), 8.40 (s, 1H, P y-H), 8.13 (s, 1H,
CH), 7.67 (d, 2H, Ar-H, J=9.0 Hz), 7.54 (s, 1H, Ar-H), 3.66-3.64
(m, 8H, 4CHy).

2-(2-Methylbenzylidene)-1-(5-bromo-2-
morpholinopyrimidin-4-yl)hydrazine (4g)

Compound 4g was obtained from 3 (2.74 g, 0.01 mol) and 2-
methylbenzaldehyde (1.20 g, 0.01 mol). 'H NMR (DMSO-dj) §:
10.44 (s, 1H, NH), 8.72 (s, 1H, P y-H), 8.10 (s, 1H, CH), 7.78 (d,
1H, Ar-H, J=8.0 Hz), 7.25 (d, 1H, Ar-H, J=8.0 Hz), 7.23-7.21 (t,
2H, Ar-H), 3.65-3.62 (m, 8H, 4CHa).

8-Bromo-5-morpholino-3-phenyl-[1,2,4]triazolo[4,3-
f]pyrimidine (5a)

The product obtained from 4a (3.62 g) and iodobenzene diacetate
(IBD, 3.86 g). FT-IR (KBr, cm™) v: 2936 (C-H), 1640 (C=N),
1472 (C=C), 1376 (C-N), 521 (C-Br). '"H NMR (DMSO-dj) &:
7.87 (s, 1H, Py-H), 7.73-7.71 (d, 2H, Ar-H), 7.60-7.52 (m, 3H,
Ar-H), 3.25-3.05 (m, 8H, 4CH,). '*C NMR (DMSO-dj) §: 152.2,
144.8, 129.0, 65.0, 49.3. MS: m/z, M" 359, 360 (M+2).

8-Bromo-3-(4-bromophenyl)-5-morpholino-
[1,2,4]triazolo[4,3-f]pyrimidine (Sb)

The product obtained from 4b (4.41 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2930 (C-H), 1638 (C=N), 1460 (C=C), 1375 (C-
N), 520 (C-Br). 'H NMR (DMSO-dy) &: 7.88 (s, 1H, Py-H), 7.71-
7.68 (d, 2H, Ar-H), 7.63-7.61 (d, 2H, Ar-H), 3.35-3.04 (m, 8H,
4CH,).3C NMR (DMSO-dy) 8: 152.2, 144.3, 129.0, 65.7, 49.3,
21.0. MS: m/z, M" 436, 438 (M+2), 440 (M+4).

8-Bromo-3-(4-chlorophenyl)-5-morpholino-
[1,2,4]triazolo[4,3-f]pyrimidine (5c)

The product obtained from 4¢ (3.96 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2945 (C-H), 1645 (C=N), 1470 (C=C), 1375 (C-
N), 721 (C-Cl), 520 (C-Br). 'H NMR (DMSO-dy) &: 7.88 (s, 1H,
Py-H), 7.70-7.68 (d, 2H, Ar-H), 7.55-7.53 (d, 2H, Ar-H), 3.34-
3.04 (m, 8H, 4CH,). 3C NMR (DMSO-dy) &: 150.7, 145.8, 140.8,
128.0, 64.4, 49.5. MS: m/z, M" 393, 395 (M+2), 396 (M+3).

8-Bromo-3-(3-chlorophenyl)-5-morpholino-
[1,2,4]triazolo[4,3-f]pyrimidine (5d)

The product obtained from 4d (3.96 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2930 (C-H), 1644 (C=N), 1470 (C=C), 1375 (C-
N), 720 (C-Cl), 525 (C-Br). 'H NMR (DMSO-ds) §: 7.91 (s, 1H,
Py-H), 7.79 (d, 1H, Ar-H, J=8.0 Hz), 7.50 (s, |H, Ar- H), 7.48
(d, 1H, Ar-H, J= 8.0 Hz), 7.46 (t, 1H, Ar-H), 3.31-3.00 (m, 8H,
4CH,). 13C NMR (DMSO-dy) &: 152.3, 144.8, 129.0, 65.7, 49.3.
MS: m/z, M" 393, 395 (M+2), 396 (M+3).

8-Bromo-3-(2-chlorophenyl)-5-morpholino-
[1,2,4]triazolo[4,3-f]pyrimidine (Se)

The product obtained from 4e (3.96 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2935 (C-H), 1645 (C=N), 1478 (C=C), 1375 (C-
N), 721 (C-Cl), 520 (C-Br). 'H NMR (DMSO-dy) &: 7.89 (s, 1H,
Py-H), 7.74-7.69 (d, 2H, Ar-H), 7.58-7.47 (t, 2H, Ar- H), 3.33-
3.04 (m, 8H, 4CH,). 3C NMR (DMSO-dy) &: 151.1, 147.1,141.2,
125.9, 64.8, 49.9. MS: m/z, M" 393, 395 (M+2), 396 (M+3).

8-Bromo-3-(4-chloro-2-fluorophenyl)-5-morpholino-
[1,2,4]triazolo[4,3-f]pyrimidine (5f)

The product obtained from 4f (4.14 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2930 (C-H), 1640 (C=N), 1475 (C=C), 1376 (C-
N), 1299 (C-F), 720 (C-Cl), 520 (C-Br). 'H NMR (DMSO-dy) &:
8.10 (s, 1H, Py-H), 7.94-7.92 (d, 1H, Ar-H, J= 8.0 Hz), 7.86 (s,
1H, Ar-H), 7.72-7.70 (d, 1H, Ar-H, J = 8.0 Hz), 3.33-2.97 (m, 8H,
4CH,). 13C NMR (DMSO-dy) 6: 152.2, 144.8, 126.8, 65.7, 49.3.
MS: m/z, M" 410, 412 (M+2), 414 (M+4).

8-Bromo-5-morpholino-3-o-tolyl-[1,2,4]triazolo[4,3-
flpyrimidine (5g)

The product obtained from 4g (3.76 g) and IBD (3.86 g). FT-IR
(KBr, cm™) v: 2935 (C-H), 1645 (C=N), 1476 (C=C), 1370 (C-
N), 520 (C-Br). 'H NMR (DMSO-dy) &: 7.85 (s, 1H, Py-H), 7.50-
7.45 (D, 2H, Ar-H), 7.37-7.26 (t, 2H, Ar-H), 3.10-2.95 (m, 8H,
4CH,), 2.18 (s, 3H, CH3). 1*C NMR (DMSO-ds) : 150.2, 144.3,
129.1, 65.7, 49.4. MS: m/z, M" 373, 375 (M+2).
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In vivo anticonvulsant activity

Male Wistar rats (190-220 g) and mice (19-20 g) procured from
National Institute of Nutrition, Hyderabad (190-220 g) were used
in the present study. The animals were kept in individual cages
for 1 week to acclimatize for the laboratory conditions. They were
allowed to free access of water and food. All the experimental
procedures were carried out in accordance with Committee for
the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) guidelines. The study was reviewed and
approved by the Institutional Animal Ethics Committee, G Pulla
Reddy College of Pharmacy, Hyderabad, India.

Maximal electroshock seizure model (MES)

MES seizure model was used in the present study to evaluate the
anticonvulsant activity of the compounds on male Wistar rats.!®
Seizures were induced in rats by delivering electro shock of
150mA for 0.2 s by means of a convulsiometer through a pair of
ear clip electrodes. The test compounds (100 mg/kg) were
administered by oral route in the form of solution (the compounds
were dissolved in 1% sodium carboxy methyl cellulose), 30 min
before the MES seizure test. The animals were observed closely
for 2 min (noted tonic flexion (F) and extension (E) phases in
seconds). The percentage of inhibition of seizure relative to
control was recorded and calculated. Phenytoin (100 mg/kg) was
used as a standard drug.

Neurotoxicity screening

The minimal motor impairment was measured in mice by the
rotorod test.!® The mice were trained to stay on the accelerating
rotorod that rotates at 10 revolutions per minute. The rod diameter
was 3.2 cm. Trained animals were administered with the test
compounds at a dose of 100 mg/kg by oral route. Neurotoxicity
was indicated by the inability of the animal to maintain
equilibrium on the rod for at least 1 min in each of the three trails.
Phenytoin was used as a standard drug.

RESULTS AND DISCUSSION
Chemistry

A series of new 1,2,4-triazole derivatives (Sa-g) have been
synthesized by the reaction of aryl carbaldehydes with one
equivalent of iodobenzene diacetate (IBD) in MeOH. The
synthesized molecules (Sa-g) were structurally characterized by
mass, *C NMR, 'H NMR and FT-IR spectral studies. The
absence of N-H absorption bands in the IR spectra indicated the
full conversion of the substrates in to the target compounds. The
appearance of a medium to strong absorption band from 1460 to
1478 cm is due to the stretching vibration of C=C bond
formation in the synthesized compounds. The '"H NMR spectrum
of compound (5a) exhibited a singlet in the region of 6 = 7.87
ppm due to pyrimidine proton. The aromatic doublet and
multiplet protons appeared between & = 7.73-7.52 (Ar-H). A
multiplet was observed between & = 3.25 and 3.05 ppm due to
methylene protons of morpholine moiety. The spectra of *C
NMR contained the correct number of carbon atoms at the
appropriate chemical shift values. The mass spectra of all the
synthesised compounds contained molecular ion peaks, which
mass/charge ions are in agreement with their proposed
molecular formulas.

All the synthesized triazole analogs were screened for their
anticonvulsant potential through MES model in the dose of 100
mg/kg. Antiepileptic drug research has, for several decades,
focused on identifying new potential drugs based on their

anticonvulsant activity against single acute seizures induced by
various stimulators, usually in mice and rats. All established
antiepileptic drugs have anticonvulsant activity in at least MES
model." Compound 5f was shown to have significant protective
effect on MES-induced seizure, and the effect was similar to that
of standard (phenytoin). Similarly, compounds 5b, Sc¢, 5d and Se
showed moderate protective effect and a significant difference in
protectiveness was observed when compared to standard group
(Table 2). Compounds Sa—g was examined for their neurotoxicity
using rotorod method given in dose 100 mg/kg. Compounds Sb,
5c, 5d Se and 5f did not exhibit toxicity, whereas compounds Sa
and 5g showed 25% toxicity compared to standard at 2 h of oral
administration (Table 3).

Table 2: In vivo anticonvulsant activity of compounds 5a-g

Compound E/F % Protection
5a 3.98 22.31
5b 3.13 31.10
5¢ 2.20 33.95
5d 2.18 34.00
5e 2.10 34.21
5f 1.65 66.45
5g 3.85 22.40
Standard 1.61 75.60
Control (Vehicle) 4.71 -

Values are expressed as mean + SE. n = 6 animals in each group
E/F = Extension/Flexion [Decrease in ratio of extension phase (in
seconds)/flexion phase (in seconds)] ,

% Protection = (Control-test)/(Control) x 100

Table 3: Neurotoxicity screening of the compounds

Compound Neurotoxicity screen

0.5h lh 2h 4h

5a 0/4 0/4 1/4 1/4

5b 0/4 0/4 0/4 0/4

5¢ 0/4 0/4 0/4 0/4

5d 0/4 0/4 0/4 0/4

5e 0/4 0/4 0/4 0/4

5f 0/4 0/4 0/4 0/4

5g 0/4 0/4 1/4 1/4
Standard 0/4 0/4 1/4 1/4

The data in the table represent ratio between the numbers of the
animals that exhibited neurotoxicity against the number of tested
animals

CONCLUSION

In conclusion, a series of new 1,2,4-triazole derivatives (5a-g)
were synthesized in good yield, characterized by spectral data
and their anticonvulsant activity have been evaluated. Compound
5f demonstrated good anticonvulsant activity without the
significant neurological toxicity. It has been demonstrated that the
substituent on phenyl ring influence on an anticonvulsant activity
of tested 1,2,4-triazole derivatives. The additional modification
and diversification of functional groups in order to improve the
activity is currently in progress.
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