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Introduction

Several publications reported isonicotinic acid 
hydrazide and its derivatives as antitubercular (To-
stmann et al., 2008; Anderson et al., 1956; Sarich et 
al., 1995), virucide, and bactericide (Vishnu et al., 
1987) agents. In our previous work, we reported 
the synthesis, characterization, and a preliminary 
biological activity screening of some series of 
substituted pyridine derivatives as antimicrobial 
agents (Amr et al., 1999; Attia et al., 2000). Also, 
we found that certain substituted pyridines and 
their amide derivatives exhibit analgesic and anti-
convulsant (Al-Omar et al., 2010), antimicrobial 
(Amr et al., 2003), and antitumour activities (Amr 
et al., 2006a, b). In addition, the biological and an-
algesic activities of many heterocyclic compounds 
containing a sulfur atom have been reviewed (Lor-
rain et al., 2003). On the other hand, some of the 
nitrogenous candidates have promising biologi-
cal (Coetzee et al., 2011) and anticancer activities 
(Amr et al., 2006a, b). Recently, some new Schiff 
base derivatives have been synthesized (Al-Omar 
and Amr, 2010; Al-Salahi et al., 2010) and tested as 
antimicrobial agents. In continuation of our previ-
ous work aiming at the synthesis of heterocyclic 
systems with remarkable biological activities, we 
report here the synthesis of some new pyridine 
derivatives with different substitution patterns at 
positions 2, 4, and 6. The present report also in-
volves the analgesic and anti convulsant  activities 

study in comparison to valdecoxib® and carbamaz-
epine® as standard drugs.

Results and Discussion

Chemistry

A series of derivatives 5 – 8 (Scheme 1) were 
synthesized in advance and screened as antimi-
crobial agents (Abdel Salam et al., 2013). Herein, 
we used these compounds for evaluation as anal-
gesic and anticonvulsant agents.

2-Chloro-6-hydrazino-isonicotinic acid hy-
drazide (4) was synthesized according to the 
reported procedure (Tgolsen et al., 1991). Chlo-
rination of 2,6-dihydroxy-isonicotinic acid (1) 
with phosphorus oxychloride afforded the corre-
sponding 2,6-dichloro-isonicotinic acid (2), which 
was esterifi ed with absolute ethanol in the pres-
ence of concentrated sulfuric acid to afford ethyl 
2,6-dichloro-isonicotinate (3). The ester 3 was 
treated with hydrazine hydrate in refl uxing etha-
nol to afford 2-chloro-6-hydrazino-isonicotinic 
acid hydrazide (4) in pure form and good yield. 
The hydrazone derivatives 5a – e were synthe-
sized via simple condensation of the hydrazide 4 
with appropriate substituted aromatic aldehydes, 
namely 2,6-dichlorobenzaldehyde, 3,4-dichlo-
robenzaldehyde, 2-chloro-6-fl ourobenzaldehyde, 
2-methoxybenzaldehyde or 3,4,5-trimethoxybenz-
aldehyde in refl uxing absolute ethanol. Con-
densation of the same hydrazide 4 with  selected 
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Scheme 1. Synthetic route for the synthesis of the target compounds 5 – 8. 
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ketones, namely cycloalkanones (cyclohexanone 
or cycloheptanone), substituted acetophenone or 
acetyl pyridine in refl uxing ethanol in the pres-
ence of a few drops of glacial acetic acid afforded 
the corresponding condensed derivatives 6a, b, 
7a, b, and 8a – c, respectively (Scheme 1).

Pharmacological screening

The tested two pharmacological properties, i.e. 
analgesic and anticonvulsant, have a neurological 
basis despite of their different biological recep-
tors. Ten representative compounds (5a, 5b, 5c, 
5d, 5e, 6b, 7b, 8a, 8b, and 8c) were studied with 
respect to these properties.

Analgesic activity

All compounds tested exhibited analgesic ac-
tivities in a hot-plate assay (Table I). The most 
potent were compounds 5c and 8a showing higher 
activities than valdecoxib, by nearly 130 – 160% 
(5c showed the most pronounced effect). Also, 
the analgesic activities of 5a, 5b, 5d, 5e, 6b, 7b, 
8b, and 8c approached those of valdecoxib, and 
showed 60 – 95% activity as compared to this 
standard drug (100% activity) (Table I).

Anticonvulsant activity

Antagonism against yohimbine-induced clonic 
seizures in mice is considered a predictive model 
of anticonvulsant and GABA-mimetic potential 
(Dunm and Fielding, 1987). Compounds 7b and 
6b were devoid of anticonvulsant activity in the 
yohimbine-induced clonic seizures assay, while 
compounds 5b, 5d, and 5e showed interesting 
anticonvulsant activities. Their relative potencies 
compared to carbamazepine (1.0) were 0.78, 0.85, 

and 0.73, respectively. Compounds 5a, 5c, 8a, 8b, 
and 8c were more potent than carbamazepine 
with relative potencies of 1.83, 2.05, 2.20, 2.24, 
and 1.78, respectively (Table II). ED50 values were 
determined as those doses which protected 50% 
of the tested animals against the convulsions in-
duced by yohimbine.

Conclusion

The purpose of the present study was to ex-
amine whether structural modifi cation of substi-
tuted pyridines might result in the detection of 
new potential analgesic and anticonvulsant rea-
gents. A series of compounds were prepared and 
assayed in a variety of biological tests for anal-
gesic and anticonvulsant the activities. The data 

Table I. Analgesic activities of the newly synthesized compounds 5a – e, 6b, 7b, and 8a – c.

Compound Analgesic potency relative to valdecoxib ± SE 

10 min 20 min 30 min 45 min 60 min 90 min 120 min

5a 0.61 ± 0.011 0.65 ± 0.011 0.74 ± 0.012 0.75 ± 0.018 0.77 ± 0.011 0.77 ± 0.011 0.77 ± 0.013
5b 0.61 ± 0.012 0.73 ± 0.012 0.79 ± 0.001 0.81 ± 0.015 0.84 ± 0.016 0.84 ± 0.016 0.84 ± 0.035
5c 1.27 ± 0.180 1.42 ± 0.160 1.43 ± 0.130 1.44 ± 0.190 1.42 ± 0.318 1.44 ± 0.288 1.40 ± 0.270
5d 0.77 ± 0.012 0.85 ± 0.014 0.84 ± 0.012 0.87 ± 0.015 0.88 ± 0.018 0.84 ± 0.012 0.83 ± 0.018
5e 0.88 ± 0.011 0.89 ± 0.011 0.89 ± 0.011 0.91 ± 0.017 0.92 ± 0.016 0.93 ± 0.015 0.91 ± 0.016
6b 0.66 ± 0.012 0.63 ± 0.012 0.88 ± 0.012 0.88 ± 0.016 0.88 ± 0.021 0.89 ± 0.017 0.89 ± 0.018
7b 0.91 ± 0.011 0.92 ± 0.009 0.93 ± 0.016 0.88 ± 0.019 0.83 ± 0.021 0.79 ± 0.016 0.65 ± 0.012
8a 0.97 ± 0.012 0.98 ± 0.015 1.40 ± 0.13 1.54 ± 0.210 1.57 ± 0.350 1.59 ± 0.340 1.40 ± 0.450
8b 0.63 ± 0.009 0.64 ± 0.017 0.73 ± 0.013 0.73 ± 0.018 0.74 ± 0.019 0.75 ± 0.016 0.78 ± 0.013
8c 0.82 ± 0.014 0.90 ± 0.016 0.92 ± 0.017 0.95 ± 0.021 0.96 ± 0.032 0.94 ± 0.018 0.93 ± 0.026

Valdecoxib 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Table II. Anticonvulsant activities of selected com-
pounds (as ED50 values), antagonizing yohimbine-
induced clonic seizure, relative to the anticonvulsant 
activity of carbamazepine.

Compound ED50 ± SE 
(mg/kg BW)

Relative potency 
compared to car-
bamazepine ± SE

Control 0 0
Carbamazepine 29 ± 0.31 1.0 ± 0.01

5a 15 ± 0.120 1.83 ± 0.0178
5b 36 ± 0.35 0.78 ± 0.007
5c 15 ± 0.114 2.05 ± 0.022
5 d 32 ± 0.30 0.85 ± 0.012
5e 56 ± 0.45 0.73 ± 0.010
6b No protection No protection
7b No protection No protection
8a 14 ± 0.118 2.20 ± 0.024
8b 12 ± 0.110 2.24 ± 0.020
8c 14 ± 0.118 1.78 ± 0.0180
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reported in Tables I and II shows that effect of 
variation in the chemical structure on the activity 
was rather unpredictable. Seldom did a particular 
structural modifi cation lead to uniform alteration 
in the activity in all tests. However, some point 
of interest did emerge and a few generalizations 
can be made. The results of this investigation re-
vealed that the observed increase in analgesic 
and anticonvulsant activities can be attributed to 
the presence of a chlorine atom in the pyridine 
ring at position 2 of the synthesized compounds. 
Obviously, the comparative evaluation of active 
compounds will require further studies; the data 
reported in this article may be a helpful guide for 
the medicinal chemist working in this area.

Experimental

Instrumentation

Melting points were not corrected and deter-
mined in open glass capillaries using an Electro-
thermal IA 9000 Series digital melting point ap-
paratus (Stone, Essex, UK). Elemental analyses 
were performed with all fi nal compounds using 
a Vario EL microanalytical unit (Elementar An-
alysensysteme, Hanau, Germany) at Cairo Uni-
versity, Cairo, Egypt, and were in good agreement 
(± 0.4%) with the calculated values. The IR spec-
tra (in KBr) were recorded on an FT IR-8201 PC 
spectrophotometer (Shimadzu, Tokyo, Japan). The 
NMR spectra were measured with a Jeol 270-MHz 
spectrometer (FTGNM-EX 270; Tokyo, Japan) in 
DMSO-d6 as solvent. The chemical shifts were re-
corded relative to tetramethylsilane (TMS). The 
mass spectra (EI) were run at 70 eV with a Finni-
gan SSQ 7000 spectrometer (Thermoinstrument 
System Inc., New Orleans, LA, USA), m/z values 
were indicated in Dalton. Thin-layer chroma-
tography (TLC) (silica gel, aluminum sheets 60 
F254; Merck, Darmstadt, Germany) was used for 
tracing the reactions. Synthesis, physicochemical 
and spectral data of the compounds have been 
reported in advance (Abdel Salam et al., 2013).

Chemistry

2-Chloro-6-hydrazino-isonicotinic acid hy-
drazide (4) was synthesized according to the 
reported procedure (Tgolsen et al., 1991). The 
hydrazide derivatives 5a–e were synthesized via 
simple condensation of the hydrazide 4 with ap-
propriate substituted aromatic aldehydes, namely 

2,6-dichlorobenzaldehyde, 3,4-dichlorobenz alde-
hyde, 2-chloro-6-fl ourobenzaldehyde, 2-meth oxy-
benz alde hyde or 3,4,5-trimethoxybenzaldehyde 
in refl uxing absolute ethanol. Condensation of 
the same hydrazide 4 with selected ketones, 
namely cycloalkanones (cyclohexanone or cyclo-
heptanone), substituted acetophenone or acetyl 
pyridine in refl uxing ethanol in the presence of a 
few drops of glacial acetic acid afforded the cor-
responding condensed derivatives 6a, b, 7a, b, and 
8a – c, respectively (Scheme 1).

Pharmacological screening

Animals

Biological experiments were conducted ac-
cording to the ethical rules, and animals were 
obtained from the Animal House Colony, Re-
search Institute of Ophthalmology, Giza, Egypt. 
Approval of the institutional animal ethical com-
mittee for animals studies was obtained from the 
Offi ce of Environmental Health and Radiation 
Safety, ACUC Protocol 1096 – 5. All animals were 
allowed free access to water and were kept on a 
constant standard diet.

Analgesic activity

Sixty Webster mice of both sexes, weighing 
20 – 25 g, were divided into 10 groups. One group 
was kept as control (receiving saline), the sec-
ond group received vehicle (gum acacia), and 
the third one received valdecoxib as a reference 
drug, whereas the other groups received the test 
compounds by subcutaneous administration [dose 
5 mg/kg body weight (BW)]. Mice were dropped 
gently in a dry glass beaker of 1 L capacity main-
tained at 55 – 55.5 °C. Normal reaction time in 
seconds for all animals was determined at time 
intervals of 10, 20, 30, 45, 60, 90, and 120 min. This 
is the interval extending from the instant the mice 
reach the bottom of the hot beaker till the animals 
lick their feet or jump out of the beaker (Austen 
and Brocklehurst, 1961). Potencies relative to that 
of valdecoxib were determined (Table I).

Anticonvulsant activity

Male Webster mice, weighing 20 – 30 g, were 
individually placed in a clear plastic cylinder, 
and the test compounds were administered intra-
peritoneally (5 mg/kg BW), 30 min prior to a dose 
of 45 mg/kg BW of yohimbine-HCl. The animals 
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were observed for onset and number of clonic sei-
zures (Baizer et al., 1956) (Table II). ED50 values 
for compounds with 95% confi dence limits were 
calculated for the antagonism of yohimbine-in-
duced clonic seizures according to Austen et al. 

(1961).

Acknowledgement

The authors extend their appreciation to the 
Deanship of Scientifi c Research at King Saud 
University for funding the work through the re-
search group project No. RGP-VPP-0172.

Abdel Salam O. I., Khalifa N. M., Said S. A., and Amr 
A. E. (2013), Synthesis and antimicrobial activities 
of some newly 2,4,6-tri-substituted pyridine deriva-
tives. Res. Chem. Intermed. (in press). DOI: 10.1007/
s11164-013-1028-0

Al-Omar M. A. and Amr A. E. (2010), Synthesis of 
some new pyridine-2,6-carboxamide-derived Schiff 
bases as potential antimicrobial agents. Molecules 
15, 4711–4721.

Al-Omar M. A., Amr A. E., and Al-Salahi R. A. (2010), 
Anti-infl ammatory, analgesic, anticonvulsant and an-
tiparkinsonian activities of some pyridine derivatives 
using 2,6-di-substituted isonicotinic acid hydrazides. 
Arch. Pharm. Chem. Life Sci. 343, 648–656.

Al-Salahi R. A., Al-Omar M. A., and Amr A. E. (2010), 
Synthesis of chiral macro-cyclic or linear pyridine 
carboxamides from pyridine-2,6-dicarbonyl dichlo-
ride as anti-microbial agents. Molecules 15, 6588–
6597.

Amr A. E., Abdel-Salam O. I., Attia A., and Stibor I. 
(1999), Synthesis of new potential bis-intercallators 
based on chiral pyridine-2,6-dicarboxamides. Collect. 
Czech. Chem. Commun. 64, 288–298.

Amr A. E., Mohamed A. M., and Ibrahim A. A. (2003), 
Synthesis of some new chiral tricyclic and macrocy-
clic pyridine derivatives as antimicrobial agents. Z. 
Naturforsch. 58b, 861–868.

Amr A. E., Abo-Ghalia M. H., and Abdalah M. M. 
(2006a), Synthesis of novel macrocyclic peptidoca-
lix[4]arenes and peptido-pyridines as precursors for 
potential molecular metallacages, chemosensors and 
biologically active candidates. Z. Naturforsch. 61b, 
1335–1345.

Amr A. E., Mohamed A. M., Mohamed S. F., Abdel-
Hafez N. A., and Hammam A. G. (2006b), Anticancer 
activities of some newly synthesized pyridine, pyrane 
and pyrimidine derivatives. Bioorg. Med. Chem. 14, 
5481–5488.

Anderson F. E., Grail G. F., Leonard F., Tenenbaum 
L. E., Hart J. J., and Barkley F. A. (1956), The antitu-
berculous activity of some isonicotinic acid hydrazide 
congeners and derivatives. J. Am. Pharm. Assoc. 45, 
348–349.

Attia A., Abdel-Salam O. I., and Amr A. E. (2000), 
Synthesis of some 2,6-di- and 1,2,6-trisubstituted-1,4-
dihydropyridines as antimicrobial agents. Egypt. J. 
Chem. 43, 297–307.

Austen K. F. and Brocklehurst W. E. (1961), Anaphylax-
is in chopped guinea pig lung. I. Effect of peptidase 
substrates and inhibitors. J. Exp. Med. 113, 521–539.

Baizer M. M., Dub M., Gister S., and Steinberg N. G. 
(1956), Synthesis of isoniazid from citric acid. J. Am. 
Pharm. Assoc. 45, 478–480.

Coetzee J., Cronje S., Dobrzańska L., Raubenheimer 
H. G., Jooné G., Nell M. J., and Hoppe H. C. (2011), 
Novel N-heterocyclic ylideneamine gold(I) com-
plexes: synthesis, characterisation and screening for 
antitumour and antimalarial activity. Dalton Trans. 
40, 1471–1483.

Dunm R. and Fielding S. (1987), Yohimbine-induced 
seizures in mice: A model predictive of potential an-
xiolytic and GABA-mimetic agents. Drug Dev. Res. 
10, 177–188. 

Lorrain D. S., Schaffhauser H., Campbell U. C., Baccei 
C. S., Correa L. D., Rowe B., Rodriguez D. E., An-
derson J. J., Varney M. A., Pinkerton A. B., Vernier 
J. M., and Bristow L. (2003), Group II mGlu recep-
tor activation suppresses norepinephrine release in 
the ventral hippocampus and locomotor responses to 
acute ketamine challenge. J. Neuropsychopharmacol. 
28, 1622–1632.

Sarich T. C., Zhou T., Adams S. P., Bain A. I., Wall 
R. A., and Wright J. M. (1995), A model of isoniazid-
induced hepatotoxicity in rabbits. J. Pharmacol. Toxi-
col. Methods 34, 109–116.

Tgolsen A., Rofl and G. H., Berge O. G., and Hole K. 
(1991), The increasing-temperature hot-plate test: 
an improved test of nociception in mice and rats. J. 
Pharmacol. Methods 25, 241–250.

Tostmann A., Boeree M. J., Aarnoutse R. E., de Lange 
W. C. M., van der Ven A. J. M., and Dekhuijzen R. 
(2008), Antituberculosis drug-induced hepatotox-
icity: Concise up-to-date review. J. Gastroenterol. 
Hepatol. 23, 192–202.

Vishnu J. R., Vidyohama D. A., and Vlietinck J. (1987), 
Triazolotriazines as potential chemotherapeutic 
agents. J. Heterocycl. Chem. 24, 1435–1437.


