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Abstract—A series of 7-alkoxyl-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoline derivatives was synthesized using 6-hydroxy-3,4-dihydro-
1 H-quinolin-2-one as a starting material. Their anticonvulsant activities were evaluated by the maximal electroshock test (MES test)
and the subcutaneous (sc) pentylenetetrazol test (scMet test), and their neurotoxicity was evaluated by the rotarod neurotoxicity test
(Tox). MES and scMet tests show that 7-(4-fluorobenzyloxy)-4,5-dihydro-[1,2.,4]triazolo[4,3-a]quinoline 41 was found to be the most

potent with EDs value of 11.8 and 6.7 mg kg
© 2005 Elsevier Ltd. All rights reserved.

~Land protective index (PI = TDso/EDs) value of 4.6 and 8.1, respectively.

The derivatives of triazole exhibit a variety of biological
activities, such as antitumor,' antiinflammatory,” anti-
microbial,>* antithrombotic,’ antiplatelet,® antiviral,’
and anticonvulsant activities.® In our former work,’
a series of 1-substituted-7-benzyloxy-4,5-dihydro-
[1,2,4]triazolo[4,3-a]quinoline derivatives was synthe-
sized and tested for anticonvulsant activity, with the
compound 7-benzyloxy-4,5-dihydro-[1,2,4]triazolo[4,3-
dlquinoline showing the most potent anticonvulsant
activity with EDsy of 17.3 and 24.0 mgkg' in MES

and scMet tests, respectively.

In the present study, we report the synthesis and anticon-
vulsant activities of 7-alkoxyl-4,5-dihydro[1,2,4]triazolo-
[4,3-a]quinolines to investigate the contribution of
different alkoxy groups at position 7 of the 4,5-dihy-
dro[1,2,4]triazolo[4,3-a]quinoline to anticonvulsant ac-
tivity. The compounds synthesized were characterized
by IR, '"H NMR, MS, and elemental analy51s The anti-
convulsant activity was evaluated by using the maximal
electroshock (MES) test and the subcutaneous pentyl-
enetetrazol (sc-Met) test. Neurotoxicity was evaluated
by using the rotarod test.
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Compounds were prepared according to Scheme 1.
Compound 2 was prepared by the reaction of compound
1 with phosphorous pentasulfide in acetonitrile in the
presence of triethylamine,'® which reacted further with
formic anhydrazine in cyclohexanol to afford compound
3.'" In the preparation of compound 3, the reaction
should be carried out under nitrogen atmosphere and
low boiling point solvents should not be used.
Compounds 4a—4p were obtained through a nucleophilic

Et3N

_HCONHNH,

ms Cyclohexanol

3 4a-4p
R:
4a=n-CyHsg 4g = CH,CgHs 4l = CH,CgHa4(p-F)
4b=n-CsH, 4h=CH,CeHa(p-CHs)  4m = CH,CeHa(0-F)
4c=n-CiHo 4i = CH,CeHa(p-Cl) 4n = CH,CeHa(2,6-F»)
4d= n-CeHis 4) = CHoCeHa(p-OCH3) 40 = CH,CeHa(3,4-OCH,0)
4e=n-CgHiy 4K = CH,CeH3(34-Cly)  4p = CH,CsHa(m-Br)
4f = n-CoHps

Scheme 1. Synthesis of compound 4a—4p.
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substitution reaction of compound 3 with alkyl halide in
ethanol in the presence of potassium carbonate in mod-
erate yield.'?

The MES test, scMet test, and rotarod test were carried
out by the standard described in the Antiepileptic Drug
Development Program (ADD) of the National Institutes
of Health (USA).'>'% All compounds, which were dis-
solved in polyethylene glycol-400, were evaluated for
anticonvulsant activities with C57B/6 mice in the 18-
25 g weight range.

In Phase I screening (Table 1), each compound was

administered at dose levels of 30, 100, and 300 mg/kg
for evaluating the anticonvulsant activity, and its neuro-

Table 1. Phase I anticonvulsant and toxicity data in mice (ip)*

Compound MES® ScMet® Rotarod

toxicity
0.5h 4h 0.5h 4h 0.5h 4h
4a — —° — — — —
4b 100¢ — 100 — 100 —
4c 100 — 100 — 100 —
4d 30 — 30 — 100 —
de 100 — 100 — — —
4f — — — — — —
4g 30 — 100 — 100 —
4h 30 — 30 — 100 —
4i 300 — 300 — — —
4j 100 — 100 — 300 —
4k — — — — — —
41 30 30 30 — 100 —
4m 300 — 300 — — —
4n — — — — — —
4o 100 — 100 — 300 —
4p 30 — 30 — 100 —

# All tested compounds were dissolved in polyethylene glycol-400.

®The maximal electroshock test was induced after 30 min past
administration of the tested compounds.

©Subcutaneous pentylenetetrazol (85 mg kg™") 30 min after the tested
compounds were administered for 30 min.

9Doses were denoted in mg kg™".

°__ no activity at 300 mg kg~ .

toxicity was measured at 30 min and 4-h intervals after
administration. Anticonvulsant efficacy was measured
in the MES and scMet tests. In the MES test, seizures
were elicited with a 60-Hz alternating current of
50 mA intensity in mice. The current was applied via
corneal electrodes for 0.2s. Protection against the
spread of MES-induced seizures was defined as the abo-
lition of the hind leg and tonic maximal extension com-
ponent of the seizure. The scMet test was carried out by
the subcutaneous injection of a convulsant dose (CDgy7)
of pentylenetetrazol (85 mg/kg in mice). The elevation of
pentylenetetrazol-induced seizure threshold was indicat-
ed by the absence of clonic spasms for at least 5-s dura-
tion over a 30-min period, following the administration
of the testing compound. An anticonvulsant drug-in-
duced neurologic deficit was detected in mice by using
the rotorod ataxia test.

The pharmacologic parameters estimated in phase I
screening were quantified for compounds 4d, 4g, 4h,
41, and 4p in phase II screening (Table 2). Anticonvul-
sant activity was expressed in terms of the median effec-
tive dose (EDsp), and neurotoxicity was expressed as the
median toxic dose (TDsy). For determination of the
EDso and TDsq values, groups of 10 mice were given a
range of intraperitoneal doses of the testing compound
until at least three points were established in the range
of 10-90% seizure protection or minimal observed
neurotoxicity. From the plot of those data, the respec-
tive EDsy and TDs, values, 95% confidence intervals,
slope of the regression line, and the standard error of
the slope were calculated by means of a computer pro-
gram written at the National Institute of Neurological
Disorders and Stroke.

As a result of preliminary screening, compounds 4d, 4g,
4h, 41, and 4p were subjected to phase II trials for quan-
tification of their anticonvulsant activities and neurotox-
icities in mice. This phase provides an evaluation of the
median effective dose (EDsp) and median neurotoxic
dose (TDsg). The 95% confidence interval, slope of the
regression line, and the SE of the slope were then calcu-
lated. These data are shown in Table 2, which also

Table 2. Phase Il quantitative anticonvulsant data in mice (test drug administered ip)

Compound EDs," PI®

MES scMet Tox, TDs,® MES scMet
4d 13.5 (11.5-15.8)° 17.7 (12.5-20.6) 30.3 (25.5-36.0) 2.2 1.7
4g 17.3 (14.8-20.4) 24.0 (21.6-26.7) 61.4 (51.4-73.3) 3.5 2.6
4h 20.5 (17.0-24.5) 11.1 (9.3-13.1) 65.8 (55.6-71.7) 32 5.9
41 11.8 (12.9-10.9) 6.7 (5.7-7.9) 54.5 (46.1-64.5) 4.6 8.1
4p 23.3 (19.5-28.0) 24.5 (21.4-28.2) 98.6 (87.3-111.3) 4.2 4.0
Phenytoin® 9.5 (8.1-10.4) >300 65.5 (52.5-72.9) 6.9 <0.22
Catrbamazepined 8.8 (5.5-14.1) >100 71.6 (45.9-135) 8.1 <0.22
Phenobarbital’ 21.8 (21.8-25.5) 13.2 (5.8-15.9) 69 (62.8-72.9) 3.2 5.2
Valproate? 272 (247-338) 149 (123-177) 426 (369-450) 1.6 29

2 Dose measured in mg kg~ .

b Pl = TDS()/ED5().

¢ Minimal neurotoxicity was determined by the rotarod test 30 min after the tested compounds were administered.

4Data from U. Huseyin et al., 1998.'°

“Data in parentheses are the 95% confidence limits.
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includes the control data with marketed antiepileptic
drugs, such as phenytoin, carbamazepine, phenobarbi-
tal, and valproate. Some of these derivatives showed a
high degree of protection against MES and scMet-in-
duced seizures.

The result of the initial evaluation (phase I) indicated
that the lengthening of the alkyl chain at position 7
led to an increase of anticonvulsant activity, in which
the n-hexyl-substituted compound was found to be the
most active, while a decreased activity was found if there
was an alkyl chain having more than six carbon num-
bers. In this series, compounds containing alkyl groups
bearing three to six carbon atoms at position 7 showed
a higher neurotoxicity than others. Among 7-aryloxyl
derivatives, benzyloxy-substituted compounds, such as
4-methyl benzyloxy, 4-fluorobenzyloxy, and 3-bromo-
benzyloxy derivatives, exhibited high activities against
seizure induced by both MES and scMet tests.

The result of phase II showed that compound 4d was the
only compound possessing anti-MES activity under a
dose of 30 mg/kg among those compounds bearing alk-
oxyl groups. Its EDso value was 13.5 and 17.3 mg/kg in
MES and scMet tests, respectively. Furthermore, it was
more potent than phenobarbital (EDsy = 21.8 mg/kg)
and valproate (EDsy = 272 mg/kg), although it had high
neurotoxicity (TDsq = 30.3 mg/kg). Compounds 4g, 4h,
41, and 4p exhibited anti-MES activity with EDs, of
17.3, 20.5, 11.8, and 23.3 mg/kg, respectively. And com-
pound 41, a 4-fluorobenzyloxy derivative, was found to
be the best, which was better than phenobarbital and
valproate, much closer to phenytoin (EDsy= 9.5 mg/
kg). Its PI value in the MES test was 4.6, superior to that
of phenobarbital (3.2), but inferior to those of phenytoin
(6.9) and carbamazepine (8.1). However, compounds 4m
and 4n, containing the substituents of 2-fluoro and 2,6-
difluoro groups, exhibited little or even no anticonvul-
sant activities.

4d, 4g, 4h, 41, and 4p exhibited moderate anti-Met activ-
ities with EDsy of 17.7, 24.0, 11.1, 6.7, and 24.5 mg/kg,
respectively, in which 41 was shown to be more potent
than phenobarbital, carbamazepine, phenobarbital,
and valproate. Its PI (8.1) was obviously higher than
those of the control drugs.
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