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Series of 2,3-disubstituted quinazolinone derivatives and a [1,2,4|triazino[2,3-c]quinazolinone featur-
ing the pharmacophoric elements of anticonvulsant drugs were designed and synthesized. Target compounds
were screened for their anticonvulsant activity using the subcutaneous pentylenetetrazole (s.c. PTZ) and
maximal electroshock (MES) models. The s.c. PTZ test showed that the most active compound was the amide
derivative 9c having a protective dose 50 (PDy,) of 200.53 umol/kg (PD, of phenobarbitone=62.18 umol/kg);
nevertheless, this low potency is outweighed by the much higher safety profile of 9¢ (LD5, >3000 mg/kg). In
the MES screening, seven compounds were equal to or more active than phenytoin; some of these compounds
were less neurotoxic than phenytoin. Few compounds such as 9c and 10 were effective in both models. LD,

for the most active compounds was calculated.
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Epilepsy is an all-pervading neurological disorder char-
acterized by recurrent seizures and affecting about 1% of
the world’s population. In the last few decades, many efforts
devoted for the development of novel therapeutics resulted in
the availability of several newer agents as promising anticon-
vulsants.? The efficacy of many of the marketed antiepileptic
drugs is greatly compromised by severe side effects such as
ataxia, drowsiness, gingival hyperplasia, gastrointestinal dis-
turbances, and megaloblastic anaemia. Moreover, about 30%
of patients have uncontrolled seizures.>® Therefore, continued
search for safer and more effective anticonvulsants is urgently
necessary.

The insufficient information on the cellular mechanism
of epilepsy in human and the complex mechanism of action
of most of the antiepileptic drugs makes it difficult to use
rational methodologies in the discovery of new antiepilep-
tic drugs. Therefore, another design approach based on the
existence of different pharmacophores that were established
through the analysis of structural characteristics of clinically
effective drugs as well as other antiepileptic compounds was
adopted.’™™V In the literatures, it is well documented that one
of the important core fragments is defined by the presence of:
i) hydrogen donor/acceptor unit (HAD), ii) one electron donor
atom (D), and iii) a hydrophobic domain (A) (aryl ring substi-
tuted/unsubstituted).'”>™> These structural features were found
in the first generation drugs including the well-established
antiepileptics such as carbamazepine or phenytoin, and the
newest drugs e.g., Felbamate; and in the second generation
antiepileptic drugs and the drugs in clinical trial (Fig. 1). Ef-
forts devoted in the recent years based on this pharmacophore
model resulted in the availability of several newer drugs (such
as retigabine, tiagabine, lamotrigine, pregabalin, stiripentol,
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quinazolinone; pentylenetetrazole model; maximal electroshock model; anticonvulsant activity;

zonisamide, topiramate, levetiracetam) as promising antiepi-
leptics.”

Literature survey revealed that quinazoline is a privileged
lead molecule for scheming potential bioactive agents that
exhibits a broad spectrum of bioactivity such as anti-tumor,'®
anti-inflammatory'” and antimicrobial activities.!"®!” This is
in addition to the anticonvulsant activity of many quinazoli-
none derivatives, illustrated in Fig. 2, such as methaquolone
I which was an important landmark in the field of synthetic
anticonvulsant, and whose quinazoline core was responsible
for its activity.”” Other related 3-substituted derivatives such
as IT and III showed good protection against maximal elec-
troshock and subcutaneous Metrazol-induced seizures."*?
Further investigations on methaquolone led to the develop-
ment of the 8-hydrazinocarboxylate derivative IV which ex-
hibited high anticonvulsant profile in pentylenetetrazole (PTZ)
and maximal electroshock model (MES) assays.”> Recently,
the 2-methylsulfonamido-quinazolinedione derivative V was
identified with a low EDs, in animal model of anticonvulsant
activity after oral dosage’® (Fig. 2). Moreover, many cita-
tions pertaining to the anticonvulsant activity of quinazolines
were reviewed in literature supporting the importance of this
nucleus as core for anticonvulsant agents.?>%

Interested in the anticonvulsant activity of quinazolinones,
the first author previously reported the synthesis and potent
anticonvulsant activity of some 3-N-substituted-2-substituted-
phenoxypropylquinazolinone derivatives VI®?% (Fig. 2). In
continuation of these latter investigations, this research aimed
to optimize previously obtained molecular hits through con-
traction of the side chain in position 2 of the quinazolinone
nucleus and introducing two chloro functions on the phenyl
ring to have a 2,4-dichlorophenoxymethyl group. In addition,
the substitution in position 3 was extended through an acet-
amido spacer to which a diversity of groups serving as hydro-
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Fig. 1.

Pharmacophoric Pattern of Well Known Antiepileptics and Model Target Compounds with Its Vital Structural Features

(A) Hydrophobic aryl ring system (HAD), hydrogen bond acceptor/donor domain (D), electron donor moiety.
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Fig. 2. Examples of Some Quinazolinone-Based Anticonvulsant Agents

phobic domains were attached. Therefore, four series of target
compounds were prepared; the benzylidine amino derivatives
5a—e, their benzylamino congeners 6a—e, the ester derivatives
8a—c, the amide derivatives 9a—c and the tricyclic[l,2,4]-
triazino[2,3-c]quinazolin-3(4H)-one 10 which is considered as
the rigid analog of the chloroacetamido derivative 7.

In an attempt to probe the similarity between the three-
dimensional structures of the antiepileptic compounds illus-
trated in Fig. 1 and selected designed compounds (6d, 8c, 9b,
10), flexible alignment was conducted. Molecular operating
environment (MOE)/flexible alignment was employed to au-
tomatically generate superpositions of the compounds under
investigation with minimal user bias. A common feature of

n
X
| R
VI

the MOE-generated alignments of the reference compounds
(Fig. 3, left panel) was the superimposition of their aromatic
groups to generate two distinct hydrophobic domains. In be-
tween these two aromatic domains laid the hydrogen bond
acceptor group, represented by the amide carbonyl groups
which showed perfect maping. The distance of the central
carbonyl group to one of the aromatic groups was 4.21 A and
to the other was 4.41 A. The same features were observed
with the aligned target compounds i.e., two aromatic domains
and a central hydrogen bond acceptor carbonyl group (Fig.
3, right panel); in which the distance between the amide
carbonyl group and each of the aromatic areas was 4.30 and
4.55A. This demonstrated the structural similarity between
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Fig. 3.

the pharmacophoric features of both reference and target
compounds and supported the design of the new compounds.
The synthesized compounds were screened in vivo for their
anticonvulsant activity through subcutaneous pentylenetetra-
zole (s.c. PTZ) and MES models. Toxicity of potentially active
compounds was assessed by LDs, and neurotoxicity studies.

Results and Discussion

Chemistry The key starting compound 3-amino-2-(2,4-
dichlorophenoxy)methyl-3,4-dihydroquinazolin-4-one 4 was
prepared from methyl anthranilate 1 which was reacted
with 2,4-dichlorophenoxyacetyl chloride 2 to give the in-
termediate 3 followed by reflux with hydrazine hydrate in
n-butanol®” (Chart 1). The targeted compounds included the
3-N-benzylidine aminoquinazolinone derivatives Sa—e, their
benzylamino congeners 6a—e, the ester derivatives 8a—c, the
amide derivatives 9a—c and the 3,4-annelated quinazolinone:
6-[(2,4-dichlorophenoxy)methyl]-2 H-[1,2,4]triazino[2,3-c]-
quinazolin-3(4H)-one 10 (Charts 2, 3).

The first series of the 3-N-substituted aminoquinazolinone
derivatives Sa—e was synthesized by the reaction of the ami-
noquinazolinone derivative 4 with the appropriate benzal-
dehyde in glacial acetic acid. Evidence for the formation of
the target compounds was derived from the IR spectra that
revealed the disappearance of the amino stretching vibrations.
Moreover, 'H-NMR spectra revealed the characteristic imine
—N=CH proton in the range of ¢ 8.83—9.86 ppm, in addition to
the protons of the (un)substituted benzylidene ring. Reduction
of the benzylideneamino derivatives 5a—e with sodium boro-
hydride gave compounds 6a—e. The obtained compounds were
characterized by their IR spectra that showed sharp stretch-
ing bands in the range of 3433-3271cm ! characterestic to
the -NH- group. Furthermore, the structure of the compounds
were confirmed from their "H-NMR spectra that revealed the
absence of the imine proton in addition to the appearance of a
signal in the range of J 3.89-5.36 ppm attributed to the methy-
lene (—CH,NH-) protons together with the exchangeable NH
proton. Moreover, mass spectrum of compound 6b showed the
molecular ion peak [M]" at 460 and its isotope [M+2]" peak
at 462.

The intermediate chloroacetamido derivative 7 was pre-
pared from the corresponding 3-aminoquinazolinone 4 and
chloroacetyl chloride according to the reported procedure.’”

Flexible Alignment of Reference Compounds (Left Panel) and Test Compounds 6d, 8¢, 9b and 10 (Right Panel)
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Reagents and conditions: a) dry ether, TEA, stir 24h at room temperature; b)
hydrazine hydrate (ca. 100%), n-butanol, reflux 10h.

Chart 1. Synthesis of Compound 4

The ester derivatives 8a—c were obtained via the reaction of
the chloro intermediate 7 with the sodium/potassium salt of
the appropriate acid in N,N-dimethylformamide (DMF). On
the other hand, the N-substituted amino-acetamide derivatives
9a—c were obtained from the reaction of 7 with the appropri-
ate amine in acetonitrile in the presence of anhydrous potas-
sium carbonate. The target compounds were characterized by
spectral analyses especially 'H-NMR which revealed signals
characteristic for the introduced chemical groups. Mass spec-
trum of compound 8b demonstrated the characteristic isotopic
cluster: [M]" 498 (3.39) and [M+2]" 500 (1.19).

Finally, reacting the chloro intermediate 7 with ammonium
acetate in glacial acetic acid gave the 3,4-annelated quin-
azolinone (triazinoquinazolinone) compound 10. The pos-
tulated structure of 10 was confirmed from its IR spectrum
that lacked the band of the quinazolinone carbonyl group
that appeared at 1686¢cm ™ together with the appearance of a
new band at 1718cm™' attributed to the carbonyl group of the
triazine ring. In addition, the 'H-NMR spectrum showed a
singlet signal at 6 5.16ppm corresponding to the —CH,—CO-
protons of the triazine ring together with the disappearance
of the CH,Cl protons of the intermediate 7 that appeared at o
4.22ppm. In addition, mass spectrum showed isotopic cluster
peaks at [M]" 375 (2.4) and [M+2]" 377 (0.75).

Anticonvulsant Activity For the identification of the anti-
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Chart 2. Synthesis of Compounds 5a—e and 6a—e
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Reagents and conditions: a) chloroacetylcloride, TEA, dry benzene, reflux 4h; b) sodium/potassium salt of the appropriate acid, DMF, boiling water bath, 6h; c¢) appro-
priate amine, anhydrous K,CO;, acetonitrile, reflux 8h; d) anhydrous ammonium acetate, glacial acetic acid, reflux 6h.

Chart 3. Synthesis of Compounds 8a—c, 9a—c and 10

convulsant activity in mice, test compounds were screened by
s.c. PTZ and MES models. Compounds found to be active in
these seizure models are generally regarded to be significantly
useful candidates in the treatment of partial, generalized and
even absence seizures. The data regarding the antiepileptic
screening of all the compounds are reported in Table 1.
Subcutaneous injection of the convulsant pentylenetetrazole
(s.c. PTZ) produces clonic seizures in laboratory animals. The
positive results obtained in this test are suggestive of potential
clinical utility in generalized absence seizures. Results of s.c.
PTZ-induced seizure model showed that the benzylideneam-
ino derivatives 5a—e showed approximately 50% protection.
Within this series, although different patterns of substitution
were made on the phenyl ring, yet the activity was almost
the same for all derivatives. On the other hand, screening
results of the reduced derivatives 6a—e showed high activity
for the p-hydroxy and p-methoxy compounds 6¢ and 6d; and
which were also more potent than their parent precursors Sc¢
and 5d, respectively. A decrease in activity was observed for
compounds 6a and 6b compared to their precursors S5a and
5b; while activity was abolished in compound 6e. Concern-
ing the ester derivatives 8a—c, the most potent compound was
the benzoate 8b. Unexpectedly, the valproate ester 8a, showed
very low activity suggesting that these compounds did not
behave as prodrugs i.e., the valproate moiety was not liberated

in vivo or otherwise high activity would be observed. Regard-
ing the amides 9a—c, activity was the highest with respect to
the hydrazide derivative 9¢. As per the tricyclic derivative 10,
it was the most active among all tested compounds showing
90% protection. Compound 10 can be regarded as the rigid
analog of 7, the latter showed only 60% protection indicating
that structure rigidification resulted in improvement of activ-
ity. In agreement with the aforementioned pharmacophoric re-
quirements of good anticonvulsant agents, it could be assumed
that compounds possessing aryl group at position 3 of the
quinazoline core were generally higher in activity than that
lacking an aryl moiety e.g. compounds 7 and 8a. Presence of
electron donor groups such OH or OCH; on the aromatic ring
in some compounds such as Se, 6¢ and 6d was associated with
good activity. The protective dose 50% (PDs,) values for the
most active compounds in the s.c. PTZ model, Se, 6¢, 6d, 7,
8b, 9¢ and 10, in addition to phenobarbitone, were calculated
and shown in Table 2. PDs, values were more accurate since
dose difference between phenobarbitone and test compounds
was taken into consideration. In addition, values were ex-
pressed in umol/kg to correct for the difference in molecular
weights which allowed relevant comparison between the tested
compounds. The most active compound was the hydrazide
derivative 9¢ (PDy, 200.53 umol/kg) followed by the tricyclic
compound 10 (PDs, 233.20 umol/kg). Despite the high PDj,
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Table 1. Anticonvulsant Activity of the Synthesized Compounds in the
Pentylenetetrazole (PTZ)-Induced Seizures and Maximal Electroshock
(MES) Models
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Table 2. PD,, Values for Phenobarbitone and Compounds Se, 6¢, 6d, 7,
8b, 9¢, 10

MES test Compound Dose (mg/kg) % Protection® P(I;;‘;(ﬁ}i/gk)g
Compound ~ s.c. PTZ test”) Mean thresh- ., % Relative Phenobarbitone 10 40 14.44 (62.18)
old current % Protection o) 20 60
(mA=S.E.) potency 30 100
Control? 100 2.8+0.374 _ _ Se 50 20 114.13 (242.67)
Pentylene- 0 — — — 100 60
tetrazole 200 80
Phenobarbi- 100 — — — 6¢ 50 40 105.00 (237.40)
tone 100 70
Phenytoin — 7.8+0.3749 178.5 — 200 80
5a 50 5.80.5839 107.1 59.9 6d 50 30 122.10 (267.58)
5b 40 3.8+0.490 35.7 20.0 100 60
5¢ 40 5.020.447 78.6 44.0 200 70
5d 50 7.4+0.678° 164.3 92.0 7 50 20 114.13 (284.97)
Se 60 6.0+0.4479 114.3 64.0 100 60
6a 20 6.8%0.490° 142.9 80.1 200 80
6b 30 8.0+0.8379 185.7 104.0 8b 50 30 122.10 (245.03)
6¢ 70 6.2+0.3749 121.4 68.0 100 60
6d 60 8.20.6639 192.9 108.1 200 70
6e 0 7.6+0.5109 171.4 96.0 9¢ 50 50 102.94 (200.53)
7 60 5.3+0.189 89.3 50.0 100 70
8a 10 7.4%0.2459 164.3 92.0 200 80
8b 60 6.6+0.245 135.7 76.0 10 50 60 87.50 (233.20)
8c 0 8.20.2009 192.9 108.1 100 90
9a 30 7.0£0.4479 150.0 84.0 200 90
9b 20 8.4£0.4009 200.0 112.0 a) Data analyzed by one way ANOVA (n=10), all compounds were signifi-
9¢ 70 6.8+-0.490 142.9 80.1 cantly different from control and from phenobarbitone sodium using Student’s ¢-test,
10 90 6.8%0.4879 142.9 80.1 Pp=0.05.

a) Values represent % protection from PTZ-induced seizures. b) This represents
a negative control group receiving only the vehicle (2% Tween 80). ¢) Values are
statistically significant (»<<0.05) from control group using one way ANOVA followed
by Turkey’s as post tests. d) % protection was calculated as the percentage of the dif-
ference between the threshold current of control and test compound to the threshold
current of control. e) % relative potency was calculated as the percentage of the value
of % protection of test compound to that of phenytoin.

values for the tested compounds compared to phenobarbitone
(approximately 3—4 times), yet this could be outweighed by
the much higher safety profile of these compounds as revealed
by the results of the LDy, and the therapeutic index (Table 3).
The MES is a model for generalized tonic—clonic seizures
and provides a hint of a compound’s ability to stop seizure
spread when all neuronal circuits in the brain are maximally
active. These seizures are extremely reproducible and are elec-
tro physiologically reliable with human seizures. Activity of
the tested compounds in the MES model was markedly higher
than that observed in the s.c. PTZ model suggesting the poten-
tial usefulness of these compounds in generalized tonic-clonic
rather than in absence convulsions. Three of the tested com-
pounds were almost equipotent to phenytoin: 5d, 6e and 8a;
and four compounds were more potent than phenytoin, name-
ly; 6b, 6d, 8c and 9b. Concerning the ylidene compounds
5a—e and their reduced derivatives 6a—e, it was observed that
activity increased in compounds 6a—e compared to their pre-
cursors Sa—e, with the p-methoxyphenyl derivatives (5d, 6d)
being the most active. Within the ester series 8a—c¢, the most
active compound was the 2-chlorobenzoate 8¢ followed by the
valproate derivative 8a. The phenyl hydrazine derivative 9b
was the most active in the amine series 9a—c. Again, the tricy-
clic derivative 10, which could be considered the rigid analog
of compound 7, showed higher activity than 7 indicating that

Table 3. LDy, and Therapeutic Index of Phenobarbitone and Compounds
Se, 6¢, 9¢, 10
Compound LDy, (umol/kg) Therapeutic index
Phenobarbitone 263 423
Se >3000 >12.36
6¢c >3000 >12.64
9c >3000 >14.96
10 >3000 >12.86

Table 4. Neurotoxicity Screening of Phenytoin and Compounds 6b, 6d,
8c, 9b”

Compound 0.5h 4h
Phenytoin 100 100
6b 300 300
6d — —
8¢ 100 —
9b 300 300

a) Doses of 30, 100 and 300 mg/kg were administered intraperitoneally. The fig-
ures indicate the minimal dose required to cause neurotoxicity in 50% or more of the
animals at the specified time.

structural rigidification favored its anticonvulsant activity. Fi-
nally, it could be observed that some compounds that were al-
most inactive in the s.c. PTZ model such as 6b, 6e, 8a, 8¢ and
9b were, on the other hand, highly active in the MES model.
At the same time, few compounds such as 9¢ and 10 were ef-
fective against seizures induced in both models.

Promising compounds in this study, specifically compounds
showing potency higher than phenytoin in the MES model,
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6b, 6d, 8c and 9b, were selected for neurotoxicity assessment
using the standardized rotarod test. Compound 8c showed
neurotoxicity at 100 mg/kg similar to phenytoin. On the other
hand, compounds 6b and 9b showed neurotoxicity at 300 mg/
kg and compound 6d did not show any signs of neurotoxicity
making them safer than phenytoin (Table 4).

Conclusion

New 2,3-disubstituted quinazolinones and a 3,4-annelated
quinazoline derivative featuring the pharmacophoric elements
of antiepileptic drugs were designed and synthesized for pre-
liminary anticonvulsant screening. Synthesized compounds
were screened for their anticonvulsant activity using the s.c.
PTZ and MES models. LDy, for the most active compounds
was calculated. Results in the s.c. PTZ test were not much
satisfactory; the most active compound was the 9c¢ having a
PDy, of 200.53 umol/kg (PDs, of phenobarbitone=62.18 umol/
kg). Nevertheless, this low potency is outweighed by the
much higher safety profile (LD5, >3000umol/kg). In the
MES screening, seven compounds were equal to or more ac-
tive than phenytoin; the most potent one was 9b. Compounds
more potent than phenytoin in the MES model, namely 6b, 6d
and 9b were advantageously less neurotoxic than phenytoin.
In general, the overall results revealed that the test com-
pounds were more effective in the MES model than in the
chemoshock test suggesting the potential usefulness of these
compounds in generalized tonic-clonic rather than in absence
convulsions. Few compounds such as 9¢ and 10 were effective
in both models.

Experimental

Chemistry Melting points were uncorrected and were
carried out by open capillary tube method using IA 9100
MK-Digital Melting Point Apparatus. Elemental microanaly-
ses were carried out on Heraew and Vario El III (elementar),
CHNS analyzer (Germany) at the Microanalytical Center, Fac-
ulty of Science, Cairo University. Infrared spectra were made
on Bruker Vector 22 (Japan), infrared spectrophotometers and
were expressed in wave number (cm') using potassium bro-
mide disc. '"H-NMR spectra were recorded on a Varian Mer-
cury VX-300 NMR spectrometer at 300MHz and "*C-NMR
were recorded at 7SMHz in the specified solvent. Chemical
shifts were reported on the d scale and were related to that of
the solvent and J values are given in Hz. Mass spectra were
recorded on Shimadzu Qp-2010 plus, at 70eV (EI). IUPAC
chemical nomenclature were assigned using CS Chemdraw
ultra version 5.0. Thin layer chromatography was performed
using MachereyeNagel Alugram Sil G/UV254 silica gel plates
and petroleum ether—ethyl acetate (9:1) as the eluting system.

General Procedure for the Synthesis of Compounds (5a—
e) A mixture of 3-amino-2-(2,4-dichlorophenoxymethyl)-
quinazolin-4(3H)-one 4 (0.34g; 1 mmol) and the appropriate
benzaldehyde (1.1 mmol) in glacial acetic acid (20mL) was
heated under reflux for 4h. The reaction mixture was poured
on ice-water and the separated solid was filtered off, washed
with aqueous ethanol and crystallized from ethanol.

3-Benzylidenamino-2-[(2,4-dichlorophenoxy)methyl]-
quinazolin-4(3H)-one (5a): mp 190-192°C; yield 81%.
'H-NMR (CDCl,) d: 542 (2H, s, CH,0), 7.06-7.92 (11H, m,
aromatic H), 8.34 (1H, d, J=7.8Hz, C5-H quinazoline), 9.17
(1H, s, N=CH). IR c¢cm': 3063 (CH aromatic), 2919 (CH ali-
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phatic), 1688 (CO), 767 (C—Cl). Anal. Calcd for C,,H,;;C1,N;0,
(424.28): C, 62.28; H, 3.56; N, 9.90. Found: C, 62.56; H, 3.80;
N, 9.69.
3-(4-Chlorobenzylidenamino)-2-[(2,4-dichlorophenoxy)-
methyl]quinazolin-4(3H)-one (5b): mp 177-179°C; yield 80%.
'H-NMR (CDCl,) d: 5.39 (2H, s, CH,0), 7.03-7.81 (10H, m,
aromatic H), 8.33 (1H, d, J/=7.8Hz, C5-H quinazoline), 9.17
(1H, s, N=CH). MS m/z (%): M" 458 (3.11), (M+2)" 460
(1.03), 285 (100). IR cm': 3071 (CH aromatic), 2923 (CH ali-
phatic), 1687 (CO), 766 (C—Cl). Anal. Calcd for C,,H,,CI;N;0,
(458.72): C, 57.60; H, 3.08; N, 9.16. Found: C, 57.94; H, 3.31;
N, 9.26.
2-[(2,4-Dichlorophenoxy)methyl]-3-(4-hydroxybenzyl-
ideneamino)quinazolin-4(3H)-one (5¢): mp 160-161°C; yield
77%. 'H-NMR (CDCl,) §: 544 (2H, s, CH,0), 6.86-7.88
(10H, m, aromatic H), 8.30 (1H, d, J=8.1Hz, C5-H quinazo-
line), 8.36 (1H, s, OH, exchangeable with D,0), 9.86 (1H, s,
N=CH). IR cm": 3444 (OH), 3076 (CH aromatic), 2954,
2922 (CH aliphatic), 1669 (CO), 772 (C—Cl). Anal. Calcd for
C,,H,;CI)N,0; (440.28): C, 60.02; H, 3.43; N, 9.54. Found: C,
59.65; H, 3.90; N, 9.90.
2-[(2,4-Dichlorophenoxy)methyl]-3-(4-methoxybenzyl-
ideneamino)quinazolin-4(3H)-one (5d): mp 205-208°C; yield
80%. 'H-NMR (CDCl,) J: 3.89 (3H, s, OCH;), 5.39 (2H, s,
CH,0), 6.93-7.87 (10H, m, aromatic H), 8.33 (1H, d, /=7.8 Hz,
C5-H quinazoline), 8.97 (1H, s, N=CH). *C-NMR (CDCl,)
0: 55.6 (OCH,), 65.1 (OCH,), 115.2-135.0 (aromatic Cs), 140.8
(CH=N), 143.5 (C-8a quinazoline), 145.2 (C-1 phenoxy),
158.3 (C=0 quinazoline), 162.8 (C-4 benzylidine), 164.0 (C-
2-quinazoline). IR cm': 3073 (CH aromatic), 2918 (CH ali-
phatic), 1678 (CO), 768 (C—Cl). Anal. Calcd for C,;H,,Cl,N;O;
(454.31): C, 60.81; H, 3.77; N, 9.25. Found: C, 60.47; H, 3.41,
N, 9.45.
2-[(2,4-Dichlorophenoxy)methyl]-3-(3-hydroxy-4-methoxy-
benzylideneamino)quinazolin-4(3H)-one (5e): mp 174-175°C;
yield 83%. 'H-NMR (DMSO-d,) ¢6: 3.76 (3H, s, OCH,), 5.40
(2H, s, CH,0), 6.87-7.84 (9H, m, aromatic H), 8.14 (1H, d,
J=7.5Hz, C5-H quinazoline), 8.83 (1H, s, N=CH), 11.07 (1H,
s, OH, exchangeable with D,0). IR cm™: 3309 (OH), 3072
(CH aromatic), 2922 (CH aliphatic), 1678 (CO), 770 (C—Cl).
Anal. Caled for C,,H,,CI,N,0, (470.30): C, 58.74; H, 3.64; N,
8.93. Found: C, 58.55; H, 3.51; N, 9.12.

General Procedure for the Synthesis of Compounds (6a—
e) To a stirred solution of Sa—e (10mmol) in absolute etha-
nol (20mL), sodium borohydride (0.2g, Smmol) was added
portionwise and stirring was continued for 1h. The reaction
mixture was left to stand overnight at room temperature; then
diluted with water and the separated crystals were filtered off,
washed with water and recrystallized from aqueous ethanol.

3-Benzylamino-2-[(2,4-dichlorophenoxy)methyl]-
quinazolin-4(3H)-one (6a): mp 190-191°C; yield 60%.
'H-NMR (CDCl,) §: 4.17 (2H, d, J=6.5Hz, CH,NH), 5.38
(2H, s, CH,0), 7.02-7.83 (11H, m, aromatic H), 8.34 (1H, d,
J=75Hz, C5-H quinazoline), 9.14 (1H, brs, NH exchange-
able with D,0). IR cm™": 3433 (NH); 3063 (CH aromatic),
2921 (CH aliphatic), 1686 (CO), 766 (C—Cl). Anal. Calcd for
C,,H,CLLN;0, (426.30): C, 61.98; H, 4.02; N, 9.86. Found: C,
61.60; H, 4.17; N, 9.80.

3-(4-Chlorobenzylamino)-2-[(2,4-dichlorophenoxy)methyl]-
quinazolin-4(3H)-one (6b): mp 170-171°C; yield 55%.
'H-NMR (CDCl,) &: 4.27 (2H, d, J=6.3Hz, CH,NH), 5.29



July 2013

(2H, s, CH,0), 7.02-7.82 (11H, m, 10 aromatic H and NH
exchangeable with D,0), 8.32 (1H, d, J/=7.5Hz, C5-H quin-
azoline). *C-NMR (CDCl,) §: 52.6 (-CH,NH-), 65.8 (OCH,),
118.9-137.0 (aromatic Cs), 142.7 (C-8a quinazoline), 145.5 (C-1
phenoxy), 158.6 (C=0 quinazoline), 164.1 (C-2-quinazoline).
IR cm': 3271 (NH); 3065 (CH aromatic), 2918 (CH aliphatic),
1685 (CO), 771 (C—CI). MS: m/z (%): M" 460 (1.90); [M+2]"
462 (0.64), 125 (100). Anal. Caled for C,,H,(CI;N;0, (460.74):
C, 57.35; H, 3.50; N, 9.12. Found: C, 57.75; H, 3.85; N, 9.15.

2-[(2,4-Dichlorophenoxy)methyl]-3-(4-hydroxybenzyl-
amino)quinazolin-4(3H)-one (6¢): mp 200-202°C; yield 55%.
'H-NMR (CDCly) é: 5.25 (2H, d, J=6.5Hz, CH,NH), 5.36
(2H, s, CH,0), 6.85-7.80 (12H, m, 10 aromatic H, NH and
OH exchangeable with D,0), 8.34 (1H, d, J=7.8Hz, C5-H
quinazoline). IR cm': 3447 (OH), 3420 (NH), 3102 (CH aro-
matic),2959, 2922 (CH aliphatic), 1687 (CO), 770 (C—Cl). Anal.
Caled for C,,H,C,N;0, (442.29): C, 59.74; H, 3.87; N, 9.50.
Found: C, 59.72; H, 4.10; N, 9.36.

2-[(2,4-Dichlorophenoxy)methyl]-3-(4-methoxybenzyl-
amino)quinazolin-4(3H)-one (6d): mp 170-172°C; yield 50%.
'H-NMR (CDCl,) §: 3.81 (3H, s, OCH,), 3.89 (2H, d, CH,NH,
J=6.5Hz), 538 (2H, s, CH,0), 6.85-7.78 (10H, m, aromatic
H), 8.33 (1H, d, J=7.8Hz, C5-H quinazoline), 8.97 (1H, brs,
NH exchangeable with D,0). IR ecm™: 3422 (NH), 3067 (CH
aromatic), 2924 (CH aliphatic), 1681 (CO), 767 (C—Cl). Anal.
Caled for Cp3H,,CL,N;0; (456.32): C, 60.54; H, 4.20; N, 9.21.
Found: C, 60.65; H, 4.54; N, 9.31.

2-[(2,4-Dichlorophenoxy)methyl]-3-(3-hydroxy-4-methoxy-
benzylamino)quinazolin-4(3H)-one (6e): mp 180—183°C; yield
60%. 'H-NMR (CDCl,) &: 3.89 (3H, s, OCH,), 5.11 (2H, d,
J=6.5Hz, CH,NH), 5.37 (2H, s, CH,0), 6.96-7.77 (9H, m,
aromatic H), 8.25 (1H, d, J=7.8Hz, C5-H quinazoline), 8.33
(1H, brs, NH exchangeable with D,0), 8.90 (1H, s, OH ex-
changeable with D,0). IR ¢cm™: 3311 (br band, OH, NH), 3067
(CH aromatic), 2933 (CH aliphatic), 1636 (CO), 753 (C-CI).
Anal. Caled for C,3H,,CI,N;0, (472.32): C, 58.49; H, 4.05; N,
8.90. Found: C, 58.39; H, 4.31; N, 8.64.

General Procedure for the Synthesis of Compounds (8a—
¢) A mixture of 7 (0.41 g, ] mmol) and the sodium/potassium
salt of the appropriate acid (1.1 mmol) in DMF (20mL) were
heated in a boiling water bath for 6h. The reaction mixture
was poured onto ice-cold water. The separated solid was fil-
tered off, washed with water, dried and recrystallized from
ethanol.

[2-(2,4-Dichlorophenoxy)methyl-4-oxo-4H-quinazolin-3-
ylcarbamoyl]methyl 2-Propyl-pentanoate (8a): mp 160-162°C;
yield 55%. 'H-NMR (CDCl;) d: 0.87 (6H, t, J=7.2Hz, 2
CHCH,CH,CH,;), 1.25 (4H, m, 2CHCH,CH,CH;), 1.58 (4H,
q, J=6.9Hz, CHCH,CH,CH,), 2.48 (1H, m, CHCH,CH,CH,),
4.82 (2H, s, CH,CO), 5.19 (2H, s, CH,0); 7.07-8.00 (6H, m,
aromatic H), 8.20 (1H, d, J/=6.8 Hz, C5-H quinazoline), 9.22
(1H, s, NH exchangeable with D,0). IR cm': 3487 (NH), 3166
(CH aromatic), 2945 (CH aliphatic), 1726 (COs), 764 (C—CI).
Anal. Caled for C,sH,,CL,N,05 (520.40): C, 57.70; H, 5.23; N,
8.07. Found: C, 57.60; H, 5.30; N, 8.26.

[2-(2,4-Dichlorophenoxy)methyl-4-o0x0-4H-quinazolin-3-
ylcarbamoyl]methyl Benzoate (8b): mp 165-168°C; yield 65%.
'H-NMR (CDCl,) d: 5.10 (2H, s, CH,CO), 5.36 (2H, s, CH,0),
7.02-7.99 (11H, m, aromatic H), 8.27 (1H, d, J=6.6Hz,
C5-H quinazoline), 8.83 (1H, s, NH exchangeable with
D,0). ®C-NMR (CDCl;) 6: 64.5 (OCH,CO), 65.6 (OCH,),
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117.4-139.0 (aromatic Cs), 143.6 (C-8a quinazoline), 147.2 (C-1
phenoxy), 158.3 (C=0 quinazoline), 164.0 (C-2-quinazoline),
167.1 (COO0), 169.2 (CONH). IR cm': 3310 (NH); 3067 (CH
aromatic), 2949 (CH aliphatic), 1726, 1693 (COs), 771 (C—Cl).
MS m/z (%): [M]" 498 (3.39), [M+2]" 500 (1.19), 105 (100).
Anal. Caled for C,,H;,CL,N;O, (498.31): C, 57.85; H, 3.44; N,
8.43. Found: C, 57.90; H, 3.68; N, 8.52.

[2-(2,4-Dichlorophenoxy)methyl-4-o0x0-4H-quinazolin-3-
ylcarbamoyl]methyl 2-Chloro-benzoate (8¢): mp 185-187°C;
yield 67%. '"H-NMR (CDCl,) 6: 5.08 (2H, s, CH,CO), 5.34
(2H, s, CH,0), 7.15-7.97 (10H, m, aromatic H), 8.16 (1H, d,
J=6.6Hz, C5-H quinazoline), 11.58 (1H, s, NH exchange-
able with D,0). IR cm™: 3422 (NH), 3212 (CH aromatic),
2934 (CH aliphatic), 1691 (COs), 772 (C—Cl). Anal. Calcd for
C,,H,(CLLN;O; (532.76): C, 54.11; H, 3.03; N, 7.89. Found: C,
54.37; H, 3.26; N, 7.70.

General Procedure for the Synthesis of Compounds
(Ya—c) A mixture of 7 (0.4lg, 1mmol), the appropriate
amine (1.1 mmol) and anhydrous potassium carbonate (0.21g,
1.5mmol) in acetonitrile (30mL) was refluxed for 8h. The
reaction mixture was filtered while hot and the filtrate was
concentrated and cooled. The separated solid was filtered off,
dried and recrystallized from aqueous ethanol.

2-(4-Chlorophenylamino)-N-[2-(2,4-dichlorophenoxy)-
methyl-4-0x0-4H-quinazolin-3-ylJacetamide (9a): mp
190-191°C; yield 60%. 'H-NMR (CDCL): § 5.14 (2H, s,
CH,CO), 5.31 (2H, s, CH,0), 6.96-7.81 (12H, m, 10 aromatic
CH and 2NHs exchangeable with D,0), 8.30 (1H, d, J/=7.2Hz,
C5-H quinazoline). IR cm™': 3420 (NHs), 3040 (CH aromatic),
2925 (CH aliphatic), 1686 (COs), 771 (C—Cl). 4Anal. Calcd for
C,;H,,CI3N,0; (503.76): C, 54.84; H, 3.40; N, 11.12. Found: C,
55.20; H, 3.57; N, 10.90.

N-[2-(2,4-Dichlorophenoxy)methyl-4-oxo-4H-quinazolin-3-
yl]-2-(N'-phenylhydrazino)acetamide (9b): mp 200-202°C;
yield 65%. 'H-NMR (CDCly) &: 5.12 (2H, s, CH,CO), 5.36
(2H, s, CH,0), 7.13-7.76 (11H, m, aromatic CH), 8.23 (1H, d,
J=72Hz, C5-H quinazoline), 11.78 (3H, s, 3NHs exchange-
able with D,0). *C-NMR (CDCl,) ¢: 54.6 (NHCH,CO), 67.6
(OCH,), 118.7-139.5 (aromatic Cs), 142.1 (C-8a quinazoline),
147.8 (C-1 phenylhydrazinyl), 148.5 (C-1 phenoxy), 159.4 (C=
O quinazoline), 164.4 (C-2-quinazoline), 171.3 (CONH). IR
cm ' 3402 (NHs), 3187 (CH aromatic), 2926 (CH aliphatic),
1689 (COs), 768 (C—Cl). Anal. Caled for C,;H,,CL,N,O;
(484.33): C, 57.04; H, 3.95; N, 14.46. Found: C, 56.88; H, 4.22;
N, 14.12.

N-[2-(2,4-Dichlorophenoxy)methyl-4-oxo-4H-quinazolin-3-
yl]-2-[(N'-pyridine-4-carbonyl)hydrazino]acetamide (9¢): mp
205-206°C; yield 58%. 'H-NMR (CDCly) ¢: 5.05 (2H, s,
CH,CO), 536 (2H, s, CH,0), 7.02-798 (10H, m, aromatic
H), 8.23 (1H, d, J=7.5Hz, C5-H quinazoline), 9.70 (3H, s,
3NHs exchangeable with D,0). IR ¢m™': 3212 (NHs), 3070
(CH aromatic), 2925 (CH aliphatic), 1723, 1693 (COs), 773
(C-Cl). MS m/z (%): [M]" 513 (0.22), 131 (100). Anal. Caled
for C,;H, (CL,NO, (513.33): C, 53.81; H, 3.53; N, 16.37. Found:
C, 53.65; H, 3.75; N, 16.48.

Synthesis of 6-(2,4-Dichlorophenoxy)methyl-2H-[1,2,4]
triazino[2,3-c]quinazolin-3(4H)-one (10) A mixture of 7
(0.41g, 1mmol) and anhydrous ammonium acetate (0.31g;
4mmol) in glacial acetic acid (20mL) was refluxed for 6h.
The reaction mixture was poured onto ice-water and the
separated solid was filtered off, washed with water and crys-
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tallized from ethanol. mp 210-211°C; yield 60%. 'H-NMR
(CDCly) d: 5.15 (2H, s, CH,0), 5.31 (2H, s, CH,CO), 6.97-7.84
(7H, m, 6 aromatic H and NH exchangeable with D,0), 8.31
(1H, d, J=7.8Hz, C5-H quinazoline). *C-NMR (CDCl,) &:
48.2 (NHCH,CO triazine), 69.2 (OCH,), 115.2-136.2 (aromatic
Cs), 142.5 (C-8a quinazoline), 149.4 (C-1 phenoxy), 163.5 (C-4
quinazoline), 164.4 (C-2-quinazoline), 166.2 (CONH). IR cm '
3200 (NH), 3095 (CH aromatic), 2921 (CH aliphatic), 1718
(CO), 771 (C-CI). MS m/z (%): [M]" 375 (2.4), [M+2]" 377
(0.75), 250 (100). Anal. Caled for C,;H,,CI,N,O, (375.21): C,
54.42; H, 3.22; N, 14.93. Found: C, 54.70; H, 3.50; N, 14.46.

Anticonvulsant Activity. Animal Preparation Adult al-
bino mice weighing 20-25g of both sexes were used through-
out this study. Animals were housed in groups of 5 and were
allowed free access to food pellets (vit mix 1%, mineral mix
4% corn oil 10%, sucrose 20%, cellulose 0.2%, casein (95%
pure) 10.5%, starch 54.3%). All behavioral experiments were
conducted during the period between 10:00 and 13:00 with
normal room light (12h regular light/dark cycle) and tempera-
ture (22%2°C). The experimental procedures were carried out
in strict compliance with the Animal Ethics Committee regu-
lations of the Faculty of Veterinary Medicine, Cairo Universi-
ty. All experiments were carried out in the morning according
to the guidelines for the care of laboratory animals.’”

The s.c. PTZ-Induced Seizure Test The tested com-
pounds were administered orally to mice in a dose of 100 mg/
kg body weight. This dose was determined depending a dose—
response curve of some tested compounds. Tested compounds
were prepared as suspension in 2% Tween 80. Phenobarbitone
sodium was used as a reference standard in a dose of 30mg/
kg body weight. Thirty minutes later, mice received 80mg/
kg PTZ via subcutaneous injection.’” A positive control group
receiving only PTZ was conducted. An episode of clonic
spasms, approximately 3—5s, of the fore and/or hind limbs,
jaws, or vibrissae is taken as the endpoint. Animals which do
not meet this criterion are considered protected. The number
of protected animals in each group was recorded and percent-
age protection was calculated (Table 1). PDy, values for the
most active compounds and phenobarbitone were also per-
formed and calculated in umol/kg (Table 2).

The MES Test The procedure was carried out as de-
scribed by Krall e al.*® and Kitano et al.*¥ Electroshock was
applied via ear-lip electrodes and generated by a stimulator
that delivers an alternating 60 Hz current by Ugo Basile ECT
Unit Pulse generator 57800-001. The stimulus duration was
2.55s; the end point was tonic hind limb extension.’ The max-
imum electro-shock was determined. Phenytoin and the tested
drugs were administered orally at a dose of 0.2 mmol/kg body
weight, 60 min before the test. The mean threshold current for
electroshock-induced hind limb tonic seizure was calculated
for each drug (Table 1).

Acute Toxicity (LDy,) The acute toxicity (LDs,) of the
most active compounds in mice (n=12) was estimated ac-
cording to the method of Lorke*® In stage one of the test,
animals received oral doses of 10, 100, 1000 umol/kg (n=3)
of the tested compounds and observed for 24h for number of
deaths. Since no deaths occurred in any of the groups in the
first stage of the test, 1500, 2000 and 3000 umol/kg doses of
the compounds were administered to a fresh batch of animals
(n=1) where no deaths were recorded within the next 24h.
Thus, the oral LDy, in mice was found to be greater than
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3000 umol/kg (Table 3). Therapeutic index (LDsy/PDs,) was
also calculated and included in Table 3.

Neurological Toxicity Study Toxicity induced by a com-
pound is detected in mice using the standardized rotarod test
described by Dunham and Miya.’” Untreated control mice,
when placed on a 6rpm rotation rod, can maintain their equi-
librium for a prolonged period of time. The animal is consid-
ered toxic if it falls off this rotating rod three times during a
I'min period. In addition to muscular impairement, animals
may exhibit a circular or zigzag gait, abnormal body posture
and spread of the legs, tremors, hyperactivity, lack of explor-
atory behavior, somnolence, stupor, catalepsy, loss of placing
response and changes in muscle tone. Results are presented in
Table 4.

Flexible Alignment Flexible alignment of reference com-
pounds illustrated in Fig. 1 and the target (test) compounds
6d, 8¢, 9b and 10 was carried out with the software, Molecu-
lar Operating Environment.*® The molecules were built using
the Builder module of MOE. Their geometry was optimized
by using the MMFF94 force-field; 200 conformers of each
compound were generated and minimized with a distance-
dependant dielectric model. A low energy set of 100 was
selected for further analysis. Conformations of the compounds
were generated using distance geometry and optimized with
MMFF94. After assigning MMFF94 charges to all molecules,
flexible alignment was employed to scan and rank overlays of
the compounds based on steric, electrostatic field, hydrophobic
areas overlap, hydrogen bond donors and acceptors overlap.
From the top scoring superpositions, several sets were selected
and subjected to more refined searching using MOE/flexible
alignment module. Since the molecules are highly flexible, the
limited set of conformers used in the analysis was not capable
of achieving complete atom-to-atom superposition. The dis-
tances between the common pharmacophoric features in the
reference and test sets were then measured.
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