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h i g h l i g h t s g r a p h i c a l a b s t r a c t

< Heterocyclic rings at the 6-position
gave good AMPA receptor affinity.

< Derivative 8 (R6 ¼ 1,2,4-triazol-4-yl)
showed high AMPA receptor affinity.

< Derivative 3 showed the best
affinity and selectivity for the kai-
nate receptor.

< Derivatives 3 and 8 were effective
neuroprotective agents in rat
models of cerebral ischemia.

< Compound 8 showed anticonvul-
sant effect in pentylenetetrazole-
induced convulsions.
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a b s t r a c t

Based on our 3-hydroxy-7-chloroquinazoline-2,4-dione derivatives, previously reported as antagonists at
ionotropic glutamate receptors, we synthesized new 3-hydroxyquinazoline-2,4-diones bearing a tri-
fluoromethyl group at the 7-position and different groups at position 6. Glycine/NMDA, AMPA and kainate
receptor binding data showed that the 7-trifluoromethyl residue increased AMPA and kainate receptor
affinity and selectivity, with respect to the 7-chlorine atom. Among the probed 6-substituents, the 6-(1,2,4-
triazol-4-yl) group (compound 8) was the most advantageous for AMPA receptor affinity and selectivity.
Derivative 8 demonstrated to be effective in decreasing neuronal damage produced by oxygen and glucose
deprivation in organotypic rat hippocampal slices and also showed anticonvulsant effects in
pentylenetetrazole-induced convulsions. The previously reported kainate receptor antagonist 6-(2-
carboxybenzoyl)-amino-7-chloro-3-hydroxyquinazoline-2,4-dione 3 prevented the failure of neurotrans-
mission induced by oxygen and glucose deprivation in the CA1 region of rat hippocampal slices.

� 2012 Elsevier Masson SAS. All rights reserved.

Abbreviations: Glu, glutamate; iGluRs, ionotropic glutamate receptors; NMDA, N-methyl-D-aspartate; AMPA, (S)-2-amino-3-(3-hydroxy-5-methyl-4-isoxazolyl)propionic
acid; KA, kainate; DCKA, 5,7-dichlorokynurenic acid; NBQX, 2,3-dihydroxy-6-nitro-7-sulphamoyl-benzo[f]quinoxaline; MK-801, (þ)-5-methyl-10,11-dihydro-5H-benzo[a,d]
cyclohepten-5,10-iminemaleate; PTZ, pentylenetetrazole; OGD, oxygen and glucose deprivation; PI, propidium iodide; fepsp, field excitatory postsynaptic potential; AD,
anoxic depolarization; aCSF, artificial cerebrospinal fluid.
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1. Introduction

Glutamate (Glu) is the major excitatory neurotransmitter in
the mammalian central nervous system and plays key roles in
regulating many physiological processes through activation of
metabotropic (mGluRs) and ionotropic receptors (iGluRs) [1,2].
The iGluRs include three families classified as N-methyl-D-aspar-
tate (NMDA), (S)-2-amino-3-(3-hydroxy-5-methyl-4-isoxazolyl)
propionic acid (AMPA) and kainate (KA) receptors. The NMDA
receptor complex possesses different binding sites including the
glutamate co-agonist glycine binding site (Gly/NMDA) [2]. To date,
seven NMDA receptor subunits (GluN1, GluN2A-2D, and GluN3A
and GluN3B), four AMPA receptor subunits (GluA1-GluA4) and
five KA receptor subunits (GluK1-GluK5) have been cloned and
characterized [2]. It is well known that an overstimulation of
iGluRs induce an increase of intracellular Ca2þ concentrations,
release of Kþ into the extracellular space and cell swelling due to
the passive movement of water with Naþ influx [3]. The massive
increase of intracellular Ca2þ triggers numerous deleterious
processes, including free radical formation and membrane
degradation, mitochondrial dysfunction, inflammation, DNA-
damage and apoptosis. These processes lead to neuronal death
and are implicated in many diseases [1] such as Alzheimer’s [4]
and Parkinson’s diseases [5], amyotrophic lateral sclerosis [6],
epilepsy [1,7] and cerebral ischemia [8].

Due to the iGluR-mediated excitotoxicity, several compounds
acting as iGluR antagonists demonstrated beneficial effects against
the above cited pathologies [1,4,5].

It has to be noted that AMPA and KA receptor antagonists seem
to possess greater therapeutic potential than NMDA antagonists
because these latter often show adverse effects such as hallucina-
tions, agitation, ataxia and catatonia [9].

In the last decade, a part of our research has been focused on the
study of competitive and noncompetitive iGluR antagonists,
belonging to different heteroaromatic systems [10e21]. Among
them, the 3-hydroxyquinazoline-2,4-dionewas disclosed as a useful
scaffold to obtain selective iGluR antagonists [15,18], since many
derivatives of this series showed affinity for AMPA and KA receptors
or for the Gly/NMDA site. The 3-hydroxyquinazolin-2,4-diones
possess the most important structural requirements for Gly/NMDA
and AMPA or KA receptor recognition [22,23]: a flat hydrophobic
area represented by the fused benzo ring; a NH hydrogen-bond
donor that binds a proton acceptor of the receptor; a d-negatively
charged moiety, represented by both the 2-carbonyl group and the
3-hydroxy substituent, able to form a hydrogen bondwith a cationic
hydrogen bond donor receptor site. All the previously described 3-
hydroxyquinazoline-2,4-dione derivatives (Fig. 1) are substituted
at the 7-position with a chlorine atom that is combined with
different substituents at the 6-position. Structureeaffinity rela-
tionship (SAR) studies suggested that the nature of the 6-
substituents was critical for the selectivity towards the different
iGluRs. In particular, R6 ¼ H gave a selective Gly/NMDA antagonist
(compound 1), while heterocyclic rings gave AMPA receptor antag-
onists, the most advantageous was the 6-(1,2,4-triazol-4-yl) moiety
(derivative 2) [15]. Instead, the presence of a 6-(2-carboxybenzoyl)-
amino group on the 3-hydroxyquinazoline-2,4-dione scaffold
afforded a selective KA receptor antagonist (compound 3) [18]. On
the basis of these results, we decided to continue the study of this
class of compounds to further investigate the SARs and to obtain
more potent AMPA and/or KA receptor antagonists. Thus, we plan-
ned the synthesis of new 6-substituted 3-hydroxyquinazoline-2,4-
dione derivatives (Fig. 2, compounds 4e11) in which the 7-
chlorine atom was replaced with a 7-trifluoromethyl residue that
was thought to increase affinity towards AMPA and KA receptors
[12,16]. The 6-position of the newderivatives bears the substituents

which inprevious studies turnedout tobeprofitable for theAMPAor
KA receptor affinity and selectivity, i.e. heterocyclic rings or the 2-
carboxybenzoylammino group, respectively.

2. Chemistry

The target compounds 4e11 were synthesized as described
in Schemes 1 and 2. The 7-trifluoromethyl-1,2-dihydro-3,1-
benzoxazine-2,4-dione 12 [21] was reacted with O-benzylhydrox-
ylamine in refluxing ethanol to give the 2-amino-N-benzyloxy-4-
trifluoromethylbenzamide 13. Cyclization of 13 with triphosgene
afforded the 3-benzyloxy-7-trifluoromethylquinazoline-2,4-dione
14 which was debenzylated with 48% HBr in glacial acetic acid to
give the desired 3-hydroxy derivative 4. This latter was transformed
into the corresponding 3-acetate 15 by refluxing in acetic anhy-
dride. Nitration of 15 with 90% HNO3 afforded the corresponding
6-nitro compound 16 that was transformed into the 6-amino
derivative 17. Reaction of 17 with phthalic anhydride afforded the
desired 3-hydroxy-6-(2-carboxybenzoylamino)-quinazoline-2,4-
dione 7. The 3-hydroxy-6-nitroquinazoline-2,4-dione 5, its corre-
sponding 6-amino derivative 6 and the 6-heteroaryl substituted
compounds 8e11 were synthesized as shown in Scheme 2. Deriv-
ative 12 was reacted with O-methylhydroxylamine to yield the
2-amino-3-methoxy-4-trifluoromethylbenzamide 18 which was
cyclized with triphosgene to give derivative 19. Nitration of 19
afforded 6-nitro-3-methoxy derivative 20 which was desmethy-
lated with 48% hydrobromic acid in glacial acetic acid to give the
3-hydroxy-6-nitroquinazoline-2,4-dione 5. Catalytic reduction (Pd/
C) of compound 5 gave the 6-amino derivative 6.

To prepare the 7-trifluoromethyl-3-hydroxy-6-(1,2,4-triazol-4-
yl)-quinazoline-2,4-dione 8, compound 20 was reduced to the
corresponding 6-amino compound 21 that was transformed into 22
by reaction with diformylhydrazine. Different attempts to turn the
3-O-methyl derivative 22 into the corresponding 3-hydroxy deriv-
ative 8 failed. In fact, treatment of 22with boron tribromide at room
temperature for three to four days left compound 22 unmodified,
while reaction with 48% aqueous hydrobromic acid in glacial acetic
acid at 100 �C afforded the 6-amino compound 6. Thus, the desired
derivative 8 was obtained by reacting compound 6 with
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Fig. 1. Previously reported 7-chloro-3-hydroxyquinazoline-2,4-dione derivatives.
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Fig. 2. Currently reported 3-hydroxyquinazoline-2,4-dione derivatives.

V. Colotta et al. / European Journal of Medicinal Chemistry 54 (2012) 470e482 471



Download English Version:

https://daneshyari.com/en/article/7802582

Download Persian Version:

https://daneshyari.com/article/7802582

Daneshyari.com

https://daneshyari.com/en/article/7802582
https://daneshyari.com/article/7802582
https://daneshyari.com

