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Preface

This book consists of many chapters on different topics in the field of the latest
research in quinazolinone and quinazoline derivatives.

The aim is to focus on all the methods for the synthesis and different interesting
biological activities of quinazolinone and quinazoline derivatives.

The major objective of this book is to present the information in a lucid, condensed,
and cohesive form, and to cater especially to the needs of readers in medicine and

pharmacy.

The book has seven chapters from authors all over the world and covers the
following topics:

* Introductory Chapter: The Newest Research in Quinazolinone and Quinazoline
Derivatives

* Biological Activity of Quinazolinones
* Synthesis of Quinazoline andQuinazolinone Derivatives

* 4(3H)-Quinazolinone Derivatives: Syntheses, Physical Properties, Chemical
Reaction, and Biological Properties

* Quinazolinone and Quinazoline Derivatives: Synthesis and Biological Application

* Synthesis and Pharmacological Research Regarding New Compounds with
Quinazolin-4-One Structure

* Quinazoline Based Synthesis of some Heterocyclic Schiff Bases

Many thanks go to all the authors for their valuable, interesting, and important
research into quinazolinone and quinazoline derivatives.

The cooperation of the publisher IntechOpen is very much appreciated in
publishing this book. The assistance received from Ms. Jasna Bozic, Author Service
Manager, cannot be ignored. Any suggestions, comments, and criticisms on the
subject matter will be gratefully acknowledged to improve future editions. My hope
is that this work will prove to be a benefit to students and teachers of pharmacy and
science, and to medical scientists.



Dr. Ali Gamal Al-kaf
Professor,
Medicinal Chemistry Department,

Chief Council for Accreditation and Quality Assurance,
Member of Higher Yemeni Medical Council,

Previous Dean of Faculty of Pharmacy-Sanaa University,
Yemen
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Chapter1

Introductory Chapter: The Newest
Research in Quinazolinone and
Quinazoline Derivatives

Ali Gamal Al-kaf

1. Introduction

Target searching for new high effective medicinal preparation is considered one
of the actual problems of the modern public health. From medicinal preparations
are the natural and synthetic origins of quinazolinone-4 derivatives. Quinazolinone
derivatives are reported to be physiologically and pharmacologically active [1].

They also exhibit a wide range of activities such as anticonvulsant, anti-
inflammatory, antifungal, antimalarial, and sedative. Some of these compounds are
identified as drugs used as diuretics, vasodilators, and antihypertensive agents.

Moreover, sulfonamide derivatives have been widely used as bacteriostatic
agents. Prompted by the abovementioned facts and in conjunction with our ongo-
ing program on the utility of readily obtainable starting material for the synthesis of
heterocyclic systems of biological interest, we have decided to synthesize a series of
quinazolinone derivatives having sulfonamide moiety with potentially wide spec-
trum of biological responses [2, 3]. Information about the biological properties of
derivatives of quinazolinone before the end of 60-years ago was more fragmentary.

At the end of 40 years, an alkaloidal compound febrifugin (dichroin) 3-[p-keto-
y(3-oxipiperidine-2) propyl] quinazolone-4 was isolated from Chinese plant
Chang-Shan (Dichroa febrifuga Laur.) and has antimalarial activity, 100 times
greater than quinine. This compound has not found clinical application, since it is
300 times toxic than quinine alkaloids [4, 9, 10, 21] (Figure1).

However, work with febrifugin encouraged further searching for new biologi-
cally active compounds among the derivatives of quinazolinones-4 [4].

Already, on early stages of the studies, chemotherapeutic, anti-inflammatory
activity, and hypnotic and hypotensive actions were revealed [5].

Sixty to seventy years ago, more than 300 patents appeared in different coun-
tries, denoted synthesis and study of biological activity of this type of compounds.
More than 20 medicinal preparations (analgesic, sedative, diuretic, hypotensive,

{) HO
N
) ™
e 0 |
N Cl1,

Figure 1.
The structure of the compound febrifugin (dichroin).
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Quinazolinone and Quinazoline Derivatives

cholegogue, bronchodilator, tranquilizer, chemotherapeutic action) of quinazoline
derivatives are introduced in medicinal practice [5-7].

Among various quinazolinone derivatives, big attention was attracted to the
substituted-(3H) quinazolinones-4, which show the significant hypnotic activity [4].

2-Methyl-3-(o-tolyl) quinazolinone-4, named methaqualone, is broadly used
in medicinal practice [5, 8] as sedative and hypnotic. Aside from hypnotic action,
methaqualone possesses the anticonvulsant and anti-cough properties and intensi-
fies the action of barbiturates, analgesics, and neuroleptics [7].

The high activity and small toxicity of methaqualone were a motivation for
study of the large number of its analogues [9] (Figure 2).

Similar analogues of methaqualone such as—a light hypnotic ethaqualone, as
well as mecloqualone which is used in medicine as hypnotic and sedative [4, 10].

2-Methyl-3-(o-cyan phenyl) quinazolone-4 is characterized by the highest
hypnotic, sedative, and anticonvulsant activity [11]. Strong psychotropic action is
showed in triflourmethyl analogue of methaqualone [12].

The series analogues of methaqualone with similar pharmacological properties
with ortho-substiuted have an alkyls or other functional groups and in the other
positions phenyl residues [4, 13].

Among compounds of this group, the most popular compounds that have
been used in practical medicine are 2-methyl-3-(o-methyl-p-chlorphenyl) -
5-chlorquinazolone-4 (SL-164) as tranquilizer and 2-methyl-3-(o-methoxy-
p-nitrophenyl) quinazolone-4 (nitromethaqualone) as hypnotic [14].
Quinazolinones-4 render also hypothermic and spasmolytic action [5].

At study of more than 40 derivatives of quinazolines, some qualitative correla-
tions between structure and convulsive activity were revealed [15, 16]. Transition
from 3-aryl- to 3-alkylquinazolones-4 saves the sedative, hypnotic, and anticonvul-
sant properties of compounds [16]. The last type of activity is also characterized for
2-methyl-3-piperazino-alkylquinazolones-4.

Variation of the substituted in position 3 may affect upon biological properties
of substances in these compounds. So, 3-cyanalkyl-quinazolones-4, for example,
are diuretics, but corresponding to aminoketones and aminohydroxy, derivatives
show analgesic, spasmolytic, and anti-inflammatory activities [4].

Derivatives of (1H)-quinazolinones-4 are less studied. For them, the most
characterized properties are analgesic, anti-cough, and anti-inflammatory
activity [10, 17]. 1,2,3,4-Tetrahydroquinazolones-4 were studied greatly in
details.

Some compounds of this line, unsubstituted in position 1, show the antibac-
terial and cytostatic activities. 1-Alkyl or aryl derivatives are characterized as
anti-inflammatory, bronchodilator, and sedative action; 1-dialkylaminoalkyl- and
1-acyl, including substituted aminoacyl-1-tetrahydroquinazolones-4, have mani-
fested themselves as analgesics and tranquilizers, myorelexants, and diuretics.

ll L ) LJ L ) |
)\ f;\
] N7 TCH,
Methaqualons Ethagualone Meclogqualone

Figure 2.
The structures of methaqualone and its analogues.
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Significantly, their parts described antihistamine, cholagogue, and anti-inflamma-
tory properties [10].

N-Heteril derivatives of quinazolinone-4, containing of fragments of antipyrin
and thiazole in the position 3, have anti-hypoxic activity [18].

Anagrelide is a quinazoline compound, possessing anti-thrombocyte aggrega-
tion activity [19]. Quinazoline-derived doxazosin and terazosin (a;-adrenoreceptor
antagonists) show the highest activity in the cancer of the prostate gland [19, 20].

Mokvizon [21] has been found to be used in practical medicine as cholagogue
and hypocholesterolemic remedy (Figure 3).

Among 3-alkyliden-1,2.3,4-tetrahydroquinazolones-4, glycozine was used as
preparation of hypnotic action.

Introduction of chlorine in position seven and sulfamide group in position six
of quinazolines-4 brings the high active diuretics and saluretics of the chlorothia-
zide type. Diuretic action of the substances increases when they are turning from
quinazolones-4 to tetrahydroquinazolones [9].

Compounds, for example, of this type are metolazone, SR 720-22, zaroxoline,
quinethazone, hydromox, and others. They are introduced into medicinal practice
as diuretics and saluretics [4].

Pharmacological screening has allowed revealing the sedative activity for some
derivatives of quinazolinone-4:

4-(2-Phenyl-4-oxoquinazolil) —butyric acid increases the duration of nembutalic
sleep in comparison with control on 106% [22, 23] and influences upon parameters
of hemodynamic system of awake rats [24-26].

Derivatives of quinazoline-4(3H)-one show antimicrobial, antifungal, antima-
larial, antituberculosic, antihypertensive activity, as well as anticonvulsant and
sedative actions [27-30].

The pharmacological studies found that the most activity, that these compounds
have 2', 4'-dimethoxyphenyl radical at position 2 of quinazolone cycle.

So, the most anti-inflammatory activity is characterized by 1-acetyl-2-(2’,
4’-dimethoxyphenyl)-3-[ (4-methoxyphenyl) or (4-chlorphenyl)]-1,2,3,
4-tetrahydroquinazolinones-4.

High anticonvulsant activity was shown in 1-adamantilacetyl-2-(2',4'-dimethox
yphenyl)-3-benzyl-1,2,3,4-tetrahydroquinazolinone-4 [27].

Maokvizon

Glycozine

Figure 3.
The structures of mokvigon and glycozine.
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2-Styril-4-aminoquinazolinones are characterized by strong activity in respect
of gram-positive bacteria, Mycobacterium tuberculosis, pathogenic proterozoic infec-
tion, pathogenic viruses, and fungi [30].

Pharmacological screening of some derivatives of quinazolinone-4 has allowed
revealing for analeptic, anti-inflammatory, and anti-hypoxic activity and slightly
toxic:

4-Amino-4'-[2-phenyl-4-oxoquinazoline-3]-diphenylsulfone (QPhD) and
4,4’-bis-[2-phenyl-4-oxoquinazoline-3]-diphenylsulfone (BisQPhD) have analep-
tic, anti-inflammatory, and anti-hypoxic activities and are slightly toxic [21, 31].

In one study 4-amino-4'-[2-phenyl-4-oxoquinazoline-3]-diphenylsulfone
(QPhD) shows strong immunotropic activity surpassing the comparing drug
methyluracil [32].

In one study 4-(4-Oxo-2-phenyl-4H-quinazolin-3-yl)-N-pyrimidin-2-yl-
benzenesulfonamide (Compound A) and N-(4,6-Dimethyl-pyrimidin-2-yl)-4-
(4-ox0-2-phenyl-4H-quinazolin-3-yl)-benzenesulfonamide (Compound B) show
strong hepatoprotective and antioxidant activity surpassing the comparing drug
Liv-52 [33].

Accessibility of quinazoline derivatives and versatility of their biological
activity attract well-earned attention to similar class of substances. The similar-
ity is not only physicochemical properties of pyrimidine and quinazolinone,
but also spectrum of biological activity opens the new possibilities for search-
ing for high active compounds in these class substances [10, 34]. The extensive
array of information, denoted synthesis, and study of the biological activity
of derivatives of quinazolinon-4 is indicative of exclusive possibility of the
synthesis of new biologically active compounds. Synthesis of 4-(4-oxo-2-phenyl-
4H-quinazolin-3-yl)-N-pyrimidin-2-yl-benzenesulfonamide (Compound A)
and N-(4,6-dimethyl-pyrimidin-2-yl)-4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-
benzenesulfonamide (Compound B) showed high antimalarial activity compared
with chloroquin [35].

The synthesis of 4-(4-oxo-2-phenyl-4H-quinazolin-3-yl) benzene sulfon-
amide (Compound A) and N-acetyl-4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-
benzenesulfonamide (Compound C) having analgesic and anti-inflammatory
activities but Compound C showed a significant activity than Compound A; also
the Compound A has a pharmacological activity more significant than standard
drug diclofenac. Further studies are important to ensure their analgesic and anti-
inflammatory mechanisms.

The docking study explains the inhibitory effect of the A and C compounds
against the in vivo anti-inflammatory and analgesic activity. The compounds A and
C have similar effect as diclofenac and indomethacin reference drugs in the in vivo
anti-inflammatory and analgesic activity [36].

Synthesis of 4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-N-pyrimidin-2-yl-benzene
sulfonamide (Compound B) and N-(4,6-dimethyl-pyrimidin-2-yl)-4-(4-oxo-2-
phenyl-4H-quinazolin-3-yl)-benzene sulfonamide (Compound D) gave aPa < 0.5
as nootropic by the PASS program, but experiments on animals confirmed the anti-
hypoxic activity of the compounds, which means they might occur as new chemical
entities. Compound D has shown the strongest anti-hypoxic activity. A docking
study of the synthesized derivatives with GluA3 confirmed the result in vitro and
revealed that Compound D is an anti-hypoxic agent [37].

Our aim is to focus on all the methods for synthesis and different interesting
biological activities of quinazolinone and quinazoline derivatives.

Our major objective of this project is to give the information in a lucid, con-
densed, and cohesive form and to specially cater the needs of readers in medicine
and pharmacy.
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Chapter2
Biological Activity of
Quinazolinones

Awwad A. Radwan and Fars K. Alanazi

Abstract

The chemical structure of quinazolinones includes benzene ring fused with
2-pyrimidinone (1), 4-pyrimidinone (2) or 2,4-pyrimidinedione (3) ring, and are
named as quinazolin-2(1H)-one, quinazolin-4(3H)-one or quinazolin-2,4(1H,
3H)-one, respectively. The chemical structure of quinazolinones constitutes a
crucial scaffold of natural and synthetic compounds with various therapeutic and
biological activities. Quinazolinones are first synthesized by Stefan Niementowski
(1866-1925) and named after Niementowski quinazolinone synthesis.
Quinazolinones have strongly attracted the interest of medicinal chemist as they
constitute a large class of compounds that exhibited broad spectrum of biological
activities including antimicrobial, antimalarial, anticonvulsant, anticancer, anti-
leishmanial, anti-inflammatory, etc. This chapter provides a brief overview on the
recent advances on chemical and pharmacological aspects of quinazolinone deriva-
tives published in the last decade.
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1. Introduction

Heterocyclic compounds are organic cyclic compounds having at least one atom
other than carbon in their ring structures. Quinazolinones are formed by fusion of
benzene ring with 2-pyrimidinone (1), 4-pyrimidinone (2) or 2,4-pyrimidinedi-
one (3) ring, and are named as quinazolin-2(1H)-one, quinazolin-4(3H)-one or
quinazolin-2,4(1H, 3H)-one, respectively (Figure1).

Quinazolinones are pharmacophoric scaffold ubiquitous in various biologi-
cally active natural products, synthetic compounds, pharmaceutical drugs,
agrochemicals and veterinary products [1]. The chemical structure of quinazo-
linones constitute a crucial scaffold of compounds with various therapeutic and
biological activities such as antimalarial [2], antimicrobial [3, 4], antitubercular
[5], anticonvulsant [6], anticancer [7], antihypertensive [8], anti-diabetic [9],
anti-inflammatory [10], anti-cholinesterase [11], cellular phosphorylation
inhibition [12], dihydrofolate reductase inhibition [13], kinase inhibitory activi-
ties [14], inhibitors of tubuline polymerization [15], diuretic [16], antipsychotic
[17], dopamine agonists [18] and anti-HIV [19]. Quinazolinones (Figure 1) is
a core scaffold for the structure of more than 200 naturally occurring alkaloids
isolated from different plant families and from various microorganisms such as
Bacillus cereus, Peganum nigellastrum, Dichroa febrifuga and Bouchardatia neuro-
cocca [20]. Depending on the position of the keto group, they can be classified
into three types. Among the 2(1H)-quinazolinones (1), 4(3H)-quinazolinones
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Figure 1.
Quinazolinone and quinazolinedione structures.

and 2,4(1H,3H)-quinazolinediones (2), 4(3H)-quinazolinones (3) are most
prevalent and significant in medicinal chemistry possessing a multitude of
pharmacological actions [21]. Quinazolinones are generally classified into four
classes, 2-substituted quinazolinones, 3-substituted quinazolinones, 2,3-disub-
stituted quinazolinones and quinazolinone derivatives including fused quinazo-
linones [22].

2. Synthetic methods of quinazolinones

The number of synthetic methods of quinazolinone cores has intensely
increased from year to year. These advancements in methods of synthesis lead to the
access to new and effective quinazolinone compounds with augmented structural
diversity starting from affordable and easily accessible substrates. In this chapter,
we depict different methods of synthesis of quinazolinone derivatives from cheap
and readily available starting precursors.

2.1 Synthesis of quinazolinone compounds from 2-aminobenzoic acid

Quinazolin-4(3H)-one (4) was synthesized by the reaction of formamide with
2-aminobenzoic acid at 125-130°C and cyclization of 2-aminobenzoic acid takes
place as described in Figure 2 [23]. Synthetic works started from esterification
of 2-aminobenzoic acid and subsequently followed by reaction with isocyanates
afforded 1,3-disubstituted quinazol-2,4(1H, 3H)-diones (5) [24] (Figure 2).
2-mercapto-3-substituted quinazolin-4(3H)-one derivatives (6) (Figure 2) have
been synthesized through the interaction between 2-aminobenzoic acid and cor-
responding isothiocyanate reagent.

In 1960, Ried et al. reported [25-27] the reaction of imidates and 2-aminoben-
zoic acid in methanol at 80°C to afford the desired quinazolinones (7) in good yields
(Figure 2).

A recently reported route, to the synthesis of 2-substituted quinazolin-4(3H)-
ones (7) under microwave conditions was reported by Rad-Moghadam and Mohseni
[28]. This approach involves the condensation of 2-aminobenzoic acid, orthoesters
and ammonium acetate which afford the 2-substituted-4(3H)-quinazolinone (7)
Figure 2.

A solvent-free approach was reported by Li et al. [29] for the synthesis of
2,3-disubstituted-4(3H)-quinazolinones (8). The approach involves the interaction
between 2-aminobenzoic acid, acyl chlorides and aromatic/aliphatic amines in the
presence of SO;H-functionalized Brensted acid ionic liquids as a catalyst under
microwave irradiation (Figure 2). Langer and Déring [30] reported the reaction of
2-aminobenzoic acids with oxalic acid bis(imidoyl) chlorides to prepare quinazoli-
nones (9) Figure 2.

12



Biological Activity of Quinazolinones
DOI: http://dx.doi.org/10.5772/intechopen.90621

Ly

a N{J 0 R

R o du'
N/‘Jh' ‘ke HCOMHs M’:LSH

o #2500, 125-127 1G, Shr
ey 4
(5) . 0

C|
m\i

U‘Ilfﬂng Eﬂ I=- N R
Ry"MH, - 0
Rz-COGI M

SBAILs-1,2 (10 mal%) HN. .
MW, solvent-frec %

CH

ME@ Me mam Me

HG:.S-../-‘H’ \-"'@/“‘--/ \-—-"\_‘_SGEH

SEAILE-Z N HE

Figure 2.
Synthesis of quinazolin-4(3H) one from 2-aminobenzoic acid.

2.2 Synthesis of quinazolinone compounds from 2-aminobenzamide

In 1962, Bake and Almaula [31] have reported the synthesis of 2-carboethoxy-
quinazoline-4(3H)-one 10 through the reaction of anthranilamide and diethyl oxa-
late (Figure 3). Shaterian and Rigi [32] reported a starch sulfate-catalyzed method
for synthesis of 2-substituted-1,2,3,4-tetrahydro-4-quinazolinones 11 (Figure 3).
Zhang and co-workers [33] reported a MnO,-catalyzed method for the synthesis of
2-substituted quinazolinones 12. Anthranilamides undergo a-MnO,-catalyzed oxi-
dative cyclization with alcohols using TBHP as an oxidant (Figure 3). Compound
12 could be obtained through the condensation of anthranilamide with an aldehyde
in refluxing ethanol in the presence of CuCl, [34]. Schiff base intermediate was
first obtained and, in turn, is transformed into the 2-substituted quinazolinones 12
(Figure 3).

In 1887, when Kérner reported that the acylation of anthranilamide results in
diamide intermediate which upon treatment with sodium carbonate or sodium
hydroxide yielded 2-phenylquinazolin-4(3H)-one 12 (Figure 3) [35].

Quinazolin-4(3H) one compound 12 have been developed by Yang et al. via
selective cleavage of the triple bond of ketoalkynes. A reasonable mechanism was
suggested for this reaction (Figure 3). Michael addition of the amino group of
the anthranilamide to the triple bond of the ketoalkyne generated the enaminone
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intermediate which upon acid catalyzed intramolecular cyclization with subsequent
C-C bond cleavage afforded final product 12.

2.3 Synthesis of quinazolinone compounds from o-substituted aniline

Yan et al. [36] reported a C(sp3)-H oxidative amination, tandem condensa-
tion oxidation, catalyzed by iodine method to access quinazolinone compound 13
(Figure 4).

Natte and co-workers [37] reported the reaction of 2-iodoanilines, amines and
trimethyl orthoformate catalyzed by Pd/C afforded quinazolin-4(3H) one com-
pounds 13 (Figure 4).
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Figure 3.
Synthesis of quinazolin-4(3H) one from 2-aminobenzamide.
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Synthesis of quinazolinone compounds from o-substituted aniline.
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Mizuno et al. [38] synthesis of qiunazolin-2,4-(1H,3H) ones (2,4-dihydroxy-
quinazolines) 15 using 2-aminobenzonitriles starting materials in the presence
of carbon dioxide and suitable base. The reaction first generates the carbamate
salts followed by nucleophilic cyclisation via attack of the carbamate oxygen
onto the cyano group with subsequent rearrangement into an intermediate that
is protonated yielding the desired 2,4-dihydroxyquinazoline 15 (Figure 4). Also,
amidation of anthranilamide with 3-phenylacryloyl chloride with subsequent

oxidative ring closure using base catalyst revealed 2-styryl-4(3H) quinazolinone
16 (Figure 4) [39].

2.4 Synthesis of spiroquinazolinones

Revathy and Lalitha [39] reported a method of p-Toluene sulfonic acid-catalyzed
synthesis of spiroquinazolinones 17 using anthranilamide and with ketones as start-
ing materials (Figure 5). Tajbakhsh et al. [40] reported a H;POs-catalyzed method
for synthesis of spiro2,3-dihydroquinazolin-4(1H)-ones 18 using isatoic anhydride,
hydrazides and cyclic ketones, in the presence of H;POj; catalyst (20 mol %, in
ethanol) (Figure5).

2.5 Synthesis of heterocycle-fused quinazolinones

Yang et al. [41] reported the synthesis of tricyclic quinazolinones 19 using
formic acid-catalyzed intramolecular cyclization of 3-(2-aminoalkyl)-2-
(phenylamino) quinazolin-4(3H)-ones (Figure 6).

Reddy et al. [42] reported a Cul/DMSO-catalyzed domino oxidative method for
the synthesis of tryptanthrin compound 20 through the interaction of 2-aminoace-
tophenone and isatoic anhydrides (Figure 6).

Foldesi et al. [43] reported the synthesis of the tetracyclic pyrrolotriazepino-
quinazolinone derivative 21 the interaction between 1-aryl-4-(methylsulfanyl)-5H-
pyrrolo[2,1-d] [1, 2, 5] triazepines and anthranilic acid under reflux in acetic acid
(Figure 6).

Yuan et al. [44] developed a process to prepare 1H-pyrimido[2,1-b]quinazoline-
2,6-dione derivatives 22. The product was accessed through a tandem aza-Wittig/
nucleophilic addition/intramolecular cyclization/isomerization reaction of
(E)-methyl 2-((2-azidobenzamido) methyl)-3-phenylacrylate with triphenylphos-
phine and isocyanates (Figure 6).

Wang and Ganesan [45] reported the synthesis of luotonin A, 23 through the
reaction of anthranilic acid with 1H-pyrrolo[2,3-b]quinolin-2(3H)-one (Figure 6).
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Figure 5.
Synthesis of spiroquinazolinones.
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Figure 6.
Synthetic methods of heterocycle-fused quinazolinones.

3. Biological applications of quinazolinones

Natural quinazolinones that widely used in traditional folk medicines are
isolated from the plants and microorganisms while the major quinazolinone
derivatives are accessed through synthetic process by some chemical reactions.
Quinazolinone compounds constitute most privileged class of biologically active
heterocyclic compounds. Because of their wide spectrum of biological activities,
quinazolinones either from natural source or from synthetic origin, have prompted
the medicinal chemist for structural design of these active compounds to develop
high selective and potent pharmacological activities.

3.1 Anticancer activity

The natural cytotoxic quinazolinones are depicted in Figure 7. The Chinese
herbal medicinal plant, Luotonin A 23, Figure 7 is a cytotoxic natural alkaloid pos-
sessing pentacyclic fused-quinazolinone moiety. It was first isolated from Peganum
migellastrum in 1997 and it is in clinical use as anticancer agent and showed low
human human topoisomerase-I inhibitor activity [46].

Topoisomerases being major targets for anticancer drug design, the luotonin A
was used as a lead compound for development of analogs with increased potency
[47]. In comparison with the luotonin A, the majority derivatized analogs explored
higher activity for topoisomerase I inhibition and better in vitro cytotoxicity than
lutonin A [47]. In view of these results, luotonin A is considered as a pharmacoph-
oric core for the design of new topoisomerase I inhibitors [48].

In 2006, (—)-chaetominine 24, a tetracyclic tripeptide alkaloid (Figure7)
was isolated from an endophytic fungus, Chaetomium sp. IFB-E015, and showed
smaller ICsy than the most frequently prescribed anticancer drug 5-fluorouracil
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Chemical structure of anticancer compounds.

against human leukemia K562 (IC50 21 pM) and colon cancer SW1116 (IC50
28 uM) cell lines with ICsq values [49].

Quinazolinone alkaloids, auranomides A-C (25-27) were isolated from
Penicillium aurantiogriseum and showed moderate cytotoxicity against human
tumor cells [50]. Sartorymensin (28), a hexcyclic indoloazepine-fused quinazo-
linone derivative was isolated from Neosartorya siamensis fungus (KUFC 6349)
showed a moderate iz vitro growth inhibitory activity of several cancer cell lines
[51]. The 2-substituted quinazolinone alkaloid, bouchardatine (29), isolated from
Bouchardatia neuvococca (Rutaceae), showed anti-cancer effects [52]. The aurantio-
mides B and C (30, 31) isolated from Penicillium aurantiogriseum fungus derived
from sponge and showed moderate activities (IC50 values of 52-54 pg/mL against
HL-60 and P-388 for aurantiomide B and IC50 values of 48-62 pg/mL against P-388
and BEL-7402 for aurantiomide C) [53].

Mahdavi et al. [54] developed a new N-substituted 2-arylquinazolinones bearing
transstilbene moiety 32 showed good profile (IC50 < 5 pM) against human ductal
breast epithelial tumor (T-47D) and human breast adenocarcinoma (MCF-7 and
MDA-MB-231) showing two-fold potency more than etoposide standard drug.
2-(piperazin-1-yl-methyl) quinazolin-4 (3H)-one (33, R = Acetyl, Propionyl)
showed potent anti-cancer activity [55]. While, 3-(2-chloro benzylidinamine)-
2-(furan-2-yl)quinazoline-4(3H)-one (34) showed high activity against ovarian
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and non-small cell lung cancer [56]. 7-chloro-3-{[ (4-chlorophenyl) methylidene]
amino}-2-phenylquinazolin-4(3H)-one (35), explored significant activity against
CNS Cancer cell line [57].

Zayed et al. [58] developed a quinazolinone-bearing sulphonamide moiety
compound 36 which upon MTT ass showed IC50 value of 2.51 uM, whereas, the
reference drug (methotrexate) exhibited an IC50 value of 2.4 uM, against Michigan
Cancer Foundation-7 (MCF-7) breast cancer cells, National Cancer Institute (NCI)
lung cancer cells and Human Embryonic Kidney-293 (HEK-293) normal kidney
cell. 6-Substituted quinazolinone compound 37 was reported by Malinowski et al.,
revealed significant activity toward both HT29 (IC50 = 50.90 pM) and HCT116
(IC50 = 46.00 pM) cells lines [59].

Ahmed and Belal reported 2-furylquinazolinone derivatives including com-
pound 38 that explored IC50 value equal to 7 pM/mL on MCF7 cells, and promising
inhibitory activity against EGFR-TK [60], and compound 39 depicted a 24-fold
higher potency than doxorubicin on HCT116 cancer cells, with IC50 values of
0.2 nmol/mL. Also, compound 39 showed a similar potency to the doxorubicin on
MCF7 cell lines and remarkable EGFR inhibitor activity compared with erlotinib
standard drug [61].

3.2 Anti-inflammatory activity

The inflammation is a biochemical reactions response that protects the body
from infection and injury. It reflects the response of the organism to various stimuli
and is related to many disorders such as arthritis, asthma and psoriasis which
require prolonged or repeated treatment. The major cause of inflammation the
release of chemicals from tissues such as the prostaglandins, histamine, leukot-
rienes, bradykinin, platelet-activating factor and interleukin-1. Corticosteroids
inhibit the synthesis of both PGs and LTs through the release of lipocortin, which
inhibits phospholipase A2 and subsequently reduces arachidonic acid release
alleviating the inflammation of either rheumatoid arthritis or asthma. While
nonsteroidal anti-inflammatory drugs NIASID relieve the inflammation through
the inhibition of the cyclooxygenase enzyme and reducing the synthesis of pros-
tanoids [62]. Figure 8 shows the chemical structure of the anti-inflammatory
quinazolinone compounds. Spiro [(2H,3H) quinazoline-2,10-cyclohexan]-4(1H)-
one compounds 40 and 41 were reported as potent anti-inflammatory and analgesic
activity of superior GIT safety margin in rats model compared with indomethacin
(10 mg/kg) and tramadol (20 mg/kg) as reference standards [63].

Abbas SE et al. [64] reported a new quinazolinone-pyrimidine hybrid com-
pound (42) which showed more activity and less ulcerogenicity than diclofenac
(IC50 = 116.73 pmol/kg; ulcer index = 11.38). The compound explored two-fold
more selective inhibition of COX-2 than COX-1.

Hemalath K et al. [65] reported a novel quinazolinone derivative (43) that
explored 36.3 inhibition of oedema in animal model and showed anti-inflammatory
activity as same as phenyl butazone reference drug at a p.o. dose of 25, 50, and
100 mg/kg. Hemalath K et al. [65] also developed a 2,3-dihydroquinazolin-4(1H)-
one (44) succeeded to produce higher protection against bovine serum albumin
(BSA) denaturation that displayed higher protection than diclofenac sodium refer-
ence drug. Manivannan et al. [66] designed new quinazolinone derivatives (45;
R1=H, Br, R2 = H, CI; R3 = H, OCHj;) and assayed the derivatives for cyclooxygen-
ase inhibitions by ovine COX and carrageenan-induced rat paw oedema methods.
Four compounds showed potent anti-inflammatory activity with oedema inhibition
percentage of 49 + 1.16, 45 + 0.82, 46 + 1.36 and 54 + 1.83 using indomethacin drug
as reference.
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Figure 8.
Chemical structure of anti-inflammatory quinazolinone derivatives.

Mohamed MS et al. [67] have synthesized a series of 2-phenyl-4(3H) quinazoli-
none derivatives of which to compounds (46, 47) showed considerable potent anti-
inflammatory activity in rats model with oedema inhibition percentage of 46 + 1.26,
43 £ 1.82 using indomethacin standard drug in 3 hrs.

Rakesh et al. [68] have synthesized a series of Schiff base derivatives of quin-
azolinone and got excellent anti-inflammatory activity for synthesized compounds
(48;n=2,3,R =Cl, NO,).

3.3 Anticonvulsant activity

Epilepsy is defined a chronic neurological syndromes and marked by neuronal
firing and neuronal hyperexcitability. Although, the available antiepileptic thera-
peutics explore satisfactory seizure control in about 70% of epileptic patients, it has
become very urgent to search for new antiepileptic compounds with fewer side-
effects and less toxicity.

Figure 9 shows chemical structures of anticonvulsant agents. The structure-
activity relationship of the anticonvulsant activity of 4(3H)-quinazolinones nucleus
revealed the crucial role of a methyl group at position 2 and a substituted aromatic
ring at position 3 for the anticonvulsant activity of compounds such as methaqualone
(49; R1 = CH3, R2 = o-tolyl, R3 = H), etaqualone (49; R1 = CH3, R2 = 2-ethylphenyl,
R3 = H), mecloqualone (49; R1 = CH3, R2 = o-chlorophenyl, R3 = H), methyl-
methaqualone (49; R1 = CH3, R2 = 2,4 = dimethylphenyl, R3 = H), piriqualone (49;
R1 = CH3, R2 = ((E)-2-pyridin-2-ylethenyl), R3 = H) and afloqualone (49; R1 = fluo-
romethyl, R2 = o-tolyl, R3 = NH2) [69]. Against electroshock induced convulsions
methaqualone is 1.5 times more potent anticonvulsant than phenytoin sodium and
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Figure 9.
Chemical structure of anticonvulsant agents.

against pentylenetetrazol-induced seizures it is 10 times more potent than troxidone
[70]. Methaqualone produces anticonvulsant effects, through the GABA type A
receptors, at low doses while at higher doses, it produces muscle-relaxant and seda-
tive effects [71].

Al-Salem et al. [70] reported 4(3H)-quinazolinone bearing hydrazinecarbothio-
amide, benzenesulfonohydrazide or phenylacyl acetohydrazide moiety. Compounds
50-53 were most potent with 100% protection against PTZ-induced convulsions
compared with the reference drug sodium valproate. Abuelizz HA et al. [72] syn-
thesized a of 6,8-diiodo-2-methyl-3-substituted-quinazolin-4(3H)-ones analogues
(54; R = Cl, Br, F) that revealed good anticonvulsant activity as evaluated by the
maximal electroshock-induced seizure and subcutaneous pentylenetetrazole tests.

A series of novel 3-[5-substituted phenyl-1,3,4-thiadiazole-2-yl]-2-styryl
quinazoline-4(3H)-one derivatives has been synthesized by Jatav et al. [73]. Of this
series, compounds 55 and 56 revealed anticonvulsant activity results at 0.5 and 4 h
in both MES and scPTZ test models, whereas compound 57 explored anticonvulsant
activity results at 4 h in MES model and at 0.5 and 4 h in scPTZ model.

3.4 Antimicrobial activity of quniazolinones

2-oxo-azetidinyl-quinazolin-4(3H)-ones (58) possess antimicrobial activ-
ity against S. aureus, B. subtilis, E. coli and C. albicans [74]. 2-Mercapto-3-(4-
chlorophenyl)-6-iodo-3H-quinazolin-4-one derivatives (59-62) were reported to
show a significant antimicrobial activity and could be useful as lead compounds for
further design and discovery of more potent antimicrobials [75].

Vani et al. [76] synthesized a series of quinazolin-4(3H)-one-triazole hybrids
(63-65) quinazolin-4(3H)-one and oxadiazole hybrids (66-68). Compounds
64-67 showed significant antibacterial activity against all the bacterial strains,
Gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis) and Gram-negative
bacteria (Escherichia coli, Pseudomonas aeruginosa), while compounds (63, 67, 68)
showed highest activity against fungal species, Candida albicans and Aspergillus
niger compared with ciprofloxacin and fluconazole as reference drugs, respectively.

20



Biological Activity of Quinazolinones
DOI: http://dx.doi.org/10.5772/intechopen.90621

Kohli et al. reported the antimicrobial activity of the derivatives of 4-Oxo-2-
phenylquinazolin-3(4H)-yl-amine (69; R = H, CHj;, C,Hs) against bacterial strains
Staphylococcus aureus and Escherichia coli using ampicillin drug reference at a
concentration 100 pg/ml [77].

Sowjanya et al. [78] reported the synthesis of 2-(Substituted styryl)-quinaz-
oline-4(3H)-ones (70; R = H, CHj, C,Hs) as antibacterial agents against bacterial
strains Bacillus subtilis, Staphylococcus aurveus (Gram-positive), Escherichia coli and
Proteus vulgaris (Gram-negative) using 100 pg/ml of streptomycin and penicillin as
standard drugs.

El-Hashash et al. [79] reported the synthesis of quinazolinones bearing sulfon-
amide moiety (71-73) as antimicrobial against Gram-positive bacteria S. aureus
and B. cereus and Gram-negative bacteria S. marcescens and P. mivabilis and as
antifungal agents against A. ochraceus Wilhelm and P. chrysogenum using ampicillin
and mycostatin as standards, respectively. Figure 10 shows the chemical structure
of antimicrobial compounds (58-73).

Figure 10.
Chemical structure of antimicrobial compounds.
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3.5 Antimalarial activity

Malaria is a parasitic disease caused by Plasmodium species parasite. It is wide-
spread in several regions in Africa, Asia and South America. These parasites have
developed a drug resistance to almost all the commercially available antimalarial
drugs. The good antimalarial potency and the less side effects of quinazolinone
compounds promote the researchers for the development of new antimalarial
compounds [80].

In 1948, Febrifugine (74), a Chinese traditional herb, has been extracted from
leaves of Dichroa febrifuga that was found in the garden plant Hydrangea. It has
50-100 times as antimalarial as quinine in iz vivo model. Febrifugine analogues
WR140085 (75), WR090212 (76), WR146115 (77) were reported as potent anti-
malarial agents. The gastrointestinal side effects of (74) and the macrophage cells
mediated clearance of (75-77) requested further therapeutic development and
discovery of new antimalarial drugs [2]. Birhan et al. [81] have synthesized 3-aryl-
2-(substituted styryl)-4(3H)-quinazolinone derivatives (78, 79) as potent antima-
larial agents (Figure 11).

3.6 Antiviral activity

Wang et al. [82] reported quinazolinone derivatives (80, 81) with potent
antiviral activity against HIV and TMV. Gao et al. [83] have synthesized a series of
2-aryl- or 2-methyl-3-(substituted benzalamino)-4(3H)-quinazolinone derivatives
and found that the compounds (82) and (83) exhibit good antiviral activity against
TMV (Figure12).

Liu et al. [84] reported a series of 2-pyridinyl-3-substituted-4 (3H)-quinazoli-
nones as anti-influenza A virus agents. Of these derivatives, compounds (84-87)
revealed potent activity (IC50 = 51.6-93.0 pM) better than that of the clinically used
drug, ribavirin. Also, it was reported that compound (87) could inhibit influenza A
virus propagation through inhibition of cellular NF-kB pathway, although it was not
as effective as ribvarin (Figure 12).

3.7 Cathepsin inhibitor activity

Cathepsins B and H are cysteine proteases that plays a major role in cancer
progression as they degrade extracellular matrices facilitating invasion, angiogen-
esis and metastasis. Therefore the research community has been prompted to the
discovery of potent cathepsins inhibitor hemotherapeutics [85].

Singh and Raghav [86] reported the synthesis of a series of 2,3-dihydroquin-
azolin-4(1H)-ones and evaluated it as cathepsins inhibitors, Figure 13. Of these
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Chemical structure of cathepsins inhibitors.

compounds, 2-(4-fluorophenyl)-2,3-dihydroquinazolin-4(1H)-one (88; R = F) and
2-(4-chlorophenyl)-2,3-dihydro quinazolin-4 (1H)-one (88; R = CI) substituted
compounds showed maximum inhibition on cathepsin B. Whereas for cathepsin
H, 2,3-dihydro-2-(4-methylphenyl)quinazolin-4(1H)-one (88; R = Me) and
2-(4-fluorophenyl)-2,3-dihydroquinazolin-4 (1H)-one (88; R = F) have been found
to be the most potent inhibitors.

Raghav and Singh [87] reported the synthesis of bischalcones and their
quinazoline-2(1H)-one (89, 90; R = H, NO,, CH;0, (CHj3),N) and quinazoline-
2(1H)-thione (91, 92) derivatives as cathepsin B and cathepsin H inhibitors,
(Figure 13). Bischalcones and their quinazoline-2(1H)-thione derivative (91, 92;

R = H, NO,, CH;0, (CHj3),N) inhibited both cathepsins in a competitive manner
whereas quinazoline-2(1H)-one derivative (89, 90) inhibited both cathepsins in a
non-competitive manner.

3.8 Topoisomerase inhibitor activity

The DNA replication process is controlled essentially by DNA topoisomerase I
(Topl) through the relaxation of the nucleic acid’s supercoiled structure. Basically,
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DNA Topl attracts the interests of research community as a cancer chemotherapy
target [88]. Efforts to overcome side effects of these clinically used anticancer Topl
inhibitors, particularly bladder toxicity, had led to the development of luotonin A
alkaloid and discovery of its Topl inhibitory activity [89].

Ibric et al. reported the development of novel luotonin A isomeric conge-
ners bearing an amino at positions 1, 2, 3, and 4, (93-97) Figure 14 [90]. These
compounds revealed significant profile of cytotoxic activity and G2/M cell cycle
arrest, proposing either Topl is not the only target, or some atypical mechanism is
accountable for inhibition of Topl enzyme.

Khadka et al. [91]. synthesized 2-arylquinazolinone derivatives (98-100) to
investigate these compounds as effective, safe, and selective cytotoxic agents target-
ing topoisomerases (topos). These compounds showed superior potency as topo
I-inhibitors but were inactive against topo Ila.

Kamata et al. have prepared series of pyrimidoacridones (101),
Pyrimidocarbazoles (102) and pyrimidophenoxadines (103) (Figure 14), and
as topoisomerase II inhibitors [92]. Against P388 and KB cell lines, pyrimidocar-
bazoles and pyrimidophenoxadines were more potent than pyrimidoacridines.
Pyrimidocarbazoles inhibited the in vivo tumor growth of mouse sarcoma M5076
with T/C values of 42% at 3.13 mg/kg/d, and increased the level of DNA-topo II
cross-linking in P388 cells.

3.9 a-Glucosidase inhibitor activity

Diabetes is a reduced ability to convert glucose into energy inside the body.
The role of insulin is the glucose transfer from blood into cells. A large number of
antidiabetic agents with different mechanism of action are available in the market.
Saeedi M et al. [93] reported a series of quinazolinone-1,2,3-triazole hybrids
10a-p as potent a-glucosidase inhibitors for use as anti-diabetic agents that exhibited
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more potent inhibitory activity against yeast a-glucosidase (IC50 181.0-474.5 pM)
than reference drug acarbose (IC50 = 750.0). From these compounds, quinazoli-
none-1,2,3-triazoles possessing 4-bromobenzyl moiety connected to 1,2,3-triazole
ring (104, 105; Figure 15) demonstrated the most potent a-glucosidase inhibitor
activity. Triazoloquinazoline compounds (106-110; Figure 15) were reported as
highly potent inhibitor of a-glucosidase enzyme (IC50 = 12.70 + 1.87, 28.54 + 1.22,
45.65 + 4.28,72.28 + 4.67 and 83.87 + 5.12 pM, respectively) compared with the
reference standard acarbose (IC50 = 143.54 + 2.08 uM) [94].

Javaid et al. [95] reported a quinazolinone derivative (111; Figure 15) with IC50
value of 0.3 + 0.01 pM which is about 2800-fold more potent than acarbose refer-
ence standard drug. Rahman et al. [96] synthesized a series of hybrid compounds
consisting of N-substituted-(4-oxo-2-substituted-phenylquinazolin-3-(4H)-yl) sub-
stituted benzene sulfonamide derivatives. From this series, compounds (112-116;
Figure 15) explored significant antidiabetic activity.

3.10 Thymidine synthase inhibitor activity

Thymidylate synthase enzyme (TS) plays a crucial role in the DNA biosynthe-
sis that it catalyzes the conversion of deoxyuridine monophosphate (dUMP) to
deoxythymidine monophosphate (dTMP), one of the nucleotides that constitute
the DNA. Inhibition of TS results in imbalance of deoxynucleotides that increase
the level of dUMP and finally leads to DNA damage [97]. TS is considered as inter-
esting chemotherapeutic target for treatment of pancreatic, colorectal, ovarian,
breast and gastric cancers [98].

In 1998, raltitrexed (117) a quinazolin-4-(1H)-one compound that has been
clinically approved by EMA for treatment of colorectal cancer. Also, pemetrexed
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Chemical structure of compounds with a-glucosidase inhibitor activity.
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(118) is a quinazolin-4(1H)-one compound that is clinically approved by EMA and
FDA in 2001. Both raltitrexed and pemetrexed are considered as classical antifo-
lates as they are folate analogs containing a pterin ring and a charged glutamate
tail, therefore they need active internalization into the cells through folate carrier
system [99].

In recent studies, El-Messery SM et al. [100] synthesized a series of 2,3,6-sub-
stituted quinazolin-4(3H)-ones. Of these compounds, compound (119; Figure 16)
is the most potent inhibitor of bovine liver DHFR (with IC50 = of 0.02 uM). It was
reported that 2-mercaptoquinazolin-4(3H)-one derivative is a potent bovine liver
DHER inhibitor (120; Figure 16) (IC50 = 0.01 uM) [101]. Javaid and co-workers
[102] reported a series of 25 2-arylquinazolin-4(3H)-ones as potent thymidine
phosphorylase inhibitors among these derivatives compounds (121, 122; Figure 16)
were identified as the lead compounds (IC50 = 42.9 + 1.0 and 59.5 + 1.9 pM,
respectively).

3.11 Monoamine oxidase inhibitor activity (MAO)

In human, monoamine oxidases (MAOs) are mitochondrial bound enzymes that
are responsible for oxidative deamination metabolism of neurotransmitters such
as dopamine, serotonin, norepinephrine and epinephrine. In the brain, MAO-A
enzyme isoform metabolizes serotonin, therefore specific MAO-A inhibitors are
used the treatment of anxiety and depression disorder [103]. On the other hand,
MAO-B enzyme metabolizes dopamine in the brain thus MAO-B specific inhibitors
are prescribed for the treatment of Parkinson’s disease [104].

Quinazolinone moiety, one of numerous MAO inhibitor scaffolds, it has
been explored as lead for the further development of potent MAO inhibitors.
Compounds (123-127; Figure 17) are representative MAO-inhibitor examples of
4(3H)-quinazolinones [105].

Qhobosheane et al. reported seven quinazolinone compounds (IC50 < 1 uM)
ascertained as potent and specific MAO-B inhibitors, among them the most potent
inhibitor, 2-[(3-iodobenzyl)thio]quinazolin-4(3H)-one (128; Figure 17), with
IC50 value of 0.142 pM. Although these derivatives have been proved as reversible
and competitive MAO-B inhibitor (Ki = 0.068 pM), none of the them were MAO-A
inhibitors [106].
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Chemical structure of monoamine oxidase (MAQ) inhibitors.

Khattab et al. [107] reported a series of quinazolinone bearing amino acid ester
or amino acid hydrazides (129-131; Figure 17) that revealed competitive higher
inhibitory activity toward MAO-A than MAO-B. The anti-MAO-A activity were
comparable with that of the standard reference clorgyline (IC50 = 2.9 x 10™° M).
Compounds (130, 131) were the most selective MAO-A inhibitors with selectiv-
ity index of 131 (SI = 39,524) superior to that of the reference drug clorgyline
(SI = 33,793).

4. Marketed quinazolinone drugs

Proquazone is non-steroidal anti-inflammatory drug (Biarison®) (132;

Figure 18) manufactured by Novartis pharmaceutical company. Also, it is used in
the treatment of degenerative joint disease.

Nolatrexed [108] compound (133; Figure 18) is a thymidylate synthase inhibi-
tor drug manufactured by Agouron pharmaceutical company under trade name
Thymitaq®. In 1998, Zarix licensed Thymitaq® from Agouron. It is used in treat-
ment of liver cancer.

Quinethazone or Hyromox® [109] (134; Figure 18) has been marketed as anti-
hypertensive drug by Lederle pharmaceutical company and was recently withdrawn
from the market.

Fenquizone’s brand name is Idrolone® (135; Figure 18) [110], it is marketed by
Maggioni pharmaceutical company. It is a low-ceiling diuretics used in the treat-
ment of oedema and hypertension.

The brand name of albaconazole [111] is Albaconazole® (136; Figure 18). It
was marketed by GlaxoSmithKlyne pharmaceutical company as an oral and topical
antifungal agent.

Febrifugine, Dichroin B® or ChangShan® (137; Figure 18) [112] was isolated
from Chinese herb Dichroa febrifuga as potent antimalarial drug and was marketed
by Hawaii Pharm pharmaceutical company.
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Chemical structure of marketed quinazolinone drugs.

The brand name of afloqualone is Arofuto® (138; Figure 18) [113]. It is mar-
keted by Mitsubishi Tanabe Pharma pharmaceutical company as sedative and
muscle relaxant drug.

Evodiamine (139; Figure 18) [114] has been isolated from the Evodia plants and
was found to reduce fat uptake in animal model. It is used for bodybuilding as over
the counter supplements.

5. Conclusions

This chapter depicts different methods of synthesis of quinazolinone derivatives
starting from affordable and easily accessible substrates including 2-aminobenzoic
acid, 2-aminobenzamide, o-substituted aniline in addition to the synthetic methods
of spiroquinazolinones and heterocycle-fused quinazolinones. Also, the chapter
discusses different biological applications of both natural and synthetic quinazoli-
nones. The last section in this chapter lists common quinazolinone drugs that have
been approved in the market.
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Chapter 3

Synthesis of Quinazoline and
Quinazolinone Derivatives

Heba E. Hashem

Abstract

Active heterocyclic compounds are one of the main topics of interest for the
medicinal chemists as they display a number of pharmacological activities. Nitro-
gen, sulfur, and oxygen containing five- and six-membered heterocyclic com-
pounds have occupied enormous significance in the field of medicinal chemistry.
The most important six-membered heterocyclic compounds are quinazoline and
quinazolinone derivatives for their biological activities. The current chapter
outlined the different methods for synthesis of quinazoline and quinazolinone
derivatives that possess broad spectrum of biological activities.

Keywords: quinazoline, quinazolinone synthesis, six-membered heterocycles,
biological activity

1. Introduction

Quinazoline (1,3-diazanaphthalene or 5,6-benzopyrimidine) and 4(3H)-
quinazolinone derivatives have a great interest in organic synthesis and medicinal
chemistry fields as they possess a broad range of pharmacological activities. They
exhibit antimicrobial [1], antimalarial [2], antioxidant [3], anti-inflammatory [4],
anticonvulsant [5], antihypertensive [6], antidiabetic [7], and antitumor activities
[8-10].

Many quinazolinone derivatives occurred naturally in various classes of the
plant kingdom, microorganisms, and different animals (Figure 1). The first discov-
ery of quinazolinone alkaloid is febrifugine which possesses antimalarial potential,
extracted from the Chinese plant aseru (Dichroa febrifuga Lour) [11].

Quinazoline is a heterocyclic compound of two fused six-membered simple
aromatic rings—benzene and pyrimidine ring. It is a yellow-colored compound,
found usually in crystalline form. Its oxo-derivative (quinazolinone) is classified
into three types according to the position and number of carbonyl group: 2(1H)
quinazolinones, 4(3H)quinazolinones, and 2,4(1H,3H)quinazolinedione (Figure 2).

2. Chemistry of quinazoline

Quinazoline is a compound made up of two fused six-membered simple
aromatic rings—benzene and pyrimidine ring. The properties of the pyrimidine
ring were affected by the presence of fused benzene ring. The two nitrogen atoms
are not equivalent, and the marked polarization of the 3,4-double bond is reflected

41 IntechOpen



Quinazolinone and Quinazoline Derivatives

o ~
HO
P
Febrifugine
Asperlicin C &
)
4
. Z Nl
=
H,C

. Circumdatin F
Rutaccarpine

Figure 1.
Structure of different quinazolinone alkaloids.
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Figure 2.
Structure of quinazoline and different quinazolinone compounds.

in the reactions of quinazoline. The properties of quinazoline derivatives depend on
the following three factors:

a. The nature of the substituents

b. The presence of substituent whether they are in the pyrimidine ring or in the
benzene ring

c. The presence of conjugation in the pyrimidine ring
The first synthesized quinazoline in laboratory was achieved by Gabriel in 1903

[12]. Most of quinazoline derivatives are stable in cold acidic or basic medium but
can be destroyed at high temperature and undergo ring opening reaction, affording

2
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O-aminobenzaldehyde, ammonia, and formic acid. Quinazoline derivative can be
easily oxidized in acidic medium at room temperature to give 3,4-dihydro-4-oxo
quinazoline, while in alkaline medium using potassium permanganate will afford
3,4-dihydro-6 4-oxo quinazoline (cf. Figure 3).

3. Spectral characterization of quinazoline and quinazolinone
derivatives

The spectroscopic analysis of some synthesized quinazoline and quinazolinone
derivatives was studied to investigate their structures including infrared, mass
spectroscopy, "HNMR, and elemental analysis. The resulted data could be taken as
standard for the new synthesized quinazoline analogue [13].

3.1 Infrared spectra

Quinazoline derivatives found to give mainly three absorption bands in IR
spectra: 1478-1517, 15661581, and 1612-1628 cm % these represented bands are
correlated to C—N, C=C, and C=N groups, while quinazolinone compounds showed
1680-1700 and 1640-1660 cm ™' corresponding to C=0 and C=N groups [13, 14].

9,29
H

7.79
Z
8.01 N 9.23
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The "HNMR spectra of quinazoline and quinazolinone derivatives are different
from each other according to the presence of acidic proton and its position in the
presented compound. In general the IHNMR spectrum of the main quinazoline (I)
represents multiple signals in the aromatic region 8 7-8 and two singlet signals for
the two CH=N protons at 8 9-9.5 ppm, while quinazolinone (II) will show also
signals of aromatic protons in the same region as well as one singlet signal for CH=N
proton and one broad singlet signal at the down-field region for the NH proton at §
12-13 ppm [13, 14].

On the other hand, the >C NMR spectrum for quinazoline and quinazolinone
derivatives is nearly the same, as it shows signals at § 100-160 ppm region.

4. Synthesis of quinazoline and quinazolinone derivatives

The synthesis of various quinazoline compounds is largely based on the
substitution patterns of the 1,3-diazine moiety of the system. The first quinazoline
derivative (2-cyano-3,4-dihydro-4-oxoquinazoline) was synthesized in 1869 by the
reaction of cyanogens with anthranilic acid [15]. Many years later quinazoline was
obtained by decarboxylation of the 2-carboxy derivative (quinazolinone) which
can be synthesized more easily by a different method.
4.1 Synthesis of quinazolinone

4.1.1 Niementowski’s synthesis

From anthranilic acid and formamide.

CO0OH
HCONH, NH
—_—
., 125-130°C x)

4.1.2 Grimmel, Guinther, and Morgan’s synthesis

From the reaction of o-amino benzoic acid with amine in the presence of
phosphorus trichloride in toluene.

COOH
—_—
HCHOR PCly

4.1.3 From 3,1,4-benoxazones (acylanthranils) and amines

| + H;PO, + HCI 4 H5O
**7]\

R

Various quinazoline and quinazolinone derivatives can be synthesized from the
reaction of benzoxazinone and different amine compounds in different media.

4.1.3.1 Reaction with ammonium hydroxide
When ammonium hydroxide reacted with benzoxazinone (1) over 1-3 h, it

produced anthranilamides (2) which cyclizes to 4-quinazolones (3) under thermal
conditions (240-280°C) or on heating with acetic anhydride [16, 17].
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o 4]
CONH;
. ¥ NH,OH — . HiH
N/)\H HHCOR H/A\H
{1 ¥

(2)

X=H, Cl, Br, Mc
R= alkyl, PhY (¥=Br, NHMe), CH,CN

4.1.3.2 Reaction with different aromatic amines

It was stated by several authors that 2-substituted benzoxazinone reacted
easily with primary aromatic amines, giving the corresponding quinazolones

(4) [18].
(4]
I

N

PR

N R

(4)

On the other hand, reaction of benzoxazinone (5) with o-phenylenediamine
gave quinazolinone derivative (6) or the fused quinazoline derivative (7) according

to the reaction medium [19].
HaH
0
E1OH ! "
——————

gla.AcOH "l\z
M 1
(6)
o]
[
4] a-phenylenediamine =
PN y
e | B
N
() gla.AcOH /I\
— =
AcONa N El
(7

4.1.3.3 Reaction with hydrazine hydrate

It was reported that benzoxazinone (8) reacted with hydrazine hydrate
in ethanol and has the corresponding quinazolinone (9), while carrying out
the same reaction in boiling acetic acid glacial afforded the fused quinazoline
(10) [13].
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E1OH N
—

j\ NH,NH, Hy0

H CHy

(5}

.-'\;;f]]l [

4.1.3.4 Reaction with different carbohydrazide

Treatment of 2-substituted-3,1-benzoxazin-4-ones (11) with semicarbazide
hydrochloride in dry pyridine is a good way to construct a third heterocyclic ring
condensed with quinazoline (12) [18].

B
o ‘\II.(II‘.I'\.HN]I HC1
P} ridine )\
/)\
] Me

Br (1 (12

The reaction of benzooxazinone (8) with 2-benzamido-3-phenylacrylohydrazide
(13) glacial acetic acid in the presence of fused sodium acetate gave quinazoline
derivative (14). In contrast, their reaction in pyridine afforded pyrazoloquinazoline
derivative (15) [13].

2 HHCOPh
H
Q N
A + HaNT CHPh
M CHy
(%) a
(13)
miine
A(‘U){ AcDNa M
(4] MNHCOPHh
H
N"N CHPh cHFh
?k o
M CHy HEOPH
(14)

(15)
Reaction of benzoxazinone (8) with cyanoacetohydrazide gave the corresponding

cyano quinazolinone (16) which was reacted with different nucleophiles to give fused
quinazoline and annulated quinazolinone derivatives (17-19) [13].
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L] CHy L] CHy

(&) | {16}

HNIFHD

5
-]

saypreadi]
wosn |
ARNOL(]
OFH "HMNHN

(4]

.
un {18)

It was also reported that refluxing an equimolar amount of the benzoxazinone (8)
with thiocarbonohydrazide in ethanol and in the presence of few drops of glacial acetic
acid furnished quinazolinone (20) in the two isomers of thione and thiol form [13].

o
g
HH
+ )L 0
/)\ H;NHN H
M CHy
FHI]H AcOH
‘3‘"“'“ "' D e Ha
)\crh )\
(20A) {208)

4.1.4 Sen and Ray’s synthesis

Isobutyrylanilides with urethane and phosphorus pentoxide in xylene gave 2-
propyl- and 2-isopropyl-3,4-dihydro-4-oxoquinazolines.

(o]
= NH,COOC,Hs, P,0s NH
Xylene - /J\
NHCOR' N a

p= OMge, OEL, Me
R'= Me, Et, Is0-Pro, Ph
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4.1.5 From 2-aminobenzylamine

Reaction of 2-aminobenzylamine with butyrolactone further condensed with benz-
aldehyde afforded 3-(2-chlorobenzylidene)-1,2,3,9-tetrahydropyrrolo-2-quinazoline.

- Born cogr

2

5. Biological importance of quinazoline derivatives

As we mentioned above, the important biological activity of quinazoline and
quinazolinone skeletons in various fields depends mainly on the substituents of
quinazoline compounds. Different substituted quinazoline compounds are found to
be active as antihypertensive, antineoplastic, antidepressant, and antipsychotic, and
others are effective against analgesic, antipsychotic, antiarrhythmic, cancer, and
other activities [20-22].

5.1 Anticancer

It was reported that 3-substituted quinazolin-4(3H)-ones and 3,4-dihydro-
quinazolin-2-(1H)-one derivatives possess broad spectrum antitumor activities
toward different cell (Figure 4) [23].

Also, different quinazoline derivatives containing thiosemicarbazide moiety
possess antitumor activity (Figure 5) [24].

5.2 Antibacterial activity

It was reported that some novel substituted iodoquinazoline derivatives possess
remarkable activity toward Gram-negative bacteria E. coli (Figure 6) [25].

5.3 Antiviral agents

A series of Schiff bases of some 2-phenyl quinazoline-4(3)H-one derivatives
have shown great activity as antiviral agents (Figure 7) [26].

0
o ~ a
™
//’L a
W

-]

= |

Figure 4.
Anti-tumor quinazolinone derivatives.
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H1 OO

Figure 5.
Quinazoline derivatives bearing thiosemicarbazide possess anti-tumor activity.

Figure 6.
Quinazoline derivatives with antibacterial activity.

]

M R
N'/f ‘Q;“-‘-H"w/
f’/J\
M R
F= C.GHS
oy O
HO’@ Hyo0
Figure 7.

Different schiff base of quinazolinone with antiviral activity.
5.4 Antimutagenic activity
The (S)-4-aminoquinazoline alcohols performed great antimutagenic activity

when tested by using Salmonella typhimurium and E. coli WP2uvrA tester strains at
0.01, 0.1, and 1 lg/plate concentrations (Figure 8) [27].

5.5 Antioxidant activity

Some novel thiazoloquinazoline derivatives are investigated for antioxidant
activity by DPPH radical assay, nitric oxide scavenging activity, and hydrogen
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aH

Figure 8.
Antimutagenic activity of amino quinazoline derivative.

Figure 9.
Antioxidant activity of different quinazoline.

peroxide scavenging activity and possess high potent antioxidant activity
(Figure 9) [28].
6. Conclusion

Quinazoline and quinazolinone compounds which have a lot of considerable

pharmacological interests can be synthesized by different methods, and the most
attractive method was carried out starting from benzoxazinone derivatives.
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Chapter 4

4(3H)-Quinazolinone Derivatives:
Syntheses, Physical Properties,
Chemical Reaction, and Biological
Properties

Samir'Y, Abbas

Abstract

4(3H)-Quinazolinone derivatives have considerable great interesting due to the
diverse range of their biological properties. This review summarized the methods of
preparation of 2-substituted-4(3H)-quinazolinone, 3-substituted-4(3H)-quinazoli-
none and 2,3-disubstituted-4(3H)-quinazolinone derivatives. Chemical reaction of
4(3H)-quinazolinone derivatives and the reactivity of the 2-methyl group, reactiv-
ity of the 3-amino group, electrophilic substitution, oxidation, reduction, reaction
of 4(3H)-quinazolinones with metal ions, Mannich reaction, cycloaddition reaction
as well as other reagents were discussed. Also, biological properties of 4(3H)-
quinazolinone derivatives were given herein.

Keywords: 4(3H)-quinazolinones, quinazolines, syntheses, reaction, biological
activity
1. Introduction

Quinazolinones are very significant heterocyclic compounds because of their
potential pharmaceutical and biological activities. Quinazolinone derivatives reveal
various medicinal properties such as analgesic, anti-inflammatory and anticancer
activities, as well as antimicrobial activity. These heterocycles are valuable interme-
diates in organic synthesis. Therefore, various procedures have been developed for
preparing these important compounds [1-5].

2. Syntheses of 4(3H)-quinazolinones

The syntheses of quinazolinones will be classified into the following three
categories based on the substitution patterns of the ring system:

* 2-Substituted-4(3H)-quinazolinones
* 3-Substituted-4(3H)-quinazolinones

* 2,3-Disubstituted-4(3H)-quinazolinones
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2.12-Substituted-4(3H)-quinazolinones

2.1.1 Amidation and cyclization of 2-aminobenzoic acid derivatives
(anthvanilic acid derivatives)

The most common approach involves amidation of 2-aminobenzoic acid deriva-
tives (Figure 1). As an example, anthranilic acid derivatives 1 were coupled with
the appropriate acid chloride to generate the corresponding substituted anthra-
nilates 2 which underwent cyclization by treatment with acetic anhydride under
reflux afforded the benzoxazin-4-ones 3. Treatment of the benzoxazinones 3 with
ammonia solution afforded the quinazolinone derivatives 4 [6]. Benzoxazinone
derivatives can be obtained by treatment of anthranilic acid derivatives with acetic
anhydride [7]. Also, the condensation of anthranilic acid derivatives with the ortho
esters and ammonium acetate afforded the 2-substituted-4(3H)-quinazolinone
derivatives [8, 9]. 2-Carboethoxy-quinazoline-4(3H)-one has been synthesized
from the reaction of anthranilamide and diethyl oxalate [10].

2.1.2 Condensation of imidates with 2-aminobenzoic acid

Reaction between imidates and anthranilic acid 1 was reported for prepara-
tion of a series of quinazoline antifolate thymidylate synthase inhibitors [11].
The condensation of 1 and imidates 5 in methanol at 80°C afforded the desired
quinazolinones 6 in good yield (Figure 2). The condensation reaction afforded the
quinazolinones 6 in satisfactory to good yields. Connolly and Guiry extended this
methodology to synthesize a series of 2-aryl- and 2-alkylquinazolinones [12].

2.1.3 Synthesis of quinazolinones from resin-bound isothioureas

A concise and efficient solid-phase synthesis of 2-amino-4(3H)-quinazolinones
9 has been reported by involving the reaction of polymer-bound isothioureas 8 with
isatoic anhydride derivative 7 with good yield and purity (Figure 3) [13].

2.1.4 Hetero-Diels: alder synthesis of 2-substituted quinazolinones

Synthesis of 2-substituted-quinazolinones 12 was reported by the cyclisation
of 1-aryl-4-dimethylamino-2-phenyl-1,3-diaza-1,3-butadienes 10 and phenyl

Koy ~COCH * GOOH X 0 NH. X
| RCOCI AnO . hH
= — A, Y
MH; NHCOR NOOR

1 2 3

#=H,CI

Figure 1.
Synthesis of 2-substituted-4(3H)-quinazolinones 4.
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COOH NH
@[ .M —
NH, {CHE neN )\(CHz}nCN

1 n=1.223

Figure 2.
Synthesis of 2-substituted-4(3H)-quinazolinones 6.

N 0
NH.HCI H
o, N
@ﬁ:’&o O/\S)I\NHR (j:éj\
7 H 8 9

MNHR

Figure 3.
Synthesis of 2-amino-4(3H)-quinazolinones 9.

10 1
where X = CHEi NO,

Figure 4.
Synthesis of 2-substituted-4(3H)-quinazolinones 12.

Q 0
.H
NFL 1.1DA, NEL | 2.RCN Y
-
NH., NHLI 3. NH4Cl N R
13 14 4

Figures.
Synthesis of 2-substituted-4(3H)-quinazolinones 4.

isocyanate 11 [14]. The reaction was carried out under an atmosphere of nitrogen in tolu-
ene at reflux temperature, to furnish the desired products 12 in good yield (Figure 4).

2.1.5 Reaction of nitriles with lithiated 2-aminobenz- amides

A developed procedure for the synthesis of 2-aryl- and 2-alkyl-4(3H)-quinaz-
olinones 4 by reaction of lithium 2-(diethyl aminocarbonyl) anilide 14 with the
appropriate aryl or aliphatic nitrile has been reported [15]. This route is highly
efficient when aryl and hetero-aryl nitriles were used. The intermediate 14 was
prepared in situ by treating 13 with LDA in THF at —30°C (Figure 5).
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H 1
X, — 00X
N MNH S
NH 2 2

Figure 6.
Synthesis of 2-amino-4(3H)-quinazolinone 17.

2.1.6 Condensation of anthranilate esters with guanidine

The 2-amino-4(3H)-quinazolinone 17 has been prepared from the reaction of
methyl anthranilate 15 with excess guanidine 16 in the presence of sodium ethoxide
in ethanol (Figure 6) [16].

2.1.7 Divect condensation of aldehydes and anthvanilamide and its devivatives

Condensation of anthranilamide with aryl, alkyl and hetero-aryl aldehydes in
refluxing ethanol in the presence of CuCl, generated the Schiff base intermediate 18,
which, in turn, was converted into the 2-substituted quinazolinones 4 in excellent
yield (Figure 7). In a one-pot procedure, the aldehyde, anthranilamide and 3 equiv.
of CuCl, were heated under reflux in ethanol for 2-3 h. After purification by chro-
matography, the 2-substituted quinazolinones 4 were isolated in 71-88% yield [17].

2.2 3-Substituted-4(3H)-quinazolines
2.2.1 Vilsmeier reagent in quinazolinone synthesis

3-Substituted-4(3H)-quinazolinone derivatives 22 have been prepared by
treating 5-substituted-2-aminobenzoic acid derivatives 1 with the Vilsmeier

. (L™ oo @fj\

1Bk

Figure7.
Synthesis of 2-substituted-4(3H)-quinazolinones 4.

X
OH
+N ()

" © At A e, N

A 2 | 2 -

NN ot S N W

: M M
H | 22
2
where ¥ =H CLSr. Me
Figure 8.

Synthesis of 3-substituted-4(3H)-quinazolinones 22.
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reagent 19 [18] to give the corresponding acid chlorides 20. When the external
amine was added to the reaction mixture at low temperature, the added amine
reacted with the acid chloride 20 with subsequent loss of HCl followed by cyclisa-
tion to afford the intermediate 21, which then expels a dimethyl amino group to
afford the appropriately substituted quinazolinone 22 (Figure 8).

2.2.2 Via benzoxazinones

The (4H)-3,1-benzoxazin-4-one 23 was reacted with amines under reflux to
afford the quinazolinones 24 good yields (Figure 9) [19].

2.2.3 Via metal salts as catalyst

4(3H)-Quinazolinones 22 have been synthesized in high to excellent yields
through the one-pot condensation of anthranilic acid 1, trimethyl orthoformate
and primary amines in the presence of 5 mol % of bismuth (III) trifluoroacetate
(Bi(TFA);) immobilized on n-butylpyridinium tetrachloroferrate ([nbp] FeCL) as
ionic liquid (Figure 10) [20]. Also, the one-pot reaction was carried out in the pres-
ence of lanthanum (III) nitrate hexahydrate or p-toluenesulfonic acid [21].
2.32,3-Disubstituted-4(3H)-quinazolines

2.3.1 Formation of 2,3-disubstituted quinazolinones via benzoxazinone

Benzoxazinones are well-known as common intermediates in the synthesis of
2,3-disubstituted quinazolinones 24. The most common approaches to synthesize

O

Q
¢ +  HN—Ar _ Ej'\ N N
N’) : N’H)
22
Figure 9.

Synthesis of 3-substituted-4(3H)-quinazolinones 22.

8]
OH Cat N
+ HG{DCH:J_,]IH + AI"NH:) —_— ...-A
MH2 M
22
Figure 10.

Synthesis of 3-substituted-4(3H)-quinazolinones 22.

o
X COOH X SAr
RCOCI X CO0H AC.D X Ar-MH, M
— X — AT A
NH; NOR M TR M R
1 H 3 24

2

23

1

X=H, Ll

Figure 11.
Synthesis of 2,3-disubstituted quinazolinones 24.
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3,2-disubstituted-4(3H)-quinazolinone derivatives involve amidation of anthralinic
acid derivatives 1 and then treatment of the amidated anthranilic acid derivatives

2 with acetic anhydride to afford 3,1-benzoxazin-4-ones 3 in good yield, followed
by condensation with nitrogen nucleophiles such as aromatic amines [22-24] or
heterocyclic amines [25] (Figure11).

Condensation of benzoxazinone 3 with hydrazine hydrate in #-butanol afforded
3-amino-quinazolinones 25 in good yield (Figure 12) [26, 27]. Also, bis-quinazo-
linones 26 were prepared by condensation of two moles of benzoxazinones 3 with
one mole of a diamine under reflux [28].

2.3.2 Formation of 2,3-disubstituted quinazolinones via amide derivatives

Xue et al. reported the optimisation of Grimmel’s conditions for generating
2,3-disubstituted-4(3H)-quinazolinones [29]. Thus, when amide derivatives 2 were
heated with anilines in toluene or xylene in the presence of dehydrating agents such
as phosphorous trichloride, phosphorous oxychloride or thionyl chloride, quin-
azolinone derivatives 24 were afforded. Benzenesulfonyl chloride was employed
as coupling agent [30]. Treatment of amide derivatives 2 with hydrazine hydrate
afforded 3-aminoquinazolinone derivatives 25 (Figure 13).

2.3.3 Combinatorial approach to quinazolinones

Traceless and chemoselective approach for the solid-phase synthesis of
2-arylamino-substituted quinazolinones with the possibility of manipulation
at three positions has been developed by Yu et al. [31]. The nitro group at com-
pounds 27 was subjected to reduction using tin(II) to afford the ortho-amino
derivatives 28 and subsequently reacted with some aryl isothiocyanates to give
thiourea derivatives 29. The thiourea derivatives 29 were subjected to react at
first with 2-chloro-1-methyl pyridinium iodide (Mukaiyama’s reagent) and then
reacted with the primary amines to afforded the guanidine derivatives 30. When
the guanidine derivatives 30 were subjected to intramolecular cyclisation using
hydrofluoric acid, the desired 2-amino-substituted quinazolines 31 were obtained
in good yields (Figure 14).
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Figure 12.

Synthesis of 3-amino-quinazolinones 25 and bis- quinazolinones 26.
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Figure 13.

Synthesis of 3-aminoquinazolinone derivatives 25.
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Figure 14.
Synthesis of 2-amino-substituted quinazolines 31.
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Figure 15.
Synthesis of 2-alkyl-4(3H)-quinazolinones 34.

2.3.4 Quinazolinone derivatives via palladium-catalyzed cyclocarbonylation

Cyclocarbonylation of 0-iodoanilines 32 with ketenimine 33 using a palladium
acetate/diphenylphosphinoferrocene catalyst was employed under a carbon mon-
oxide pressure to afford the 2-alkyl-4(3H)-quinazolinones 34 in good to excellent
yields (Figure 15) [32].

2.3.5 Chemoselective lithiation of quinazolinone derivatives

By direct lithiation of the 2-unsubstituted quinazolinone 22, it was possible to
carry out a range of electrophilic substitutions [19]. Also, chemoselective lithiation
of 3-(acylamino)-quinazolines 35 was obtained by using of LDA where the reaction
was regioselective at position 2. The similar phenomenon was observed with the
corresponding 2-methyl quinazolines [33]. Reactions of the dilithio reagents with
arange of electrophiles resulted in the production of the corresponding 2-substi-
tuted-4(3H)-quinazolinone derivatives 37 (Figure 16).

2.3.6 Formation of 2,3-disubstituted quinazolinones via isatoic anhydride

A more attractive and atom-efficient strategy for the preparation of 2,3-dihydro-
quinazolin-4(1H)-ones 38 was reported, which involved a one-pot three-component
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A o ' d P _\EI; Li y ,;l\
M M Li
35 26 k¥
Figure 16.

Synthesis of 2-substituted-4(3H)-quinazolinone derivatives 37.
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Figure 17.
Synthesis of 2,3-dihydroquinazolin-4 (1H)-ones 38.

reaction of isatoic anhydride 7, aldehydes and amines (Figure 17) [1, 34]. Multi-
component reactions or one-pot syntheses are attractive synthetic strategies, where
the diversity may be achieved and the products are formed in a single step. A new
method for the synthesis of 2-substituted-3-(phenylamino)-dihydroquinazolin-
4(1H)-ones was developed; isatoic anhydride, phenylhydrazine and aldehyde using
bentonite as catalyst in aqueous media under ultrasonic irradiation. This procedure
showed good functional group tolerance [35].

3. Physical properties of 4(3H)-quinazolinones
3.1 Stability and tautomeric phase

4(3H)-Quinazolinones are stable to mild acid and alkaline treatment. They can be
sublimated, and their parent substances can be redistillated. Weddige [36] recognized
the tautomeric properties of 4(3H)-quinazolinones which could exit in three tauto-
meric forms 39a, 39b and 39¢ (Figure 18). The presence of 4-hydroxy form 39b was
shown by its stability in aqueous alkali at pH 12 to give the anion. 4-Quinazolinones
39a and 39c are insoluble in alkali when a substitute is present on N' or N°.

3.21R spectra

The IR spectra of 4(3H)-quinazolinone is characterized by a strong carbonyl
band 39a and 39c at 1681 cm™" and the N—H stretching band at 3402 cm ™ (inflec-
tion). Methyl groups in positions 2 and 3 have nearly the same effect in causing the
carbonyl frequency to be lowered by 20-30 cm™". While methyl group at positions
1and 2 lowered the frequency by 67 cm™, this large change was attributed to the
presence of the p-double bond which is conjugated with the carbonyl group [37].
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Figure 18.
Tautomaric properties of 4(3H)-quinazolinones 39 and 4o0.
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Figure 19.
Numbering of 4(3H)-quinazolinone 41.

3.3UV spectra

The apparent dissociation constants of 4(3H)-quinazolinone 39 and 2-sub-
stituted-4(3H)-quinazolinones 40 were determined (Figure 18). Also, Ab initio
quantum chemical calculations were performed for all possible tautomeric and pro-
tonation. The observed UV spectra revealed the number of dissociation constants.
They concluded that the curves of 4(3H)-quinazolinones could be accounted for a
mixture of tautomers due to the mobil hydrogen atom on N-3. The results showed a
good correlation between experimentally determined pK, values and theoretically
calculated energies [38].

3.4 NMR spectroscopic studies of 4(3H)-quinazolinones

The NMR assignments of compound 41 (Figure 19) was based on simple 'H and
BC measurements and corroborated by "H-'H COSY, gradient-enhanced *C-'H
HSQC and *C-'H HMBC experiments. The 'H NMR spectrum showed the aromatic

protons in the range 7.27-8.56 ppm. From the 2D spectra, the signal assignments
were thus at § values: 8.56 (H5), 7.61 (H6), 7.65 (H7) and 7.27 ppm (H8) [39].

4. Chemical reaction of 4(3H)-quinazolinones
4.1 Reactivity of the 2-methyl group
4.1.1 Oxidation
The methyl group in the structure of 2-methyl-4(3H)-quinazolinones 24 has

possibility for oxidation to generate further useful fictionalization at this position
[22-24]. So, by using SeO, as oxidant agent, the methyl group in 24 was converted to

] O
X N Ar 500, x N Ar
N’;'J\(;H 4 NéL\CHO
24 42

Figure 20.
Synthesis of 4(3H)-quinazolinone-2-carboxaldehydes 42.
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formyl group, and the novel 4(3H)-quinazolinone-2-carboxaldehydes 42 were fur-
nished and subjected to further reaction to give new quinazoline derivatives having a
azomethine, oxazolone, imidazolidine, pyrazolidine, pyridine, pyrimidine and vari-
ously substituted C-2. Also, series of 3-aryl-4(3H)-quinazolinone-2-carboxaldehyde
thiosemicarbazones were synthesized via condensation of the 4(3H)-quinazolinone-
2-carboxaldehydes 42 with the desired thiosemicarbazide derivatives (Figure 20).

4.1.2 Reaction with aldehydes

The 2-methyl group in substituted 4(3H)-quinazolinone is reactive as shown
by the ease of its condensation with aldehydes to give the corresponding 2-styryl
derivatives. 6-Chloro-2-methyl-quinazolin-4(3H)-one was refluxed for 12 h in
glacial acetic acid with pyridine-2-carbaldehyde to give 6-chloro-2-(2-pyridin-
2-yl-vinyl)-4(3H)-quinazolinone [7]. Also, a series of 3-[5-substituted phenyl-1, 3,
4-thiadiazole-2-yl]-2-styryl-4(3H)-quinazolinones 43 were synthesized by reflux-
ing equimolar amount of 3-(1'3'4’-thiadiazolyl)-2-methyl quinazoline and aromatic
aldehyde in glacial acetic acid [40] (Figure 21).

4.1.3 Bromination

The methyl group in 2-methyl-3-aryl-quinazoline has been found to undergo
bromination by bromine to give bromomethyl compound 44 (Figure 22). Many
compounds were synthesized via treatment compound 44 with potassium salts
of organic compounds [40]. Other compounds were synthesized via treatment
compound 47 with amine [41].

4.1.4 Lithiation

2-Methyl-4(3H)-quinazolinone 45 underwent fold metalation with alkyl lithium
to form lithio salt 46 which react with electrophilies (methyl iodide, ethyl iodide,
allyl bromide, benzyl chloride, etc.) exclusively at the exocyclic carbanion site to
produce quinazolinone derivatives 47 (Figure 23) [42-44].

N—N WN—-N
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Figure 21.
Synthesis of 2-styryl-4 (3H)-quinazolinones 43.
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Figure 22.
Synthesis 2-bromomethyl-3-aryl-quinazolines 44.
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Figure 23.
Synthesis 2-substitutedmethyl-3-aryl-quinazolines 47.
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Figure 24.

Synthesis 2-substitutedmethyl-3-aryl-quinazolines 48.

4.1.5 Acylation

A series of 4(3H)-quinazolinones 48 [45] structurally related to methaqualone
(2-methyl-3-o0-tolyl-4 (3H)-quinazolinone) were synthesized and evaluated for
anticonvulsant activity. They prepared by treating 2-methyl-3-aryl-4(3H))-
quinazolinone 45 with sodium hydride followed by the appropriate methyl or ethyl
ester (Figure 24).

4.2 Reactivity of the 3-amino group
4.2.1 Synthesis of cyanoacetamide derivative synthons

The thermal fusion of 3-amino-4(3H)-quinazolinone 49 with ethyl cyano-
acetate afforded cyanoacetamide derivatives 50 (Figure 25). Cyanoacetamide
derivatives 50 are highly reactive, polyfunctional compounds that possess both
electrophilic and nucleophilic centres. Cyanoacetamide derivative 50 was widely
used as an active synthon for the syntheses of many open-chain systems and poly-
substituted heterocyclic compounds. The chemical properties of cyanoacetamide
derivative 50 have been used to design various heterocyclic moieties with different
ring sizes [26].
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,;\ L~ E\,CN — = N
o) A_ o
N°ChHy N~ "CH,
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Figure 25.
Synthesis of cyanoacetamide derivatives 50.
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Figure 26.
Synthesis of Schiff’s bases 51.

4.2.2 Condensation with aldehydes

A series of Schiff’s bases 51 were prepared essentially by the usual condensa-
tion reaction between the 3-amino-quinazolinone derivative 25 and the aldehydes
(Figure 26). On the other hand, when two moles of compound 25 were treated with
one mole of terephthaldehyde in ethanol under reflux, the polycyclic compound
was obtained as bis-quinazolinones. Another bis-quinazolinone was obtained when
two moles of compound 25 was treated with one mole of ethyl tere-phthalate in
dimethylformamide under reflux conditions [27, 46].

4.2.3 Acylation and/or alkylation

Acylation and/or alkylation of 3-amino-4(3H)-quinazolinones 25 using ethyl
chloroformate, ethyl chloroacetate, chloro acetylchloride and ethyl acetoacetate in
proper solvent afforded 3-(N-acyl/aroylamino)-2-methyl-4 (3H)-quinazolinone
derivatives 52 [47] (Figure 27).

4.2.4 Reaction with isocyanate and isothiocyanates

Some new urea and thiourea derivatives 53 were synthesized by treatment
of 3-amino-4(3H)-quinazolinones 25 with isocyanates and isothiocyanates [28]
(Figure 28).
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Figure 27.
Acylation or alkylation of 3-amino-4(3H)-quinazolinones 25.
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Figure 28.
Synthesis of urea and thiourea derivatives 53.
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Figure 29.
Synthesis of imidazole derivatives 54.

4.2.5 Reaction with oxazole

Condensation of 3-aminoquinazoline 25 with oxazole derivatives afforded
imidazole derivatives 54 [47] (Figure 29).

4.3 Electrophilic substitution
4.3.1 Nitration

Nitration of 4(3H)-quinazolinone 39 with fuming nitric acid and sulphuric acid
afforded 6-nitro-4(3H)-quinazolinone derivative 55 [48] (Figure 30).

4.3.2 Chlorination

Heating of 4(3H)-quinazolinones 56 with chlorination agent afforded 4-chlo-
roquinazolines 57 [49]. Chlorination agent was phosphoryl chloride alone or a
mixture of phosphorus pentachloride and phosphoryl chloride, other chlorinating
agents such as thionyl chloride or phosgene was used for chlorination of quinazoli-
nones (Figure 31).

O
NH  H,80,/HNO, Oz NH
- a -
M N
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Figure 30.
Nitration of 4(3H)-quinazolinone 39.
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Figure 31.
Chlorination of 4(3H)-quinazolinone derivatives 56.
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Figure 32.
Synthesis of 6-bromoquinazolinone 58 and 6-iodoquinazolinone 49.

4.3.3 Bromination

The use of bromine in acetic acid for direct bromination of 3-amino-2-meth-
ylquinazolin-4 (3H)-one 25 has been reported for the formation of 6-bromo-
3-amino-2-methylquinazolin-4 (3H)-ones 58 (Figure 32) [50].

4.3.4 Iodination

Treatment of 3-amino-2-methylquinazolin-4(3H)-one 25 with iodine
monochloride in acetic acid afforded the corresponding 6-iodo-3-amino-2-meth-
ylquinazolin- 4(3H)-one 49 in high yields [50] (Figure 32).

4.4 Reaction of 4(3H)-quinazolinones with metal ions

3-Amino-4(3H)-quinazolinones 25 possess coordinating sites and they were
applied to form complexes 59 and bis-complexes 60 with different metal ions
(Figure 33) [51-53]. Also, considerable attention has been directed to the chemistry
of their Schiff s bases 51 and 61 [27], where the Schiff’s base complexes of 4(3H)-
quinazolinones 62-65 were prepared and characterized. The complexes of metal ions
with 2-substituted-3-anilino-4 (3H) quinazolinone were prepared [54]. Moreover, the
complexes of Cu (II), Co (II), Zn (II) and Cd (II) with 2-methyl-3-hydroxy-4(3H)-
quinazolinone and 2-methyl-3-pyridinyl-4(3H)-quinazolinone have been prepared
[55]. The analytical and spectral data indicate these ligands act as bidentate and the
metal complexes are octahedral, tetragonal, square planer and tetrahedral [56].

Thiosemicarbazones can be reacting with metallic cations to give metal
complexes. Thiosemicarbazones 66 as the ligands act as chelating agents which
were bonding through the sulfur and azomethene nitrogen atoms (Figure 34).
So, when metal salts such as CuCl, or ZnCl, were treated with the thiosemicar-
bazone derivatives 66 (0.01 mole) in dioxane the corresponding complexes 67
were obtained in good yield. On the other hand, the corresponding biscomplexes
68 were afforded when a solution of CuCl, or ZnCl, (0.01 mole) was added to a
stirred solution of thiosemicarbazone derivatives (0.02 mole) in dioxane at reflux
temperature [22].

4.5 Cycloaddition reaction

Reaction of quinazolinone derivatives 69 with malononitrile gave pyrrolo-
quinazolinones 70 [57] (Figure 35). Several new pyrrolo-quinazolinone derivatives

66



4(3H)-Quinazolinone Derivatives: Syntheses, Physical Properties, Chemical Reaction...
DOI: http://dx.doi.ovg/10.5772/intechopen.9o104

were synthesized via a novel rote involving the action of dipolarophiles on the
diionic species generated in situ from the reaction of N-chlorosuccinimide with
2-methylquinazolin-4-one and subsequent treatment with triethyl amine [58].
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Figure 33.
Reaction of 4(3H)-quinazolinones 25, 51 and 61 with metal ions.
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Preparation of thiosemecarbazone complexes 67 and 68.
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Figure 35.
Synthesis of pyrrolo-quinazolinones 70.
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4.6 Action of phosphorous sulphide

Treating of 4(3H)-quinazolinone derivatives 24 with P,Ss or phosphorus
decasulfide in pyridine afforded the corresponding 2-methyl-3-aryl-quinazoline-
4(3H)-thiones 71 [59] (Figure 36).

5. Biological properties

Quinazoline is the building stone for many naturally occurring alkaloids [60].
Many 4(3H)-quinazolinone derivatives represent an important category among
heterocyclic compounds of medicinal interest. Other derivatives of 4(3H)-
quinazolinones possess a wide range of biological activities especially on the central
nervous system. Moreover, other quinazoline derivatives have been reported for
their broad-spectrum biological activities as herein illustrated.

5.1 4(3H)-Quinazolinone derivatives as antitumour

Structure modification of folic acid led to the discovery of a number of antifo-
lates as efficient anticancer agents. For example, Raltitrexed has been registered for
the treatment of cancer [61]. Many quinazolinone derivatives with side chains have
been reported to exhibit significant inhibitory activity against tumor cells [62]. The
2-substituted mercapto-4(3H)-quinazolinone bearing 6-iodo and 2-heteroarylthio
is identified as active anticancer agent [63].

5.2 4(3H)-Quinazolinone derivatives as sedative hypnotic agents

The designation of the sedative hypnotic activity of 4(3H)-quinazolinones led to
the discovery of methaqualone as nonbarbiturate hypnotic agent. In 1965, meth-
aqualone was introduced as sleeping pills (nonaddictive, nonbarbiturate) under
the trade name Quaalude. Due to the abuse of methaqualone, it is banned in most
countries [64].

5.3 4(3H)-Quinazolinone derivatives as anticonvulsant agents

The search for new antiepileptic drugs with reduced toxicity and lower side-
effects is continuous. 4(3H)-Quinazolinone represents a very good nucleus for
preparation of some new sedative/hypnotic and anticonvulsant agents, since such
a heterocyclic system possesses the pharmacophoric moiety. From the literature
survey, it was found that the 3H-quinazolin-4-one has been reported to possess
different pharmacological effects, namely, sedative-hypnotic and anticonvulsant
ones [65].
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Figure 36.

Synthesis of 2-methyl-3-aryl-quinazoline-4(3H)-thiones 71.
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5.4 4(3H)-Quinazolinone derivatives as antimicrobial agents

A large number of quinazolinone derivatives have been synthesized and
screened for their antimicrobial activities, and some of them showed their efficacy
[66]. Also, quinazolinones metal complexes were synthesized, and their antimicro-
bial activities were screened. It is observed that the ligands exhibited less fungicidal
activities than their complexes. Also the antibacterial activities were increased
when quinazolines were complexed with metals.

5.5 4(3H)-Quinazolinone derivatives as anti-inflammatory agents

Thiadiazolyl-3-amino-4(3H)-quinazolinone derivatives was prepared in quan-
tities yields. The products were evaluated for anti-inflammatory properties by
std. in vivo and in vitro models, and they exhibited significant protection against
carrageenan-induced rat paw oedema [67].

5.6 4(3H)-Quinazolinone derivatives as diuretic agents

Some 4(3H)-quinazolinone derivatives bearing thiazole or 1,3,4-thiadiazole
moieties were prepared due to their expected diuretic activity. Some of them
showed significant diuretic activity [68].

6. Conclusion

A large number of compounds which contain quinazoline moiety are known in
medicinal chemistry as important compounds for their therapeutic value. Recently,
there has been an increased interest in the chemistry of 4(3H)-quinazolinone sys-
tem. Many derivatives of this system showed analgesic, anti-inflammatory, antiulcer,
anticonvulsant, antibacterial, antifungal, anticancer and antiproliferative activities.
The most common approaches to synthesize 3,2-disubstituted-4 (3H)-quinazolinone
derivatives involve the following steps: the amidation of 2-aminobenzoic acid deriva-
tives and treatment of amidated anthranilic acid derivatives with acetic anhydride
(or acid chloride) to afford the benzoxazinone, followed by their condensation with
nitrogen nucleophiles.
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Chapter 5

Quinazolinone and Quinazoline
Derivatives: Synthesis and
Biological Application

Satyendra Mishra

Abstract

Drug discovery and optimization comprise one of the most significant targets
in medicinal chemistry. Quinazoline and quinazolinone derivatives and nitrogen-
containing heterocycles have received significant attention due to their widely and
distinct biopharmaceutical activities. Quinazolines and quinazolinones are consid-
ered as noteworthy chemical for the synthesis of diverse physiological significance
and pharmacological utilized molecules. Quinazolines are building blocks for about
150 naturally occurring alkaloids with a broad range of biological activity. The vari-
ous substituted quinazolines and quinazolinones displayed important, for example,
sedative hypnotics, antibacterial, anti-inflammatory, analgesic, antipsychotic,
antifungal, antimalarial, anticonvulsant, anti-Parkinsonism, cancer, and other
activities. This chapter aims to highlight the latest evidence of quinazolinone and
quinazoline derivatives as a privileged scaffold in medicinal chemistry.

Keywords: quinazoline, quinazolinones, antioxidant and anticancer, antibacterial,
structure-activity relationship

1. Introduction

Emergence of drug resistance has created a critical and unmet medical require-
ment for the innovation and development of novel classes of antibacterial agents
[1-4]. Due to the appearance of drug resistance bacterial strains, there is an esca-
lating need for the development of novel antibiotics to treat the resistant bacteria
stain. Diverse set of biological activities of quinazolinones (fused heterocyclic
system) such as anti-inflammatory, anticonvulsant, anticancer, antibacterial,
antifungal, anti-HIV and anti-analgesic [5-16], have encouraged to abundant of
medicinal chemists to investigate this fused heterocycles as a novel drug molecules.
Several research groups have successfully investigated and reported the promising
antimicrobial properties and structure-activity relationships (SAR) of various
quinazolinone derivatives.

Quinazolines and quinazolinones emerged as a privileged class of nitrogen con-
taining heterocyclic scaffolds; exhibits a broad spectrum of pharmacological activi-
ties, viz. anti-inflammatory, antitubercular, and antiviral activities [17]. Number of
quinazoline derived compound have been approved as a drug; for example prazosin
and doxazosine are used to treat benign prostatic hyperplasia and post-traumatic
stress disorder [18], and erlotinib and gefitinib both are used for the curing of lung
and pancreatic cancers (Figure 1) [19].
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Several quinazolinone-based drugs including idelalisib and fenquizone have
been shown to exhibit a broad spectrum of antimicrobial, antitumor, antifun-
gal, and cytotoxic activities [20]. Lapatinib has been displayed to be effective in
combination therapy for breast cancer [21]. In the recent years, various synthetic
strategies for the synthesis of quinazolines and quinazolinones derivatives have
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been developed to accomplish the budding requirements of medicinal chemist
[22]. Many research groups have successfully utilized copper catalyzed Ullmann-
type coupling procedures of aryl bromides and benzamidines for the synthesis of
quinazoline derivatives [23].

2. Synthesis of quinazoline and quinazolinone derivatives

77

1. Synthesis of 4(3H)-quinazolinone using anthranilic acid or formyl anthranila-
mide [24].

DIt ()

- Cul, K-CO4, -PrOH U ; L
e Br + HzN Rz = 23 .- ;’wfﬁ’“\N'J "R,
1 air, 110 € Ry

2.Via condensation reaction of 4-chloroanthranilic acid amide with triethyl
orthoformate, the 7-chloro-substituted derivative has been prepared [25].

e 8]
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3. Quinazolin-4(3H)-one was synthesized by the reaction of anthranilic acid with
excess formamide at 120°C in an open air. This is also known as Niementowski
reaction [26].

1
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4.2-styryl-4(3H)-quinazolinone derivatives were prepared using starting sub-
strate 2-aminobenzonitrile with 3-phenyl cinnamoyl chloride. Under alkaline
conditions, intramolecular cyclization of cinnamamide derivative was carried
out to afford 2-styryl-4 (3H)-quinazolinone. This procedure was tolerated to a
wide range of different substituted benzene rings [27].
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5.Reaction of anthranilic acid with ammonium acetate, followed by formamide
under microwave at 200 W yields the desired 2-substituted-4 (3H)-quina-
zolinones products [28].

5 o
|
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6.Reaction of anthranilamide with substituted aldehydes or ketones in 2,2,2-tri-
fluoroethanol under reflux condition led to the formation of 2-substituted-
2,3-dihydro-4(1H)-quinazolinones in excellent yields [27].

NHz o
+ _TEE (\
MNH= -

reflux
2.2 2-Trifluoroethanol = TEE
7.The amino-quinazolin-4(3H)-one was synthesized by means of the reaction of

the corresponding methyl anthranilate with an excess amount of guanidine in
ethyl alcohol containing sodium ethoxide in moderate yield [29].
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8.4-Arylaminoquinazolines has vast biological potential as anticancer agents,
thus there has been great interest in their syntheses. Through the reaction
of 2-aminobenzonitrile with different substituted anilines and anhydrous
aluminum chloride, amidines were readily produced. Highest yield of the
amidine intermediates was obtained, when excess amounts of suitable aniline
and aluminum chloride were used [30].
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9.2,3-disubstituted-4(3H)-quinazolinone derivatives were prepared through the
treatment of N-acylanthranilic acid with the appropriate aryl amines in the
presence of phosphorous oxychloride [31].
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10. Benzoxazinone derivatives are the most widespread intermediates in the
formation of 2,3-disubstituted quinazolinone derivatives. 2-methyl-4H-
benzo[d][1,3]oxazin-4-one was prepared by refluxing mixture of anthranilic
acid with acetic anhydride in acetic acid [32].

o O
_E
A acetic anhydride = O R-NH, JN\
NH,  AcOH \f/LN’f'L\ CH;COOH N”

11. The reaction of 2-aminobenzonitrile with Grignard reagents yields the inter-
mediates. The produced intermediate derivatives were very significant for
getting many types of quinazoline derivatives. Upon their cyclization with
acid chlorides, anhydrides, and formates, they formed the corresponding
quinazoline derivatives in moderate to good yields. This general method for
the preparation of various 2,4-disubstituted quinazoline derivatives is highly

flexible and useful [33].
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12. As shown in the scheme 2-chloromethyl-4-methyl-quinazoline derivatives
were synthesized by the reaction 1-(2-amino-phenyl) -ethanone with HCI
gas in anhydrous condition in presence of chloro acetonitrile to get 2-chloro-
methyl-4-methyl-quinazoline. Subsequently treatment of 2-chloromethyl-
4-methyl-quinazoline with different amine derivative in presence of base
furnished 2-chloromethyl-4-methyl-quinazoline derivatives [34].

NHy ="l
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3. Biological activities of quinazolinone and quinazoline derivatives

Subsequently the innovation of quinazoline ring numeral of structural modifica-
tions have been made in order to raise the biological activities such as antitubercular,
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Anticancer activities of quinazolinone and quinazoline devivatives.

antihistaminic, analgesic, anticonvulsant, antibacterial, antifungal, and anti-inflam-
matory activity which attracted the interest of medicinal chemists.

Cancerous augmentation is the main reasons of global human mortality. Numerous
antineoplastic drugs are in the market and the majority of the compounds are under
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clinical trials. Studies make known that these antineoplastic drugs have exhibited the
diverse kinds of side effects, as a result researchers around the world are engaged in the
designing of more proficient and novel antineoplastic drugs. Recently, quinazoline and
its derivatives have been considered as a novel class of neoplastic chemotherapeutic
agents to facilitate activity against diverse tumors. Quinazoline is one of the most
attractive novel bioactive compounds between all the heterocyclic compounds.

Quinazolinone derivatives, the privileged structures in the field of medicinal
chemistry not only act as good anticancer agents but also act as good DNA interca-
lates [1, 2]. A systematic report is depicted herein for quinazoline ring. A number of
quinazolinone and quinazoline derivatives (compounds 1-24) have been reported
for their various anticancer activities (Figure 2) [35-56].

A series of quinazolinone derived Schiff base derivatives were synthesized and
evaluated for their in vitro H+/K+-ATPase inhibition. Many quinazolinone derived
Schiff base exhibited outstanding potency, compared to the reference drug omepra-
zole. Especially, hydroxy and methoxy derivatives were the most potent compounds,
contributing positively to gastric H+/K+-ATPase inhibition. Preliminary structure-
activity relationship revealed that the compounds 25-30 with electron donating moiety
(OH, OCH;) were found to be excellent activity and compounds 31-34 with electron
withdrawing moiety (Cl and NO,) were found to be least antiulcer agents [57].

n=2
25 26 H H OH H H
27 28 H H OCH3Z H H
29 30 H QOCH3 OH H H
KV | 32 H H Cl H H
33 34 H H NOZ H H

Quinazolinone derived Schiff base derivatives were also used as novel antioxi-
dants and anti-inflammatory agents. The in vitro antioxidant activities of these
compounds were evaluated and compared with commercial antioxidants viz.
ascorbic acid (AA), gallic acid (GA), butylated hydroxytoluene (BHT), (DPPH)
assay, etc. Data illustrates that quinazolinone derived Schiff base with electron
donating moiety (OH, OCHj;) were found to be excellent antioxidants and com-
pounds with electron withdrawing moiety (Cl, NO,) were found to be excellent
anti-inflammatory agents [58].
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Plausible pathways induced by inhibitors were assessed by evaluating the
cytotoxic effect of inhibitors such as 3-(5-chloro-2-hydroxybenzylideneamino)-
2-(5-chloro-2-hydroxyphenyl)-2,3-dihydroquinazolin-41(H)-one (35) and
3-(5-nitro-2-hydroxybenzylideneamino)-2- (5-nitro-2-hydroxyphenyl)-2,3-dihy-
droquinazolin-4(1H)-one (36) on MCF-7, MDA-MB-231, MCF-10A and WRL-68
cells. MTT assay results of both the compounds showed significant inhibition of
MCEF-7 cell viability [59].
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Azaisatins derivative containing 4(3H) quinazolinones has been designed and
synthesized and were screened for their potential antimicrobial activities, which
exhibited some authentic results towards testing organism iz vitro and in vivo
studies. Azaisatins derivatives with —C¢H;3 (40) display good antimicrobial activity
compare to other synthesized Azaisatins [60].
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Quinazolinone derivatives containing 3-acrylamino motifs were screened for
antifungal activities against four phytopathogenic fungi by minimum inhibitory
concentration (MIC) method. Compounds 41-43, exhibited broad antifungal
activities and substituent’s play important role in activities [61].
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A series of novel quinazolinone derivatives containing an amino substituted
amino moiety were reported for their cytotoxic and antibacterial activities. Among
the synthesized compounds 47-49 showed broad-spectrum cytotoxic activities
giants at least four cancer cell lines at low concentrations. Compounds 44-46
exhibited good to moderate antibacterial activities against gram positive and gram
negative bacterial strains [62].
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Quinazolinone derivatives manipulate mutant p53 proteins and their corre-
sponding cellular response in p53 mutant cancer cells. Compounds 50 and 51 exhib-
ited promising broad-spectrum anti-cancer effects, while 50 demonstrated selective
and exclusive inhibition activity in p53 mutant cancer cell lines. Quinazolinone
derivatives 50 dictate mutant p53 function for apoptotic cell death [63].
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2-(4-bromophenyl)-quinazolin-4(3H)-one (52A) and 2-(4-chlorophenyl)-
quinazolin-4(3H)-one (52B) exhibited a-glucosidase inhibitory activity with
IC50 values of 12.5 + 0.1IM and 15.6 + 0.2 IM, respectively. Spectroscopy methods
were performed to analyze the inhibitory mechanisms of both compounds on
a-glucosidase. The outcome of inhibitory mechanism disclosed, that the com-
pounds, inhibited a-glucosidase in reversible and non-competitive manner. Briefly,
the quinazolinone derivatives could be potentially promising candidates in the field
of anti-diabetic agents development [64].
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RADS51 is an essential component of the homologous recombination DNA
repair pathway and is over expressed in drug-resistant cancers, including aggres-
sive triple negative breast cancer (TNBC). Structure activity relationships study of
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quinazolinone derivatives showed that inhibitor (53) as a novel RAD51 inhibitor
exhibited up to 15-fold enhanced inhibition of cell growth. Furthermore, inhibitors
17 notably hamper TNBC cell sensitivity to DNA damage. This would be potentially
targeted therapy for cancer treatment [65].
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A series of novel carbazolyloxy phenylquinazoline derivatives have been
developed as angiotensin converting enzyme (ACE) inhibitors. Amongst them
compounds (54-56) showed maximum inhibitory potency in enzyme based assays.
The most potent (54-56) compounds have common active site with the Lisinopril
binding site [66].
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Compounds, 3-(5-chloro-2-hydroxybenzylideneamino)-2-(5-chloro-2-
hydroxyphenyl)-2,3-dihydroquinazolin-41(H)-one (57) and 3-(5-nitro-2
-hydroxybenzylideneamino)-2- (5-nitro-2-hydroxyphenyl)-2,3-dihydroquinazolin-
4(1H)-one (58) were screened for their cytotoxic effect on MCF-7, MDA-MB-231,
MCF-10A and WRL-68 cells. The mechanism involved in apoptosis, induced by
compound 57 and 58 was also evaluated. Additionally, caspase-8 illustrates sig-
nificant potency, followed by inhibition of NF-kB activation in 57- and 58-treated
MCEF-7 cells. The results indicated that A and B could induce apoptosis via a mecha-
nism that involves either extrinsic or intrinsic pathways [59].
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Substituted quinazolinones derivatives were tested for their antimicrobial
activity against Gram-negative bacteria and Gram-positive bacteria. Among the
prepared products, 3-benzyl-2-(4-chlorophenyl) quinazolin-4(3H)-one (3a)
was found to exhibits the most potent iz vitro anti-microbial activity against
Staphylococcus aureus.

4, Conclusions

Over the past few decades, more effort has been established into searching of
better drugs with minimal side effects. Herein number versatile synthetic proce-
dures are discussed for the synthesis of quinazolinone and quinazoline derivatives.
In general, quinazolinone and quinazoline derivatives are known to possess wide
range of activities. A specific activity depends on the substituent present at an
appropriate position of quinazoline. The study of natural and synthetic quinazoli-
none and quinazoline derivatives identified as potentially promising candidates for
developing as novel therapeutic agents. There is possibility for further development
as new research into study of medicinal chemistry related field.
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Abstract

The quinazoline scaffold is found in the chemical structure of many marketed
drugs used in CNS disorders as antidepressants, anxiolytics, or hypnotics. Also, the
carbamate ester derivatives have different certain therapeutic actions, such as hyp-
notic or parasympathomimetic ones. We have obtained new 4(3H)-quinazolinones
by bringing together in the same structure the quinazoline nucleus and carbamate
ester group. The compounds named Q1-Q5 were characterized by measuring the
melting points, by determining the infrared and NMR spectra, and by elemental
analysis. The pharmacological tests evidenced that the compounds have a very low
acute toxicity, lethal doses being 2000 mg/kg bw. The compounds had different
actions observed in forced swimming test (FST), tail suspension test (TST), or
elevated plus maze (EPM), probably influenced by the presence of different radi-
cals on the nucleus. Thus, Q1 with a nitro group in structure manifested the highest
antidepressant effect, showing a reduction of immobilization time in FST and
TST. On the other hand, Q3 and Q5, with two groups methoxy, respective ethoxy,
had a slight anxiolytic effect, highlighted by an increase of the time spent in open
arms and a decrease of the time spent in closed arms of EPM.

Keywords: quinazolines, synthesis, antidepressant, anxiolytic, forced swimming
test, tail suspension test, elevated plus maze

1. Introduction

The quinazolines constitute an important class of fused heterocycles that are
also known as 5,6-benzopyrimidine or benzo[a]pyrimidine, benzo-1,3-diazine,
or 1,3-diazanaphthalene. The name quinazoline was first proposed for this com-
pound by Weddige, due to the similarity with cinnoline and quinoxaline [1, 2].
The 4-hydroxyquinazolines, tautomeric with 4-keto-3,4-dihydroquinazolines, are
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commonly named 4(3H)-quinazolones; they are an important class of heterocyclic
compounds, more than 200 natural compounds having this basic structure [3].

The stability of the quinazolinone nucleus was an important reason why many
drug chemistry studies followed synthesis in this class of compounds; a large num-
ber of compounds have been synthesized and evaluated for their different biologi-
cal activities. The first renowned quinazoline marketed drug was methaqualone,
used for its sedative-hypnotic effects since 1951 [4].

The quinazoline scaffold is found in the chemical structure of many marketed
drugs used in CNS disorders, having antidepressant, hypnotic, and sedative effect
(afloqualone, diproqualone, etaqualone, and methaqualone), or used as anticon-
vulsant (piriqualone), antipyretic, nonsteroidal anti-inflammatory (fluproquazone
and proquazone), and antidiabetic agents (balaglitazone, raltitrexed, ispinesib, and
halofuginone) [5].

The anticonvulsant action of these compounds has become a priority for
pharmacological testing [2], many of these studies highlighting the importance of
methyl group at the second position of quinazolin-4(3H)-one [6]. As Gatadi et al.
have also shown, more and more recent studies are concerned with investigating
the antimicrobial potential of quinazolone derivatives because bacterial strains have
developed resistance to available chemotherapeutics [7].

Several research groups have successfully investigated and reported the promis-
ing antimicrobial properties and structure-activity relationships (SAR) of various
4(3H)-quinazolinone derivatives [8, 9].

As Hieu et al. reported in recent studies, novel hydroxamic acids incorporating
quinazoline-4(3H)-one are a promising class of molecules of interest for the treat-
ment of cancer [10, 11].

On the other hand, it is known that the carbamate ester derivatives have dif-
ferent certain therapeutic actions; this class includes physostigmine, neostigmine,
pyridostigmine, rivastigmine, methocarbamol, and carisoprodol.

Carbamates are also of interest for their action as HIV-1 protease inhibitors
(darunavir, amprenavir, and atazanavir) [12].

We have concentrated our research activity on bringing together the quinazoline
nucleus and carbamate ester group in the same 4(3H)-quinazolinone structure [13].

2. Synthesis of 4(3H)-quinazolinone derivatives

We obtained the new 4(3H)-quinazolone derivatives using the acylation of
potassium 2-[2-methyl-3-(4-oxoquinazolin-3(4H)-yl)-aceto]-hydroxamate with
aromatic acid chlorides in the presence of dioxane [14]. The general reaction
scheme is presented (Figure1).

We obtained the new derivatives by applying the following working technique:

Around 0.68 g (0.0025 mol) of potassium 2-[2-methyl-3-(4-oxoquinazolin-
3(4H)-yl)-aceto]-hydroxamate was heating, and then 0.0025 moles of acid chloride
in 20 mL of dioxane was gradually added; a white precipitate (potassium chloride)

eI J-I\ “H--[ g PR - _.-G LDHNHOCR
[::'-" "\-u, ‘:JN‘JL. |: (l.—NI K _cac l |L JN Z ” ”
e . L [ - K '}‘;‘;-_,.-" o . 8] s
s N o) L : M CH,

= A-Midy, 3-CHs, 3,5-[0CH:)e, 3.1,53-(0CH=1z, 3,5-(00:Hs)2

Figure 1.
The synthesis of new 4(3H)-quinazolinone derivatives.
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is formed. The reaction mixture is refluxed for 3 hours and then filtered. The filtrate
was evaporated to dryness by mild heating under vacuum to give the crude product.
The new compounds are recrystallized from isopropanol.

All chemicals and solvents were supplied by Sigma-Aldrich Chemical Company.
All the solvents were distilled and dried before use.

Melting points were measured in open capillary tubes on an Electrothermal 9100
apparatus, and they are uncorrected.

Infrared spectra were recorded on a FT/IR-solid in ATR spectrometer (the
signal intensities (height) were denoted by the following abbreviations: w = weak,
m = medium, s = strong, v = variable).

The NMR spectra were recorded on a Varian 2000 and Bruker Fourier 300
instruments at room temperature, operating at 300 MHz for 1H and 75 MHz for
13C. The chemical shifts were recorded in 8 units (ppm), relative to residual peak
of the deuterated dimethyl sulfoxide (DMSO-d6). Tetramethylsilane (TMS) was
used as internal standard. The coupling constants values are reported in hertz, and
the splitting patterns are abbreviated as follows: s = singlet, d = doublet, t = triplet,
m = multiplet, and b = broad.

The elemental analyses were performed on a PerkinElmer CHNS/O Analyzer
Series I1 2400 apparatus, and the results were in agreement with the calculated values.

For a better interpretation of spectral data, we used the numbering of the atoms
presented in Table 1.

Compound Q1: 3-(4-Nitro-phenyl-carbonyl-oxi-carbamoyl-methyl)
-2-methylquinazolin-4(3H)-one.

C1sH14N4Og (Mr 382.33); m.p. 183-184°C; yield 38.7%.

Elemental analysis: Calculated: C 56.55%, H 3.69%, N 14.65%; found: C 56.78%,
H 3.56%, N 14.84%.

"H-NMR (dmso-d6, & ppm, ] Hz, T = 308 K): 12.84(s, 1H, H-12); 8.39
(d, 2H, H-16, H-18, ] = 9.4); 8.27(d, 2H, H-15, H-16, ] = 9.2); 8.11(dd, 1H, H-5,
J=78,]=16);782(td, 1H, H-7,] = 7.8, ] = 1.6); 7.61(bd, 1H, H-8, ] = 7.8); 7.51
(td, 1H, H-6,] = 7.8, ] = 1.4); 4.98(s, 2H, H-10); 2.58(s, 3H, H-9).

BC-NMR (dmso-d6, & ppm, T = 308 K): 164.99(C0O-11); 162.69(CO-13);
161.13(C-4); 155.11(C-2); 150.87(C-17); 146.97(C-1a); 131.86(C-14); 119.57(C-4a);
134.71(C-7); 131.13(C-16, C-18); 126.60(C-8); 126.56 (C-6); 126.28(C-5); 124.26(C-
15, C-19); 43.96(C-10); 22.73(C-9).

FT-IR (solid in ATR, v cm™): 3164 m; 3077w; 3017w; 2976 m; 1783s; 1711 m;
1642vs; 1597vs; 1528vs; 1473 m; 1416w; 1386w; 1347s; 1233 m; 1066 m; 975 m;
873w; 844w; 774 m; 710 m; 658w.

Compound Q2: 3-(3-Methyl-phenyl-carbonyl-oxi-carbamoyl-methyl)
-2-methylquinazolin-4(3H)-one.

Ci9H17N30,4 (Mr 351.36); m.p. 151-52°C, yield 42.5%.

Elemental analysis: Calculated: C 64.95%, H 4.88%, N 11.96%; found 64.80%,
H 4.85%, N 12.04%.

"H-NMR (dmso-d6, 5 ppm, ] Hz, T = 308 K): 12.61(s, 1H, H-12); 8.11(dd, 1H,
H-5, 1.4, 8.0); 7.85(t, 1H, H-15,); 7.82(td, H-7, 8.0, 1.4); 7.85:7.80(m, 2H, H-15,
H-19); 7.62(dd, 1H, H-8, 1.4, 8.0); 7.56(bd, 1H, H-17, 7.7); 7.51(td, 1H, H-6, 8.0, 1.4);
747(t, 1H, H-18, 7.7); 4.97(s, 2H, H-10); 2.58(s, 3H, H-9); 2.38(s, 3H, H-16").

BC-NMR (dmso-d6, & ppm, T = 308 K): 164.86(CO-11); 164.14(CO-

13); 161.14(C-4); 155.17(C-2); 147.00(C-1a); 138.78(C-16); 126.42(C-14);
119.61(C-4a);135.18(C-19); 134.70(C-7); 129.85(C-15); 129.10(C-17); 126.73(C-18);
126.60(C-8); 126.55(C-6); 126.30(C-5); 43.94(C-10); 22.73(C-9); 20.73(C-16").

FT-IR (solid in ATR, v cm™): 3200 m; 3004w; 2956w; 1774 m; 1672vs; 1599s;
1519w; 1468 m; 1385 m; 1340w; 1264 m; 1170 m; 1065 m; 972 m; 860w; 778 m;

733 m; 695w.
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Table 1.

Numbering of atoms for spectral interpretation.

Compound Q3: 3-(3,5-Dimethoxy-phenyl-carbonyl-oxi-carbamoyl-methyl)-2-
methylquinazolin-4(3H)-one.

C2oH19N306 (Mr 397.39); m.p. 148-49°C, yield 48.1%.

Elemental analysis: Calculated: C 60.45%, H 4.82%, N 10.57%; found C 60.60%,
H 4.96%, N 10.65%.

"H-NMR (dmso-d6, § ppm, ] Hz, T = 308 K): 12.58(s, 1H, H-12); 8.10(dd,
1H, H-5,] =78 Hz, ] = 1.6 Hz); 7.79(td, 1H, H-7,] = 78, ] = 1.6); 7.62(bd, 1H, H-8,
] =78);751(td, 1H, H-6,] = 7.8, ] = 1.5); 711(d, 2H, H-15, H-19, ] = 2.3); 6.87
(t, 1H, H-17,] = 2.3); 4.96(s, 2H, H-10); 3.81(s, 6H, H-16’, H-18'); 2.58(s, 3H, H-9).

BC-NMR (dmso-d6, § ppm, T = 308 K): 164.86(CO-11); 163.74(CO-13);
161.13(C-4); 160.69(C-16, C-18); 155.09(C-2); 147.05(C-1a); 128.33(C-14);
119.61(C-4a); 134.65(C-7); 126.63(C-8); 126.51(C-6); 126.26(C-5); 106.99(C-19,
C-15); 106.46(C-17); 55.66(C-16', C-18'); 43.93(C-10); 22.73(C-9).
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FT-IR (solid in ATR, v cm™): 3239w; 3092w; 2949w; 2844w; 1775 m; 1676vs;
1600vs; 1500w; 1469 m; 1431 m; 1390 m; 1352 m; 1305 m; 1212 m; 1195 m; 1179 m;
1165 m; 1081w; 1051 m; 1016 m; 976 m; 931w; 877w; 848w; 772 m; 747w.

Compound Q4: 3-(3,4,5-Trimethoxy-phenyl-carbonyl-oxi-carbamoyl-methyl)-
2-methylquinazolin-4(3H)-one.

C21H21N307 (Mr 42741), m.p.152—53°C, yleld 45.3%.

Elemental analysis: Calculated: C 59.01%, H 4.95%, N 9.83%; found C 58.92%,
H 5.05%, N 10.02%.

'H-NMR (dmso-d6, & ppm, J Hz, T = 308 K): 12.58(s, 1H, H-12); 8.11(dd, 1H,
H-5,]=73,]=1.6); 7.82(td, 1H, H-7,] = 7.3, ] = 1.6); 7.62(bd, 1H, H-8, ] = 7.3);
7.51(td, 1H, H-6,] = 7.3, ] = 1.4); 7.29(s, 2H, H-15, H-19); 4.96(s, 2H, H-10); 3.85
(s, 6H, H-16’, H-18"); 3.76 (s, 3H, H-17'); 2.58(s, 3H, H-9).

BC-NMR (dmso-d6, § ppm, T = 308 K): 164.88(C0O-11); 163.64(CO-13);
161.13(C-4); 155.10(C-1a); 152.99(C-16, C-18); 147.05(C-17); 142.69(C-14);
121.30(C-14); 119.61(C-4a); 134.65(C-7); 126.63(C-8); 126.51(C-6); 126.26
(C-5); 106.83(C-15, C-19); 60.25(C-17"); 56.13(C-16’, C-18’); 43.90(C-10);
22.72(C-9).

FT-IR (solid in ATR, v cm™): 3200 w; 2979 w; 1766 m; 1680 vs; 1601 s; 1512 m;
1465 m; 1416 wm; 1405 w; 1277 m; 1250 m; 1209 m; 1188 m; 1144 m; 1071 m;

1017 m; 972 m; 870 m; 772 m.

Compound Q5: 3-(3,5-Diethoxy-phenyl-carbonyl-oxi-carbamoyl-methyl)-2-
methylquinazolin-4(3H)-one.

C22H23N306 (Mr 42544), m.p. 158—59°C, yleld 35.8%.

Elemental analysis: Calculated: C 62.11%, H 5.45%, N 9.88%; found C 62.25%,
H 5.58%, N 10.05%; m.p. 158-159°C; yield 35.8%.

'H-NMR (dmso-d6, & ppm, J Hz, T = 308 K): 12.59(s, 1H, H-12); 8.11(dd, 1H,
H-5,] =78,] =1.6); 7.82(td, 1H, H-7,] = 7.8, ] = 1.6); 7.62(bd, 1H, H-8, ] = 7.8);
7.51(td, 1H, H-6,] = 7.8, ] = 1.4); 7.07(d, 2H, H-15, H-19, ] = 2.1); 6.82(t, 1H, H-17,

J =2.1); 4.96(s, 2H, H-10); 4.07(q, 4H(CH,), H-16', H-18', ] = 6.9); 2.58(s, 3H, H-9);
1.32(t, 6H(CH3), H-16’, H-18', ] = 6.9).

BC-NMR (dmso-d6, § ppm, T = 308 K): 163.78(CO-11); 163.14(CO-13);
161.09(C-4); 159.88(C-16, C-18); 155.03(C-2); 147.01(C-1a); 128.25(C-14);
119.57(C-4a).

134.58(C-7); 126.58(C-8); 126.44(C-6); 126.20(C-5); 107.30(C-16, C-18);
107.21(C-17); 63.64(CH,-16’, CH,-18’); 43.89(C-10); 22.67(C-9); 14.43(CH;-16",
CH;-18").

FT-IR (solid in ATR, v em™): 3219 w; 2980 w; 2937 w; 2882 w; 1778 m;

1675 vs; 1602 s; 1510 w; 1471 w; 1451 m; 1389 m; 1372 m; 1355 m; 1301 m; 1179
vs; 1116 m; 1086 m; 1058 s; 976 m; 934 m; 859 m; 829 w; 776 m; 747 m; 708 w;
692 w; 676 w; 658 m.

3. Pharmacological research on new 4(3H)-quinazolinone derivatives
3.1 Objective

The main objective of our study was to assess the potential pharmacological
actions on central nervous system of five new 4(3H)-quinazolinone derivatives. For
this purpose, we evaluated first the acute oral toxicity on mice, using the “up and
down” method, in accordance with European Guidelines regarding the ethic
of experimental research on animals [15]. These guides mention that the sub-
stances expected to have a low degree of toxicity can be tested using the limit test
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at 2000 mg/kg bw and only in special situations at the dose of 5000 mg/kg bw.
After assessing the toxicity level of the substances, we performed a battery of tests
to highlight the pharmacological potential of the new compounds on the central
nervous system. Thus, we determined the antidepressant effect using the forced
swimming test (FST) and tail suspension test (TST); the effect on anxiety using the
elevated plus maze (EPM), Ugo Basile, Italy; and the effect on the motor activity
with the activity cage (Ugo Basile).

All pharmacological tests were performed on mice, following all the existing
protocols from the Laboratory of Pharmacology, Faculty of Pharmacy, UMF “Carol
Davila” Bucharest.

3.2 Materials and methods

We used for the pharmacological experiments 85 male, white, NMRI mice,
weighing 26 + 1.7 g. The animals were supplied by the rodent farm of the University
of Medicine and Pharmacy “Carol Davila” Bucharest. The animals were housed in
ventilated cages with free access to food and water. The temperature and the relative
humidity were kept constant (22-24°C, 45-60%).

All experimental procedures were carried out in accordance with the Directive
2010/63/UE of 22 September 2010, regarding the protection of animals used for
experimental and other scientific purposes. All experimental procedures were
approved by the Ethical Committee of the Faculty of Pharmacy, Bucharest. The
experiment was conducted in May 2018.

For acute toxicity evaluation, we used five groups of three mice each, which
received the new five quinazolinone derivatives in the dose of 2000 mg/kg bw p.o.
All animals were followed for 14 days regarding any sign of lethality, body weight
evolution, or behavior changes.

The pharmacological tests on central nervous system were performed on
70 mice, which were initially subjected to the Ugo Basile activity cage test. The
parameter on which the animals were divided into groups was the horizontal motor
activity, measured for every period of 5 min. The mice were divided into 7 groups
of 10 individuals each, with similar average responses and standard deviations
between groups.

The compounds were administered as shown below:

* Group I (control)—distilled water 0.1 ml/10 g orally

Group II (reference)—amitriptyline 10 mg/kg bw susp. 0.1% orally
* Group III—Q1 100 mg/kg bw, susp. 1% orally

* Group IV—Q2 100 mg/kg bw, susp. 1% orally

* Group V—Q3 100 mg/kg bw, susp. 1% orally

* Group VI—Q4 100 mg/kg bw, susp. 1% orally

Group VII—Q5 100 mg/kg bw, susp. 1% orally
We decided to test the animals at a dose of 100 mg/kg bw, considering the level

of 1/20 of the dose administered in acute toxicity test which provided no lethal
effects to mice.
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The pharmacological tests were performed as follows:

* After 1 day of administration: activity cage and FST

* After 14 days of administration: activity cage and TST
* After 15 days of administration: EPM

FST was chosen after acute administration because it proved effective and
consistent in testing antidepressant effect after one single dose [16].

All tests were conducted respecting the following protocol: in the testing cham-
ber, the animals were kept in artificial light. Each individual was administered with
a 7-min delay from the previous one (5 min for the test itself and 2 min to clean the
device before testing the next animal) so that all of them could be tested after the
same time interval from the moment of receiving the treatment.

Determination of motor activity assessed the influence of new compounds on
mice motility and desire to explore. The duration of this test in the activity cage was
5 min for each mouse. The animals were placed each time in the same corner of the
device [17].

Determination of immobility time of mice in forced swimming test (FST), was
originally described by Porsolt [16, 18]. Each mouse was placed into a glass cylinder
(25 cm height, 30 cm diameter) containing water at a temperature of 23 + 1°C. The
test duration was 6 min, the first two for accommodation and the next four for the
actual determination of the immobilization time. The mouse is considered immobi-
lized when it ceases to struggle and remains in an immobile, characteristic position,
with minimal movements for keeping the head above the water.

Determination of immobility time of mice in tail suspension test (TST) involves
the same principle as FST, the difference being the nature of the inducing factor of
the depressive state, the suspension of the animal by the tail. In this test, there is no
need for accommodation, so the determination of the immobility time starts from
the beginning of the experiment [19].

Determination of anxiolytic potential of the compounds was performed using the
elevated plus maze Ugo Basile. The mouse was placed in the center of the device, and
it was left free to explore the maze. We determined the time spent into the open
arms and the time spent into the closed arms. We considered that the mouse was in
one of the arms when all four limbs were in that arm [20].

3.2.1 Statistical analysis

Statistical calculation used the software GraphPad Prism version 8.0.0 for
Windows, GraphPad Software, San Diego, California, USA, www.graphpad.com.
Statistical comparison between groups used the ANOVA test. In case it indicated
a statistical significance, the Tukey posttest was performed comparing all groups
2 x 2. When appropriate, we determined the Pearson correlation coefficient.

Normality of response distribution in collectivity was tested with D’Agostino
and Pearson test.

3.3 Results and discussion
Acute toxicity research did not lead to any lethality for the five new compounds

administered at a dose of 2000 mg/kg bw. According to the “up and down” method,
higher doses are not recommended, and the compounds can be classified in the
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Groupl Group I Group III Group IV Group V Group VI Group VII
M 623.2 6221 623.5 6226 623.0 622.8 623.9
SD 100.7 104.1 86.1 107.7 95.25 99.29 107.52

M = avevage, SD = standavd deviation.

Table 2.
The horizontal motor activity (HMA) of the groups formed after the selection process.
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Figure 2.
Normal distribution of initial HMA values.

category “very low toxicity” Evolution of body weight, determined every other day
for 14 days, was similar between treated mice and control ones. Changes in weight
were small, being statistically insignificant. Motor behavior was similar, and response
to auditory and tactile stimuli was present. No animal showed any palpebral ptosis,
and the appearance of the fur and tail remained unchanged during the experiment.

After the initial determination of motor activity, the mice were divided into
seven homogenous groups, each containing 10 individuals. Their baseline mean
horizontal motor activity is shown in Table 2, and the Gaussian distribution of the
individual results is highlighted in Figure 2:

After acute administration, compound Q5 had the most intense effect on motor
activity, with a 23.69% reduction in HMA compared with the control group. This
result was statistically significant according to ANOVA followed by Tukey posttest.
The same compound reduced VMA with 37.39% compared with the control, but
this result was not significant. Q3 was another compound which reduced the motor
activity by more than 20%, but the results were not significant. The other three
new quinazolinones had limited influence on motor activity. Amitriptyline used as
the reference substance did not influence significantly the motor activity after one
administration, as it can be observed in Tables 3 and 4.

The immobilization time in FST after acute administration was influenced
differently by the new five compounds and was correlated with the results obtained
in motor activity testing. In Table 5, it can be seen that compounds that have
decreased the most intense motor activity (Q3, Q5) have led to an increase in
immobilization time, with 44.09 and 41.24% compared with the reference group.
Compound Q1 had the most intense antidepressant effect after one dose, quantified
by reducing the immobilization time with 20.39% compared with the control group.
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M=+ SD ANOVA  Effect%vs. Tukeyposttest/ Effect % vs. Tukey
control control reference posttest/
reference
Group 50050 +91.25  <0.001" — — — —
(control)
Group II 47750 + 80.27 —4.59% ns — —
(reference)
Group I1I (Q1) 499.00 + 46.82 -0.29% ns -4.50% ns
Group IV (Q2) 472.50 + 57.33 —5.59% ns -1.05% ns
Group V (Q3) 398.50 + 52.26 —20.37% ns —-16.54% ns
Group VI (Q4) 436.50 + 1071 -12.78% ns —8.58% ns
Group VII (Q5) 38190 + 107.0 —23.69% <0.05 —20.02% ns
Statistical significance
"High statistical significance
Table 3.
The horizontal motor activity (HMA) of the groups after one administration.
M= SD ANOVA Effect % vs. Effect % vs.
control reference
Group I (control) 59.90 + 26.94 ns — —
Group II (reference) 50.90 + 15.59 —15.02% —
Group I1I (Q1) 50.70 + 14.21 —-15.35% -0.39%
Group IV (Q2) 52.50 +19.73 -12.35% —3.14%
GroupV (Q3) 45.50 +15.38 —24.04% —-10.60%
Group VI (Q4) 46.30 +17.01 —22.70% —9.03%
Group VII (Q5) 3750 + 28.16 —3739% -26.33%
Table 4.
The vertical motor activity (VMA) of the groups after one administration.
M :SD ANOVA Effect % Tukey  Effect%vs. Tukey posttest/
vs.control  posttest/  reference reference
control
Group [ 12110 £3451  <0.0001" — — — —
(control)
Group II 98.20 + 18.97 -18.91% ns — —
(reference)
Group III (Q1) 96.40 + 14.47 —20.39% ns -1.83% ns
GroupIV (Q2) 10130 + 16.40 —16.35% ns 3.15% ns
GroupV (Q3) 13870 +28.13 14.53% ns 41.24% <0.017
Group VI (Q4) 13270 + 26.03 9.57% ns 35.13% <0.05'
GroupVII (Q5) 14150 + 27.73 16.84% ns 44.09% <0.01"

Statistical significance.
"High statistical significance.

" Statistical significance. Very high statistical significance.

Table 5.
The immobilization time in FST after one administration.
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Figure 3.
Pearson correlation between data obtained in activity cage test and forced swimming test after acute

administration (black circle—the best correlation for a compound between immobilization time in FST and
horizontal movements activity).

M:SD ANOVA Effect%  Tukeyposttest/ Effect%vs. Tukey posttest/

vs. control control reference reference

GroupI (control) 47150 +72.75  <0.0001 — —

GroupII 382.90 + 64.70 ~18.79% <0.05 — —
(reference)
Group III (Q1) 479.50 + 65.91 1.69% ns 25.22% <0.05
Group IV (Q2) 48250 £ 72.71 2.33% ns 26.01% <0.05"
Group V (Q3) 404.30 + 50.62 —14.25% ns 5.58% ns
Group VI (Q4) 46830 + 56.68 —-0.67% ns 22.30% ns
Group VII (Q5) 365.50 + 52.63 —22.48% <0.01" —4.54% ns

“Statistical significance.

"High statistical significance.
Very high statistical significance.

Table 6.
The horizontal motor activity (HMA) of the groups after 14 days of administration.

It was interesting to find the degree of Pearson correlation between the values
obtained in the two tests after acute administration. As it can be observed in
Figure 3, the best correlation of data is between values of group Q5—HMA and
FST—with a coefficient of —0.622.

After 2 weeks of daily administration, the motor activity of the mice has illus-
trated a significant reduction of HMA in Q5 group, with 22.48% compared with
control, which can be seen in Table 6. Also, in accordance with the known fact
that amitriptyline has a sedative pharmacological profile, it determined a marked
decrease of horizontal movements, with 18.79% compared with control.

Regarding the vertical movements, amitriptyline and the new compounds Q3
and Q5 produced the largest decrease, with effects between 14.63 and 34.03%, but
ANOVA showed no statistical significance (Table 7).
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Mz:SD ANOVA  Effect%vs.control  Effect % vs. reference

Group I (control) 56.70 + 1713 ns — —

Group II (reference) 4740 + 16.53 —16.40% —

Group I1I (Q1) 59.00 + 14.79 4.05% 24.47%

Group IV (Q2) 51.10 + 1799 -9.87% 7.80%

Group V (Q3) 48.40 +10.99 -14.63% 2.10%

Group VI (Q4) 51.80 + 14.48 —8.64% 9.28%

Group VII (Q5) 3740 + 15.58 —34.03% —21.09%

Table 7.
The vertical motor activity (VMA) of the groups after 14 days of administration.

M+SD ANOVA  Effect%vs. Tukeyposttest/ Effect%vs. Tukey posttest/
control control reference reference

GroupI (control) ~ 103.80 + 14.81  <0.01" — — _ _

Group II 83.60 + 14.67 —19.46% ns — —
(reference)

Group III (Q1) 8290+ 12.16 -20.13% ns —0.83% ns
Group IV (Q2) 94.10 + 14.62 —9.34% ns 12.55% ns
Group V (Q3) 104.20 + 18.61 0.38% ns 24.64% ns
Group VI (Q4) 96.20 + 19.86 —7.32% ns 15.07% ns
Group VII (Q5) 10760 + 22.46 3.66% ns 28.70% <0.05

"High statistical significance Statistical significance
Statistical significance.

Table 8.
The immobilization time in TST after 14 days of administration.

Elevated plus maze - time in open arms

80-
60
E; N
£ Ng !l
20- NE |
ﬁ N &
ANHE |

Ctrl Ref Q1 Q2 Q3
Group

Figure 4.
Time in open arms of EPM after 15 days of administration (the columns represent the mean + SD).

Tail suspension test after 14 days of administration evidenced the compound Q1
which reduced the immobilization time with 20.13% compared with control. The
effect is comparable to that of the reference substance. Compound Q5 produced an
increase of immobilization time, with 3.66% compared with control and 28.70%
compared with amitriptyline (Table 8).
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Elevated plus maze - time in closed ams
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Figures.
Time in closed arms of EPM after 15 days of administration (the columns represent the mean + SD).

At the end of the experiment, we wanted to see if the new quinazolinones had
any influence on the anxious natural behavior of the mice. It is well known that
placed in the plus maze, mice prefer to explore closed and secure arms instead of
open ones, associated with imminent danger. The results in elevated plus maze
test evidenced a slight anxiolytic effect for two new compounds, Q3 and Q5. They
increased the time spent in the open arms of the maze with 20.74 and 15.61%
compared with control group. The mean results can be observed in Figure 4.

Also, the same two compounds produced a decrease of the time spent in closed
arms of the maze, with 5.92 and 4.92% compared with control (Figure5).

The preference of the animals for the open arms instead of closed onesisa
sign of lower anxiety, thus we can affirm that compounds Q3 and Q5 have a slight
anxiolytic effect. The other compounds did not influence the parameters in EPM.

4, Conclusion

We obtained five new 4 (3H)-quinazolinone derivatives through a standard-
ized synthesis process. The compounds were characterized by measuring the
melting points, by determining the infrared and NMR spectra, and by elemental
analysis.

The pharmacological tests evidenced that the five new quinazolinones have a
very low acute toxicity, lethal doses being >2000 mg/kg bw.

Regarding the results obtained in pharmacological tests for evaluation of anti-
depressant and anxiolytic effects, the compounds had different actions, probably
influenced by the presence of different radicals on the nucleus.

Thus, Q1 which have the nitro group in structure manifested the highest antide-
pressant effect, with a reduction of immobilization time in FST with 20.39% and in
TST with 20.13% compared with control.

On the other hand, compounds Q3 and Q5, with two groups methoxy, respective
ethoxy, had a slight anxiolytic effect, highlighted by increasing the time spent in
open arms, with 20.74 and 15.61% compared with control.

The five new compounds have been shown to have central nervous system activ-
ity, and we consider that they deserve further testing in order to detect other effects
of interest.
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Chapter7

Quinazoline Based Synthesis of
some Heterocyclic Schiff Bases

Sainath Bhanudas Zangade

Abstract

3-amino-2-methylquinolin-4(3H)-one on condensation with different sub-
stituted naphthanones in presence of acetic acid under classical procedure to
affords novel series of Schiff bases containing quinazoline moiety. The procedure
is simple and easy to obtain the resultant quinazoline Schiff bases in good yields.
The product 2a-d is purified by crystallization in pure 94% ethanol and char-
acterized by thin layer chromatography. The newly synthesized imines (Schiff
bases) are confirmed on the basis of spectral techniques, 'H NMR, IR, and mass
spectroscopy.

Keywords: synthesis, quinazolines, heterocyclic Schiff bases, naphthnones

1. Introduction

Quinazoline and quinazolinones are the compounds made up of two fused
six-membered simple aromatic rings, structure compound containing benzene
fused to pyrimidine. This quinazoline ring system consist a structural fragments of
about 150-160 natural alkaloids. The first derivative of quinazoline was prepared
in 1869 by Griess as 2-cyano-3,4-dihydro-4-oxoquinazoline. This compound
bicyclic called as bicyanoamido benzoyl and obtained by the reaction of cyanogens
with anthranilic acid [1].

Many of these derivatives possess broad range of biological properties such
as antimalarial, antimicrobial, diuretic, anticancer, antiviral, antifungal, anti-
protozoal, anti-inflammatory, muscle relaxant, antitubercular, antidepressant,
anticonvulsant, weedicide and many others [2-20]. Quinazoline and quinazo-
linone compounds are also useful nucleus in preparation of various functional
materials for synthetic chemistry and also present in various drugs molecules
(Figure1).

Schiff bases (imines) are well known for their application and are useful inter-
mediates in organic synthesis. These compounds have intrinsic biological activities
including anticancer, antitumour, antitubercular, antioxidant and antiproliferative
activity. The combination of quinazoline nucleus with imines further may increase
the pharmacological activity, in view of these studies I plan to synthesize four new
Schiff bases containing quinazoline (Figure 2).

107 IntechOpen



Quinazolinone and Quinazoline Derivatives

Spoo]

Albaconazale [Antifangal)

N

F F

e

Alfuzoein [Anticancer)

POS R

Ralaglitazone [Antidiabetic and hypolipidinic)

!

Verubulin [Anticancer]

Figure 1.
Biological active drugs containing quinazoline and quinazolinone.
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Figure 2.
Synthesis of heterocyclic Schiff bases 2a—d.

2. Chemistry

The chemistry of quinazolines was reviewed by a scientist, Williamson in
1957 and then by Lindquist in 1959 and brought up to date by Armarego in 1963.
Quinazolines is stable in cold dilute acid and alkaline solutions, but it is destroyed
when these solutions are boiled. O-Amino benzaldehyde, ammonia, and formic acid
are formed when quinazoline is boiled with hydrochloric acid.

2.1 Experimental methods quinazoline based Schiff bases

Melting points were determined in open capillary tubes and are uncorrected.
FT-IR spectra were recorded in KBr pellets on a Perkin-Elmer [8201] spectrometer.
1H NMR spectra were recorded on a Gemini 300-MHz instrument in DMSO-d6
as the solvent and TMS was used as an internal standard. The mass spectra were
recorded on SHIMADZU (GCMS-QP 1000 EX) GC-EI-MS spectrometer. Elemental
analyses were performed on a Perkin-Elmer 240 CHN elemental analyzer.
Purification of the compound was indicated using TLC (ethyl acetate/cyclohexane
(0.25mL:0.25 mL, v/v) as the mobile phase).

2.2 Procedure for preparation of quinazoline based Schiff bases

In 50 mL of round bottom flask, mixture of 3-amino-2-methyl-3H-quinazolin-
4-one (0.01 M) and substituted acteonaphthanones (0.01 M) was dissolved in
ethyl alcohol (15 mL). To this reaction mixture acetic acid (0.001 M) was added
and resultant reaction mixture was refluxed for 2-3 h. On completion of reaction as
monitored by TLC (ethyl acetate:cyclohexane, 0.25 mL:0.25 mL, v/v as the mobile
phase) the reaction mixture was work-up using cold water to obtained crud solid
product. The separated solid was filtered and recrystallized from ethanol to yield
pure Schiff’s bases.

* (E)-3-((1-(1-hydroxy-4-iodonaphthalen-2-yl)ethylidene)amino)-2-
ethylquinazolin-4(3H)-one.
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Appearance: light yellow solid, FT-IR (KBr, v, cm™): 3237, 3065, 2925,
1775, 1628, 1547, 1465, 815, 668. 'H NMR (300 MHz, DMSO-dq, 5, ppm): 12.5
(s, 2H, OH), 6.69-8.29 (m, 9H, ArH), 3.26 (s, 3H, CH;)2.61 (s, 3H, CH3). (MS,
EI) m/z (%): 453 (M+, 57%).

* (E)-3-((1-(4-bromo-1-hydroxynaphthalen-2-yl)ethylidene)amino)-
2-methylquinazolin-4(3H)-one.

Appearance: light yellow solid, FT-IR (KBr, v, cm™Y): 3242, 3068, 2933,
1772, 1630, 1549, 1460, 818, 663. 'H NMR (300 MHz, DMSO-dg, 8, ppm):
12.5 (s, 2H, OH), 6.67-8.29 (m, 9H, ArH), 3.26 (s, 3H, CH3)2.61 (s, 3H, CH3).
(MS, EI) m/z (%): 406 (M+, 69%).

* (E)-3-((1-(4-chloro-1-hydroxynaphthalen-2-yl)ethylidene)amino)-
2-methylquinazolin-4(3H)-one.

Appearance: light yellow solid, FT-IR (KBr, v, cm™Y): 3247, 3063, 2935,
1774, 1632, 1544, 1462, 816, 665. 'H NMR (300 MHz, DMSO-dq, 8, ppm): 12.5
(s, 2H, OH), 6.68-8.29 (m, 9H, ArH), 3.27 (s, 3H, CH3)2.61 (s, 3H, CH3;). (MS,
EI) m/z (%): 361.5 (M+, 65%).

* (E)-3-((1-(1-hydroxynaphthalen-2-yl)ethylidene)amino)-
2-methylquinazolin-4(3H)-one.

Appearance: light yellow solid, FT-IR (KB, v, cm™Y): 3242, 3067, 2937,
1773, 1635, 1546, 1465, 818, 667. '"H NMR (300 MHz, DMSO-dq, 5, ppm): 12.5
(s, 2H, OH), 6.68-8.29 (m, 10H, ArH), 3.25 (s, 3H, CH3)2.62 (s, 3H, CHj3).
(MS, EI) m/z (%): 327(M+, 64%).

3. Conclusion

The author has reported the synthesis of novel series of quinazolines based
Schiff bases from hydroxynaphthanones and 3-amino-2-methyl-3H-quinazolin-
4-one using classical procedure under slightly acidic conditions.

4. Result and discussion

Quinazoline derivatives are further classified into the following main five
categories. This classification is on the basis of their substitution patterns present in
the ring system [3]. These are 2-substituted-4(3H)-quinazolinones, 3-substituted-
4(3H)-quinazolinones, 4-substituted-quinazolines, 2,3-disubstituted-4(3H)-
quinazolinones, and 2,4-disubstituted-4 (3H)-quinazolinones. In view of the
importance of quinazoline derivatives, the present study describes the synthesis of
some important quinazoline based imines. The mixture of corresponding 3-amino-
2-methyl-3H-quinazolin-4-one and substituted naphthnones treated in presence
slightly acidic condition under reflux for 3 h to give formation imines (Figure 2).
The formation of imines confirmed on the basis of spectral data, the IR spectra
reveals the stretching band around 1630 cm ™ is due to imines C=N. The NMR
reveals the absence of -NH, protons around & 5.2 confirms the condensation reac-
tion carried successfully. The mass spectrum of compounds 2a~d gives molecular
ion which is corresponding to molecular weight of products.
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Edited by Ali Gamal Al-kaf

One of the problems with modern public health is target searching for new highly
effective medicinal preparations. Among those medicinal preparations are the natural
and synthetic origins of quinazolinone-4 derivatives. Quinazolinone derivatives
are reported to be physiologically and pharmacologically active. They also exhibit
a wide range of activities such as anticonvulsant, antiinflammatory, antifungal,
antimalarial, and sedative properties. Some of these compounds are identified as drugs
used as diuretics, vasodilators, and antihypertensive agents. Moreover, sulfonamide
derivatives have been widely used as bacteriostatic agents. Prompted by the above-
mentioned facts and in conjunction with our ongoing program on the utility of readily
obtainable starting material for the synthesis of heterocyclic systems of biological
interest, we have decided to synthesize a series of quinazolinone derivatives having
sulfonamide moiety with a potentially wide spectrum of biological responses.
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