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Abstract:

The EGFR family plays an essential role in normaao development by mediating
morphogenesis and differentiation through effectscell proliferation, differentiation,
apoptosis, invasion, and angiogenesis. Unlike nbrre#is that have tight regulatory
mechanisms controlling EGFR pathways, tumor ceftenohave dysregulated EGFR
signaling, allowing them to proliferate under adeerconditions, invade surrounding
tissues, and increase angiogenesis. Epidermal lgrfaetor receptor (EGFR) is a trans-
membrane receptor tyrosine kinase that belongsediiman epidermal receptor (HER)
family of receptors. Receptor protein tyrosine kies play a key role in signal
transduction pathways that regulate cell divisiod differentiation. Among the growth
factor receptor kinases that have been identifeedesng important in cancer is epidermal
growth factor receptor (EGFR) kinase (also knowrersB1 or HER-1) and the related
human epidermal growth factor receptor HER-2 (&lsown as erbB-2). The quinazoline
and other heterocyclic skeletanr® of great importance to chemists as well abisis
as it is available in a large variety of naturalcurring compounds. In this article we are
emphasizing on various heterocycles such as Quinazopyrrolotriazines etc. as
promising anticancer agents. These heterocycleseshthe anticancer activity through
the inhibition of EGFR enzyme. Attempt will be tak provide details information on

the said topic in the benefit of medicinal chemist.
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1. Introduction

The quinazolinkand other heterocyclic skeletom® of great importance to chemists as
well as biologists as it is available in a largeiety of naturally occurring compounds. It
is also found in clinically useful molecules havidiyerse biological activitiéssuch as
antivira® antimalariaf, Anticonvulsarit® Antimicrobial”®  Antitoxoplasmosi$
Antihyperglycemit® Antiplatelet?, Anxiolytic*?, Antifungaf®, Antihypertensiv&',

Cancer chemotherapy has entered a new era of nfenlgctargeted therapeutics, which
is highly selective and not associated with thésertoxicities of conventional cytotoxic
drugs®.

The EGFR family plays an essential role in normaao development by mediating
morphogenesis and differentiation through effectscell proliferation, differentiation,
apoptosis, invasion, and angiogen¥si< Unlike normal cells that have tight regulatory
mechanisms controlling EGFR pathways (Figurel),aucells often have dysregulated
EGFR signaling, allowing them to proliferate undadverse conditions, invade
surrounding tissues, and increase angiogenesisndigr EGFR must be activated by a
ligand to initiate downstream signaling, but tungetls can circumvent this requirement
through a number of mechanisth<Epidermal growth factor receptor (EGFR) is a $ran
membrane receptor tyrosine kinase that belongsetdiiman epidermal receptor (HER)
family of receptor¥.

The first group of these novel anticancer drugthase targeting mutant or aberrantly
expressed oncogenic growth factor receptor andreceptor tyrosine kinases involved in

mitogenic or proliferative signal transduction pagys in cancer celf€.Receptor protein



tyrosine kinases play a key role in signal tranidagpathways that regulate cell division
and differentiation. Among the growth factor reagtinases that have been identified as
being important in cancer is epidermal growth faateceptor (EGFR) kinase (also
known as erb-B1 or HER-1) and the related humadegpial growth factor receptor
HER-2 (also known as erbB-2). Deregulation of gtoféctor signaling due to
hyperactivation of the ErbB receptors (primarily H&G and HER-2) is seen in several
cancer type&-?* Activation of EGFR may be because of overexpressinntations
resulting in constitutive activation, or autocrirexpression of ligand. In contrast,
activation of HER-2 occurs mainly by overexpressiavhich leads to spontaneous
homodimerization and activation of downstream diggeevents in a ligand-independent

manner> 24
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Figurel: EGFR pathway



This review is originated from the literature syrven the quinazoline and other
important heterocyclic moiety** which shows the good EGFR/VEGFR inhibitory
activity.

Quinazoline is the chemical entity that shows ay\gwod promising anticancer activity
through the EGFR inhibition, some moieties whicke aeveloped for good EGFR
inhibitor activity are as follows.

Harold Mastalerzet al designedl4 compounds of Pyrrolotriazine dual EGFR/HER2
kinase inhibitors in that a 5-((4-aminopiperidind)-methyl) solubilizing group were
found to be superior to analogs with previouslyorggd C-5 solubilizing groups having

ICso value 0.035%°

C-5 substituted pyrrolotriazine dual EG&Rl HER2 kinase inhibitors



Figure 2 Predicted binding mode of compouhdnodeled in the X-ray structure
of the lapatinib/EGFR kinase complekhe C-5 side chain extends into the
ribose-phosphate binding region where the protahateino group off the

piperidine ring may form hydrogen bonds with Asp88%n818, and/or Arg817.

Peng-Cheng Let al synthesize compound 2-(2-(5-bromo-2-hydroxybenieyie)
hydrazinyl) thiazol-4%H)-one (2) displayed the most potent inhibitory activity
(IC50 = 0.09 IM for EGFR and 16 = 0.42 IM for HER-2), comparable to the
positive control erlotini5®
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Figure 3 Molecular modeling of compound with EGFR kinase: the hydroxyl
group of compoun@ forms hydrogen bond with mercapto group of Met, 764l
the nitrogen atom of thiazolidinone ring of compd@nalso forms hydrogen bond

with the side chain mercapto group of Cys 751.

A novel class of substituted pyrrolidinyl-acetylerthieno[3,2-d]pyrimidined(®
compounds) has been synthesized by Robert D. Hdlgba and compoun®
shows potent and selective inhibitors of both EGHBB-2 receptor tyrosine

kinases with 1GnM valve 14(ND),115(21%’
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Figure 4 Superimposition of a possible binding conformatdtapatinib

(green) and 3(red) datkeo ErbB-2.

Allan Wissner et al discovered20 derivatives of phthalazine4) and the
guinazoline §) and are reported to be ATP competitive inhibitofsEGFR-2
and they confirmed their activities against thigéh. The compoun€ (ICsp (nM)

1uM ATP=18.7) showed modest EGFR kinase inhibitoryvity. >
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Figure 5 Proposed binding model férbound to the kinase domain of EGFR.
The ligand was removed from this crystal structamd, with the exception of the water
molecule that bridges the N3 atom of the quinazoénd Thr-766, the water molecules
were removed. The inhibitor was docked and theltiagumodel shows the inhibitor
oriented in a manner consistent with the way otingnazoline derivatives have been

shown to bind to different kinases.



Figure 6 Binding model foi6 bound to the kinase domain of VEGFR-2.

Harold Mastalerzet al developed novel C-5 substituted pyrrolotriazinesire
optimized for dual EGFR and HER2 protein tyrosiimgake inhibition (IGy (UM)
= 0.061). The lead compound exhibited promising effecacy in both EGFR and
HER2 driven human tumor xenograft models. It is dtigpsized that its C-5
morpholine side chain binds in the ribose phosppatéon of the ATP binding

pocket?®
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Figure 6 Predicted binding modes of compoundnodeled in the X-ray structure of

the lapatinib/EGFR kinase complex. In part A of tigeire the C-5 side chain extends out
toward the solvent where the protonated morphadlkkehydrogen bonds with Cys773
and Asp776. In part B of the figure the C-5 sidaiohextends into the ribose phosphate
binding region where the protonated morpholine Nidrbgen bonds with the Asp831,

Asn818, and Arg817.

Ce’lia Fernandest al in vitro assays indicate that the halogenated quinazo{#)esnd
(10) inhibit intact A431 cell growth and also inhibibropletely autophosphorylation of
the receptor in intact A431 cells at the concernadf 0.1 IM. These results demonstrate
that the introduction of 8-halopropionamide chain at the 6 position of thengeoline
moiety has improved the capability of inhibition oA431 cell growth and
autophosphorylation of EGFR when compared to themntaquinazoline (3. At the
lowest concentration tested (0.1 IM) the halogemhalerivatives § and 10) showed
almost complete inhibition of phosphorylation, sesfing that the 165 values are in the

low nM range.
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Guozhang Xuet al synthesized 4-aminopyrimidine-5-carboxaldehydenmexi
derivatives are capable of affording potent EGFRE=P inhibition. They
selected the 1-(3-fluorobenzyl)indazol-5-amino gr@s the C-6 side chain since
it has been shown in both pyrrolotriazine and qeotiae scaffolds to provide
optimal dual EGFR and ErbB-2 kinase inhibitionseytwere delighted to find
that compound1(1) displayed potent inhibition against both EGFR &rtB-2
with ICso nM = 8 and 12, respectively, However, methyl sinson of the C-4
amino group abrogated both EGFR and ErbB-2 aawitiSuch a pronounced
drop in activity against the enzyme suggested @& NH, is necessary for
binding, or that the methyl group prevents the e from attaining a proper

conformation for binding to the enzyre.
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Figure 8 Interactions between EGFR and compottdCompoundLl is shown

in green, protein residues are colored gray anchgatare colored by element for
both molecules with nitrogen blue, oxygen red dadrine light green.

Guozhang Xu, Marta C. Abadt al synthesizednovel class of 4-amino-6-
arylamino-pyrimidine-5-carbaldehyde hydrazon&8) (were identified as potent
dual ErbB-2/EGFR kinase inhibitors @M = 0.030) using concept-guided
design approachThese compounds inhibited the growth of ErbB-2 ever

expressing human tumor cell lines (BT474, N87, SKBR-3) in vitro?
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Caterina Carmet al synthesized series of 1,5-disubstituted hydant(iidssome
1l-phenethyl and a 5-(E)-benzylidene substituent, hibite EGFR
autophosphorylation and polyGAT phosphorylatiorg aiso inhibits the growth
and proliferation of human A431 cells, which ovemess EGFR. These
compounds can therefore be regarded as exampkes®iv scaffold for tyrosine

kinase inhibitors?
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Anilinoalkynyl pyrimidines were prepared and evaadiby Alex G. Watersoat
al as dual EGFR/ErbB2 kinase inhibitors. A preferewes found for substituted
phenyl and heteroaromatic rings attached to thgnalk(5). In addition, the

presence of a potential hydrogen bond donor apktedehis ring was favoret.

15

Two series of new 6-alkoxy-4-substituted-aminoqmolimes (16—17) and their
bioisoteric quinoline congeners were designed awpdthesized by Khaled
Abouzid et al. Most of the tested compounds exploited potentwanor activity

with I1Cso values in the nanomolar rangje.
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The benzamided8 and the benzamidined9-20) were synthesized by Toru
Asanoet al as the mimics of 4-anilinoquinazolines, which msssinhibition of
epidermal growth factor receptor (EGFR) tyrosineake (IG, values are 0.09—
0.32mM.) and tested for cytotoxicity toward A431danhibitory activity toward

autophosphorylation by the enzyme as¥ay.
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A series of 4-anilinoquinazolingxsl with C—C multiple bond substitutions at the
6-position were synthesized and investigated faeirtipotential to inhibit
epidermal growth factor receptor (EGFR) tyrosineakie activity by Hyun Seung
Banet al. These compounds inhibited EGF-mediated phosphaglaf EGFR in
A431 cells, resulting in cell-cycle arrest and apsfs induction. The C-C
multiple bonds substituted at the C-6 position 6 tanilinoquinazoline
framework were essential for the significant intoby activity. Compounds with

long carbon chains (n = 3-6) shows prolonged indipiactivity>’
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Robert D. Hubbardt al. developed 2-OMe substituted pyrazolopyrimidi22s

multitargeted inhibitors of both the insulin-likeogvth factor receptor (IGF-IR)

and members of the epidermal growth factor famflyeceptor tyrosine kinases.

38

O — CH,

Abdulrahman Met al synthesized compounds 2-(2-thienylcarbonylaminro)-5
iodo-N-(4-hydroxyphenyl)-benzamidé3), 2-(2-thieno)-6-iodo-3-phenylamino-
3,4-dihydro-quina-zolin-4-one (24), and 2-(2-thieno)-4-[4-
sulfonamidobenzylamino]-6-iodo-quinazoli(@b), with Glsg values of 12.7, 10.3,
16.9 mM, respectively, proved to be the most acthambers in this study, as

compared to the known drug 5-Flurourg¢il.
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Figure 9 Flexible alignments of the most active compoune#t gpanel): 23 (in

red), 24 (in green) and 25 (in blue). Right paravged the flexible alignments
of the inactive compound 26 (in gray) and the acttempounds 23 (in red), 24

(in green).
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Sahar Mahmoud Abou-Seri discovered 2,4-bis sulbstitidiphenylamines as
anticancer agents and potential epidermal growttofareceptor tyrosine kinase
inhibitors
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Figure 10 The superposition of lapatinib (purple) and commb28 (blue)
docked in the ATP binding site of EGFR PTK, showpegfect overlay of the

quinazoline ring in lapatinib and 2-benzoyl moiety28.

4-anilinoquinazoline core2, 30 and several analogs containing the thieno [3,2-
d]pyrimidine core showed anti-proliferative actwivith ICso values less than 1

UM against human tumor cells in vitro.*
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Figure 11 Overlay of30 (green, Core A) model with crystal structure of 3

(gray) in EGFR.

The role of EGFR-related signal transduction patsmMa cancer development explains
the great effort made in the last 20 years to dediiggrapeutic agents. A variety of
inhibitors can be used to target EGFR, including ddAMonoclonal antibodies) that
bind the extra-cellular domain of the receptor @odhpete with endogenous ligands;
small-molecules TKIs (tyrosine kinase inhibitorbpt act by binding the intracellular
portion of the receptor. In all the data above nozed concludes that for the potential
inhibition of the EGFR we need the heterocycligggre.g. quinazoline, pyrimidines are

the most effectively used.
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