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ABSTRACT
The Epidermal Growth Factor Receptor (EGFR) is responsible for cell differentiation and
proliferation upon activation when it binds to one of its ligands. It is thought to be involved
tumorigenesis, which is implicated in cancers such as lung cancer and breast cancer.
Over the past decades, the EGFR has become extensively examined as a target for the
development of new anticancer agents. Several EGFR tyrosine kinase inhibitors (TKIs)
have been identified and assessed in clinical trials as potential treatments for carcinoma.
This review provides updated information on Novel heterocyclic scaffolds, which are
now considered important pharmacophores that have demonstrated significant potency
as EGFR inhibitors. Kinase inhibitors, in the last few years, have emerged as emerging
anticancer agents with promising results. In this review, we briefly discussed heterocyclic
scaffolds and the structural activity relationships of lead compounds such as substituted
quinazoline, pyrimidine, quinoline and indole as EGFR kinase inhibitors, as well as their
use as anticancer agents. Information on miscellaneous heterocyclics such as thiazolyl-
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pyrazoline derivatives, pyrazole derivatives and oxadiazole derivatives is also included.

INTRODUCTION

As per the estimate published by specialised cancer
agency of the World Health Organisation, Global cancer
observatory (GCO), Cancer is the second leading cause of
death globally and there were approximately 18.1 million
new cancer cases worldwide and about 9.6 million cancer-
related deaths and this burden is expected to grow to 27.5
million new cancer cases and 16.3 million cancer deaths
worldwide due to the aging and population growth [1].
Findings based on research study suggest that mitogen
activated protein kinase (MAPK) signalling pathway have
crucial role in cancer. Kinase enzyme plays intrinsic role in
cell initiation, survival and proliferation. Tyrosine kinase
is one of the critical conveyers of signal transduction and
mutation. Tyrosine kinase is responsible to controls funda-
mental cellular mechanism such as growth, proliferation,
differentiation, migration and apoptosis. It is also reported
that inhibition of catalytic phosphorylation of tyrosine leads
to inactivation of dimer that further inactivates signalling
pathway for proliferation of disease such as cancer [2].

The inhibition of epidermal growth factor receptor
(EGFR) plays crucial role in tumour expression, angiogen-
esis and metastasis. The receptor tyrosine kinase family
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known as the epidermal growth factor (EGFR) consists
of four subtypes of receptors EGFR (erb 1), HER2 (erb2),
HER3 (erb3) and HER4 (erb4) [3]. Ligands (EGF, TNF)
bind to ligand binding site (EGFR) leading to dimerization
and catalytic phosphorylation (transfer one phosphate to
other). After phosphorylation signalling pathway of EGFR
regulated by GTPase enzyme which control in “on” or “off”
way which is responsible for the proliferation, oncogenesis,
survival and migration of cell in nucleus and this continu-
ous activation of signalling pathway leads to cell division
in cancer. [4].

As per the literature different heterocyclic scaffolds are
having EGFR inhibitory activities. EGFR inhibitors are
acting by competing at the catalytic site for binding with
ATP. The number of compounds bearing heterocyclic scaf-
folds molecules designed and synthesized that inhibiting
catalytic activity of EGFR tyrosine kinase.

Quinazoline scaffolds as EGFR kinase inhibitors

Quinazoline has proven to be highly effective in treating
cancer and has been used as most important heterocyclic
moiety in new drug discovery. Most lead compounds synthe-
sized based on quinazoline moiety and tested for its diverse
biological activities also [5]. The emergence of EGFR
mutations as a significant hurdle in the quest of innovative
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inhibitors of EGFR has prompted the development of suc-
cessive generations of Quinazoline compounds (Figure 1).
These are known as EGFRIs [6]. The investigation of EGFR
inhibitors like erlotinib and lapatinib has highlighted the
crucial contribution of quinazoline moiety in their anticancer
properties.

Quinazoline based EGFR Inhibitors
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Figure 1. Structure of clinically approved EGFR inhibitors

EGFR exhibits a secondary mutation where the amino
acid threonine at position 790 replaced by bulkier methio-
nine in the amino acid chain. This substitution creates steric
hindrance in the binding site of the EGFR TKI, posing a sig-
nificant challenge for drug design. Initially, first-generation
EGFR TKIs were developed, but they quickly encountered
resistance from the T790M mutation. Second-generation
EGFR inhibitors, although effective against the mutation,
often caused severe adverse effects like grade 3 diarrhoea
and skin rashes due to their affinity for binding with wild-
type EGFR. Consequently, their dosage was limited due to
toxicity concerns. To address these issues, third-generation
EGFR inhibitors were designed and developed. These inhibi-
tors selectively target drug-resistant oncogenic mutant EGFR
T790M while minimizing side effects on wild-type recep-
tors. They achieve this by binding irreversibly and cova-
lently to cysteine at position 797. However, resistance to
third-generation inhibitors has emerged, primarily through
a new point mutation called C797S, which plays a crucial
role in drug binding [7]. Over the past few years, numerous
researchers have focused on designing and synthesizing
more potent derivatives of quinazoline as EGFR inhibitors.
The objective is to minimize resistance and overcome the
limitations of currently available drugs while maintaining
efficacy.

4-Amino quinazoline

4-aminoquinazoline (Figure 2) significant efficacy as an
EGFR inhibitor in various cancer cell lines. Its potential as a
kinase inhibitor makes it a promising candidate for targeted
treatment of breast, lung, colon, and prostate cancer [8].

. .-
A

Figure 2. General structure of 4-aminoquinazoline
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In recent years, 4-aminoquinazolin derivatives (Figure 3)
used as kinase inhibitor as anticancer agent. Debases et al.,
discussed development of number of 4-aminoquinazolin
derivatives and identified as potent EGFR inhibitor against
cancer cell lines and maximum compounds showed IC,
value less than 10 nM. Analysis of Optimal binding confor-
mation was done by docking study that would position the
most potent compound within the active pocket of EGFR.
4-aminoquinazolines targeting various proteins such as
EGFR, HER2, and VEGFR which have been utilized as
kinase inhibitors. These compounds have exhibited signifi-
cant biological activities against numerous cancer types,
including breast cancer, colon cancer, non-small cell lung
cancer (NSCLC), hepatic cancer and stomach cancer.
The compounds displayed notable antiproliferative effects on
H358 and A549 cells, which possessed outstanding kinase
inhibitory properties against both EGFRwt and EGFRT790
M/L858R mutations.
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Figure 3. 4-aminoquinazoline analogues

Tu et al. reported that Compounds 1i and 1j, which are
quinazoline derivatives containing a semicarbazone moiety,
demonstrated significant inhibition of EGFR in multiple
cancer cell lines including A549, HepG2, MCF-7, and PC-3.
The reported IC, values for compound 1i were 0.05 nM,
while for compound 1j they were 0.1 nM, indicating their
strong inhibitory potential against EGFR (Table 1). In-depth
investigation into the structure-activity relationship (SAR)
uncovered that the inclusion of a hydroxy group at position
C-4 had a notable impact on the activity. Additionally, sub-
stituting the tetrahydrofuran group with a methyl moiety did
not enhance the compounds’ activity [21].
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Table 1. IC_| values (in nm) of 4-aminoquinazoline analogues as
inhibitors of EGFR and HER

Inhibitors EGFR HER2 Standard used Reference
la 2.0 Erlotinib 9
ib 26.33 Gefitinib 10
1c 0.4 Gefitinib 11
1d 5.0 Gefitinib 12
le 20.0 Lapatinib 13
1f 7.0 Lapatinib 14
1g 5.0 Gefitinib 15
ih 1.7 Miglitol 16
1i 0.05 Afatinib 17
1j 0.1 Afatinib 18
1k 105 Gefitinib 19
1l 68 290 Gefitinib 20
im 0.6 42.2 Afatinib 21
in 1.4 10.9 Afatinib 21

4-Anilinoquinazoline

Zhang-Hai-qi et al. developed number of compounds
called 4-anilinoquinaquinazoline analogues. These ana-
logues consist of either a glycine methyl ester or diaryl
urea component which is inhibitors of both VEGFR-2 and
EGFR (Figure 4) [22]. Among these analogues, IC, values
of compounds 3a, 3b, and 3¢ was found to be 1nM, 78nM,
and 51nM, respectively (Table 2), which was demonstrated
the highly potent EGFR inhibitors [23].
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Figure 4. Design of hybrid scaffold based upon 4-anilino-
quinazoline 3a-c

Table 2. 4-anilinoquinazoline analogues

Compound X R1 R2
(\N/\/\
3a Cl m-CH3, p-CH3
HN__J
N7 >N
3b Cl HN\) m-Cl, p-F
3c Cl \) m-CH3, p-CH3

Compounds (3a, 3b, 3¢) demonstrated outstanding inhibi-
tory potencies due to the presence of chlorine in the urea
group’s ortho-position and the modification of the terminal
diaryl urea (-ArNHCONHAr) moiety.

Quinazolin-4(3H)-one

Hazem A. Mahdy developed and produced novel varia-
tions of quinazoline 4(3H)-one compounds that include
additional components such as 1, 6-dihydropyrimidine,
thiazolidine-4-one, sulphonamide, sulfonylurea, thiazolidine
2, 4-dione, pyrano-thiazole, semicarbazone, thiosemicar-
bazone or oxime groups. These components are connected
with diverse linker (spacer) molecules as shown in (Figure 5)
[24].
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Figure 5. Structural modification of Quinazolin-4(3H)-one as
effective EGFR inhibitors

It has been reported that Quinazolin-4(3H)-one through
molecular hybridization with other effective antitumor
components at the second position yields more effective
inhibitory activities as compared to third position substitu-
tion after structure modification (Figure 6). When a 2-sul-
fanylquinazolin-4(3H)-one is substituted at the 3-position,
the introduction of an aliphatic ethyl group demonstrates
better biological activity than an aromatic phenyl group.
At the 2-position, thiosemicarbazone or semicarbazone
moieties exhibit higher potency than sulfonylurea moieties
[25-28]. Based on these considerations, Quinazolin-4(3H)-
one hybridized derivatives were designed and synthesized.

Figure 6. Hybrid derivative of sulfanylquinazolin-4-(3H)-one

The IC50 values for compound 4a were reported as
13.79 pm, 8.35 um, 11.87 pum, and 8.35um against MCF-7,
HCT-116, and HEPG-2 cells, respectively. For compound
4b, the IC,  values were 3.97 um, 4.83 um, and 4.58 um
against HEPG-2, HCT-116, and MCF-7 cells, respectively,
which shows that compound 4a and 4b exhibited high
potency against all above four cancer cell lines.
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Triazole substituted quinazoline

1, 2, 3-Triazole is a significant pharmacophore with
valuable anticancer properties due to its capability to estab-
lish hydrogen bonds with biological targets. [29]. Both 1, 2,
3-triazole and quinazoline are crucial components as EGFR
inhibitors in anticancer applications [30]. Banerji ef al.
Developed and synthesized hybrid analogues incorporating
triazole-substituted quinazoline for targeting EGFR tyrosine
kinase and evaluating their anticancer activity (Figure 7)
[31]. The most analogues exhibited effective inhibition
of EGFR and demonstrated moderate to good potency in
inhibiting the proliferation of various cell lines of cancer
(HCT116, MCF-7. HEPG and PC-3).

Figure 7. Triazole substituted Quinazoline

Table 3. Triazole substituted analogues as EGFR TK inhibitors

Compound R1 R2 R3 R4
5a —@ H OMe OMe
5b —@ cl OMe OMe
5c —@ H H H
5d @T H OMe OMe
Se @j cl OMe OMe
5f @j H H H
59 NoH H OMe OMe
5h N " Cl OMe OMe

I
T
uny
sy

S5i

5j 0—@ H OMe OMe
5k 0—@ Cl OMe OMe
B O@ " . .

5m HN, H OMe OMe
5n HN Cl OMe OMe
50 HN H H H

5p cl H H

-

5r NoH Cl H H

55 ) a H H

5t HN Cl H H
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The IC,, value of compound 5b (Table 3) was found to be
20.71 puM, hence, showed superior potency to the standard,
Erlotinib (11.57 uM). This suggests that it has the potential
to be a potent drug. Moreover, it was also observed that the
—OMe (methoxy) group at the 6" and 7™ positions and the
chlorine atom at the 2" position of quinazoline may increase
its anticancer activity due to a structural activity relation-
ship. Compounds having substitution of the —CI atom at the
second position of quinazoline (5b, Se, 5h, 5k, and 5n) and
an -OMe group at 6, 7 positions were found to be superior as
compared to other substituents — and also to be more active.

Pyrimidine scaffolds as EGFR kinase inhibitors

A number of pyrimidine-based pharmacophore has shown
good antiproliferative activity [32]. Based on SAR study
of 2-anilidopyrimidine, 4" position of 2-anilidopyrimidine
substituted by hydrazine functionalities and pyrazolone ring
exhibited superior activities (Figure 8) [33,34].

Hydrazine, hydrazone ~
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Ex. Pyrazole, pyrazolone
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receptor site
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backbone

Figure 8. Design strategy for targeted Pyrimidine analogues

Aboulwafa ef al. aimed to enhance the EGFR inhibi-
tory activity by designing and synthesizing derivatives of
2-anilinopyrimidine. They incorporated hydrazolone and
pyrazolone at the 4th position of the 2-anilinopyrimidine
structure (Figure 9). These compounds that were synthesized
and subjected to evaluation of their IC,; values using MTT
assay. In the MCF-7 cell line, the majority of the compounds
demonstrated IC, values between 0.27 and 10.57 um, when
compared to the reference drug 5-FU with an IC_ value of
10.80 um [35].
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Figure 9. Synthetic pathway to hydrazone 6a-g and 7a-c, pyrazolyl-
pyrimidine 8
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The study concluded that compound 6c, 7b and 8 serves
as important gateway for designing and targeting for new
multitarget anticancer which act as good inhibitor of EGFR
as compared to reference 5-FU, with superior anticancer
activity against the two tested breast cancer cell lines (MDA-
MB-231 and MCF-7. Furthermore, The compounds were
found to exhibit strong binding affinities to the target EGFR
enzymes, as revealed by docking studies [36,37].

Souad A. Elmetwally et al. developed and synthesized
range of thieno [2,3-d] pyrimidine derivatives as potent dual
tyrosine kinase inhibitors targeting EGFR and HER2, aiming
to combat diverse cancer cell lines (HCT-116, HepG2, A431,
and MCF7) (Figure 11) [38]. The choice of a heteroaromatic
ring system at the first position was based on important
bio-isosteric considerations for the quinazoline moiety by
using the thieno [2, 3-d] pyrimidine moiety as a bio-isostere.
The spacious adenine binding region of EGFR-TK is effec-
tively occupied by the bicyclic structure of the thieno [2,3-d]
pyrimidine ring. [39]. The nitrogen heteroatom present
in the ring acts as a hydrogen-bond acceptor, contributing to
excellent EGFR-TK potency [40]. For the second position,
a variety of hydrophobic heads such as (substituted) phenyl,
aromatic, and fused aromatic heterocyclic structures were
selected. The third position functioned as the linker (spacer)
region, where -NH compounds used for modifications
in length and the presence of hydrogen acceptor and/or
donor groups were alsomade. As for the fourth position,
a hydrophobic tail was introduced, and a cyclohexyl group
was added at position 2,3-d of the thiopyrimidine nucleus
to effectively occupy the front hydrophobic region of the
ATP binding site of EGFR-TK (Figure 10).

Central
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romatic ring

Hydrophobic
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Hydrophobic
head
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Substituted
e 234 (phenyl, aromatic
Cyclohexyl pl;rllr(;n[dme | u heterocycles,
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Figure 10. The pharmacophoric characteristics of thieno [2,3-d]
pyrimidine as inhibitors of EGFR-TK
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Figure 11. Synthetic pathway to Thieno [2,3-d] pyrimidine
analogues
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Table 4. Thieno [2, 3-d] pyrimidine analogues as EGFR Inhibitors

IC,,(HM)
Compound R
HePG2 |HCT-116| MCF-7 | A431
HOOC,
9% :@ 87 71 81
cl
9b :@ 36 40 46
Cl
ac \©\ 85 64 77
NO,
Cl
9d \©\ 42 26 25
OCH,
Cl
% \©\ 67 62 75
COOH
Cl
of \©\ 35 50 53
COCH,
Cl
9g O\ 26 16 23 16
COCH;4
HO.
oh \©\ 13 10 12 47
NC
9i 27 30 37 13
9j 70 90 95
9k 7 50 7 9

The compounds were evaluated for their inhibitory action
with comparison to erlotinib as standard against different
cancer cell lines (HepG2, MCF-7, HCT-116 and A431)
(Table 4). It was observed that three compounds (9g, 9h,
and 9k) revealed excellent inhibitory effects, exhibiting IC, |
values spanning from 7.592+0.32 to 16.006+0.58 uM. Fur-
thermore, structural activity investigations demonstrated a
preference for substituting the terminal hydrophobic head
with a less bulky electron-donating group. Compound 9k,
which had a longer linker and hydrophobic head, showed
particularly enhanced activity.

In a study by Harun Patel et a/, a series of reversible
non-covalent T790M EGFR inhibitors, specifically 2,
4-disubstituted aminopyrimidines, were designed and
synthesized. Osimertinib commonly causes cardiotoxic-
ity as an adverse effect [41]. Among the virtually sorted
compounds, compound 10a and 10b were identified as the
most active compounds against the double mutant L858R/
T790M EGFR, with IC values of 0.56 and 0.62 um in
enzymatic assays, and 0.88 and 0.92 um in cellular assays
(Table 5). The compounds with flexible substituents at the
second position demonstrated enhanced anti-tumour activity
and an improved pharmacokinetic profile with minimal car-
diotoxicity [42].
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Table 5. Activities of disubstituted aminopyrimidine

NCI-H197(EGFR | NCI-H197(EGFR
L858R/ T790M) | (L858R/T790M)
Compound IC,, (M) IC,, (M)
(Cellular assay) |(Enzymatic assay)
[} H
10a \ N
JOARS
HN
0.88 0.56
]
H
N)\N/\/NT\C,
A K
10b NN
GRS
HN-
0.92 0.62
‘ N
H
N)\N/”\BAC,
O, H
A N
jen)®
HN
ﬁ\N 0.019 0.012
H
N)\N/"\ﬂ/\c,
Osimertinib

Eman Z. Elrazaz conducted an investigation on the effects
of substituting various groups on thieno[2,3-d] pyrimidine
scaffolds and evaluated their antiproliferative activity by
inhibiting EGFR [43]. A series of 4-N-substituted-6-aryl-
thienopyrimidines were assessed for their efficacy as EGFR
inhibitors. The structure-activity relationship analysis indi-
cated that the potency of the compounds depended on
the substitution at different positions in the 6-aryl group.
The activity increased when a hydroxymethyl group was
substituted at the meta or para position, as it facilitated
hydrogen bonding with the Asp residue in the Asp-Phe-
Gly motif of the receptor sites [44]. This substitution led to
the discovery of three active compounds, namely (R)-11a,
(S)-11b, and (S)-11c, with an effective EGFR IC50 value
of <1 nM (Figure 12) [45].

HOH,C
11a Me
Z2n
HOH,C
/
N
1l1c Me
IC,, = 1.5nM IC,, = 0.7 M IC,,=0.3 nM

Figure 12. Design of 1,6-napthyridinone derivatives bearing
quinoline moiety
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Quinolines as EGFR inhibitors

Extensive enzyme-based studies were conducted to inves-
tigate the structure-activity relationship and evaluate phar-
macokinetic evaluation parameters of quinolines (Figure 13).
A new series of N-substituted-3-phenyl-1,6-naphthyridinone
derivatives of quinoline were designed, synthesized, and
assessed for their high selectivity to EGFR. [46].

(x)

ON
'!“\]/' J\©€
F NH N
o

= Improvement of
12 Potency

SAR Study

Figure 13. Design of 1,6-napthyridinone derivatives bearing
quinoline moiety

The SAR study reveals the significance of the 1, 6-naph-
thyridine moieties as a key pharmacophoric group for dem-
onstrating c-Met inhibition. Furthermore, the functional-
ization of the N (1) amine group in the 1, 6-naphthyridin-
4(1H)-one moiety was shown to enhance selectivity [47,48].
The quinoline moiety has been established as a recognized
scaffold for type I c-Met inhibitors, as it possesses favorable
drug-like properties. Moreover, optimization of substituents
in the quinoline fragment was found to have the potential
to improve potency. Hence, synthesized derivatives of
1, 6-naphthyridone-based c-Met kinase inhibitors, incorpo-
rating a quinoline moiety, exhibit optimal c-Met potency.
These derivatives have been selected as the starting material
for further research to strengthen their potency and selectiv-
ity for anticancer activity (Table 6).

Table 6. Quinoline substituted analogues as c-Met and VEGFR-2
kinase inhibitor

1C,,nM
Compound R1 R2 R3
C-MET VEGFR-2
12a Me OMe F 32.5 >3000
12b Et OMe F 29.1 >3000
12c i-Pr OMe F 58.7 >3000
12d H OMe F 41 >3000
12e H OMe F 31.2 >3000
12f Me F 35.6 >3000
12g Me F 22 >3000
12h Me F 12.7 >3000
12i Et F 9.5 >3000
12j i-Pr F 44.6 >3000
12k H F 58.7 >3000
121 H F 22.4 >3000
12m H F 76.1 >3000
12n H F 40.0 >3000
120 H F 41.0 >3000
12p Bn F 40.3 >3000
12q H F 117.2 >3000
12r Me H 10.6 >3000
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Of the derivatives listed in Table 6, compound 12r indi-
cated promising selectivity against VEGFR-2 and demon-
strated excellent inhibitory activity against tumour growth.
Therefore, it holds potential as a new lead molecule for
selective type-1I c-Met inhibitors.

Indole derivatives as EGFR inhibitors

The ongoing problem with marketed EGFR inhibitors
is the development of resistance, often caused by the het-
erodimerization of EGFR with PDGFR-f, which neutral-
izes the inhibitor’s activity against EGFR. To address this
issue, Fischer et.al. designed and synthesized derivatives of
pyrimido [4, 5-b] indoles with various substitution patterns
at the 4-anilino position in order to enhance their potency
against EGFR inhibitory activity (Figure 14) [49].

" /©\
HN 0CHs

OCH;
‘ F
HO
HN

Z N
QIL)\ 13b Ny J\NH2 13c

Figure 14. Pyr1m1d0 [4, 5-b] indoles derivatives

Of these, compound 13a demonstrated a significant
improvement in EGFR inhibitory growth rate compared to
erlotinib. In NSCLC cell lines, the EGFR inhibitory growth
rate was enhanced from 32% to 71%, while in prostate
cancer cell lines, it increased from 25% to 51%. In com-
parison, erlotinib exhibited an EGFR inhibitory growth rate
0f 20% in NSCLC cell lines and 40% in prostate cancer cell
lines. This indicates that compound 13a possesses enhanced
potency in inhibiting EGFR activity in both NSCLC and
prostate cancer cell lines. Because secondary acquired
mutation in EGFR i.e. EGFR T790M, form key compo-
nents of resistance in NSCLC, Pankaj Kumar Singh ef al.,
created derivatives of indole pyrimidine scaffolds that were
substituted with different aryl substitution (Table 7). Diverse
derivatives were sketched based on molecular dynamic sim-
ulation studies and designed molecules were synthesized
and evaluated against EGFR TK.

NH,

14 o

Figure 15. Indole pyrimidine derivatives
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Table 7. Indole pyrimidine scaffolds as EGFR inhibitor

14a 4-methyl
14b 4-isobutyl
14c 4-isopropyl
14d 3-trifluoromethyl
14e 4-methyl

14f 4-fluoro

14h 4-chloro

Of these derivatives listed in Table 7, compounds 14a and
14c exhibited potent inhibitory activity in the nanomolar
range (IC,)) against EGFR with the T790M mutation. These
molecules also demonstrated dual inhibitory effects, indicat-
ing their ability to target multiple pathways. Additionally,
compound 14h displayed notable inhibitory potential against
secondary acquired EGFR and c-MET, with an IC_ value
0f 0.101 mM [50].

Miscellaneous Heterocyclic analogues as anticancer

Overall, heterocyclic moiety always be core part for
development of anticancer agent.as? it contains exciting
medicinal properties. Despite of several anticancer agent
available, new more heterocyclic moieties have discovered
due to its effective anticancer activity.

Thiazolyl-pyrazolines

The study conducted by Sever et al. focused on the syn-
thesis and evaluation of hybrid thiazolyl-pyrazoline deriva-
tives as potential cytotoxic agents and inhibitors of EGFR
(epidermal growth factor receptor) and HER-2 (human epi-
dermal growth factor receptor 2) (Figure 15). The research-
ers screened these derivatives for their cytotoxic effects on
three cancer cell lines: MCF-7 human breast adenocarci-
noma, A549 human lung adenocarcinoma, and A375 human
melanoma [51].

0

-

15c =

Figure 16. Thiazolyl-pyrazoline derivatives as EGFR inhibitor
According to the results reported in the study, compounds

15a, 15b and 15c¢ exhibited significant apoptotic effects on
both A549 and MCF-7 cell lines. Additionally, they showed
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inhibitory potency against EGFR, surpassing the activity of
erlotinib, a known EGFR inhibitor. Compound 15b and 15¢
demonstrated superior inhibitory activity against EGFR with
IC,, values of 4.34+ 0.66uM and 4.71+0.84uM respectively
in comparison to erlotinib (IC,; =0.05+:0.01uM). These com-
pounds induced apoptosis in both EGFR and HER2 cell
lines.

Molecular docking studied were also performed to gain
insight into the binding interaction of compound 15b.
The results revealed that it exhibited favourable binding
affinity towards the ATP binding site of EGFR, interacting
appropriately with the site. Additionally, compound 15b was
found to be fit well with HER2 binding site, indicating its
potential as a dual inhibitor of EGFR and HER2.

Overall, findings suggest that compounds 15b and 15¢
hold promise as dual inhibitor of EGFR and HER2. Their
apoptotic effects and superior inhibitory activity against
EGFR make them potential candidates for further develop-
ment as anticancer agents.

Fused pyrazoles

Pyrazole and fused pyrazole systems, including pyrano-
pyrazole and pyrazolpyrimidines, have shown promise as
scaffolds for the development of anticancer agents [52-54].
El. Gazzar et.al. Synthesized fused pyrazole derivatives and
assessed their in vitro anticancer activity as EGFR inhibitors
(Figure 16). Compound 16 exhibited significant antican-
cer activity against EGFR, with an IC_ value of 0.06 pum.
Moreover, compound 17 demonstrated in vitro anticancer
activity against both EGFR and VEGFR. The potency of
these compounds was further supported by docking studies,
which revealed favourable interactions within the active sites
of the enzymes [55].
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Figure 17. Fused pyrazole derivative as EGFR inhibitor

1,3,4-oxadiazole/chalcone hybrids

Marval Ali et al. conducted the design and synthesis of
a novel series of hybrids incorporating 1, 3, 4-oxadiazole/
chalcone moieties (Figure 17). These were characterized
using various spectroscopic methods. The compounds exhib-
ited potent anticancer activity, particularly against leukemia,
and were further evaluated as inhibitors of EGFR, Src, and

IL-6.
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Figure 18. Hybrid 1, 3, 4-oxadiazole-chalcone derivatives
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Table 8. 1, 3, 4-oxadiazole/chalcone analogues as EGFR Inhibitor
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18a H H 18m|  4-OCH, 3,4-di-OCH,
18b H 4-Cl 18n | 4-OCH, |3,4,5-tri-OCH,
18¢ H 3,4-di-OCH, | 180 | 3,4-di-OCH, H
18d H 3,4,5-tri-OCH, | 18p | 3,4-di-OCH, 4-Cl
18e 4-Cl H 18q | 3,4-di-OCH, 4-OCH,
18f 4-Cl 4-Cl 18r | 3,4-di-OCH, | 3,4-di-OCH,
18g 4-Cl 4-0CH, 18s | 3,4-di-OCH, |3,4,5-tri-OCH,
18h 4-Cl 3,4-di-OCH, | 18t |3,4,5-tri-OCH, H

18i 4-Cl 3,4,5-tri-OCH, | 18u | 3,4,5-tri-OCH, 4-Cl
18j 4-0CH, H 18v |3,4,5-tri-OCH,|  4-OCH,
18k |  4-OCH, 4-Cl 18w |3,4,5-tri-OCH, | 3,4-di-OCH,
18l 4-0CH, 4-0CH, 18x |3,4,5-tri-OCH, | 3,4,5-tri-OCH,

As shown in Table 7, among the compounds tested, com-
pounds 18a, 18n and 18v demonstrated the strongest cyto-
toxic activity as EGFR inhibitors, with IC, values ranging
from 0.24 to 2.35 uM. For Src inhibition, these compounds
exhibited IC, values of 0.96 to 6.24 uM. Additionally,
Compound 18v displayed significant inhibitory activity
against IL-6, with control percentages ranging from 20%
to 23%. Notably, Compound 18v revealed the strongest
cytotoxic activity overall [56].

CONCLUSION

This review extensively discusses various heterocy-
clic scaffolds and their analogues as effective inhibitors
of EGFR. The synthetic strategies employed for the develop-
ment of different heterocyclic analogues, along with their
structure-activity relationship studies, highlight the sig-
nificant role of heterocyclic pharmacophores in medicinal
drug discovery. These compounds have shown promising
in vitro anticancer activities, specifically targeting non-
small cell lung cancer (NSCLC), colon cancer, and breast
cancer. Examples of heterocyclic compounds with demon-
strated EGFR kinase inhibition include 4-aminoquinazo-
line, quinazolin-4(3H)-one, triazole-substituted quinazoline,
thieno [2, 3-d] pyrimidine, disubstituted aminopyrimidine,
quinoline, indole, thiazolyl-pyrazoline, fused pyrazole, and
1, 3, 4-oxadiazole/chalcone hybrid analogues. The explora-
tion of heterocyclic compounds for EGFR inhibition contin-
ues, with the aim of identifying even more potent inhibitors
in the future. This comprehensive article provides valuable
information for medicinal chemists, emphasizing the impor-
tance of heterocyclic scaffolds and their potential as pharma-
cophores for EGFR inhibitors and future cancer therapies.
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