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An insight into the therapeutic potential of
quinazoline derivatives as anticancer agents†

Shagufta * and Irshad Ahmad *

Cancer is one of the major causes of worldwide human mortality. A wide range of cytotoxic drugs are

available on the market, and several compounds are in different phases of clinical trials. Many studies sug-

gest that these cytotoxic molecules are also associated with different types of adverse side effects; there-

fore researchers around the globe are involved in the development of more efficient and safer anticancer

drugs. In recent years, quinazoline and its derivatives have been considered as a novel class of cancer che-

motherapeutic agents that show promising activity against different tumors. The aim of this article is to

comprehensively review and highlight the recent developments concerning the anticancer activity of

quinazoline derivatives as well as offer perspectives on the development of novel quinazoline derivatives as

anticancer agents in the near future.

1. Introduction

Cancer has become a major cause of human mortality and is
considered a major worldwide health problem. It is estimated
that about 1 688 780 new cancer cases will be diagnosed in
2017, and about 600920 Americans are expected to die of can-
cer in 2017, which is about 1650 people per day.1 A cancer
consists of a group of cells that originated from a single cell
with uncontrolled growth and rapid proliferation properties.2

Presently, a wide range of cytotoxic drugs, either alone or in
combination, are used to treat cancer, and several of these
drugs are in different phases of clinical trials. These cytotoxic
drugs are associated with several drawbacks and are not able
to discriminate between cancerous and normal cell types;
therefore, they can cause serious side effects that are often cu-
mulative and dose-limiting. The anticancer drugs in current
clinical trials are mostly associated with excessive organ toxic-
ity, lack of cell specificity, short circulating half-life, angiogen-
esis, metastasis, and a noticeable tendency to induce resis-
tance in the target cells.3 Hence, to save the lives of millions
of people globally, continuous efforts are being made to de-
velop effective anti-cancer drug candidates with minimal side
effects.

Different approaches are being used for the treatment of
cancer. Some involve the targeting of specific molecular alter-
ations that occur in tumor cells. This approach has yielded
several molecules with significant clinical activity and mini-

mum toxicity.4,5 Most of the chemotherapeutic agents used
in cancer therapy inhibit DNA replication and transcription
or inhibit various protein kinase enzymes involved in tumor
growth. However, several drawbacks have been documented,
including participation of a number of enzymes such as ribo-
nucleotide reductase [RNR] and topoisomerases I and II
[Topo I and II] etc. at different cancer development stages,
cancer cell survival even under anaerobic conditions, and the
problem of multidrug resistance that develops in cancer cells
toward chemotherapeutic agents.6–9

The heterocycles are widely investigated bioactive mole-
cules and are considered important synthetic targets for the
development of novel therapeutic agents.10–12 Quinazoline is
one of the heterocycles for which considerable research has
been done in order to examine its biomedical applications.13

In a number of biologically active compounds and drug mole-
cules, the quinazoline nucleus is used as a basic framework.
Due to their broad range of pharmacological activities, which
include antimicrobial,14,15 antimalarial,16 anti-
inflammatory,17–19 anticonvulsant,20,21 antihypertensive,22

antioxidant,23 antiviral,24 anti-HIV25 and anticancer,26–29

quinazoline and its derivatives have attracted the attention of
biologists and medicinal chemists. Quinazoline and its deriv-
atives have been identified as a new class of cancer chemo-
therapeutic agents with significant therapeutic efficacy
against solid tumors.30–42

The Food and Drug Administration (FDA) has approved
several quinazoline derivatives for clinical use as anticancer
drugs. These include gefitinib, erlotinib, lapatinib, afatinib,
and vandetanib (Fig. 1).43 Gefitinib (Iressa®) was approved by
the FDA in 2003 for the treatment of locally advanced or met-
astatic non-small-cell lung cancer (NSCLC) in patients after
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failure of both platinum-based and/or docetaxel chemother-
apies. In 2004, erlotinib (Tarceva®) was approved by the FDA
for treating NSCLC. Furthermore, in 2005, the FDA approved
erlotinib in combination with gemcitabine for the treatment
of locally advanced, unrespectable, or metastatic pancreatic
cancer. Erlotinib acts as a reversible tyrosine kinase inhibitor.
Lapatinib (Tykreb®) was approved by the FDA in 2012 for
breast cancer treatment. It inhibits the activity of both hu-
man epidermal growth factor receptor-2 (HER2/neu) and epi-
dermal growth factor receptor (EGFR) pathways. Vandetanib
(Caprelsa®) was approved by the FDA in 2011 for the treat-
ment of metastatic medullary thyroid cancer. It acts as a ki-
nase inhibitor of a number of cell receptors, mainly the vas-
cular endothelial growth factor receptor (VEGFR), EGFR, and
rearranged during transfection (RET)-tyrosine kinase (TK).
Afatinib (Gilotrif®) was approved by the FDA in 2013 for
NSCLC treatment. It acts as an irreversible covalent inhibitor
of the receptor tyrosine kinases (RTK) for EGFR and erbB-2
(HER2).

The development of novel quinazoline derivatives as anti-
cancer drugs is considered a promising area, and researchers
around the world are continuously investigating this area in
order to develop novel drug candidates. The present review
article was written as an effort to compile and discuss re-
cently published studies concerning the therapeutic potential
of quinazoline derivatives as anticancer agents.

2. Therapeutic potential of quinazoline
derivatives as anticancer agents
2.1. Quinazoline derivatives as protein kinase inhibitors

Protein kinases constitute the most important human en-
zyme class that controls the sequence of events such as cell
cycle progression, cell division, and cell proliferation. The
protein kinases, when expressed in mutated, unregulated
forms or when produced in abnormally high levels, are capa-
ble of transforming normal cells into cancer cells and thus
play important roles in tumorigenesis. Protein kinases not
only control cell division but also support the angiogenesis

process that is required for tumor growth and metastasis. In
tumor cells, therefore, the development of non-toxic and se-
lective protein kinases inhibitors is considered as a promis-
ing target for cancer treatment. The most important protein
kinases involved in a cancer state, overexpressed in neoplas-
tic cells, and commonly targeted include several kinases: a)
receptor tyrosine kinases, including EGFRs, insulin-like
GFRs, platelet-derived GFRs, fibroblast GFRs, and vascular
endothelial GFRs and b) serine/threonine kinases, including
GC, CAMK, CK1, CMGC, STE and TKL kinase. Extracellular
signal-regulated kinases (ERK 1 and 2) are related protein-
serine/threonine kinases that participate in the Ras-Raf-MEK-
ERK signal transduction cascade. c) Histidine kinases.44–49

In the early 2000s, discovery of erlotinib and gefitinib as
anticancer drugs encouraged researchers to investigate
4-anilinoquinazoline compounds, which led to the develop-
ment of new and promising compounds such as lapatinib,
vandetanib, and afatinib. In previous studies, several patents
and articles have been published that discuss the feasibility
of the anilinoquinazoline scaffold for the development of ty-
rosine kinase inhibitors (TKIs).43 The main biomolecular tar-
get of this class of compounds remains the epidermal growth
factor receptor (EGFR). Some compounds, however, do not
show high selectivity for EGRF such as lapatinib, which is a
dual EGFR/Her-2 inhibitor, whereas vandetanib inhibits the
kinase activities of both EGFR and VEGFR-2. Therefore, con-
tinuous and international efforts are being undertaken in or-
der to develop more selective and efficient TKIs.

EGFR is a very promising molecular target for cancer ther-
apy; it has been observed, however, that most of the patients
developed resistance to the EGFR inhibitors.50–53 Therefore,
continuous efforts are being undertaken to design and de-
velop new and more potent EGFR inhibitors with improved
anti-tumor activities. In this regard, several novel compounds
were synthesized by introducing substituents on the benzene
ring of the EGFR inhibitor gefitinib. However, replacement of
the benzene ring with another aromatic ring has rarely been
reported in the literature. Therefore, in 2010, X. Wu et al.
designed and synthesized two series of 4-benzothienyl amino

Fig. 1 FDA approved quinazoline derivatives as anticancer drugs.
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quinazoline derivatives as new analogues of gefitinib.54 The
anti-tumor activity of these novel gefitinib analogues in six
human cancer cell lines was examined. Most of the com-
pounds exhibited increased cytotoxicity to cancer cells when
compared with the parental compound. The compounds
containing ethyl or methyl groups as side chains at position
7 exhibited good pan-RTK inhibitor activity with enhanced
apoptosis-inducing capabilities. In comparison with parental
gefitinib, analogues 1 and 2 (Fig. 2) exhibited promising and
selective apoptosis-inducing capabilities and enhanced anti-
tumor activities in cancer cells with HER-overexpression and
were considered as promising lead compounds for further
development.

In order to develop novel RTK inhibitors with improved
anticancer activity, X. Wu et al. designed and synthesized two
series of 4-pyrrylamino quinazolines.55 Gefitinib was used as
a parent compound in which the benzene ring was replaced
by a pyrrole ring. All of the prepared compounds were evalu-
ated against pancreatic (Miapaca2) and prostate (DU145)
cancer cell lines for kinase inhibitory and antitumor activi-
ties. In vitro results suggested that most of the compounds
exhibited increased antitumor activity in comparison with
the parental gefitinib. The most promising compounds were

3–7 (Fig. 2). The structure–activity results suggested that the
replacement of the benzene ring with a pyrrole ring
increased the anticancer activity. In addition, the presence of
a basic side chain at position 6 or 7 of the quinazoline
nucleus plays a significant role in determining these com-
pounds' cytotoxicity.

Y. Zhang et al. initially prepared a series of 5,6,7-
trimethoxy-N-phenylĲethyl)-4-aminoquinazoline that exhibited
anticancer activities. Several compounds displayed strong inhibi-
tory activities against ERK1/2 phosphorylation.56 Next, a series of
4-(4-substituted piperazine)-5,6,7-trialkoxy quinazoline deriv-
atives were synthesized by replacing the aniline moiety with a
piperazine moiety and then examined for inhibitory activity
against ERK1/2 phosphorylation.57 In addition, to study the
effects of alkoxy substitution, a few trimethoxy and triethoxy
substitution patterns were prepared. Most of the compounds
showed inhibitory activities against tumor cell proliferation,
and some of these compounds exhibited broad spectrum in-
hibition activities. Against tumor cells, the ethoxy series of
compounds exhibited higher inhibitory activity than did the
methoxy series of compounds. The most active compound of
the series was 8 (Fig. 2), which showed IC50 values in the
micromolar range against most of the cell lines. Compound

Fig. 2 Quinazoline derivatives 1–10 as protein kinase inhibitors.
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8 exhibited a weaker effect on normal cells and demonstrated
that the inhibitory activity was lower against NH3T3 cells.
Therefore, compound 8 was selected in order to study the
mechanism of antitumor activity, and cell configuration and
cell cycle results showed that the compound might have
caused cells to remain at the G0/G1 phase after inhibition of
cell proliferation for 24 h. Compound 8 also inhibited ERK1/
2 and P38 phosphorylation in a concentration-dependent
manner.

In previous studies, EGFR and its family members have
been described as attractive targets for anticancer therapy,
mainly for the treatment of non-small-cell lung cancer.58 In
the last decade, the discovery of novel EGFR inhibitors has
been the main focus of researchers, and consequently, in
2016, X. Qin et al. designed and synthesized a novel series of
morpholin-3-one fused quinazoline derivatives by intramolec-
ular cyclization and evaluated their biological activities with
regard to EGFR inhibition.59 The most active compound of
the series was 9 (Fig. 2), which showed promising inhibitory
activity in the nanomolar range against EGFRwt kinase. In ad-
dition, compound 9 exhibited antiproliferative activity against
H358 and A549 cell lines and good inhibitory activity against
mutant EGFRT790M/L858R as compared to gefitinib and
erlotinib. In addition, to understand the possible binding
mode of the target compounds, molecular docking studies
using the interaction of compound 9 with the ATP binding
site of EGFR kinase were performed. Compound 9 overlaid
well with the binding conformation of gefitinib in the EGFR
kinase domain and demonstrated hydrogen bonding with the
active site through the quinazoline ring's nitrogen and
oxygen.

In 2016, by following a structure-based molecular hybridi-
zation approach, J. N. Chen et al. designed and synthesized a
series of novel quinazolinyl-diaryl urea derivatives using
sorafenib and 4-aminoquinazolinyl moieties.60 The synthe-
sized compounds were screened for their antiproliferative ac-
tivities against three human cancer cell lines, namely, HepG2

(liver), MGC-803 (stomach), and A549 (lung). In comparison
with the positive reference drugs (sorafenib and gefitinib),
some of the compounds showed significant antiproliferative
activities against certain cell lines. The most active com-
pound (10) (Fig. 2), consisting of a 6,7-dimethoxyquinazolinyl
moiety, a 3-benzylamino linker and a tert-butyl substituent
group on the distal phenyl ring, showed the maximum activ-
ity. Compound 10 induced A549 apoptosis, arrested the cell
cycle at the G0/G1 phase, elevated the intracellular reactive
oxygen species level, decreased the mitochondrial membrane
potential, and effectively intervened with the Raf/MEK/ERK
pathway. Additionally, molecular docking studies revealed
that compound 10 could bind efficiently to the active site of
c-Raf.

2.2. Quinazoline derivatives as tubulin polymerization
inhibitors

Tubulin has multiple drug binding sites and is considered as
an important target for anticancer drugs. The most compre-
hensively examined binding sites were for taxoid, vinca, and
colchicine.61 In previous studies, colchicine and its analogues
have been shown to have promising activity by inhibiting
tubulin polymerization into microtubules. However, the clini-
cal uses of these compounds are limited due to their high
toxicity. Recently, several small molecules that act at the
colchicine site on tubulin have been discovered. These mole-
cules not only inhibit the growth of a wide variety of human
cancer cell lines but they also show vascular-disrupting ef-
fects on tumor endothelial cells required for cancer growth,
and are therefore considered as vascular-disrupting agents
(VDAs).62

In 2013, A. Chilin and his coworkers reported biphenyl-
aminoquinazoline (11) (Fig. 3) as an inhibitor of EGFR,
FGFR-1, PDGFRβ, Abl1, and Src kinase activities at
submicromolar concentrations; it also exhibited EC50s in the
nanomolar range against several cancer cell lines.63 After

Fig. 3 Quinazoline derivatives 11–16 as tubulin polymerization inhibitors.
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investigations of the biphenylaminoquinazolines' mecha-
nism of action, it was observed that these molecules not
only showed anti-TK activity but also inhibited tubulin poly-
merization. To identify the structural features required for
dual TK/tubulin inhibition or to be selective anti-tubulin
compounds, several heterobiaryl analogues of compound 11
were designed, synthesized, and evaluated as TKIs and as
tubulin polymerization inhibitors.64 The compounds were
synthesized by replacing one of the two benzene rings of
the biphenylamino moiety with a 5- or 6-atom heterocycle.
The computational analysis and biological data of these
compounds revealed some important structural features
required for dual activity: 1) the dioxygenated function is
required on the benzene of the quinazoline ring, however,
the carbon atom linker between the oxygen atoms can be
varied; 2) the aniline benzene is important for the dual
activity, and its replacement with heteroaryl is not feasible;
and 3) the terminal ring attached to the aniline benzene
was considered as a switch between the two activities.
Selective anti-tubulin activity was observed with the hetero-
cycle whereas dual anti-tubulin/anti-TK activity was ob-
served with phenyl rings.

In 2013, X.-F. Wang et al. selected compounds 12 and 13
(Fig. 3), which exhibited low nanomolar GI50 values against a
human tumor cell line panel, inhibited tubulin assembly,
and inhibited colchicine binding to tubulin.65 For further
modifications and structure–activity studies, a series of 4-(N-
cycloamino)phenylquinazolines were designed, synthesized,
and evaluated in cellular and tubulin inhibition assays.66 The
compound showed significant activity and thus resulted in
the discovery of new tubulin-polymerization inhibitors. The
most promising compound of the series was 14 (7-methoxy-4-
(2-methylquinazolin-4-yl)-3,4-dihydroquinoxalin-2Ĳ1H)-one
[Fig. 3]), which showed both low nanomolar antiproliferative
activity in cellular assays and significant inhibition of tubulin
assembly with an IC50 in the micromolar range. The com-

pound also showed exceptionally potent inhibition of colchi-
cine binding to tubulin. The mechanistic study suggested
that compound 14 arrested most cells in the G2/M phase of
the cell cycle, disrupted cellular microtubules, and competed
mostly at the colchicine site on tubulin.

Through random screening for anticancer agents, K.
Kuroiwa et al. discovered a quinazoline derivative, PVHD121
(15) (Fig. 3), with promising antiproliferative activity against
various tumor-derived cell lines, including the A549 (lung),
NCI-H460 (lung), HCT116 (colon), MCF7 (breast), PC3 (pros-
tate), and HeLa (cervical) cells with IC50 values in the micro-
molar range. In addition to developing a novel anticancer
drug, a series of compounds with various substituents at po-
sitions 2 and 4 of the quinazoline core were synthesized and
evaluated for anticancer activities.67 Structure–activity rela-
tionship studies suggested that the 2-chloroquinazoline deriv-
ative compound 16 was the most potent and most active
compound of the series (Fig. 3) in the low micromolar range.
By using in vitro tubulin polymerization and fluorescence-
based colchicine site competition assays with purified tubu-
lin, it was proven that compound 15 inhibits tubulin poly-
merization by binding to the colchicine site.

2.3. Quinazoline derivatives as protein lysine
methyltransferase inhibitors

Protein lysine methyltransferase G9a is over-expressed in can-
cer cells and acts as a catalyst during methylation of lysine 9
of histone H3 (H3K9) and lysine 373 (K373) of p53. Genetic
knockdown of G9a inhibits cancer cell growth via the di-
methylation of p53 K373 that leads to the inactivation of
p53.68–70 Initially, the 2,4-diamino-6,7-dimethoxyquinazoline
template, represented by 17 (BIX01294) (Fig. 4), was discov-
ered as a selective small molecule inhibitor of G9a and
GLP.71,72 In order to study the structure–activity relationship
and improve the potency and selectivity, multiple regions of

Fig. 4 Quinazoline derivatives 17–21 as protein lysine methyltransferase inhibitors.
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the quinazoline template were investigated. This resulted in
the discovery of compound 18 (UNC0224) (Fig. 4) as a potent
G9a inhibitor with excellent selectivity.73 Additionally, high
resolution X-ray crystal structural analysis of the G9a-18 com-
plex was carried out and depending upon the structural in-
sight discovered in G9a-18 co-crystal structure, F. Liu et al. in
2010 optimized the 7-dimethylaminopropoxy side chain of the
quinazoline scaffold. This led to the discovery of 19
(UNC0321) (Fig. 4), which was the most promising G9a inhib-
itor with picomolar potency.74 Investigation of the 2- and
4-amino and 7-aminoalkoxy regions of this quinazoline scaf-
fold provided valued structure–activity relationship informa-
tion. Compound 19 exhibited excellent in vitro potency; how-
ever it had lower cellular potency. In addition, to improve the
cellular potency of the quinazoline series, several novel ana-
logs were designed and synthesized.75 The focus was to im-
prove cell membrane permeability while maintaining in vitro
potency. Structure–activity relationship studies were
performed on these compounds with G9a biochemical
(SAHH-coupled), cell-based functional (anti-H3K9me2 ICW),
and cell toxicity (MTT) assays. The results led to the discovery
of compounds 20 and 21 (Fig. 4), which exhibited high cellu-
lar potency and excellent separation of functional potency
versus cell toxicity in a variety of cell lines.

2.4. Quinazoline derivatives as topoisomerase I inhibitors

DNA topoisomerases (Top) are very important enzymes in-
volved in DNA modification during cellular processes such as
replication, transcription, and repair. The DNA topoisomerases
are divided into two major families based on whether they
cleave only one or two DNA strands: 1.) Top: Type I (Top1)
and 2.) Type II (Top2).76,77 Top1 enzyme inhibitors are con-
sidered a new group of anticancer agents with a wide range
of activity in hematological and solid tumors. Camptothecin
(CPT) 22 (Fig. 5) was identified as the first Top1 inhibitor,
but CPTs display a number of limitations, including chemical
instability and potential induction of cellular resistance;
therefore, they were not considered ideal drugs.78,79 To
overcome the main drawbacks of CPTs, several chemical
classes of non-CPT Top1 inhibitors (such as phenanthridines
and the indenoisoquinolines) were developed as promising
antitumor drugs.80,81 In 2013, S. Taliani reported a series of
pyrazoloĳ1,5-a]quinazolines, which were structurally related
to the indenoisoquinoline nucleus, as novel non-CPT Top1
inhibitors.82 It was observed that Top1 inhibitory activity
was dependent on the nature of the chain at position 5,

which is a type –O– or –NH– only, the length of the linker,
and the terminal nitrogen containing group. The most ac-
tive compounds contained dimethylaminoethylamino (23),
dimethylaminopropylamino (24), and diethyl-
aminoethylamino (25) chains (Fig. 5). However, it was ob-
served that the presence of an imidazole-containing chain
exhibited detrimental effects on cells. The theoretical model
for the 23/Top1/DNA ternary complex obtained by hydration
docking calculations provided the necessary structural re-
quirement for Top1 inhibitory activity; it was revealed that
a properly substituted phenyl ring at position 3 and a
protonable dialkylaminoalkylamino chain at position 5 were
favorable for Top1 inhibition.

2.5. Quinazoline derivatives as PI3K/Akt/mTOR inhibitors

The PI3K/Akt/mTOR pathway plays important regulatory roles
in various cellular functions, including cell proliferation, dif-
ferentiation, migration, survival, and angiogenesis.83 PI3K is
the key regulator in the PI3K/AKT/mTOR pathway and con-
trols phosphatidylinositol phosphorylation. PI3K dysregu-
lation contributes to uncontrolled cell growth and leads to
malignant transformation. Consequently, for malignant tu-
mor treatment, PI3K is considered as one of the most prom-
ising targets, and efforts are being undertaken to develop
small molecules as PI3K inhibitors.84 The two major classes
of promising structural scaffolds with the PI3K inhibition
effect are quinolines and 1,3-dihydro-2H-imidazoĳ4,5-c]
quinolin-2-ones.85 Considering the anticancer properties of
the quinazoline framework in addition to its bioisosteric be-
havior toward the quinoline ring, Y.-Y. Hei et al. designed a
new series of 4,6-disubstituted quinazoline derivatives as
PI3K inhibitors.86 The new series was synthesized by replac-
ing the 1,3-dihydro-2H-imidazoĳ4,5-c]quinolin-2-one skeleton
of PF-04979064 with a quinazoline moiety and by opening
the piperidine ring. The in vitro and in vivo anticancer activi-
ties of the synthesized compounds were evaluated against
HCT-116 and MCF-7 cell lines. All the compounds showed
substantial antiproliferative activity and compound 26
(Fig. 6) displayed the most potent anti-proliferative and PI3K
inhibitory activity. Therefore, in vivo activity of compound 26
was evaluated and exhibited significant tumor growth inhibi-
tion. Structure–activity relationship studies suggested that
the presence of a hydrogen-bond receptor group (such as a
cyano or a nitro group) at position 5 of the pyridine ring at-
tached at position 6 of quinazoline is important for improv-
ing the anti-proliferative activity.

Fig. 5 Quinazoline derivatives 22–25 as topoisomerase I inhibitors.

MedChemCommReview

Pu
bl

is
he

d 
on

 0
7 

A
pr

il 
20

17
. D

ow
nl

oa
de

d 
by

 J
aw

ah
ar

la
l N

eh
ru

 C
en

tr
e 

fo
r 

A
dv

an
ce

d 
Sc

ie
nt

if
ic

 R
es

ea
rc

h 
on

 2
6/

04
/2

01
7 

19
:5

0:
55

. 
View Article Online

http://dx.doi.org/10.1039/c7md00097a


Med. Chem. Commun.This journal is © The Royal Society of Chemistry 2017

Substituted 4-morpholine-quinazolines have been previ-
ously shown as potent anticancer agents and resemble typical
PI3K inhibitor scaffolds.87 W. Peng et al. in 2016 expected
that the replacement of a hydrogen atom on the quinazoline
scaffold with different substituents such as 6-amino-4-
(trifluoromethyl) pyridin-3-yl, 2-amino-pyrimdin-5-yl, and
3-hydroxyphenyl would result in good kinase inhibitory activ-
ity.88 Therefore, a novel series of 7- or 8-substituted-4-
morpholine-quinazoline derivatives were designed, synthe-
sized, and tested for kinase inhibitory and in vitro anti-cancer
activities. Compound 27 (Fig. 6) exhibited significant activity
in the micromolar range for both PI3Kα inhibition and anti-
proliferative activities. Additionally, compound 27 was also
screened for its inhibitory activity against other kinases (in-
cluding PI3Kβ, PI3Kγ, PI3Kδ, and mTOR), its effects on p-Akt
(S473), and cell cycle. The results indicated that compound
27 acts as a potent PI3K inhibitor and an anticancer agent,
which significantly inhibited the PI3K/Akt/mTOR pathway.

In recent years, the development of PI3K inhibitors and
especially PI3Kα-selective inhibitors has attracted much
attention due to the significance and high frequency of the
PIK3CA mutation in most solid tumors. One of the most
important approaches for discovering potent anticancer
agents is to prepare isoform-selective PI3K-α inhibitors. With
this in mind, R. R. Yadav et al. designed and synthesized a
series of 6-aryl substituted 4-(4-cyanomethyl) phenylamino
quinazolines and screened these for PI3K-α/mTOR inhibitory
activity and cytotoxicity in a panel of cancer cell lines.89 The
6-indolyl substituted quinazoline 28 (Fig. 6) exhibited PI3K-α
inhibition activity with excellent fold selectivity toward the
α-isoform with respect to PI3Kβ and PI3K-δ isoforms and
moderate selectivity over PI3K-γ isoforms in both cell-free
enzymatic and cell-based gene expression assays. Compound
28 was also investigated for its in vivo anticancer activity in
murine tumor models and demonstrated good tumor growth
inhibition (62%) at a 25 mg kg−1 dose.

2.6. Quinazoline derivatives as polyĲADP-ribose)polymerase-1
(PARP-1) inhibitors

PolyĲADP-ribose)polymerase-1 (PARP-1) plays an important
role in the DNA repair process, and it is therefore considered
a promising anticancer drug target. H. Yao et al. designed
and synthesized a series of quinazoline-2,4Ĳ1H,3H)-dione de-
rivatives by employing a range of amino acid building blocks

as key pharmacophoric groups and evaluating their PARP in-
hibition activity and binding features at the PARP active
site.90 Several compounds in this series exhibited promising
PARP-1 inhibitor activity with IC50 values in the nanomolar
range. The structure–activity relationship studies suggested
that compounds bearing β-proline and piperidine-4-carboxylic
acid groups are good PARP-1 inhibitors. Compound 29
(Fig. 7) having an (S)-N-Boc-pyrrolidin-3-yl substituent
exhibited maximum activity as a PARP-1 inhibitor; therefore,
it was selected for further evaluation for PARP-2 inhibitory ac-
tivities, growth inhibition, and temozolomide (TMZ) potentia-
tion effects in cancer cells. The results were very satisfactory,
and at both enzymatic and cellular levels, compound 29
displayed high inhibitory activity.

2.7. Quinazoline derivatives with apoptotic activity

Quinazolinones and their derivatives are well known as bio-
logically active molecules and are especially used in anti-
cancer therapies for breast and other forms of cancer treat-
ment. In 2015, M. Zahedifard et al. synthesized two
quinazolinone Schiff base derivatives, which were 3-(5-chloro-
2 hydroxybenzylideneamino)-2-(5-chloro-2-hydroxyphenyl)-2,3-
dihydroquinazolin-4Ĳ1H)-one (30) and 3-(5-nitro-2-hydroxy-
benzylideneamino)-2-(5-nitro-2-hydroxyphenyl)-2,3-dihydro-
quinazolin-4Ĳ1H)-one (31) (Fig. 8). Their cytotoxic activities
were measured on MCF-7, MDA-MB-231, MCF-10A, and WRL-
68 cells.91 The colorimetric MTT assay results revealed that
both the compounds exhibited substantial inhibition of
MCF-7 cells but these compounds did not have cytotoxic ef-
fects toward MDA-MB-231, WRL-68, or MCF-10A cells. In ad-
dition, the mechanism of compounds A and B on human
breast cancer cell lines (such as MCF-7 cells) were also

Fig. 6 Quinazoline derivatives 26–28 as PI3K/Akt/mTOR inhibitors.

Fig. 7 Quinazoline derivative 29 as a polyĲADP-ribose)polymerase-1
(PARP-1) inhibitor.
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studied. These compounds induced apoptotic cell death in
tumor cells by causing cytochrome c release from the mito-
chondria to the cytosol, which then activates caspase 9 and
downstream inhibitor caspase-3/7, which leads to apoptotic
changes. Additionally, these compounds induced apoptosis
through the extrinsic pathway, which involves caspase-8 and
inhibition of NF-κ B translocation from the cytoplasm to the
nucleus.

2.8. Quinazoline derivatives with anticancer activity

In view of the importance of quinazoline derivatives plus the
tendency of some of these molecules to develop resistance,
P. M. Chandrika et al. in 2008 designed and synthesized novel
quinazoline derivatives with the purpose of finding a more po-
tent compound.92 A series of new 4,6-di-substituted
quinazoline derivatives were synthesized and screened for
anti-inflammatory and anticancer activities against U937 leu-
kemia cell lines. The anti-inflammatory activity of these com-
pounds was moderate to poor. However, all of the com-
pounds in this series exhibited a noteworthy decrease in cell
viability with reference to concentration. The cytotoxic activity
of compound 32 (Fig. 9) was in the micromolar range, very
close to that of the standard positive control drug
(etoposide), and exhibited maximum activity. It was assumed
that the maximum activity of 32 was a result of the presence
of iodine and L-phenylalanine at positions 6 and 4 of the
quinazoline nucleus, respectively.

To find new parent compounds with promising chemo-
therapeutic activities, M. N. Noolvi in 2011 synthesized a
new series of 2,3-disubstituted quinazolinones and quinoxa-
lines that are structurally correlated to erlotinib and
lapatinib and evaluated them for in vitro anti-cancer activi-
ties.93 The most active compound of the series was 3-(2-
chloro benzylideneamine)-2-(furan-2-yl) quinazoline-4Ĳ3H)-one
33 (Fig. 9). The rational approach and quantitative structure–
activity relationship studies provided the structural features
for quinazoline and quinoxaline derivatives needed for en-
hanced anticancer activity. It was observed that the presence
of the quinazoline ring as the backbone, the 2-chloro
benzylideneamine group at position 3 of quinazoline, and
chalcone on the benzamide amide, sulphonamide, and plane
styryl groups at position 3 of the quinoxaline improves the
potency and broad spectrum characteristics of these
compounds.

In 2011, M. Alafeefy designed and synthesized a series of
2,3-disubstituted-6-iodo-3H-quinazolin-4-one derivatives and
screened them for antitumor activities against different can-
cer cell lines.94 Alkyl substituents (such as allyl, benzyl, or
phenacyl) attached to an electron-rich atom are anticipated
to be reasonably stable leaving groups. Therefore, the series
was designed with benzyl, allyl and/or phenacyl groups at-
tached to the sulfur atom at position 2, phenyl and/or benzyl
groups attached at position 3, and an iodine atom at position
6. The most active compounds had allyl and/or benzyl groups
at positions 2 and/or 3 of the quinazoline nucleus. Com-
pound 34 (Fig. 9) was the most potent compound of the se-
ries and showed in vitro antitumor activity in the micromolar
range against the tested cell lines. It was also observed that
an electron withdrawing group at position 4 of the phenacyl
group linked to 2-mercapto-3H-quinazolin-4one is favorable
for antitumor activity. It is expected that these compounds
will be effective as double alkylating agents.

In 2012, E. Moreno et al. synthesized a novel series of sul-
fur and selenium quinazoline and pyridoĳ2,3-d]pyrimidine
compounds and evaluated them for in vitro antiproliferative
activity against different cell lines.95 Several compounds
showed significant antiproliferative activity and the most po-
tent and selective compounds against MCF-7 cells were com-
pounds 35–37 (Fig. 9), which showed promising anti-
proliferative activities against all the tested cell lines. The
structure–activity relationship studies suggested that the
pyridopyrimidines and quinazolines with SeH groups at posi-
tions 2 and 4 exhibited enhanced antiproliferative activity
than the corresponding analogs with selenoalkyl functional-
ity. However, no significant correlation was observed between
the activity and chain length in either the central nucleus or
the phenyl ring. In addition, in order to understand the
mechanism of action, the cytotoxicity cell death status and
cell cycle distribution were tested with compounds 35–37 in
MCF-7 cells. It was observed that these compounds induced
cell death in a time- and dose-dependent manner without
perturbing the cell cycle.

In 2012, S. I. Kovalenko and his coworkers synthesized a
series of quinazoline derivatives by introducing dialkylamino-
Ĳheterocyclyl)alkyl as a substituent on the 6-thio-3-R-2-oxo-2H-
[1,2,4] triazinoĳ2,3-c]quinazoline pharmacophore and exam-
ined their anticancer activity.96 Six of them demonstrated
promising activity and inhibited the growth of leukemia, mel-
anoma, lung, colon, CNS, ovarian, renal, prostate, and breast
cancer cell lines. The compound 6-{[2-(diethylamino)ethyl]-
thio}-3-(4-methoxyphenyl)-2H-[1,2,4]triazinoĳ2,3-c]quinazolin-2-
one (38) (Fig. 9) was considered a promising antitumor agent
with selective effects on the colon cancer cell lines. The activ-
ity order of the substituents at position 6 such as the
dialkylaminoĲheterocyclic)alkyl fragment connected to the
heterocyclic system with sulphur was Me < i-Pr < Pyr < Et.
Next, a series of novel N-R-2-[(3-R-2-oxo-2H-[1,2,4]triazinoĳ2,3-
c]quinazolin-6-yl)thio]acetamides were prepared by introduc-
ing thiazole and thiadiazole fragments.97 Thirteen of the
synthesized compounds were evaluated for anticancer activity

Fig. 8 Quinazoline derivatives 30–31 with apoptotic activity.
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in NCI against 60 cell lines and the majority of them showed
antitumor activities against leukemia, melanoma, lung, co-
lon, CNS, ovarian, renal, prostate, and breast cancer cell
lines. The most active compound of the series was 2-[(3-
methyl-2-oxo-2H-[1,2,4]triazinoĳ2,3-c]quinazolin-6-yl)thio]-N-
(1,3-thiazol-2-yl)acetamide (39) (Fig. 9), which exhibited
the maximum anticancer activity against the cell lines of co-
lon, melanoma, and ovarian cancer cells with GI50 in the
micromolar range. The significant loss in antitumor activity
was observed by replacement of thiazolamide by benzo-
thiazole or thiadiazolamide. Later, a new class of the combi-
natorial library of novel potential anticancer agents was pre-
pared by fusion of the quinazoline and triazole rings and
preparing variations of their derivatives.98 The synthesized
compounds were screened for antitumor activity against leu-

kemia, melanoma, lung, colon, CNS, ovarian, renal, prostate,
and breast cancer cell lines. The most active compound of
this series was 3,4,5-trimethoxy-N′-(quinazolin-4Ĳ3H)-ylidene)-
benzohydrazide (40) (Fig. 9), which exhibited GI50 in the
micromolar range.

In 2013, A. Sharma et al. synthesized a series of regio-
isomeric hybrids, (3-allyl-2-methyl-3H-benzimidazol-5-yl)-(2-
substituted-quinazolin-4-yl)-amine and (1-allyl-2-methyl-1H-
benzimidazol-5-yl)-(2-substituted-quinazolin-4-yl)-amine, by
combining the biologically active moieties benzimidazole and
quinazoline.99 To study the effect of electron-donor and ac-
ceptor nitrogen groups, the hybrids were substituted with
secondary amines, and the focus was to do the derivatization
on the secondary amines at position 2 of quinazoline. The
synthesized compounds were evaluated against 60 tumor cell

Fig. 9 Quinazoline derivatives 32–49 with anticancer activity.
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lines using a panel assay to obtain an active antitumor agent
with promising activity and selectivity toward cancer cells. A
number of these hybrids showed significant antitumor activ-
ity, and the most active compound was 41 (Fig. 9), bearing a
pyrrolidine moiety at position 2 of quinazoline. Compound
41 was considered a broad spectrum antitumor agent and
showed efficacy toward several cell lines belonging to differ-
ent tumor subpanels. Keeping in mind the in vitro anticancer
activity of compound 41 toward leukemia cancer cell lines,
docking studies were performed with RNR and Topo I and II.
The results showed H-bond interactions between the N atom
of the quinazoline moiety with the amino acid residues of
the active site of RNR and Topo I and Topo II enzymes. Next,
a new series of quinazoline and benzimidazole hybrids were
synthesized by substituting quinazoline with primary amines
at position 2.100 The different electron withdrawing groups
besides bulky groups (benzimidazole) were used as primary
amine substituents. The compounds of this series were scre-
ened for their in vitro antitumor activity in complete NCI 60
cell line panel assays, which included nine tumor cell sub-
panels, namely; leukemia, non-small cell lung, colon, CNS,
melanoma, ovarian, renal, prostate and breast cancer. Com-
pound 42 (Fig. 9) was the most active compound and showed
almost twenty and twenty-two fold more activity than
quinazoline and benzimidazole analogues, respectively. Com-
pound 42 showed promising anticancer activity toward colon
cancer and prostate cancer cell lines at five dose
concentrations.

Considering the good performances of quinazoline deriva-
tives as anticancer agents, in 2014, A. M. Alanazi et al.
designed and synthesized a novel series of 6-chloro-2-p-
tolylquinazolinone derivatives bearing different substituents
with diverse electronic environments and studied their effect
on lipophilicity and the activity of the target compounds
through in vitro antitumor activities.101 In the micromolar
range, all the screened compounds of compound 43
(3-(benzylideneamino)-6-chloro-2-p-tolylquinazolin-4Ĳ3H)-one)
(Fig. 9) having a benzylidine group at position 3 exhibited
broad spectrum antitumor activity and inhibited the growth
of renal, CNS, ovarian, and non-small lung cancers.

Previous studies have reported that in addition to
quinazolinone and its derivatives, compounds containing the
imidazolone chromophore are known to have anti-cancer and
angiotensin II receptor antagonistic activities.102 Motivated
by these studies, in 2014, D. Kumar et al. synthesized a series
of novel quinazolinone derivatives fused with imidazolone
and evaluated their anticancer activities against cervical can-
cer (HeLa), breast cancer (MCF-7), leukemia (HL-60), and he-
patocellular carcinoma (HepG2) cell lines.103 The most active
compound of the series was compound 44 (Fig. 9), which
contained an electron-donating methoxy group at the para
position in the imidazolone phenyl ring. Compound 44
showed a threefold more potent activity against MCF-7 than
the standard drug (cisplatin) and a twofold less potent activ-
ity than cisplatin against HepG2. However, the IC50 values of
compound 44 HeLa and HL-60 were comparable to that of

cisplatin. The structure–activity relationship studies
suggested that the electron-donating group favored activity,
whereas the electron-withdrawing group had a detrimental
effect.

Keeping in mind the significance of the fluorine atom in
enhancing the lipophilicity, absorption, and bioavailability of
several anticancer drugs in addition to the importance of
sulphonamides as anticancer agents, M. F. Zayed et al. syn-
thesized a small series of fluorinated quinazolinone–
sulphonamide hybrids and evaluated their in vitro cytotoxic
activities.104 Most of the compounds showed substantial anti-
cancer activity in the micromolar range. The most active com-
pound of the series was 4-(6-fluoro-2-methyl-4-oxoquinazolin-
3Ĳ4H)-yl)-N-(4,6-dimethlpyrimidin-2-yl)benzensulphonamide
(45) (Fig. 9) containing sulphamethazine and displaying an
IC50 value in the micromolar range in the NCI, MCF-7, and
HEK-293 cell lines. This has been considered a suitable par-
ent compound for further modification to produce an effec-
tive anticancer agent.

In 2015, J.-P. Yong synthesized a series of quinazoline de-
rivatives containing the isoxazole moiety and evaluated their
in vitro anticancer activities against A549, HCT116 and MCF-
7 cell lines.105 Most of the compounds of the series exhibited
good activity, and compounds 46 and 47 (Fig. 9) showed
promising activities against all the tested cell lines. Addi-
tionally, to explore the anticancer activity of the isoxazole
moiety containing the quinazoline core, a new series of com-
pounds were prepared by varying the substituents on the
benzene ring of the quinazoline core and on the phenyl ring
attached to the isoxazole moiety.106 The series was screened
for in vitro anticancer activities against different cell lines
using the MTT method. The compounds of the series
exhibited good to excellent anticancer activities, and the
most promising compound with low micromolar activity
against all the tested cell lines was 48 (Fig. 9) containing a
2-methoxy ethoxy substituent at positions 6 and 7 of the
quinazoline core.

In 2016, S. Vodnala et al. designed and synthesized hybrid
molecules containing the dihydropyrano[c]chromene moiety
fused with an oxa-heterocyclic unit at position 2 of the
quinazoline ring.107 These compounds were synthesized
using the one-pot three-component reaction catalyzed by 1,4-
diazabicycloĳ2.2.2]octane. The anticancer activities of the pre-
pared compounds were assessed against breast cancer cell
lines of MDA-MB 231 (estrogen-independent) and MDA-MB
453 (breast adenocarcinoma cell line). Compound 49 (Fig. 9)
containing bromine and chlorine atoms at the phenyl ring of
the oxa-heteryl moiety exhibited maximum activity in both
breast cancer cell lines (MDA-MB 453 and MDA-MB 231).
Additionally, the author performed molecular docking
studies with compound 49 at the receptor site of ERα pro-
tein. Compound 49, containing bromo and chloro substitu-
ents in the phenyl group, oriented toward the hydrophobic
pockets and exhibited H bonding, and π–π, hydrophobic
and polar interactions with the amino acids of the receptor
site of ERα protein.
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3. Conclusion

It is evident from the above discussion that quinazoline and
its derivatives have immense potential as anticancer agents.
In the discovery of cancer drugs, quinazoline is an important
pharmacophore, and several research laboratories worldwide
are focused on the synthesis of different quinazoline deriva-
tives for the development of novel and more potent anti-
cancer drugs. This review article focused on the anticancer
activities of synthetic quinazoline derivatives against various
types of cancer cells. It is expected that the information
presented in this review article will update researchers about
the recently reported quinazoline pharmacophore-based po-
tent anticancer agents and will provide support for the devel-
opment of novel anticancer drugs.
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