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Abstract 
 

Cancer is a group of diseases involving abnormal cell growth with the potential to 
invade or spread to other parts of the body. 

The EGFR is a transmembrane protein that is a receptor for members of the 
epidermal growth factor family (EGF family) of extracellular protein ligands. It is 
overexpressed, dysregulated or mutated in many epithelial malignancies, and its activation 
appears important in tumor growth and progression. 

Many quinazoline derivatives are well acknowledged to possess anticancer and 
EGFR inhibitory activities e.g.: Gefitinib and Erlotinib.  

Accordingly, the present study deals with the synthesis of some 6-bromo-2-
(pyridin-3-yl)-4-substituted quinazolines starting from 4-chloro derivative VI via reaction 
with either 2-amino-6-(un)substituted benzothiazole, phenolic compounds or hydrazine 
hydrate to obtain VIIa-c, VIIIa-f, IXa-d or X, respectively. Reaction of the hydrazinyl 
functionality of X with appropriate acid anhydride, acid chloride or aldehyde affords XIa-
c, XIIa-c and XIVa-i, respectively. The target compounds were evaluated for their efficacy 
as EGFR inhibitors compared to Gefitinib. Candidates eliciting superior EGFR inhibitory 
activity were further screened for their in vitro cytotoxicity against two human cancer cell 
lines namely; MCF-7 (breast) and A549 (lung), in addition to normal fibroblast cell 
(WI38) relative to Gefitinib. The most active compound VIIa was subjected to cell cycle 
analysis and apoptotic assay. Moreover, a molecular modeling study was performed to 
figure out the interaction of some selected new compounds with the active site of EGFR-
TK and predict their physicochemical, ADME and pharmacokinetic properties. 
The thesis consists of the following parts: 
 
1) Introduction: 

It includes a brief survey of literature about cancer, causes and treatments, in 
addition to the anticancer activity of some quinazoline derivatives based on their different 
mechanisms of action as targeted anticancer agents. 

 
2) Research objectives: 

This part includes the aim and the rationale upon which the designed compounds 
were synthesized as potential anticancer agents with EGFR inhibitory activity. 
 
3) Theoretical discussion of the experimental work: 

This part involves the discussion of the various experimental methods and 
conditions adopted for the synthesis of the intermediates and target compounds as per 
literature. It also includes a summarized spectral data for verification of the structures of 
the prepared compounds. Five synthetic schemes were provided to illustrate the adopted 
synthetic pathways. 
 
4) Experimental: 

This section describes the procedures used for the synthesis of the known and new 
intermediates, in addition to the new final compounds. Also, the physical, spectral and 
elemental microanalytical data are reported. 

 



The following compounds were prepared: 
 
4.1. Known intermediates: (Eight compounds) 

 5-Bromo-2-(nicotinamido)benzoic acid (III) 
 6-Bromo-2-(pyridin-3-yl)-4H-benzo[d][1,3]oxazin-4-one (IV) 
 6-Bromo-2-(pyridin-3-yl)quinazolin-4(3H)-one (V) 
 6-Bromo-4-chloro-2-(pyridin-3-yl)quinazoline (VI) 
 4-(Piperidin-1-yl)benzaldehyde (XIIIa) 
 4-Morpholinobenzaldehyde (XIIIb) 
 4-(4-Methylpiperazin-1-yl)benzaldehyde (XIIIc) 
 4-(4-Phenylpiperazin-1-yl)benzaldehyde (XIIId) 

 
4.2. New intermediate: (One compound) 

 6-Bromo-4-hydrazinyl-2-(pyridin-3-yl)quinazoline (X) 
 
4.3. New Compounds: (Twenty eight final compounds) 

 N-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)benzo[d]thiazol-2-amine (VIIa) 
 N-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)-6-ethoxybenzo[d]thiazol-2-amine 

(VIIb) 
 N-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)-6-nitrobenzo[d]thiazol-2-amine 

(VIIc) 
 6-Bromo-4-phenoxy-2-(pyridin-3-yl)quinazoline (VIIIa) 
 6-Bromo-2-(pyridin-3-yl)-4-(p-tolyloxy)quinazoline (VIIIb) 
 6-Bromo-4-(4-fluorophenoxy)-2-(pyridin-3-yl)quinazoline (VIIIc) 
 4-[{6-Bromo-2-(pyridin-3-yl)quinazolin-4-yl}oxy]benzaldehyde (VIIId) 
 6-Bromo-4-(4-nitrophenoxy)-2-(pyridin-3-yl)quinazoline (VIIIe) 
 N-[4-{(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)oxy}phenyl]acetamide (VIIIf) 
 6-Bromo-4-[4-{(2-phenylhydrazinylidene)methyl}phenoxy]-2-(pyridin-3-

yl)quinazoline (IXa) 
 6-Bromo-4-[4-{(2-(4-chlorophenyl)hydrazinylidene)methyl}phenoxy]-2-(pyridin-

3-yl)quinazoline (IXb) 
 6-Bromo-4-[4-{(2-(4-methoxyphenyl)hydrazinylidene)methyl}phenoxy]-2-

(pyridin-3-yl)quinazoline (IXc) 
 4-[2-{4-((6-Bromo-2-(pyridin-3-yl)quinazolin-4-yl)oxy)benzylidene} 

hydrazinyl]benzenesulfonamide (IXd) 
 1-[{6-Bromo-2-(pyridin-3-yl)quinolin-4-yl}amino]pyrrolidine-2,5-dione (XIa) 
 N-acetyl-N'-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)acetohydrazide (XIb) 
 2-[{6-Bromo-2-(pyridin-3-yl)quinolin-4-yl}amino]isoindoline-1,3-dione (XIc) 
 N'-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)-4-cyanobenzohydrazide (XIIa) 
 N'-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)-4-methoxybenzohydrazide (XIIb) 
 N'-(6-bromo-2-(pyridin-3-yl)quinazolin-4-yl)-4-chlorobenzohydrazide (XIIc) 
 4-(2-Benzylidenehydrazinyl)-6-bromo-2-(pyridin-3-yl)quinazoline (XIVa) 
 6-Bromo-4-[{3-phenylallylidene}hydrazinyl]-2-(pyridin-3-yl)quinazoline (XIVb) 
 6-Bromo-4-(2-(4-methoxybenzylidene)hydrazinyl)-2-(pyridin-3-yl)quinazoline 

(XIVc) 



 6-Bromo-4-(2-(4-chlorobenzylidene)hydrazinyl)-2-(pyridin-3-yl)quinazoline 
(XIVd) 

 6-Bromo-4-(2-(4-nitrobenzylidene)hydrazinyl)-2-(pyridin-3-yl)quinazoline 
(XIVe) 

 6-Bromo-4-[2-{4-(piperidin-1-yl)benzylidene}hydrazinyl]-2-(pyridin-3-yl) 
quinazoline (XIVf) 

 4-[4-{(2-(6-Bromo-2-(pyridin-3-yl)quinazolin-4-yl)hydrazinylidene)methyl} 
phenyl]morpholine (XIVg) 

 6-Bromo-4-[2-{4-(4-methylpiperazin-1-yl)benzylidene}hydrazinyl]-2-(pyridin-3-
yl)quinazoline (XIVh) 

 6-Bromo-4-[2-{4-(4-phenylpiperazin-1-yl)benzylidene}hydrazinyl]-2-(pyridin-3-
yl)quinazoline (XIVi) 

 
5) Biological Evaluation: 

This part includes the screening of twenty eight target compounds for their EGFR 
inhibitory activity using Gefitinib as a reference. Fifteen compounds showing superior to 
good EGFR inhibitory activity were further evaluated for their in vitro cytotoxic activity 
against MCF-7 (breast) and A549 (lung), in addition to normal fibroblast cell (WI38) 
compared to Gefitinib. The tested compounds were more selective against MCF-7 cell 
line. Furthermore, compound VIIa eliciting a superior activity as EGFR inhibitor was 
subjected to cell cycle analysis and apoptotic assay, where it showed a cell growth arrest at 
G2/M phase along with an apoptotic induction effect. 
 
6) Molecular Modeling Study: 
 This part involves the results of molecular docking of compounds VIIa,c, VIIIf, 
IXb, XIc, XIIb and XIVe showing remarkable EGFR inhibitory activity in order to study 
their binding mode to the active site of the enzyme in comparison to Gefitinib, in addition 
to prediction of their physicochemical, ADME and pharmacokinetic properties. 
 
7) References: 

In this section; 192 references were cited covering the time frame from 1985 to 
2018. 

 
Arabic summary: 
The Arabic summary involves a brief explanation about the newly synthesized quinazolines: their 
preparation, EGFR inhibitory activity and cytotoxicity. It also includes the differnet parts of the 
thesis.�
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Introduction 
�

 Cancer, the uncontrolled rapid and pathological proliferation of abnormal cells, is 
one of the most formidable afflictions in the world [1]. It is considered to be a major health 
problem in developed as well as undeveloped countries [2]. Cancer causes about 550,000 
deaths a year and is a second leading cause of death in the world next to heart diseases [3]. 

Tumors with limited growth are generally considered to be benign. When tumor 
cells spread to distant sites, it is said to be metastasized [4]. 
 

1.1. Causes of Cancer: 
 Cancer is considered a multifactorial disease as it is caused by a combined effect of 
genetic and external factors acting concurrently and sequentially [5]. Several external 
factors, which refer to the environmental factors 
 
1.2. The Cell Cycle and Cancer: 
 The cell cycle is a set of organized and monitored events responsible for proper cell 
division into two daughter cells. It is a high energy demanding process that requires an 
encompassed and ordered seriesed events to guarantee the correct duplication and 
segregation of the genome. This process involves four sequential phases that go from 
quiescence (G0 phase) to proliferation (G1, S, G2, and M phases) and back to quiescence 
[9]. The cell cycle consists of four major phases: 
 G1 phase. In this phase, metabolic changes occur to prepare the cell for division. 

At a certain point - the restriction point - the cell is committed to division and moves 
into the S phase. 

 S phase. In this part, DNA synthesis takes place to replicate the genetic material. 
Each chromosome now consists of two sister chromatids. 

 G2 phase. In this phase, metabolic changes occur which assemble the cytoplasmic 
materials necessary for mitosis and cytokinesis. 

 M phase. In this part, a nuclear division (mitosis) followed by a cell division 
(cytokinesis) takes place [10,11]. This phase consists of several distinct phases, 
known as Prophase, Metaphase, Anaphase and Telophase. 

The period between mitotic divisions - that is, G1, S and G2 - is known as interphase [12]. 
 The cells which are actively undergoing cell cycle are targeted in cancer therapy as 
the DNA is reliably exposed during cell division and since it is susceptible to damage by 
radiation or drugs. This fact is used in the treatment of cancer [13]. 
 
1.3. Cancer Treatment:  
 Many classes of anticancer drugs have been developed to stop cell division and, 
therefore, the progress of cancer at the different phases of the cell cycle. In general, these 
agents can be classified into: 
1. S phase: Specific anticancer drugs including antifolates and antimetabolites as 

methotrexate and 5-fluorouracil, respectively. 
2. G2 phase: Specific anticancer drugs including antibiotics as bleomycin. 
3. M phase: Specific anticancer drugs including quinazolines [14]. 



 In the course of the identification of various chemical substances that can serve as 
leads to design new antitumor agents, great interest is given to quinazoline, which has 
been identified as a new class of chemotherapeutic agents against cancer with good 
therapeutic efficacy against solid tumors [15]. 
1.4. Quinazolines As Targeted Anticancer Agents: 
 Quinazolines and related 4(3H)-quinazolinones are classes of fused heterocycles, 
which are of considerable interest due to the diversity of their biological properties [16]. 
They constitute an imperative class of compounds with a diverse therapeutic and 
pharmacological activities such as antibacterial [17,18], anti-inflammatory [19,20], 
antihypertensive [21], anticonvulsant [22,23], antiulcer [24,25], antidiabetic [26], and anticancer 
[27–30]. 
 Quinazolines have awakened the recent attention from chemical and biological 
points of view since it is known that their derivatives exhibit antineoplastic activity with 
diverse mechanisms of action. These mechanisms are involved in the cytotoxic activities 
of quinazolines, for example, inhibitors of dihydrofolate reductase (DHFR) [31], folate 
thymidylate synthase (TS) [32], cyclin-dependent kinase (CDKs) [33], DNA intercalators [34] 
or tyrosine kinase (TK) [28]. 
1.4.1. Anticancer quinazoline antifolates: 
 There are 2 main enzymes: Dihydrofolate reductase (DHFR) and Thymidylate 
synthase (TS). They are necessary to maintain adequate intracellular levels of reduced 
folates and is critically important because its molecules are biochemically active only in 
their completely reduced form such as tetrahydrofolates which have an important role in 
the biosynthesis of nucleic acid precursors. Inhibitors of folate-dependent enzymes in 
cancer cells provide compounds that have found clinical utility as antitumor agents [35–37].  
1.4.1.1. Quinazolines as DHFR inhibitors: 
 Dihydrofolate reductase (DHFR) is an enzyme of pivotal importance in 
biochemistry and medicinal chemistry. DHFR catalyzes the reduction of folate or 7,8-
dihydrofolate to tetrahydrofolate and intimately couples with thymidylate synthase (TS), a 
key enzyme in the de novo synthesis of thymidine triphosphate (TTP). Inhibition of DHFR 
or TS activity in the absence of salvage leads to ‘thymineless death’ [15]. 

In 1996, a group of scientists developed Trimetrexate 1 (TMX) which is a novel 
lipophilic DHFR inhibitor for neoplastic diseases. TMX 1 was designed to avoid the 
limitations of Methotrexate 2 (MTX) due to its hydrophilic nature which restricts its 
distribution to various body tissues, such as lung and brain, meanwhile it prevents entry 
into cells. TMX is effective against acute lymphocytic leukemia, non-Hodgkin’s 
lymphoma and osteosarcoma [39]. 

�

In 2006, a new series of quinazoline analogs was designed to resemble methotrexate 
(MTX) structure features and fitted with functional groups believed to enhance inhibition 
of mammalian DHFR activity. It was found that the most active antitumor agents in this 



study were compounds 3, 4, 5, and 6 with median growth inhibitory concentrations (GI50) 
of 20.1, 23.5, 26.7, and 9.1 nM, respectively, against in vitro subpanel tumor cell lines such 
as leukemia, non-small cell lung cancer, colon cancer, CNS cancer, melanoma, ovarian 
cancer, renal cancer, prostate cancer and breast cancer [15]. 

 

�

�
Additionally, a series of novel 2-thioxo-2,3-dihydroquinazolin-4(1H)-ones 

including compounds 7 and 8 showed good predicted DHFR inhibitory activity as potential 
antiprostatic cancer with binding energies of -8.41 Kcal/mol and -8.2 Kcal/mol, 
respectively compared to Methotrexate 2 (-5.3 Kcal/mol) [40]. 

 

�
1.4.1.2. Quinazolines as TS inhibitors: 

Raltitrexed 9 ( TomudexTM), a quinazolinone folate analogue [41], is a potent 
inhibitor for thymidylate synthase (TS) which is an essential nucleotide required for DNA 
synthesis. In 1999, Raltitrexed 9 displayed dual inhibitory activities to TS and DHFR [42]. 

In 2012, novel 7-substituted-4(3H)-quinazolinones were designed, synthesized by 
El-Azab et al [43] and evaluated for their antitumor activity through inhibition of TS. The 
results of this study demonstrated that compound 10 is a broadspectrum antitumor showing 
effectiveness toward numerous cell lines that belong to different tumor subpanels such as 
CCRF-CEM, MALME-3M, SK-MEL-5 and UACC-62 cancer (representing leukemia and 
melanoma) with GI values of 47.3%, 56.5%, 99.1% and 57.8%, respectively. 

 



�

 
1.4.2. Quinazolines as DNA intercalators: 

The interaction of small molecules with DNA plays an essential role in many 
biological processes, as DNA is often the target for majority of anticancer drugs. Moreover, 
understanding the interactions of small molecules with DNA is of prime significance in the 
rational design of more powerful and selective anticancer agents [44]. 

A group of scientists designed and synthesized new N-alkylanilinoquinazoline 
derivatives and evaluated them as cytotoxic and DNA intercalating agents [34]. The N-
alkylated derivative of the anilinoquinazoline skeleton represented a useful chemotype for 
the development of new DNA targeted anticancer agents. This class of compounds interacts 
with double stranded DNA and also presents selective recognition of DNA sequences. 

Compounds 11 and 12 have significant DNA intercalating activity displaying IC50 
values of 6.3 and 5.6 µM, respectively against HT-29 cell line and IC50 values of 9.9 and 
6.8 µM, respectively against MCF-7 cell line compared to the reference compound 
PD153035 (13) (IC50= 10.1 and 4.7 µM against HT-29 and  MCF-7, respectively) [44]. 

�

1.4.3. Quinazolines as Protein kinase inhibitors : 
 A protein kinase is a kinase enzyme that modifies other proteins by chemically 
adding phosphate groups to them (phosphorylation). Deregulation of different protein 
kinases has been found in chronic myelogenous leukemia, gastrointestinal stromal tumors, 
various other sarcomas and cancers as well as non-malignant disorders [45]. 
 Most kinases act on tyrosine (tyrosine kinases) , others act on serine and threonine 
(serine / threonine kinases) and a few act on both (dual-specificity kinases) [46]. 
1.4.3.1. Quinazolines as Serine/Threonine kinase inhibitors:  

Serine/threonine kinases (STKs) have been involved in human cancer. In particular, 
the misregulation of kinases belonging to the Cyclin-dependent kinases (CDKs), Aurora 
kinase, Raf kinase and Polo-like kinases (Plk) families have been associated with tumor 
growth, metastasis, and poor clinical outcome. Thus inhibition of serine/threonine kinases 
have proven to be effective in the management of tumors through binding to the ATP 



binding site of these enzymes thus halting the phosphorylation process and the consequent 
signaling process associated with these enzymes actions [46]. 
1.4.3.1.1. Quinazolines as CDKs inhibitors:  

Cyclin-dependent kinases (CDKs) are the catalytic subunits of a family of 
mammalian heterodimeric serine/threonine kinases that have been implicated in the control 
of cell cycle progression, transcription and neuronal function [47]. There are 11 members of 
the CDK family known till now. Among these, CDK1, 2, 3, 4, and 6 are known to play 
important roles in the cell cycle. CDK5 activity is restricted to the nervous system. CDK7 
plays an indirect role in the cell cycle by activating the CDKs enmeshed in the cell cycle. 
CDKs 7, 8, and 9 are regulators of transcription. Not much is known about the function of 
CDK10 [48]. Some CDKs, such as CDK1–CDK4, CDK6 and perhaps CDK11, are involved 
in progression through the cell cycle, whereas CDK7 has dual roles as a CDK-activating 
kinase (CAK) and a regulator of the transcriptional machinery. CDK8 and CDK9 seem to 
have key roles in the control of transcription by RNA polymerase II [49]. CDK activity is 
increased in proliferative diseases such as cancer, due to the frequent overexpression of 
cyclins and the frequent inactivation of CDK inhibitors [50]. 

A novel 6-amino-4-(4-phenoxyphenylethylamino)quinazoline QNZ 14 analog, 
QNZ-A 15, is identified as a selective cytotoxic agent against A549 cells�through 
introducing a Michael acceptor unit at position 6 of quinazoline ring in QNZ 14. QNZ-A 
15, by virtue of its Michael acceptor unit, induced reactive oxygen species (ROS) 
accumulation associated with collapse of the redox buffering system in A549 cells. This 
caused up-regulation of p53-inducible p21 and down-regulation of redox sensitive Cdc25C 
along with Cyclin B1/CDK1, leading to a G2/M cell cycle arrest and final cell apoptosis. 
A series of dose-response curves allowed to identify QNZ-A 15 (IC50= 6.7 µM) as the most 
excellent anti-proliferative agent in A549 cells [52]. 

 
1.4.3.1.2. Quinazolines as Aurora kinase inhibitors: 

Aurora kinases, a family of serine/threonine kinases, consisting of Aurora A 
(AURKA), Aurora B (AURKB) and Aurora C (AURKC), are essential kinases for cell 
division via regulating mitosis especially the process of chromosomal segregation. Besides 
regulating mitosis, Aurora kinases have been implicated in regulating meiosis. The deletion 
of Aurora kinases could lead to failure of cell division and impair the embryonic 
development. Overexpression or gene amplification of Aurora kinases has been clarified 
in a number of cancers including non-small cell lung cancer, glioblastomas, and upper 
gastrointestinal adenocarcinomas [53,54]. 

The recent determination of the three-dimensional structure of Aurora A has shown 
that Aurora kinases exhibit unique conformations around the activation loop region. This 
property has boosted the search and development of inhibitors of Aurora kinases, which 
might also function as novel anti-oncogenic agents [55]. 



The first quinazoline Aurora kinase inhibitor to be developed was ZM447439 (16) 
which is a potent inhibitor of Aurora A and B (IC50= 110 and 130 nM, respectively). 
Despite being a dual inhibitor, this agent produces a phenotype consistent with Aurora B 
inhibition [54]. 

�
In 2006, a group of scientists synthesized a new class of pyrazoloquinazolines as 

selective inhibitors of Aurora B kinase, some of which show greater than 1000-fold 
selectivity for Aurora B over Aurora A kinase activity, in recombinant enzyme assays. 

Compound 17 has been selected for clinical evaluation and is currently in phase 1 
clinical trials [56]. 

 

�
 
1.4.3.1.3. Quinazolines as Raf inhibitors: 

Raf kinases are a family of three serine/threonine-specific protein kinases that are 
related to retroviral oncogenes [57]. The three Raf kinase family members are: A-Raf, B-
Raf and C-Raf [58]. 

B-Raf is a STK mutated in about 7% of all human cancers. The most common 
oncogenic mutation of B-Raf is found in both melanoma and colorectal cancer. In 2007-
2010, a new series of 3-methylquinazolin-4-ones 18a-c were designed, synthesized and 
evaluated as potent B-Raf kinase inhibitors [59]. 

�



1.4.3.1.4. Quinazolines as Glycogen synthase kinase-3 (GSK-3) inhibitors: 
Glycogen synthase kinase 3 (GSK-3) is a serine/threonine protein kinase that 

mediates the addition of phosphate molecules onto serine and threonine amino acid 
residues. In mammals GSK-3 is encoded by two known genes, GSK-3 alpha (GSK3A) and 
GSK-3 beta (GSK3B). GSK-3 has recently become of much interest because it has been 
involved in a number of diseases, including Type II diabetes (Diabetes Mellitus type 2), 
Alzheimer's disease, inflammation, cancer, and bipolar disorder [60]. 

A.Testard et al  [61] developed a series of GSK-3 inhibitors possessing thiazolo[5,4-
f]quinazolin-9-one nucleus. They found that compounds 19 and 20 are the most potent 
ATP-competitive inhibitors of GSK-3 displaying IC50 values of 1.30 and 0.56 µM, 
respectively. 

�
1.4.3.2. Quinazolines as Tyrosine kinase inhibitors:  
 Tyrosine kinases are a subclass of protein kinase. A tyrosine kinase is an enzyme 
that can transfer a phosphate group from ATP to a protein in a cell. It functions as an "on" 
or "off" switch in many cellular functions. Recent advances have demonstrated the role of 
tyrosine kinases in the pathophysiology of cancer. Though their activity is tightly regulated 
in normal cells, they may acquire transforming functions due to mutation(s) or 
overexpression leading to a number of cancers, including non-small cell lung, breast, 
ovarian and squamous cell cancers [65,66]. Constitutive oncogenic activation in cancer cells 
can be blocked by selective tyrosine kinase inhibitors including different quinazoline 
derivatives which could be exemplified by: VEGFR inhibitors [65] and EGFR inhibitors 
[67,68]. 
1.4.3.2.1. Quinazolines as Vascular Endothelial Growth Factor Receptor Tyrosine 

kinase (VEGFRTK) inhibitors: 
Angiogenesis is the physiological process through which new blood vessels are 

formed from pre-existing vessels [69]. It is a normal and vital process in growth and 
development, as well as in wound healing. 

However, it is also a fundamental step in the transition of tumors from a benign 
state to a malignant one. This finding supported the use of angiogenesis inhibitors in the 
treatment of cancer [70]. 

Tumors induce blood vessel growth (angiogenesis) by secreting various growth 
factors like Vascular Endothelial Growth Factor (VEGF) which is a potent angiogenic 
factor that was first described as an essential growth factor for vascular endothelial cells. 
VEGF is overexpressed and up-regulated in many tumors and it frequently occurs in 
response to hypoxia [71], loss of tumor suppressor gene function [72], and oncogene  
activation [73]. 

Certain quinazolyl urea derivatives were identified as potent and selective 
inhibitors of the tyrosine kinase activity of VEGFR-2. It was demonstrated that compounds 
22 and 23 display excellent inhibitory activity against VEGFR-2 (IC50= 0.002, 0.006 µM, 



respectively) and moderate antiproliferative activity against human prostate PC3, human 
colorectal HT29 and human breast MCF-7 cell lines [74]. 

�
Furthermore, 4-(4-substituted phenoxy)quinazolinyl derivatives have been tested 

against HeLa (cervical cancer cell), A549 (carcinomic human alveolar basal epithelial cell) 
and MCF-7 (breast cancer), in addition to their VEGFR-2 inhibitory activity. Compound 
24 exhibited the most potent inhibitory activity against HeLa, A549 and MCF-7 cells with 
IC50= 0.22, 0.15 and 0.24 μg/mL, respectively) compared to Tivozanib 25 (IC50= 0.34, 
0.19 and 0.25 μg/mL, respectively). Also, it showed the most potent inhibitory activity 
against VEGFR-2 (IC50= 2.32 nM).compared to Tivozanib 25 (IC50= 3.40 nM) [75]. 

�
1.4.3.2.2. Quinazolines as Epidermal Growth Factor Receptor (EGFR) inhibitors: 

The epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein that 
constitutes one of four members of the ErbB family of tyrosine kinase receptors, a 
subfamily of four closely related receptor tyrosine kinases: Her1 (EGFR, ErbB1), Her2 
(ErbB2), Her3 (ErbB3), and Her4 (ErbB4) [76]. 

In many cancer types, mutations affecting EGFR expression or activity could result 
in cancer [65]. Deficient signaling of the EGFR and other receptor tyrosine kinases in human 
is associated with diseases such as Alzheimer's [77], while overexpression of ErbB-1 and 
ErbB-2 is associated with the development of a wide variety of cancer; breast, lung and 
prostate cancer [78]. 

[4-(3-Chloroanilino)quinazoline] (CAQ) 26 is a selective and potent EGFR 
inhibitor that showed good selectivity over kinase inhibitors [79]. 

�
�

Furthermore, increasing the selectivity of inhibition was enhanced by introducing 
different substituents, for example compounds 27 [80] and 28 [81]. 



�
Few years later, a group of scientists reported the pharmacological characteristics 

of Gefitinib 29 [82]. In May 2003, the FDA approved Gefitinib (ZD1839, Iressa@) 29, to 
be one of the promising EGFR-TK inhibitors as a monotherapy for the treatment of 
metastatic breast cancer and non-small cell lung cancer after chemotherapies fails [83,84]. 

 

�
Different approaches were well studied and optimized to improve the selectivity 

and potency of these inhibitors. This led to the discovery of Lapatinib 30, which possessed 
an EGFR inhibitory activity and is currently used in phase III clinical studies [85]. 

 

�
Furthermore, a novel series of 2,3,7-trisubstituted quinazoline derivatives were 

synthesized by Noolvi M. N. et al [28]. They considered the rational approach and QSAR 
techniques that enabled them to understand the pharmacophoric requirement for these 
derivatives to inhibit EGFR-tyrosine kinase as antitumor agents. NCI selected compound 
31 that showed remarkable activity against CNS SNB-75 cancer cell line with GI50 value 
of 5.59 M. 

 

�
�

�



Aim of the work 
 

Many reports referred to the pivotal role of some quinazolines as selective and 
potent EGFR inhibitors along with their remarkable antitumor activity [27–30]. 

Reviewing the literature revealed that certain monosubstituted quinazolines, 
namely: 4-(3-bromo/chloroanilino)quinazolines 26, 27 exert significant EGFR inhibition 
[79,80]. Also, the disubstituted quinazolines: 4-(7-amino-2-aryl-5-bromo-1H-indol-7-yl)-2-
(4-fluorophenyl)quinazolines 38a,b show good cytotoxicity against A549 and MCF-7, in 
addition to their EGFR inhibitory activity in nM concentration [68]. Furthermore, 2,4,6-
trisubstituted quinazoline 44 displays a significant anticancer activity against different 
subpanel tumor cell lines with GI50 value 16.9 µM [95]. 

 

�
 Accordingly, some new 2,4,6-trisubstituted quinazolines were synthesized by 
keeping NH spacer of the disubstituted quinazolines 38a,b and bioisosteric substitution of 
phenyl and indolyl moieties at positions 2 and 4 with pyridinyl and benzothiazolyl ones, 
respectively�to obtain compounds VIIa-c or replacement of 3-substituted phenyl moiety of 
26 and 27 with pyrrolidin-2,5-dione, N-acetylacetohydrazide and isoindolin-1,3-dione 
moieties to produce compounds XIa-c aiming to obtain new derivatives with promising 
anticancer and EGFR inhibitory activities. 
�



�
 Further structural modification includes bioisosteric substitution of NH at position 
4 (anilino moiety) with O (phenoxy moiety) to give VIIIa-f in order to investigate the 
effect of this substitution on the designed biological activity. 

�
 The extended side chain of Lapatinib 30 at position 4 directed our interest to 
synthesize series IXa-d hoping to improve the anticancer and EGFR inhibitory activities 
of the newly prepared quinazolines. 

�
Another approach deals with NH spacer elongation of 26 and 27 to NH-NH-C=O 

and NH-N=CH to produce 4-substituted benzohydrazides XIIa-c and 4-substituted 
arylideneaminoquinazolines XIVa-i. 



�
Finally, the pathways adopted for the synthesis of the targeted quinazolines involve 

the following: 
 Keeping the substituents at positions 2 and 6, namely: 6-bromo- and 2-(pyridine-3-

yl). 
 Changing the substitution at position 4. 
 Preparation of two key intermediates: 6-bromo-4-chloro-2-(pyridin-3-yl) 

quinazoline VI and 6-bromo-4-hydrazinyl-2-(pyridin-3-yl)quinazoline X. 
 Derivatives based on 4-chloro intermediate VI through reactions with: 

2-amino-6-(un)substituted benzothiazoles, 4-substituted phenolic compounds, 
appropriate (un)substituted phenylhydrazine or hydrazine hydrate to produce VIIa-
c, VIIIa-f, IXa-d or X, respectively. 

 Derivatives concerning 4-hydrazino moiety of X via reactions with the appropriate: 
acid anhydride, acid chloride or aldehyde to produce XIa-c, XIIa-c or XIVa-i, 
respectively. 
Guided by the reported EGFR inhibitory activity of some trisubstituted 

quinazolines [28], the newly synthesized quinazoline derivatives will be evaluated for their 
EGFR inhibition property. Compounds that elicit a significant enzyme inhibition will be 
further screened for their anticancer activity against MCF-7 (breast cancer) and A549 (lung 
cancer) cell lines, in addition to determination of their safety profile against WI38 normal 
cell line. 

Moreover, compounds showing promising EGFR inhibition will be subjected to 
cell cycle analysis and apoptotic assay in order to determine the phase at which the 
compound acts and quantify the percentage of apoptosis induced by the compound. 

Furthermore, a molecular modeling study will be applied to compounds exhibiting 
remarkable EGFR inhibition to explore their binding mode in the active site of the enzyme 
and predict their physicochemical, ADME and pharmacokinetic properties.  

 
 
 
 
 
 



Review  

This thesis includes literature review about quinazolines and their derivatives and 
their mechanisms related to anticancer effect from previous studies. The present study deals 
with the synthesis of some 6-bromo-2-(pyridin-3-yl)-4-substituted quinazolines aiming to 
obtain new targeted anticancer agents against EGFR enzyme. This was based on previously 
reported similar compounds reported in different studies. The newly synthesized 
compounds and intermediate were afforded through different schemes, all illustrated 
through the thesis. The newly synthesized compounds were confirmed by their spectral 
data. Finally, the newly synthesized compounds were evaluated for their EGFR and the 
most active ones were evaluated for their anticancer activity at Confirmatory Diagnostic 
Unit, VACSERA, against two cancer cell lines (A549 and MCF-7) and one normal cell 
line (WI38) to evaluate their safety profile. The most active compound VIIa was subjected 
to cell cycle analysis and apoptotic assay. Moreover, a molecular modeling study was 
performed to figure out the interaction of some selected new compounds with the active 
site of EGFR-TK and predict their physicochemical, ADME and pharmacokinetic 
properties. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Summary 
 
The present study deals with the synthesis of some 6-bromo-2-(pyridin-3-yl)-4-

substituted quinazolines starting from 4-chloro derivative VI via reaction with either 2-
amino-6-(un)substituted benzothiazole, phenolic compounds or hydrazine hydrate to 
obtain VIIa-c, VIIIa-f, IXa-d or X, respectively. Reaction of the hydrazinyl functionality 
of X with appropriate acid anhydride, acid chloride or aldehyde affords XIa-c, XIIa-c and 
XIVa-i, respectively. The target compounds were evaluated for their efficacy as EGFR 
inhibitors compared to Gefitinib. Candidates eliciting superior EGFR inhibitory activity 
were further screened for their in vitro cytotoxicity against two human cancer cell lines 
namely; MCF-7 (breast) and A549 (lung), in addition to normal fibroblast cell (WI38) 
relative to Gefitinib. Compound VIIa was subjected to cell cycle analysis and apoptotic 
assay. Molecular modeling study was performed to some selected new compounds. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Conclusions 
�

1- Twenty Eight newly compounds were synthesized and evaluated for their EGFR 
inhibitory activity.  

2- Twenty four compounds out of twenty eight exhibited significant EGFR inhibitory 
activity at sub-micromolar level (IC50= 0.096 – 0.818 µM) compared to Gefitinib 
(IC50= 0.166 µM).  

3- Three compounds: VIIa, VIIIf, and XIVe exhibited superior activity against EGFR 
(IC50 = 0.096, 0.149 and 0.141 µM), respectively compared to Gefitinib (IC50 = 0.166 
µM). 

4- Fifteen compounds VIIa,c, VIIIf,  IXb,d, XIc, XIIa-c and XIVb,d-g,i that elicit a 
significant enzyme inhibition were further screened for their anticancer activity 
against MCF-7 and A549 cell lines, in addition to WI38 normal fibroblast cell line. 

5- The majority of the tested compounds showed a selective anticancer activity against 
MCF-7 rather than A549 cell line. 

6- Two compounds XIVe and XIVi elicited promising anticancer activity against A549 
(IC50= 3.50 and 2.47 µM, respectively) relative to Gefitinib (IC50= 4.39 µM). 

7- Five compounds VIIa, VIIc, IXc, XIIc and XIVd displayed a superior anticancer 
activity against MCF-7 (IC50= 0.096 – 3.19 µM) compared to Gefitinib (IC50= 4.97 
μM). 

8- 2- Compound XIVi was the most potent quinazolinyl derivative against (A549) cell 
line (IC50= 2.47 µM), while compound XIVd congener was the most active one against 
(MCF-7) (IC50= 0.956 μM). 

9- 3- The spacer variation at position 4 with NH, O, NH-N=CH or NH-NH-C=O 
produced compounds with promising EGFR inhibitory activity and anticancer activity. 
This indicated that alteration of spacer does not greatly affect the EGFR inhibition or 
anticancer activity. 

10- The most active compound as EGFR inhibitor VIIa  (IC50 = 0.096 μM) was 
subjected to cell cycle analysis and apoptotic assay.  

11- The compound VIIa caused a pre G1 apoptosis with cell growth arrest at G2/M 
phase in MCF-7 cells in addition to induction of apoptosis which confirms the role 
of quinazolines in cell cycle as denoted in literature review. 

12- The results of molecular docking study confirmed that the binding mode was 
consistent with the EGFR inhibitory activity of the tested compounds. 

13- The promising pharmacokinetic properties of the most potent compounds were also 
proven indicating that Most of the newly synthesized compounds are not only with 
significant anticancer activity, but also possess promising pharmacokinetic properties. 

14- Compound VIIa could be considered as useful lead for future development to 
obtain more potent anticancer agents. 

 

 

 
 


