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Abstract

Abstract

Cancer is a genetic disease characterized by two features: unregulated cell growth and
tissue invasion (metastasis). Angiogenesis is a complex process in which there is growth of new
blood vessels from the pre-existing ones and is an essential phenomenon for the growth and
survival of solid neoplasms. Vascular endothelial-derived growth factor (VEGF) is one of the most
important and potent angiogenic molecules which play an integral role in tumor angiogenesis.
VEGFR-2 inhibition has been considered as an effective strategy for the prevention of angiogenesis.
Antiangiogenic therapy based on VEGFR-2 inhibition is a powerful clinical treatment of cancers and
several small molecule tyrosine kinase inhibitors of VEGF receptor have been approved for the
treatment of several types of cancer. The research objective is to design and synthesize new
selective inhibitors targeting VEGFR-2 with promising anti-cancer activity. Building on the classical
kinase inhibitors design, profound literature survey, SAR studies and molecular modeling, a series
of novel pyrrolopyrimidine-based compounds were designed. The designed compounds were

synthesized, purified and structurally confirmed by different analytical and spectral techniques.

In vitro biological evaluation was accomplished through testing both anticancer activity and
VEGF enzyme inhibition activity of the newly synthesized compounds. Many of the synthesized
compounds showed good to potent VEGFR-2 inhibitory potency. Most of the tested urea
compounds with diphenylurea moiety at the C4-position of the pyrrolo[2,3-d]pyrimidine core
linked via an oxygen or NH linker demonstrated highly potent dose-related VEGFR-2 inhibition with
ICso values in nanomolar range. The pyrrolo[2,3-d]pyrimidine based-derivatives (XVIId and XXc)
showed the highest potent nanomolar VEGFR-2 inhibition (ICsp of 11.9 nM and 13.7 nM
respectively). 13 of the final Compounds were selected by the National Cancer Institute “NCI” for
single dose screening program at 10 pM in the full NCI 60 cell panel. The pyrrolo[2,3-d]pyrimidine-
based derivative (XXf) showed the lowest cell growth promotion, indicating good anti-proliferative

activity against different cell lines.

Finally, a thorough molecular docking, using C-DOCKER protocol in Discovery Studio 2.5

software was attempted to investigate the binding mode of the targeted compounds and interpret
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their variable inhibitory activity. Moreover, a computer aided ADMET study on the active
compounds was done using Accelrys discovery studio 2.5 software. The thesis involves 260

references showing the literature survey for this research.
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1-Introduction

1. Introduction

1.1. Cancer

1.2.Overview

Cancer is a genetic disease characterized by two main features: unregulated cell growth and
tissue invasion/metastasis. The malignant phenotype requires mutations in several genes that
regulate cell proliferation, motility, survival, DNA repair, invasion, and angiogenesis. Cancer-causing
mutations activate signal transduction pathways leading to aberrant cell proliferation and
perturbations of the tissue specific differentiation programs. The normal cell has protective
mechanisms that repair any DNA damage that occurs during DNA synthesis and mitosis and also in
response to environmental mutagens which are usually abnormal in cancer cells. Too much damage of
a normal cell activates a suicide pathway to prevent the damage of the organ. Such pathway is usually
altered in cancer cells, leading to the survival of the damaged cells that normally die. Cancer cells exist
under conditions of low oxygen tension (hypoxia) and nutrient deprivation, this leads to the
outgrowth of neoplastic variants that can survive under these conditions through the upregulation of a
series of hypoxia-inducible genes. The novel phenotypic characteristics includes those that facilitate
invasion and metastasis, such as the ability to break through basement membranes, migrate through
the extracellular matrix and into the vascular compartment, and generate new blood vessels to

support colonization in distant sites [1].

1.2.1. Types of cancer genes

There are three main classes of genes that are important in controlling cell growth and play a
role in cancer cell development. People may inherit a mutated form of one of these genes, which may
make them more likely to develop a particular type of cancer.

Oncogenes

Oncogenes cause cells to grow out of control. They promote cancer cell growth. Oncogenes are

damaged versions of normal genes called proto-oncogenes which are normal genes involved in the

control of cell growth and division that can mutate to an oncogene.



