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Abstract
New Aminoacetylenic 2-methylindoline
Anticipated as Angiogenesis Inhibitor
in Cancer Treatment

By
Abdulla Nabil Al-Salihi

University of Petra, 2014

Supervisor

Co-supervisor

Prof. Zuhair Muhi-eldeen

Prof. Tawfiq Arafat

One of the most recent approach in cancer treatment is the angiogenesis inhibitors. This
is represented by endothelial growth factor receptor inhibitors and vascular endothelial
growth factor receptor inhibitors such as Thalidomide and Lenalidomide.
We invision structural analogues to

lenalidomide namely aminoacetylenic-2-

methylindoline series as novel and new angiogenesis inhibitors.
Aminoacetylenic 2-mthylindoline derivatives were synthesized from the reaction of 2methylindoline with 3-bromoprop-1-yne to generate 2-methyl-1-(prop-2-yn-1-yl)-2,3dihydro-1H-indole (AZ-1). A mixture of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1Hindole, paraformaldehyde, cyclic amine and cuprous chloride catalytic amount, in
peroxide free dioxane through Mannich reaction yielded the desired Aminoacetylenic 2methylindoline derivatives AZ2, AZ3, AZ4, AZ5, AZ6, AZ7.
III

The IR, DSC, 1H-NMR, 13C-NMR and elemental analysis results were consistent with the
assigned structures. The docking results showed that all the designed compounds have
good EGF (epidermal growth factor) receptor inhibition specifically AZ4 which scores 8.3 (Kcal/mol), Additional COX II receptor inhibition specifically showed by AZ5 which
scores -8.6 (Kcal/mol) this indicate a promising effect in inhibiting the formation of new
blood vessels, thereby stop tumor metastasis, diabetic retinopathy and rheumatoid
arthritis.
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CHAPTER ONE
Introduction
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1. Introduction
1.1 Cancer disease
Human body is wonderfully designed to carry out the functions of life as we know
theme. Millions of cells that make up the body normally reproduce in an orderly
manner, replacing worn out tissues and repairing injuries to maintain health (Ferlay et
al., 2010).
However, certain cells may begin to reproduce abnormally, massing together to form
tumors (Nelson et al., 2003). If a tumor is benign, it will remain self-contained. On
the other hand, malignant or cancerous tumor will invade neighboring tissues, and
spread through the blood and lymphatic system to distant parts of the body in a
process called metastasis. Cancer cells are poorly differentiated, and are thus unable
to carry out the physiological functions of their normal differentiated (mature) counter
parts (Castillejos-Molina et al., 2011).
Cancer is the most devastating affliction faced by human kind, and represents a vast
medical problem. As a cause of mortality, it's second only to cardiovascular disease
(Siegel et al., 2011). The incidence of cancer increases with age in particular over the
age of sixty, three in hundred men develop the disease each year. Cancer is a costly
disease to diagnose and investigate and treatment is time consuming, labor intensive
and usually requires hospital care (Mathers et al., 2008).
1.2 Characteristics of malignant cells (cancer cells)
Cancer cells undergo uncontrolled cellular proliferation, they lack cellular
differentiations features (anaplastics). This means they have lost the structural and
functional characteristic of the cell from which they originated and Posses the ability
to invade surrounding tissues (Kerbel 2000).
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In addition to that they posses the ability to metastasize (establish new focal growth in
distant sites, away from the original sites).
Malignant cells serve no useful purpose in the body. Instead, they occupy space and
act as parasite by taking blood and nutrients away from normal tissues.
Malignant cells reproduce with the same sequence of events as normal cells, but they
may have accelerated rate of replication, and their growth continues in uncontrolled
fashion (Bast et al., 2000).
1.3 Characteristics of normal cells
They reproduce through (cell-cycle) according to predetermined sequence of events
in response to a need (i.e. growth, tissue repair), and stop reproduction when the need
has been met.
They are well differentiated in appearance and function. Thus, they can be examined
under a microscope and tissue of origin determined (Siegel et al., 2012).
1.4 The differences between neoplasm and their tissue of origin
1- Cancer cells tend to be larger than normal cells.
2- There is an alteration in the nucleus-cytoplasm relationship within neoplasm.
3- Increased amount of RNA in cancer cells, suggesting that the heterochromatic
region of the chromatin is significantly altered (Reya et al., 2001).
4- The nucleus is usually more prominent in neoplasms than is normal cells, and more
than one is usually observed.
5- A greater proportion of cells appear to be in normal or abnormal mitosis.
6- Chromosomal aberrations are frequently seen in neoplasms including: irregularity,
suppression of the spindle and alteration in number, size and shape.
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7- Most normal tissues accumulate lactic acid in absence of oxygen, but most
neoplasms accumulate lactic acid under aerobic as well as anaerobic conditions (AlHajj et al., 2003).
So the principle difference between mature normal tissues and tumor is not in the rate
of cell replication, but in that in most normal tissues, the rate of proliferation equals to
the rate of cell death, whereas in neoplasms seem to lack auto regulation of
proliferation and the rate modulated by the adequacy of vascular supply (Schatton et
al., 2008).
1.5 Treatment of cancer
There are various approaches for cancer treatment:
1- Surgery,
2- Photodynamic therapeutics,
3- Radiation therapy γ-rays,
4- Immunotherapy,
5- Chemotherapy (Krause and Van Etten 2005).

We will briefly discuss two classes of cancer drugs, they are the signal transduction
inhibitors and angiogenesis inhibitors.
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1.5.1 Signal transduction inhibitors (Kinase inhibitors)
Multikinase inhibitors work by interfering with proteins called Kinases. Kinases are
enzymes of importance in regulating cells function and growth. Activation of these
kinases by Mitogen or other factors sends signals to the cells to divide and make new
cells. Kinase inhibitors block these signals and affect the cancer's ability to divide as
shown in (figure 1) (Rong et al., 2009).
Some kinds of Kinases stimulate cells to make new blood vessels. Formation of new
blood vessels is called angiogenesis. Cancer cells need to make new blood vessels so
that they can grow and spread (Zhang et al., 2009).
kidney cancer showed higher than normal amount of a type of kinase particularly that
of vascular endothelial growth factor (VEGF). VEGF stimulates the production of
new blood vessels, and so helps the cancer to grow (Ellis and Hicklin 2008).

Figure 1: Various effects of EGF receptor activation by Mitogen and other factors.

5

1.5.1.1 Drugs in use as signal transduction inhibitors:
1.5.1.2 Quinazolinamine (anilinoquinazoline)
Inhibits epidermal growth factor receptor (EGFR) tyrosine kinase, through binding to
intracellular tyrosine kinase of EGFR, to directly block signals turned on by triggers
outside or inside the cell (Lynch et al., 2004).
Growth factor receptors (GFRs) have been identified as key drivers in the process of
cell growth and replication. EGFR is expressed on the cell surface of many normal
cells and cancer cells and has an important role in the formation of new blood vessels
“angiogenesis" (Paez et al., 2004).
1.5.1.2.1 Tarceva® (erlotinib)
It is a human epidermal growth factor receptor type, [epidermal growth factor (HER1/
EGFR] tyrosine kinase inhibitor. Erlotinib reversibly inhibits the kinase activity of
EGFR, preventing autophosphorylation of tyrosine residues associated with the
receptor and thereby inhibiting further downstream signaling.

Erlotinib is a

quinazoline amine derivative (Tang et al., 2000).

Figure 2: N-(3-ethynylphenyl)-6,7-bis (2-methoxyethoxy)-4-quinazolineamine.
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1.5.1.2.2 Iressa® (Gefitinib).
It is an anticancer agent signal transduction inhibitor. Gefitinib is the first selective
inhibitor of epidermal growth factor receptor's (EGFR) tyrosine kinase domain. The
target protein (EGFR) is a family of receptors which includes Her 1 (erb-B1), Her 2
(erb-B2), and Her 3 (erb-B3) (Maemondo et al., 2010).
EGFR is overexpressed in the cells of certain types of human carcinomas - for
example in lung and breast cancers. This leads to inappropriate inhibition of
apoptosis, eventually leading to uncontrolled cell proliferation. Research on gefitinibsensitive non-small cell lung cancers has shown that a mutation in the EGFR tyrosine
kinase domain is responsible for activating anti-apoptotic pathways (Mitsudomi et al.,
2010, Sordella et al., 2004).
Gefitinib

inhibits

EGFR

tyrosine

kinase

by

binding

to

the adenosine

triphosphate (ATP)-binding site of the enzyme. Thus the function of the EGFR
tyrosine kinase in activating the anti-apoptotic Ras signal transduction cascade is
inhibited and malignant cells are inhibited (Paez et al., 2004).

Figure 3: N-(3-Chloro-4-fluoro-phenyl) -7- methoxy -6- (3-morpholin-4-ylpropoxy)
quinazoline -4-amine.
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1.5.1.2.3 Sprycel® (Dasatinib)
It is an inhibitor of multiple tyrosine kinases. Dasatinib is active in leukaemic cell
lines, representing variants of chronic myeloid leukaemia (CML), and acute
lymphoblastic leukaemia (ALL). It is also indicated for treatment of adults with
philadelphia chromosome positive lymphoblastic leukaemia, with resistance or
intolerance to prior therapy (O'Hare et al., 2011).

Figure 4: N-(chloro-6-methylphenyl) -2- {{6-{4-(2-hydroxyethyl)-1-piperazinyl}-2methyl-4-pyrimidinyl} amino-thiazol carboxamide.
1.5.1.2.4 Gleevec® (Imatinib mesylate)
Gleevec® is the first signal transduction inhibitor, which interfere with the pathways
that signal the growth of tumor cell in chronic myeloid leukemia (Bixby and Talpaz
2010).
Gleevec®, a specific inhibitor of the translocation created enzyme, works by blocking
the rapid growth of white blood cells by blocking the chromosome translocation that
leads to a blood cell enzyme being "turned on" all the time (Druker et al., 2006). As a
result, potentially life-threatening levels of both mature and immature white blood
cells will not occur in the bone marrow and the blood (Au et al., 2012).
8

Figure 5: 4-{(4- methylpiperazin-1-yl) methyl}- N- {4-methyl- 3-{(4- pyridine3
ylpyrimidin-2-yl) amino}phenyl}benzamide.

1.5.1.2.5 Nexavar® (Sorafenib)
Sorafenib is classified as a tyrosine kinase inhibitor, Angiogenesis inhibitor, and
VEGF inhibitor (Ferrara et al., 2003).
Sorafenib decreases tumor cell proliferation in vitro. Sorafenib inhibits tumor growth
of the murine renal cell carcinoma and used in the treatment of advanced renal cell
cancer (Ferrara et al., 1998).

Figure 6: 4-(4-{3-(4-chloro-3-(trifluoromethyl) phenyl} ureido} phenoxy)-N2methylpyridine -2- carboxamide -4- methylbenzene sulfonate.
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1.5.1.2.6 Zactima® (Vandetanib)
Vandetanib is a tyrosine kinase inhibitor, used in the treatment of lung cancer and
locally advanced and metastatic papillary thyroid cancer. It is also indicated for solid
tumors.The anti- VEGFR2 at endothelial cell inhibits angiogenesis, by decreasing
endothelial cell proliferation and migration (Hirsch et al., 2003). The anti- EGFR
effect at the tumor cell associated with inhibition of cell proliferation decreases
invasion, promotes apoptosis, inhibits metastasis and decreases VEGF production
(Shojaei et al., 2007).

Figure 7: N- (4-bromo-2-fluorophenyl) -6-methoxy-7 {(1-methylpiperidin-4-yl)
methoxy} quinazoline-4-amine.

1.5.1.2.7 Retaspimycin
SAR:
Macrolactam with:
1) Polyhydroxy group
2) Polyenes
3) Exocyclic carbamate (Grem et al., 2005).
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Mechanism of Action:
Multiple mechanisms have been identified that mediate acquired resistance to tyrosine
kinase inhibitors in non-small cell lung cancer (NSCLC), including epidermal growth
factor receptor (EGFR) secondary mutations and MET amplification. These resistance
mechanisms can occur concurrently in the same tumor (Douillard et al., 2010).
The data reported suggest that irrespective of the resistance mechanism, these cancer
cells remain sensitive to Hsp90 inhibition. Hsp90 is a gene on chromosome 6p12 that
encodes a constitutive Hsp90 chaperone with intrinsic ATPase activity which aids
proper folding of specific target proteins, and therefor promotes the maturation,
structural maintenance and proper regulation of client proteins involved in cell cycle
control, signal transduction, protein degradation and other processes. retaspimycin
potently induces apoptosis in these preclinical experiments (Goetz et al., 2005).
In xenograft models of Gefiitinib-resistant lung cancer, administration of retaspimycin
resulted in significant anti-tumor activity. In addition, enhanced anti-tumor activity
was reported in these models when retaspimycin was administered in combination
with Iressa, even though the cells had acquired resistance to Iressa as a single agent
(Chang et al., 2008).

Figure

8:

18,21-

Dihydro-17-demethoxy-18,21-dideoxo-17-(2

geldanamycin.
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propenylamino)

1.5.1.2.8 Sutent® (Sunitinib maleate).
It is an Oxinidol molecule designed to interact selectively with the intracellular ATPbinding sites of tyrosine kinase vascular endothelial growth factor receptors 1-3
(VEGFR1-3), platelet-derived growth factor receptors (PDGFRs), stem cell growth
factor receptor (KIT), fms-related tyrosine kinase 3 (FLT3) and colony-stimulating
factor 1 receptor (CSF1R) (Casanovas et al., 2005).
Receptor inhibition has multiple effects on cellular processes including tumor cell
survivor, endothelial cell growth and migration, vascular permeability, pericyte
recruitment and lymphangiogenesis (Faivre et al., 2007).
The final antitumor effects may be classified as follows:
a) Direct cytotoxic effects on tumor cells by induction of cell death,
b) Anti-angiogenic effects leading to growth delay and/or tumor regression by
cytostatic inhibition of new blood vessel formation,
c) Vascular disruption by inhibition of existing VEGF-VEGFR-dependent tumor
blood vessels leading to central tumor cell necrosis, and
d) Cavitation that may be associated or not with tumor regression (Ozao-Choy et al.,
2009).

Figure 9: N- (2-diethylaminoethyl) -5- {(Z)-(5-fluoro-2-oxo-1H-indol-3-ylidene)
methyl} -2,4-dimethyl-1H-pyrrole-3-carboxamide.
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1.5.1.2.9 Istodax® (Romidepsin)
SAR:
Cyclic macrolactone with:
a- Polyamide
b- Disulfide bond
c- Alkene bond (Minucci and Pelicci 2006).
Mechanism of action:
Romidepsin acts as a prodrug with the disulfide bond undergoing reduction within the
cell to release a zinc-binding thiol. The thiol reversibly interacts with a zinc atom in
the binding pocket of Zn-dependent histone deacetylase (Shao et al., 2010).
Histone deacetylase HDAC inhibitors are potential treatments for cancer through the
ability to restore normal expression of genes, which may result in cell cycle arrest,
differentiation, and apoptosis (Witt et al., 2009).
Romidepsin is mainly used in the treatment of cutaneous T-cell lymphoma (Reimer
2010).

Figure 10: (1S, 4S, 7Z, 10S, 16E, 21R)-7-ethylidene-4,21-diisopropyl-2-oxa-12,13dithia-5,8,20,23-Tetrazabicyclo{8,7,6}tricos-16-ene-3,6,9,19,22-pentone.
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1.6 Angiogenesis Inhibitors
Angiogenesis is the process of growth of new capillaries from pre-existing blood
vessels, the vasculature remains quiescent in most tissues, except those tissues that
undergo transient neovascularization in the female reproductive system and wound
repair (Hanahan and Folkman 1996, Folkman 1995). It is now believed that a switch
of angiogenic phenotype in a tissue is dependent upon the local balance between
angiogenic factors and inhibitors. Although upregulation of angiogenic factors is
necessary to stimulate angiogenesis, simultaneous downregulation of angiogenesis
inhibitors is also required to sufficiently turn on angiogenesis. The quiescence of the
vasculature in a tissue suggests that the tissue either lacks angiogenic stimuli or
angiogenesis is suppressed by endogenous inhibitors. For example, in some adult
tissues and organs, high levels of expression of angiogenic factors such as vascular
endothelial growth factor (VEGF) do not induce new blood vessel growth (Ferrara
1999), suggesting that the production of angiogenesis inhibitors is prominent.
The growth of new blood vessels requires quiescent endothelial cells to degrade the
local basement membrane, to change their morphology, to proliferate, to migrate, to
invade into the surrounding stromal tissue, to form micro tubes to sprout new
capillaries, and to reconstitute new basement membrane (Jain et al., 1997).
Angiogenesis is involved in the development and progression of pathogenic processes
of a variety of disorders, including diabetic retinopathy, psoriasis, rheumatoid
arthritis, cardiovascular diseases, and tumor growth (Folkman 1995, Folkman 1971).
Since several organs and tissues in the body such as the cartilage and the cornea lack
blood vessels, it has been hypothesized that these avascular tissues over-express
angiogenesis inhibitors (Moses et al., 1990, Moses and Langer 1991).
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Angiogenesis is a multi-step process, which includes endothelial cell proliferation,
migration, basement membrane degradation, and new lumen organization. The
development of new blood vessels is controlled by a local balance between
stimulators and inhibitors of new vessel growth (Kerbel 2008). A finely tuned
equilibrium exists between physiological anti-angiogenic and pro-angiogenic factors
(Folkman 2000, Kerbel and Folkman 2002).
In pathological states such as chronic inflammation and tumor growth, there is an
imbalance between endogenous stimulator and inhibitor levels, leading to an
“angiogenic switch”. Aberrant angiogenesis is involved in invasion/metastasis as well
as malignant tumors (Brooks et al., 1998).
These vessels are the primary route, by which tumor cells leave the primary tumor site
and enter the circulation, and as such vascular density can provide an indicator of
metastatic potential (Folkman and Shing 1992). Specifically, highly vascular primary
tumors are generally regarded as having a higher incidence of metastasis than poorly
vascularized tumors. Tumor angiogenesis is activated by the production of angiogenic
stimulators including: members of the fibroblast growth factors (FGF) and vascular
endothelial growth factor (VEGF) families. On the other hand, angiogenesis inhibitors
such as angiostatin (a 38 KDa internal fragment of plasminogen), and endostatin have
been shown to modulate tumor growth in primary tumor sites or metastases. Thus,
angiogenic inhibitors have been considered as potential anticancer drugs (Crawford et
al., 2009).
Cancer cells (probably like all tissues) secrete substances that promote the formation
of new blood vessels; a process called angiogenesis. Over a dozen substances have
been identified that promote angiogenesis. A few examples are:
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-angiopoietin-1.
-basic fibroblast growth factor (bFGF).
-vascular endothelial growth factor (VEGF) (Nyberg et al., 2005).
Under physiological conditions, angiogenesis is strictly regulated by a host of
endogenous promoters and inhibitors of endothelial cell growth.
Table 1 showed various types of endogenous angiogenesis promoters and inhibitors
(Scott and Harris 1994)..
Table 1: Endogenesis promoters and inhibitors of angiogenesis.
Promoters

Inhibitors

Vascular endothelial growth factor

Endostatin

Fibroblast growth factor

Angiostatin

Angiogenin transforming growth factors

Platelet factor 4

Angiotropin

Thrombospondin

Tumor necrosis factor

Tissue inhibitors of metalloproteinases
(TIMPs)
Prolactin

Platelet-derived growth factor

Placental growth factor

Basic fibroblast growth factor soluble
receptor
Transforming growth factor-beta

Interleuken 8 hepatocyte growth factor

Interferon-alpha

Proliferin

Placental proliferin-related protein

Matrix metalloproteinases

Interleukin 1, 6, 12

Granulocyte-colony stimulating factor
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Interestingly enough, some tumors secrete substances that inhibit angiogenesis.
Angiogenesis inhibitors that are released into the circulation and inhibit angiogenesis,
and thus inhibit further growth of any metastases of the primary tumor (Folkman
1971).
1.6.1 The process of angiogenesis

Figure 11: Illustration of different steps in angiogenesis process.

The formation of new blood vessels (neovascularization) in humans and animals
occurs via two distinct pathways, vasculogenesis and angiogenesis as seen in (figure
11). During vasculogenesis, progenitor cell types differentiate into endothelial cells
and subsequently organize into vascular structures (Risau 1990). This process seems
to be restricted to embryonic development, whereas angiogenesis, the formation of
new blood vessels from pre-existing capillaries, occurs both during embryogenesis
and postnatal life. For example, angiogenesis is a critical component of the wound
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healing process (Davidson and Benn 1996) and of the female reproductive cycle (e.g.,
during ovulation and gestation) (Yamamoto et al., 1997).
Physiological angiogenesis in adults is a precisely regulated process that is associated
with the growth of normal tissues in the body. The angiogenic process under normal
conditions is self-limiting, “switching-off” after achieving the appropriate biological
end point (e.g., a healed wound). On the other hand, for pathophysiological conditions
such as malignancies, the angiogenic process continues unabated and paves the way
for aberrant tissue growth (Reynolds and Redmer 1998).
To initiate an angiogenic process, endothelial cells have to break down the basement
membrane surrounding them. This process is usually accomplished by the proteolytic
activity produced by endothelial cells. Metalloproteinases (MMPs) play a critical role
in the degradation of the endothelial basement membrane (O'Reilly et al., 1999,
Hiraoka et al., 1998). Therefore, almost all MMP inhibitors including TIMP- 1,2,3
suppress angiogenesis (Zhou et al., 2000). It seems that proteases also contribute to
the down-regulation of the process of angiogenesis.
Angiogenesis can occur in a sprouting-dependent or non-sprouting-dependent
manner. During sprouting angiogenesis, endothelial cells degrade the vascular
basement membrane (VBM), invade into the surrounding tissue and proliferate in
response to angiogenic factors. Nonsprouting angiogenesis, also known as
intussusception, occurs as a longitudinal division of an existing vessel (Carmeliet and
Jain 2000).
Sprouting angiogenesis proceeds via several well-characterized stages. Upon
activation by pro-angiogenic stimuli, endothelial cells first begin to release matrix
metalloproteinases that degrade the basement membrane to enable migration into the
perivascular space and towards angiogenic stimuli. This is followed by the
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proliferation of endothelial cells and formation of solid sprouts. Finally, tube
morphogenesis restructures the sprouts into a lumen lined by endothelial cells
(Folkman 1995).
1.6.1.1 Prevascular phase of tumorigenesis (the “Angiogenic Switch”)
Tumor cells have an absolute requirement for a persistent supply of new blood vessels
to nourish their growth and to facilitate metastasis (Folkman 1995). The angiogenic
cascade leading to tumor vascularization can be subdivided into two general phases,
the prevascular phase referred to as the “angiogenic switch” and the vascular phase
(Pepper et al., 1995). The transformation of tumor cells to an angiogenic phenotype is
a key event in the progression to malignant disease (for suggested reading, see
(Hanahan et al., 1996)). In the absence of a supporting vasculature, the rate of
diffusion of nutrients and wastes from surrounding tissues limits tumor growth to that
of approximately 1–2 mm in diameter (Campbell et al., 1998). However, once the
switch to an angiogenic phenotype has occurred, avascular tumors then can acquire
their own blood supply to support a rapid rate of growth.
1.6.1.2 The vascular phase of tumorigenesis
Once tumor cells undergo the transformation to an angiogenic phenotype, these
malignant cells in turn induce phenotypical changes in endothelial cells, as well as
other cell types (Jackson et al., 1997, Norrby 1997), to initiate the process of
neovascularization (Polverini 1996). Normally, endothelial cells are quiescent, with
turnover rates measured in months to years. However, when enticed by tumors,
endothelial cells switch to an angiogenic phenotype with turnover rates of 50–200
times that of normal endothelial tissues (Derbyshire and Thorpe 1997). This dramatic
activation of endothelial cells arises from a shift in the balance of angiogenic inducers
and inhibitors in favor of angiogenesis.
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1.6.2 Hypoxia-Driven angiogenesis
Hypoxia is believed to be an important driving force behind tumor-promoted
angiogenesis (for reviews, see (Ferrara 1997, Royds et al., 1998). Tumors are thought
to become hypoxic when their growth rate exceeds that of neovascularization or when
their fragile, poorly organized vasculature partially collapses under interstitial
pressures (Helmlinger et al., 1997).
Areas of central necrosis arise from excess VEGF production, which in turn leads to
increased permeability of immature tumor vessels and interstitial edema restricting
tumor circulation. Nevertheless, all solid tumors experience gradients of oxygen, pH,
and nutrients stemming from the differential perfusion of blood into tumor tissues
(Scott et al., 1998). Cells near the center of the tumor or furthest away from the
supporting vasculature become necrotic, which stimulates the production of
angiogenic growth factors. Most notably, the pro-angiogenic growth factor VEGF has
been shown to be up-regulated in the vicinity of necrotic tumor areas (Brekken et al.,
1998, McCarthy et al., 1998, Rofstad and Danielsen 1998).
The production of VEGF in breast cancer cell lines in response to several stimuli
(hypoxia, pH, hypoglycemia, hormones, and vitamin D), hypoxia was found to be the
most potent inducer of VEGF expression (Scott et al., 1998).
Tumors subjected to transient hypoxia in vitro have shown increased metastatic
potential and increased resistance to chemotherapy (Brown, 1998) and radiotherapy
(Guichard et al., 1998).
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1.6.3 The angiogenic switch
Angiogenesis is generally suppressed in healthy adult organisms and is turned on
temporarily in settings such as the female reproduction cycle or during tissue repair
processes (Folkman and Shing 1992). The “angiogenic switch” (Augustin 2003) is
determined by the opposing faces of proangiogenic and anti-angiogenic factors.
Depending on the activity on each end of the balance, the “angiogenic switch” is
turned “Off”, “On”, or is in a balance. The “angiogenic switch” is likely turned “On”
in several diseases such as psoriasis, rheumatoid arthritis, diabetic retinopathy, and
cancer (Carmeliet 2003). Switching to an angiogenic phenotype likely requires both
up-regulation of angiogenesis activators and downregulation of angiogenesis
inhibitors (Nyberg et al., 2005). Vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) are the most extensively studied angiogenesis
inducers (Mesri et al., 2001). Among the various endogenous inhibitors of
angiogenesis (O'Reilly et al., 1997) certain factors like Arresten (Colorado et al.,
2000), Canstatin (Kamphaus et al., 2000) and Tumstatin (Hamano and Kalluri 2005)
are derived from the extracellular matrix (ECM). The ECM is a complex structure
composed of many different glycoproteins, proteoglycans and hyaluronic acid.
1.6.4 Advantages of endothelial cells as targets of anti-tumor therapeutics
_ Resistance does not occur as often as it does with drugs that directly target tumor
cells. Unlike tumor cells, endothelial cells are genetically stable, diploid and
homogenous. Spontaneous mutations are rare and prolonged treatments are possible
_ Tumor endothelial cells divide 50–100 times more rapidly than normal endothelial
cells, and activated endothelial cells express markers that quiescent endothelial cells
do not express and if they do, expression is much lower
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_ As angiogenesis is normally limited in adults, few adverse effects are expected with
anti-angiogenic drugs
_ Unlike tumor cells, endothelial cells are easily accessible from the blood circulation
_ Numerous tumor cells depend on a single microvessel. Destroying a few
microvessels amplifies anti-tumor effects (Jain 2001).
1.6.5 Angiogenesis inhibitors compounds

Figure 12: Different strategies for targeting angiogenesis inhibition.

1.6.5.1 Endogenous angiogenesis inhibitors
Endogenous inhibitors of angiogenesis are defined as proteins or fragments of
proteins that are formed in the body and can inhibit the formation of blood vessels.
Many endogenous inhibitors of angiogenesis are fragments of larger extracellular
matrix (ECM) molecules. These fragments become released upon proteolysis of the
ECM and the vascular basement membrane by enzymes, such as matrix
metalloproteinases (MMPs), cathepsins and elastases.
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In addition to block cell cycle progression, most of the endogenous angiogenesis
inhibitors induces intrinsic and/or extrinsic apoptotic pathways (Sund et al., 2004).
1.6.5.1.1 Angiostatin
A primary tumor could suppress its remote metastasis because expression of
proangiogenic proteins within the primary tumor exceed the generation of
antiangiogenic proteins resulting in the vascularization and growth of the primary
tumor. However, the angiogenesis inhibitors accumulate in the circulation because of
their longer half-life. Removal of the primary tumor leads to a decrease in circulating
inhibitor over a period of about a week (Cao et al., 1999).
The emergence of tumor angiogenesis was the result of a shift in the balance between
positive and negative regulators of angiogenesis in a tumor (Rastinejad et al., 1989).
Angiostatin is a polypeptide of approximately 200 amino acids. It is produced by the
cleavage of plasminogen. A plasma protein that is important for dissolving blood
clots. Angiostatin binds to subunits of ATP synthase exposed at the surface of the cell
embedded in the plasma membrane (Cozzolino et al., 1990).
1.6.5.1.2 Endostatin
Endostatin is isolated and purified from a murine hemangioendothelioma (O'Reilly et
al., 1997), It is a 20–22-kDa C-terminal fragment of type XVIII collagen. It was
purified directly from tumor cell- conditioned medium (Bix et al., 2006).
Endostatin inhibits endothelial cell proliferation and migration, induces apoptosis and
causes a G1 arrest of endothelial cells (Dhanabal and Waterman et al., 1999,
Dhanabal and Volk et al., 1999). The indirect effects on angiogenesis exerted by
endostatin include inhibiting of MMP-2 activity, blocking the binding of VEGF165
and VEGF121 to VEGFR- 2, and stabilizing cell-cell and cell-matrix adhesions,
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preventing the loosening of these junctions required during angiogenesis (Kim et al.,
2000, Kim et al., 2002).
It has been demonstrated that individuals with Down’s syndrome have higher levels
of circulating endostatin than normal individuals due to an extra copy of the gene for
the endostatin precursor on chromosome 21 (Zorick et al., 2001). Interestingly, these
subjects have a lower incidence of 200 different human cancers as compared with
age-matched controls (Yang et al., 2002). Mice engineering to genetically
overexpress endostatin, mimicking individuals with Down’s syndrome have slower
growing tumors (Sund et al., 2005).
Endostatin, an angiogenesis inhibitor produced by hemangioendothelioma. Endostatin
specifically inhibits endothelial cell proliferation, increase apoptosis in malignant
cells, and potently inhibits angiogenesis and tumor growth (O'Reilly et al., 1997).
Endostatin is derived from E.coli.
While some cancer therapies may develop a resistance to further treatment, endostatin
and angiostatin do not appear to cause a buildup of drug resistance, indicating they
could be used whenever needed (Herbst et al., 2002).
1.6.5.2 Drugs that block endothelial cell proliferation
Several endogenous angiogenesis inducers have been described which cooperate to
tightly regulate the processes of endothelial cell migration, proliferation and
differentiation (Nicholas et al., 2006).
The first class of molecules specifically targets endothelial cells and includes
members of the VEGF family and angiopoietins (Frederick et al., 2000).
The second group consists of factors such as cytokines, chemokines and enzymes,
such as fibroblast growth factor-2 (bFGF-2), which activate cells other than
endothelial cells (Katanasaka et al., 2008).
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Finally the third group of inducers includes tumor necrosis factor alpha and
transforming growth factor beta that act indirectly, by promoting the release of the
direct acting factors. Inhibitors of some of these processes have been developed and
have entered clinical trial (Gao et al., 2007).
1.6.5.3 VEGF Inhibitors
VEGF is the most important pro-angiogenic factor in the angiogenesis process. Four
isoforms of VEGF exist, that bind to three receptors VEGFR-1 (Flt-1), VEGFR-2
(Flk-1/KDR), and VEGFR-3 (Flt-4) that are found on the surface of endothelial cells
(Meyer and Penn 2008, Maeda et al., 2000). Receptor binding triggers kinase
activation through tyrosine phosphorylation and begins the signaling cascade that
initiates angiogenesis.
The VEGF system can also be targeted through inhibition of VEGFR, by the use of
monoclonal antibodies or specific tyrosine kinase inhibitors (Di Tomaso et al., 2009).
The majority of the mitogenic, angiogenic, and permeability-enhancing properties of
VEGF are mediated by VEGF receptor-2 (VEGFR2) (Jain et al., 2007). Several
inhibitors of this pathway have received FDA approval and are currently in clinical
use; these include bevacizumab (BV; Avastin; Genentech), a monoclonal antibody
that blocks human VEGF (Ferrara et al., 2004, Dvorak 2002), and small-molecule
inhibitors of the VEGFR2 tyrosine kinase (e.g., sorafenib and sunitinib) structures
are drawn in (figure 6 and 9) (Chung et al., 2010).
Recent studies suggest that blockade of the VEGFR2 signaling pathway may prompt
some tumors to increase their expression of secondary molecules in order to sustain
the neovascularization response. That although anti-VEGFR therapy initially blocks
new blood vessel formation and tumor growth in a transgenic model of pancreatic
islet cell tumors, both angiogenesis and tumor progression are eventually restored by
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the increased synthesis of other angiogenic factors from tumor cells (Bergers and
Hanahan 2008).
1.6.6 Thalidomide
Thalidomide inhibits angiogenesis induced by basic fibroblast growth factor (bFGF)
and vascular endothelial growth factor (VEGF), and inhibit tumor necrosis factor
alpha (TNF-α) and cycloxygenase 2 (COX2), and modify the extracellular matrix
(Franks et al., 2004).
The main side effects of thalidomide include fatigue, constipation, nausea, vomiting,
peripheral neuropathy and drowsiness (Merchant et al., 2000). It has been suggested,
that the teratogenic effects of thalidomide on fetal limbs may be related to inhibition
of blood vessels growth in the developing fetal limb bud (Marx et al., 2001).
Thalidomide's anti-angiogenic effects have been demonstrated in several animal
angiogenesis models and there is evidence that the drug's anti-angiogenic effects may
be species specific, and possibly may be related to a species-specific metabolite
and/or metabolic activation. Thalidomide reduced the area of vascularization in a
rabbit corneal model of induced neovascularization (Figg et al., 2001).
Thalidomide exists in two isoforms, R and S. The R isomer is hypnotic while the S
isomer is responsible for the teratogenic activity (Falardeau et al., 2001).
Thalidomide also inhibited angiogenesis in a rat aorta model, and in human aortic
endothelial cells when human or rabbit microsomes were present, but not when rat
microsomes were present (Merchant et al., 2000).
The mechanism of thalidomide's anti-angiogenic effects is through the inhibition of
cytokine synthesis especially that of TNF-alpha. Although some evidence from
animal models showed that thalidomide's effect on angiogenesis may result from a
direct inhibitory effect on some components of angiogenesis (Fife et al., 1998).
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Figure 13: (RS)-2-(2,6-dioxopiperidin-3-yl)-1H-isoindole-1,3(2H)-dione.

1.6.7 Lenalidomide
Lenalidomide, a thalidomide analogue, is an immunomodulatory agent with antiangiogenic properties, Lenalidomide has an asymmetric carbon atom and can exist as
the optically active form S (-) and R (+), and is produced as a racemic mixture with a
net optical rotation of zero, Indolone group instead of phthalimide in thalidomide and
glutarimide remain in the structure (Galustian et al., 2009).
Lenalidomide

possesses

immunomodulatory

and

anti-angiogenic

properties.

Lenalidomide inhibits the secretion of pro-inflammatory cytokines and increases the
secretions of anti-inflammatory cytokines from peripheral blood mono-nuclear cells.
Lenalidomide inhibits cell proliferation with varying effectiveness (IC50) in some but
not all cell lines (Chanan-Khan and Cheson 2008).
Lenalidomide inhibits the expression of cyclooxygenase-2 (COX-2) but not COX-1 in
vitro (Ebert et al., 2008).
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Figure 14: 3-(4-amino-1-oxo 1,3-dihydro-2H-isoindol-2-yl) piperidine -2,6- dione.
(Lenalidomide).

1.6.8 Linomide
A quinoline-3-carboxamide with potential antineoplastic activity. Linomide inhibits
endothelial cell proliferation, migration, and basement membrane invasion; reduces
the secretion of the angiogenic factor tumor necrosis factor alpha by tumor-associated
macrophages (TAMs); and inhibits angiogenesis. Linomide (figure 15) is also an
immune modulator that appears to alter cytokine profiles and enhance the activity of
T cells, natural killer cells, and macrophages (Noseworthy et al., 2000, Vukanovic
and Isaacs 1995).
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Figure

15:

4-hydroxy-N,1-dimethyl-2-oxo-N-

phenyl-1,2-dihydroquinoline-3-

carboxamide.
1.6.9 Veliparib, ABT-888
Veliparib is a poly (ADP-ribose) polymerase (PARP)-1 and -2 inhibitor with
chemosensitizing and antitumor activities. With no anti-proliferative effects as single
agents at therapeutic concentration, ABT-888 inhibits PARPs, thereby inhibiting
DNA repair and potentiating the cytotoxicity of DNA- damaging agents. PARP
nuclear enzymes are activated by DNA single or double strand breaks, resulting in the
poly ADP-ribosylation of other nuclear DNA-binding proteins involved in DNA
repair, poly ADP-ribosylation contributes to efficient DNA repair and to survival of
proliferating cells exposed to mild genotoxic stresses as induced by oxidants,
alkylating agents or ionizing radiation (Amé et al., 2004).

Figure 16: (2-{(R)-2-methylpyrrolidine-2yl}-1H-benzimidazole-4-carboxamide).
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2-methyl indoline is an isostere with dihydroindol
* Isoster= similar in steric and electronic environment.

Figure 17: Similarity in steric and electronic environment between Lenalidomide,
Linomide and Aminoacetylenic derivatives of 2-methyindoline.
And we replace glutarimide by our unique aminoacetylenic functional group, based
on recent investigation in drug design named fractional base analysis.
1.6.10 Bevacizumab (Avastin)
Avastin is an investigational recombinant humanized antibody designed to target
vascular endothelial growth factor (rhMAB-VEGF) and not its receptor (Willett et al.,
2004). Avastin inhibits VEGF, a protein that plays a critical role in tumor
angiogenesis, and maintenance of established tumor blood vessels. The antiangiogenic effects of Bevacizumab results in decreased tumour perfusion, vascular
volume, microvascular density, interstitial fluid pressure and the number of viable,
circulating mature and progenitor endothelial cells in patients with rectal carcinoma.
Avastin is mainly used in rectal cancer and adenocarcinoma (Fayette et al., 2005).
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1.7 Aim of investigation
In reviewing various structural features of different drugs or compounds under
investigation as angiogenesis inhibitors. Utilization of fractional base analysis in drug
design, we invision the synthesis of aminoacetylenic derivatives of 2-methyl indoline
as shown in (figure 18 ) for the following reasons:
1. 2-methyl indoline is an isoster or fractional base analogue to phthalimide in
thalidomide and to indolone in lenalidomide.
2. Replacement of glutarimide in thalidomide and lenalidimide by unique
aminoacetylenic group to avoid teratogenicity and side effects associated with
thalidomide and lenalidomide.
3. Aminoacetylenic moiety provide the appropriate functional groups that
provide the required overlap with EGF receptor that generate antagonistic
activity as follow:
a) Amino group for ionic or hydrogen bonding with corresponding groups on
different amino acid components of EGF receotor, as confirmed in molecular
docking.
b) Acetylenic group for electrostatic interaction with π-overlap located on the
EGF receptor.
c) 2-butyne to provide specific and appropriate distance between the indoline and
the cyclic amino group.
d) Non bonding charge transfare between acetylenic bond and 2-methylindoline
in our compounds with various hydrogen donating groups located in the EGF
receptor.
The above points clearly indicate our reasonable prediction to synthesize EGFR
antagonist.
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Figure 18: proposed Angiogenesis inhibitor through blockade EGFR
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CHAPTER TWO
Materials and Methods
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2. Materials and Methods
2.1 Chemicals
The following chemicals and material were used: sodium metal (S&C chemicals), 2methylindoline, Propargyl Bromide (SIGMA-ALDRICH), Piperidine 99% reagent
plus (SIGMA), 2-Methylpiperidine 99% (Alfa Aesar), 2,6- Dimethylpiperidine,
Pyrrolidine 98%, N-Methylpiprazine 99% (ALDRICH), Hexamethyleneimine 98%
(Alfa Aesar), Tetrahydrofuran (ACROS ), 1,4- Dioxan (FULLTIME), Diethylether
99%, Perolium ether (AZ Chem. for Chemicals), Benzene (M & B laboratory),
chloroform, Acetonitrile (TEDIA), Potassium carbonate anhydrous (SD. FINECHEM), ParaFormaldehyde (BDH Chemicals), cuprous Chloride, DMSO, TMS.
2.2 Instrumentation
Infrared spectra (IR) were recorded using a Nicolet Impact 410 FT-IR
spectrophotometer. 1H and 13C NMR were acquired with the aid of Varian 300 MHz
spectrometer and DMSO-d6 as solvent, and TMS as standard.
Differential scanning calorimetry were indicated using a Mettler Toledo STAR®
System spectrum. The analysis were indicated by elemental analysis apparatus
symbols of the elements analyzed; the results obtained had a maximum deviation of ±
0.4% from the theoretical value.
2.3 Methods and Experimental molecular docking
The EGFR kinase domain used in the docking study was downloaded from the protein
data bank (PDB: 1XKK) (Wood et al., 2004) then the co-crystallized ligand and all
water molecules were removed from the protein structure. Protein atoms were given
partial charges using Kollman united atom model in the Autodock Tool program
(Sanner 1999, Weiner et al., 1984). The ATP binding site of the EGFR kinase domain
was identified by its own co-crystallized ligand (lapatinib) then a grid box of a 60 x
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50 x 60 Å size was created using the Autogrid module (Morris et al., 1998, Morris et
.al., 2009) with a grid spacing of 0.375 Å
Ligand 3D structures were built then were energy minimized using the Maestro
program (Maestro 2011) and the OPLS force field (Jorgensen and Tirado-Rives 1988)
respectively. Atomic partial charges were given for all ligands by Gasteiger-Marsili
model (tertiary amine groups were assigned as protonated) (Gasteiger and Marsili
.)1980
Next, ligands were docked into the ATP binding site using the Autodock software
(version 4.2) (Morris et al., 1998, Morris et al., 2009) where the Lamarckian Genetic
Algorithm (Morris et al., 1998) was employed for the conformational sampling
process. Subsequently, docked poses were scored via the Autodock scoring function
which includes terms for van der Waals, hydrogen bond, electrostatic interactions, and
.the ligand internal energy.
The 3D structures of COX-1 and COX-2 were downloaded from the protein data bank
(RCSB Protein Data Bank) (PDB, ID: 3N8Z) (Sidhu et al., 2010) and 3NT (Duggan et
al., 2010) and then all water molecules were removed. Partial charges were assigned
to all atoms using Kollman united atom model that exists in the Autodock Tool
software (Sanner 1999, Weiner et al., 1984). Preparations of the COX-1 and COX-2
active site were completed by creating a grid box of a 50 x 50 x 50 Å size with a grid
spacing of 0.375 Å using Autogrid (part of the Autodock software package (Morris et
al., 1998, Morris et al., 2009). The active site was identified using the COX1 and
COX2 co-crystallized ligands. After preparing the protein structures, the ligand
preparation process was initiated by building their own 3D structures using the
Maestro software (Maestro 2011). A minimization process was carried out on each
ligand structure using OPLS force field (Jorgensen and Tirado-Rives 1988).
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Subsequently, Gasteiger-Marsili model (Gasteiger and Marsili 1980) was employed
to assign partial charges for all prepared ligands. Tertiary amines of all ligands were
set as protonated. The ligands were separately docked into the previously prepared
active site using Autodock (Morris et al., 1998, Morris et al., 2009) (version 4.2).
Whereas the protein structure was treated as a rigid entity, the ligand structures were
treated as flexible and a conformational sampling process was carried out using
Lamarckian Genetic Algorithm (Morris et al., 1998). The Autodock scoring function
was then used to score all docked poses. The Autodock scoring function includes
different terms for van der Waals, hydrogen bond, electrostatic interactions, and the
ligand internal energy.
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2.4 synthesis of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole (AZ-1)
Procedure 1:
To 2-methylindoline (1.75 g, 13.2 mmol) and K2CO3 (2.18 g, 15.8 mmol) in
acetonitrile (20 ml) was added 3-bromorpop-1-yne (1.88 g, 15.8 mmol) in acetonitrile
(10 ml) with continuous stirring. The mixture was refluxed for 80 min.
After cooling, the insoluble residue was removed by filtration and the filtrate then
concentrated in vacuo. The resulting mixture was extracted with chloroform and
distilled water using separatory funnel. The organic layer was treated with
Magnesium sulphate anhydrous, filtered and concentrated in vacuo to afford the
desired brown crystals, recrystallization from diethylether to afford compound (1.6 g,
93%), IR (NaCl, Cm-1): 3020, 2970, (ArH, stretch), 3300 (C≡ C-H, strech), 2300
(C ≡ C, strech), 1610 ( Ar, C = C, strech), 1250, 1100, 1010 ( Ar, C = C, bending).
1

H-NMR (DMSO-d6): δ 1.22 (d, 3H, C-CH3), 3.06 (d, 1H, CH2-CH-N), 3.15 (s, 1H,

C ≡ CH), 3.53, 3.92 (s, 2H, CH2 - C≡CH), 3.66 (d, 1H, CH2-CH-N), 3.86 (m, 1H, J =
6.15 Hz, N-CH-CH3), 6.81-7.28 (m, 4H, ArH). Anal. Calcd, (C12H13N): C (84.3%);
H (7.6%); N (8.1%). Found C (84.27%); H (7.58%); N (8.15%). DSC: melting point
= 58 Cº .

Figure 19: Synthesis of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole.
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Procedure 2:
A solution of 2-methylindoline sodium (1.566 g, 0.0117 mol) in 40 ml
tetrahydrofuran was refluxed up to 60-65 C0. 3-bromoprop-1-yne (3 g, 0.025 mol)
was added to the solution for 30 minutes as (1 ml every 10 minutes).
The mixture was stirred for 70 minutes and filtered to give brown solution (10ml).
The solvent was fractionated between chloroform and water, the chloroform layer was
separated, dried with Magnesium sulphate anhydrous and filtered. The solvent was
removed under reduced pressure to afford the desired brown crystals, recrystallization
from diethylether to afford compound (1.6 g, 93%), and showed similar IR, 1H-NMR
and Analytical calculations.

Figure 20: Synthesis of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole by
Sodium in tetrahydrofuran.
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2.5 Synthesis of: 2-methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole
AZ2-AZ7
A mixture of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole (1.71 g, 0.01 mol)
paraformaldehyde (0.45 g, 0.015 mol) and the cyclic amine around (0.01 mol), and
cuprous chloride catalytic amount (0.03 g), in peroxide-free dioxane 30 ml was
refluxed for 1 hour. Filtered and evaporated under reduced pressure. The solution was
extracted with petrolium ether and water, ether layer was separated resulting in the
desired product AZ1, AZ2-AZ7. (Figure 21 & 22). The IR,1H-NMR, 13C-NMR, DSC,
and elemental analysis for each compound are shown in experimental part.
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Figure 21: Synthesis of 2-methyl-1-[4-(2-methyl-1λ⁴- amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1Hindole AZ2-AZ7.

AZ-2:

1-[4-(2,6-dimethylpiperidin-1-yl)but-2-yn-1-yl]-2-methyl-2,3-dihydro-1H-

indole.

AZ-3: 2-methyl-1-[4-(4-methylpiperazin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole.

AZ-4: 2-methyl-1- [4- (2-methylpiperidin-1-yl) but-2-yn-1-yl] -2,3-dihydro-1Hindole.
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AZ-5: 2-methyl-1-[4-(piperidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole.

AZ-6: 2-methyl-1-[4-(pyrrolidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole.

AZ-7: 1-[4-(azepan-1-yl)but-2-yn-1-yl]-2-methyl-2,3-dihydro-1H-indole.
Figure 22: Aminoacetylenic compounds.
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2.5.1 Preparation of 1-[4-(2,6-dimethylpiperidin-1-yl)but-2-yn-1-yl]-2-methyl2,3-dihydro-1H-indole (AZ-2)

Figure 23: 1-[4-(2,6-dimethylpiperidin-1-yl)but-2-yn-1-yl]-2-methyl-2,3-dihydro-1Hindole.
The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
2.72 gm 91.7 %. IR (NaCl, Cm-1): 3048, 2964, 2926 (ArH, stretch), 1672, 1607,
1481, 1460 (Ar, C=C, stretch), 1091, 1057 (Ar,C=C, bending), 849, 749 (ArH,
bending). 1H-NMR (DMSO-d6): δ, 1.16, 1.22, 1.34, 1.50, 1.66 (m, various protons of
cyclicamine), 1.22 (d,3H, CH-CH3), 1.23-1.27 (q, 6H, J = 4.4 Hz, N-C-CH3) H
splitting each one into doublet , 3.05 (m, 2H, N-CH, CH3), 3.06 (d, 1H, CH-CH-N),
3.11, 3.51 (t, 2H, J = 2.4 Hz, C-CH2-N) due to long range coupling, 3.46, 3.85 (t, 2H,
J = 2.4 Hz, CH2-C) due to long range coupling, 3.83 (m, 1H, J = 6.15 Hz), 6.81-7.28
(m, 4H, ArH).

13

C-NMR (DMSO-d6): δ, 19 ( C28, 39), 21 (C17, 31), 24 (C21), 35 (C7),

37 (C26, 27, 39), 41 (C29,30), 53 (C14), 77 (C24), 80 (C25), 109 (C3), 118 (C4), 124 (C1, 5),
127 (C6), 151 (C2). DSC: melting point = 109 Cº .
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2.5.2 Preparation of 2-methyl-1-[4-(4-methyl-piperizin-1-yl)but-2-yn-1-yl]-2,3dihydro-1H-indole (AZ-3)

Figure

24:

2-methyl-1-[4-(4-methylpiperizin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-

indole.
The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
2.3 gm 81.2 %. IR (NaCl, Cm-1): 3048, 2935, 2795 (ArH, stretch), 1607, 1482, 1456
(Ar, C=C, stretch), 1235, 1165, 1010 (Ar,C=C, bending), 817, 749 (ArH, bending).
1

H-NMR (DMSO-d6): δ 1.22 (d, 3H, C-CH3), 2.14, 2.51, 2.82, 3.20 (m, various

protons of cyclicamine), 2.24 (s, 3H, J = 4.4 Hz N-CH3), 3.73 (t, 1H, J = 2.4 Hz, CCH2-N), 4.13 (t, 1H, J = 2.4 Hz C-CH2-N) due to long range coupling, 3.46 (t, 1H,
CH2-C) due to long range coupling, 3.77 (m, J = 6.15 Hz, 1H, N-CH-CH3), 4.13 (t,
2H, J = 2.4 Hz, CH2-C) due to long range coupling, 6.81-7.28 (m,4H, ArH).
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2.5.3 Preparation of 2-methyl-1-[4-(2-methylpiperidin-1-yl)but-2-yn-1-yl]-2,3dihydro-1H-indole (AZ-4)

Figure

25:

2-methyl-1-[4-(2-methylpiperidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-

indole.

The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
2.7 gm 95.6 %. IR (NaCl, Cm-1): 3048, 2963, 2929 (ArH, stretch), 1607, 1481, 1460
(Ar, C=C, stretch), 1374, 1234, 1065 (Ar, C=C, bending), 849, 749 (ArH, bending).
1

H-NMR (DMSO-d6): δ 1.22 (d,3H, CH-CH3), 1.26 (d, 3H, J = 4.4 Hz, N-C-CH3),

1.16, 1.33, 1.50, 1.51, 1.62, 1.72, 2.37, 2.95 (m, various protons of cyclicamine), 3.06
(d, 1H, CH2-CH-N), 3.07, 3.47 (d, 2H, J = 2.4 Hz, CH2-N) due to long range
coupling, 3.48, 3.87 (d, 2H, J = 2.4 Hz, CH2-C) due to long range coupling, 3.66 (d,
1H, CH2-CH-N), 3.82 (m, 1H, J = 6.15 Hz, N-CH-CH3), 6.81-7.28 (m, 4H, ArH).
DSC: melting point = 98 Cº.

13

C-NMR (DMSO-d6): δ, 19 ( C28, 39), 20 (C 31), 24

(C17), 26 (C21), 34 (C7), 43 (C26, 27, 42), 53 (C30), 59 (C14), 78 (C24), 80 (C25), 109 (C3),
117 (C4), 124 (C1, 5), 127 (C6), 151 (C2). Anal. Calcd: (C19H26N2): C (80.8%); H
(9.28%); N (9.92%). Found C (81.2%); H (9.22%); N (9.52%).
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2.5.4 Preparation of 2-methyl-1-[4-(piperidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1Hindole (AZ-5)

Figure 26: 2-methyl-1-[4-(piperidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole.

The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
1.4 g 52.2 %. IR (NaCl, Cm-1): 3048, 2932, 2849 (ArH, stretch), 1607, 1481, 1460
(Ar, C=C, stretch), 1234, 1186, 1110 (Ar, C=C, bending), 852, 750, 718 (ArH,
bending). 1H-NMR (DMSO-d6): δ 1.22 (d, 3H, C-CH3), 1.85, 1.96, 2.06, 2.28, 3.49
(m, various protons of cyclicamine), 3.06 (d, 1H, CH2-C-N), 3.50, 3.89 (t, 2H, J = 2.4
Hz, CH2-C) due to long range coupling, 3.66 (d, 1H, CH2-C-N), 3.81 (m, 1H, J = 6.15
Hz, N-CH-CH3), 3.73, 4.12 (t, 2H, J = 2.4 Hz, C-CH2-N) due to long range coupling,
6.81-7.28 (m, 4H, ArH). DSC: melting point= 99 Cº.
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2.5.5 Preparation of 2-methyl-1-[4-(pyrrolidin-1-yl)but-2-yn-1-yl]-2,3-dihydro1H-indole (AZ-6)

Figure 27: 2-methyl-1-[4-(pyrrolidin-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole.
The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
2.3 g 90.4 %. IR (NaCl, Cm-1): 2963 (ArH, stretch), 1607, 1460, 1431 (Ar,C=C,
stretch), 1234, 1147 (Ar, C=C, bending), 749, 718 (ArH, bending). 1H-NMR
(DMSO-d6): δ 1.22 (d, 3H, N-CH-CH3), 1.89, 1.98, 2.72, 3.15 (m, various protons of
cyclicamine), 3.06 (d, 1H, CH2-CH-N), 3.49, 3.89 (d, 2H, J = 2.4 Hz, CH2-C) due to
long range coupling, 3.80 (m, 1H, J = 6.15 Hz, N-CH-CH3), 3.73, 4.13 (d, 2H, J = 2.4
Hz, CH2-N) due to long range coupling, , 6.81-7.28 (m, 4H, ArH).
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2.5.6 Preparation of 1-[4-(azepan-1-yl)but-2-yn-1-yl]-2-methyl-2,3-dihydro-1Hindole (AZ-7)

Figure 28: 1-[4-(azepan-1-yl)but-2-yn-1-yl]-2-methyl-2,3-dihydro-1H-indole.

The titled compound was prepared following the general procedure for synthesis of 2methyl-1-[4-(amino-1-yl)but-2-yn-1-yl]-2,3-dihydro-1H-indole, AZ2-AZ7, yielded
2.3 g 85.1% . IR (NaCl, Cm-1): 3048, 2926, 2851 (ArH, stretch), 1607, 1481, 1460
(Ar, C=C, stretch), 1234, 1147 (Ar, C=C, bending), 1088, 749 (ArH, bending). 1HNMR (DMSO-d6): δ 1.22 (d, 3H, N-CH-CH3), 1.18, 1.46, 1.48, 1.62, 2.46, 2.89 (m,
various protons of cyclicamine), 3.06 (d, 1H, CH2-CH-N), 3.50, 3.89 (d, 2H, J = 2.4
Hz, CH2-C) due to long range coupling, 3.66 (d, 1H, CH2-CH-N), 3.18 (m. 1H, J =
6.15 Hz, N-CH-CH3), 3.73, 4.13 (d, 2H, J = 2.4 Hz, C-CH2-N) due to long range
coupling, , 6.8-7.28 (m, 4H, ArH).
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CHAPTER THREE
Discussion
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3.1 Discussion
The designed compounds were prepared according to scheme 3.1. The potassium salt
of 2-methylindoline in acetonitril was treated with the solution of 3-bromoprop-1-yne
in acetonitril. The mixture was heated up to 78 Cº with continuous stirring for 80
minutes. Cooled, filtered, concentrated in vacuo and the mixture was extracted with
chloroform and distilled water using separatory funnel. The organic layer was dried
with Magnesium sulfate anhydrous, filtered and concentrated in vacuo to afford the
desired brown crystals, recrystallization from diethylether to afford the desired
compound 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole, (AZ-1).
(AZ-1) generated through nucleophilic displacement for the bromine located at 3bromoprop-1-yne. The mannich reaction of 2-methyl-1-(prop-2-yn-1-yl)-2,3-dihydro1H-indole with paraformaldehyde, appropriate cyclic amine and catalytic amount of
cuprous chloride, yielded the desired products (AZ2-AZ7). The IR, 1H-NMR,

13

C-

NMR and elemental analysis were consistent with the assigned structures. The
proposed mechanism for mannich reaction is outlined in scheme 3.2.
In order for mannich reaction to proceed a reactive Immonium cations
intermediates, should be formed from the condensation of the formaldehyde and
the appropriate amines (Schiff base formation). The attack of the carbonion in 2methyl-1-(prop-2-yn-1-yl)-2,3-dihydro-1H-indole cuprous salt on the Schiff base,
generate the desired mannich products (AZ2-AZ7), Scheme 3.2.
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Scheme 1: Alkylation reaction of 2-methylindoline moiety.

Scheme 2: Proposed Mannich reaction.
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The design of these compounds as EGFR antagonists is based on our rationalization
for the important criteria needed to overlap effectively with EGF receptor to induce
antagonistic activity. These criteria include:
The basic amino group for ionic binding, the acetylenic group for electrostatic
interaction, 2-butyne provide specific and appropriate distance between the indoline
and the cyclic amino group and 2-methylindoline as an isoster or fractional base
analogue to phthalimide and indolone found in EGFR antagonists and many other
biologically active compound (drug discovary today, 2005). Docking results in
support of our assumption as follow. Kinase inhibitors are known to have a cyclic
system which has a nitrogen atom that is able to make an electrostatic interaction with
the backbone amide of the ATP-binding site hinge region. Another amino group could
exist in the kinase inhibitor which makes a water-mediated hydrogen bond with the
Thr845 hydroxyl group (also exists in the purine binding region). Additionally, they
usually have a hydrophobic cyclic system that fits in a hydrophobic specificity
determinant pocket on the other side of the binding site.
Accordingly, our compounds were designed to have a two heterocyclic system linked
with each other via rigid spacer (i.e. an acetylenic group). Such a design should offer
these compounds the ability to bind with the purine binding region via the first cyclic
system and with the specificity binding region via the second cyclic group. The rigid
linker should boost compound binding via decreasing the entropic penalty (usually
associated with flexible linkers).
The AZ compounds have 2-methyl indoline as a core structure and it is linked with a
heterocyclic system via an acytelenic linker. All dock compounds had favorable
binding energies (Table 2) and showed interesting multiple binding modes where the
two cyclic system had the ability to swap their positions and to make interesting
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electrostatic interactions. As shown in (Figure 61) , the pyridine ring protonated
nitrogen was one time bound with the Asp855 and Asn842 side chains and another
time was bound to the Thr845 hydroxyl group (which is involved in the usual watermediated hydrogen bond). In the first mode, which is more favorable (has less binding
energy), the 2-methyl indoline ring was placed in the hydrophobic specificity pocket,
making extensive van der Waals interactions with the surrounding residues. Hence,
these compounds are thought to have what it takes to be good binders for the EGFRkinase enzyme.
AZ-4 had the best score among 2-methylindoline compounds (-8.3 Kcal/mol).
AZ-4 also had an electrostatic interaction with the ATP-binding site of the EGFR
kinase domain with additional electrostatic interaction (Figure 61).

Figure 29: Shows multiple binding modes demonstrated by AZ4 (blue or pink sticks)
in the ATP-binding site of the EGFR kinase domain (gold). The picture was generated
by PyMol.9 Electrostatic interactions are shown as yellow dotted lines. Some protein
chains are not shown for clarity.
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Table 2: Docking scores of different 2-methylindoline compounds in the EGF
receptor active sites
Molecule (Kcal/mol)

Autodock Score
-13.8

AZ2

-7.9

AZ3

-8.1

AZ4

-8.3

AZ5

-7.6

AZ6

-8.0

AZ7

-7.9

The Aminoacetylenic 2-methylindoline derivatives also have favorable binding
energies to COX-1 and COX-2 enzymes so they seem to have good fitting to these
active sites (Table 3).
AZ5 was predicted to have best binding (-8.0 kcal/mol) with the COX-1 active site .
As shown in ( Figure 62) , AZ5 has a good fitting and makes many van der Waals
contacts with the surrounding hydrophobic residues (i.e. Val349, Tyr355, Leu359,
Trp387, Phe518, Met522, Ile523 and Leu531). Moreover, it makes a strong hydrogen
bond with the backbone amide of Met522 .
AZ5 was also the best binder with the COX-2 active site (Figure 63 ) where it has a
similar binding mode to that adopted in the COX-1 pocket. In addition to the
extensive hydrophobic interactions made by AZ5, an electrostatic interaction with the
Leu352 backbone amide was made by its protonated nitrogen atom.
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Figure 30: Shows the binding mode of AZ5 (orange) within the COX-1 active site
(gray).

Figure 31: Shows the binding mode AZ5 (orange) within the COX-2 active site
(gray), respectively. Yellow dotted lines indicate for hydrogen bonding. The picture
was generated by PyMol. Some protein chains are not shown for clarity.
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Table 3: Docking scores of our six compounds into the COX-1 and COX-2 active site.

Molecule

Autodock Score in COX-1
(kcal/mol)

Autodock Score in COX-2
(kcal/mol)

AZ5

- 8.0

- 8.6

AZ3

- 7.7

- 7.9

AZ4

- 7.7

- 7.5

AZ2

- 7.6

- 7.6

AZ6

- 7.7

- 8.2

AZ7

- 8.0

- 8.0

Flurbiprofen

-8.7

-8.0

Celecoxib

-8.5

-10.6
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3.2 Conclusion
The synthesis and characterization of a new series of 2-methyl-1-[t-amino-2-butynl]2,3-dihydro-1H-indole, (AZ2-AZ7) were accomplished. Docking of the new
aminoacetylenic 2-methylindoline compounds showed promising approach in the
treatment of cancer and other angiogenic related disease like diabetic retinopathy and
rheumatoid arthritis through inhibiting activity on EGF receptor and COX receptors.
We are in the right track to find out more potent compounds through further structural
modifications.
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CHAPTER FOUR
Results
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Figure 32: 1H-NMR spectrum of (AZ-1)
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Figure 33: Better resolution of 1H-NMR spectrum of (AZ-1) by Marvin Sketch.
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Figure 34: IR spectrum of alkylated compound (AZ-1).
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Figure 35: DSC spectrum of (AZ-1).
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Figure 36: Geometrical conformation of AZ1.

63

AZ-2

1

H-NMR (DMSO-d6) spectra

13
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Figure 37: 1H-NMR spectrum of (AZ-2).
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Figure 38: Better resolution of 1H-NMR spectrum of (AZ-2) by Marvin Sketch.
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Figure 39: 13C-NMR spectrum of (AZ-2).
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Figure 40: Better resolution of 13C-NMR spectrum of (AZ-2) by Marvin Sketch.
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Figure 41: IR spectrum of (AZ-2).
%T

4000

50

55

60

65

70

75

80

85

90

95

100

3500
3000

3048,26
2926,67

2964,25
2848,08

2000

Wavenumbers (cm-1)

2500

2597,08

1672,88

1500

1607,55
1481,71

1460,95

1439,48

1373,42
1317,45

1271,09
1197,48
1148,24

1234,03

1000

1091,64

1057,24

1023,78
938,00
902,35
849,34

749,05

719,73

500

664,71
594,93
420,65

Figure 42: DSC spectrum of (AZ-2).
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AZ-3
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IR (NaCl, Cm-1) spectra
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Figure 43: 1H-NMR spectrum of (AZ-3).
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Figure 44: Better resolution of 1H-NMR spectrum of (AZ-3) by Marvin Sketch.
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Figure 45: IR spectrum of (AZ-3).
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Figure 46: 1H-NMR spectrum of (AZ-4).
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Figure 47: Better resolution of 1H-NMR spectrum of (AZ-4) by Marvin Sketch.
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Figure 48: 13C-NMR spectrum of (AZ-4).
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Figure 49: Better resolution of 13C-NMR spectrum of (AZ-4) by Marvin Sketch.
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Figure 50: IR spectrum of (AZ-4).
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Figure 51: DSC spectrum of (AZ-4).
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Figure 52: 1H-NMR spectrum of (AZ-5).
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Figure 53: Better resolution of 1H-NMR spectrum of (AZ-5) by Marvin Sketch.
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Figure 54: IR spectrum of (AZ-5).
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Figure 55: Geometrical conformation of AZ5.
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Figure 56: DSC spectrum of (AZ5).
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Figure 57: 1H-NMR spectrum of (AZ-6).
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Figure 58: Better resolution of 1H-NMR spectrum of (AZ-6) by Marvin Sketch.
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Figure 59: IR spectrum of (AZ-6).
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Figure 60: Geometrical conformation of AZ6.
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Figure 61: 1H-NMR spectrum of (AZ-7).
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Figure 62: Better resolution of 1H-NMR spectrum of (AZ-7) by Marvin Sketch.
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Figure 63: IR spectrum of (AZ-7).
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الملخص
تخليق مركبات أمينو أستيلينك-2-مثيل اندولين كمثبطات لنمو األوعيه الدمويه المسببه
للسرطان
عبدهللا نبيل نافع الصالحي
جامعة البترا2014 ,
تحت إشراف األستاذ الدكتور زهير محي الدين واألستاذ الدكتور توفيق عرفات

من األدويه المعالجه ألمراض السرطان هي التي تعمل على تثبيط نمو األوعيه الدمويه.
ومن دراستنا للمركبات الفاعله في مجال تثبيط األوعيه الدمويه توصلنا الى تخليق مركبات جديده
في هذا المجال وهي مشتقات أمينو أستيلينك -2-مثيل اندولين وتم تحضيرها من تفاعل ال -2
مثيل اندولين مع -3بروموبروب-1-ين لتعطي -2مثيل-1-بروب-2-ين-1-يل-2,3-داي هايدرو-1-

اندول ) .(AZ-1المزيج المتكون من ) ,(AZ-1بارافورمالديهايد ,سايكلك أمين مع كميه من
كوبرس كلورايد للتحفيز على التفاعل بوجود دايوكسين من خالل تفاعلهما سويا ً لتنتج مركبات ال
أمينو أستيلينك-2-مثيل اندولين ).(AZ2-AZ7
كانت قياسات جهاز  ,NMR ,IRجهاز ال  DSCو  elemental analysisمتسقه مع التركيب
الكيميائي للمركبات.
ويستند تصميم هذه المركبات على مبادئ هامه وأساسيه لتتداخل وتثبط فعاليه مستقبالت عامل
نمو البشره  .EGF-Rالنتائج تظهر أن جميع المركبات المصممه لديها فعالية جيده لتثبيط عامل
نمو البشره  EGF-Rخصوصا ً  )-8.3 Kcal/mol( AZ-4كما وتظهر فاعليه جيده لتثبيط
مستقبل  COXخصوصا ً  )-8.6 Kcal/mol) AZ-5وتظهر تأثير واعد في تثبيط تكوين
أوعيه دمويه جديده ,وبالتالي وقف انتشار الورم الخبيث ,أعتالل الشبكيه السكري و التهاب
المفاصل.
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