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Abstract

Cancer, or malignant tumor, is a myriad of diseases involving abnormal cell growth with the
potential to invade or metastasize to other parts of the body. therefore, there is a need for
newer treatment strategies with novel drugs acting at different pathways for treatment of

malignancies.

Targeted therapies act by blocking essential biochemical pathways or mutant proteins that
are required for tumour cell growth and survival. In the past few decades, protein kinases has
drawn much attention as being of the most important drug targets for treatment of many
diseases; especially cancer. Since, dysregulation and mutation in this family of ezymes play
causual role in the development and maintenance of different types of cancer. Particularly,
Vascular endothelial growth factor receptor-2 (VEGFR2) which is implemented in the

maintanence of angiogenesis.

Angiogensis; the growth of new blood vessels; is considered one of the important hallmarks
of cancer. Hence there is a growing interest in VEGFR2 inhibition and its therapeutic
implementation in cancer treatment in light of its unique ability to regulate cancer cell
proliferation and metastasis through inhibiting angiogenesis, eventually leading to death of

tumor cells.

In the current study, a series of pyridazine based scaffolds (Series 1 to 5) were designed and
synthesized as VEGFR2 inhibitors. The design focused on exploration of the previous revealed
SAR studies, bioisosteric modifications of the lead compounds both in market and in clinical
studies as well as identification of the key interactions with the binding site in silico. The
structures of synthesized compounds were confirmed by various spectral and

microanalytical data.

Analysis of the VEGFR2 enzyme activity revealed that five of the synthesized compounds;
namely (XXIIb, XXVIb, XXIXa, XXIXb and XXXVII) exhibited potent VEGFR2 inhibitory
activity with ICso values equal to 1.8uM, 1.3uM, 1.4uM, 107nM, 60nM respectively. Moreover,
the above compounds were further evaluated for their VEGF-stimulated proliferation of
human umbilical vein endothelial cells (HUVEC) revealing moderate to potent inhibition at 10
UM concentration; especially XXVIb which displayed 99.82% inhibition.
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Evaluation of the anti-proliferative activities of the compounds were attempted. Fourteen of
the final Compounds (XIXa, XXVIc, XXIXb, XXIXc, XXXa, XXXb, XXXIb, XLa, XLb, XLe, XLIa,
XLIb, XLII, XLIIIa) were selected by the National Cancer Institute “NCI” for single dose
screening program at 10 pM in the full NCI 60 cell panel. While the 6-chloropyridazine
derivative (XXXb) showed remarkably the lowest cell growth promotion, hence good anti-
proliferative activity against different cell lines compared to the rest of the compounds; it was
noticed that compounds (XLa, XLb, XLe, XLIIla) demonstrated 71.4, 67.2, 64.6 and 47.2%

growth inhibition almost exclusively against breast cancer cell line T47D.

Furthermore, nine of the synthesized compounds were evaluated for their antiproliferative
activities against T47D cell line. Most of the investigated compounds showed ICso in low
nanomolar range; especially compounds (XXIIle) and (XLd) ; they displayed ICso values of
0.75 and 0.94 respectively.

Since it was reported that the aromatase enzyme is overexpressed in breast cancer cell line
T47D, thus, aromatase inhibitory activity was measured for compounds (XXlIle) and (XLd),
which displayed 89 and 82% inhibitiory activities respectively. These percent inhibition was
superior to that of the refrence drug ; Letrozole (aromatase percentage inhibition of 65%).
Both compounds XXIIe and XLd displayed an ICso against aromatase enzyme of 2.6 and 3.1
UM respectively.

To further exploit anti-tumor effect of compound XXIlIe in T47D cell line; Level of caspase 3
RNA for compound XXIle was measured. Caspase3 levels; one of the crucial mediators of
apoptosis in cancer cells, were elevated by 92 thousand folds upon treatment with XXIle
compared to the control. These results confirmed that (XXIIe) exhibited its antiproliferative
activity against breast cancer cell line T47D via induction of apoptosis revealed in elevated

Caspase3 levels as well as inhibition of aromatase enzyme

Finally, a thorough Molecular docking, using C-DOCKER protocol in Discovery Studio 3.5
Software, was attempted to investigate the binding mode of the targeted compounds and
interpret their variable inhibitory activity. Computer aided ADMET study was also performed
using the same software.
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Abstract

This study involved the synthesis of the following unavailable reported intermediates:

1. 1-(3,4-Dichlorophenyl)-3-(3-nitrophenyl)urea (Ia)

2. 1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(3-nitrophenyl)urea(Ib)
3. 1-(3-Aminophenyl)-3-(3,4-dichlorophenyl)urea (IIa)

4. 1-(3-Aminophenyl)-3-(4-chloro-3-(trifluoromethyl)phenyl)urea(Ilb)
5. 1-(3,4-Dichlorophenyl)-3-(4-nitrophenyl)urea (Il1a)

6. 1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(4-nitrophenyl)urea (IIIb)
7. 1-(3,5-Dimethoxyphenyl)-3-(4-nitrophenyl)urea (IIIc)

8. 1-(4-Aminophenyl)-3-(3,4-dichlorophenyl)urea (IVa)

9. 1-(4-Aminophenyl)-3-(4-chloro-3-(trifluoromethyl)phenyl)urea (IVb)
10.1-(4-Aminophenyl)-3-(3,5-dimethoxyphenyl)urea (IVc)
11.3-(3,4-Dichlorobenzyl)-6-nitrobenzo[d]thiazol-2(3H)-one (VIa)
12.3-(3-Bromobenzyl)-6-nitrobenzo[d]thiazol-2(3H)-one (VIb)
13.6-Amino-3-(3,4-dichlorobenzyl)benzothiazol-2(3H)-one (VIIa)
14.6-Amino-3-(3-bromobenzyl)benzothiazol-2(3H)-one (VIIb)
15.1H-Indazol-5-amine (IX)

16.1,2-Dihydropyridazine-3,6-dione (X)

17.3,6-Dichloropyridazine (XI)

18.3-Chloro-6-hydrazinylpyridazine (XV)
19.6-Chloro-[1,2,4]triazolo[4,3-b]pyridazin-3-amine (XVI )
20.6-[1,2,4]Triazolo[4,3-b]pyridazin-3-amine(XVIII)
21.6-(4-Nitrophenyl)pyridazin-3(2H)-one (XX)
22.6-(4-Aminophenyl)pyridazin-3(2H)-one (XXI)

23.3-Nitro acetophenone (XXIII)
24.6-(3-Nitrophenyl)pyridazin-3(2H)-one (XXIV)
25.6-(3-Aminophenyl)pyridazin-3(2H)-one (XXV)
26.N-(4-((6-Chloropyridazin-3-yl)oxy)phenyl)acetamide (XXVII)
27.6-(4-Aminophenoxy)pyridazin-3(2H)-one( XXVIII)
28.4-((6-Chloropyridazin-3-yl)amino)benzoic acid (XXXVIII)
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Abstract

29.6-Methoxy-N-(4-nitrophenyl)pyridazin-3-amine (XXXV)
30.N1-(6-methoxypyridazin-3-yl)benzene-1,4-diamine (XXXVI)

Also, it comprised the following new intermediates:

1. 1-(3,5-Dimethoxyphenyl)-3-(3-nitrophenyl)urea (Ic)

2. 1-(3-Aminophenyl)-3-(3,5-dimethoxyphenyl)urea (Ilc)
3. N-(6-Chloropyridazin-3-yl)-1H-indazol-5-amine (XXXII)

In addition, the study involved the synthesis and the characterization of the following new-

targeted compounds:

Ll

1-(3,5-Dimethoxyphenyl)-3-(pyridazin-3-yl)urea (XIVa)
1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(pyridazin-3-yl)urea (XIVb)
1-(6-Chloro-[1,2,4]triazolo[4,3-b]pyridazin-3-yl)-3-(3,4-dichlorophenyl)urea (XVII)
1-(3,4-Dichlorophenyl)-3-(6-morpholino-[1,2,4]triazolo[4,3-b]pyridazin-3-yl)urea
(XIXa)
1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(6-morpholino-[1,2,4]triazolo[4,3-
b]pyridazin-3-yl)urea (XIXb)
1-(3-Methoxyphenyl)-3-(6-morpholino-[1,2,4]triazolo[4,3-b]pyridazin-3-
yl)urea(XIXc)
1-(3,4-Dichlorophenyl)-3-(4-(6-0xo0-1,6-dihydropyridazin-3-yl)phenyl)urea (XXIIa)
1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(4-(6-0xo-1,6-dihydropyridazin-3-
yl)phenyl) urea (XXIIb)
1-(4-Chloro-2-methylphenyl)-3-(4-(6-0xo-1,6-dihydropyridazin-3-yl)phenyl)urea
(XXIIc)

10.1-(4-Chlorophenyl)-3-(4-(6-oxo-1,6-dihydropyridazin-3-yl)phenyl)urea (XXIId)
11.1-(4-(6-0x0-1,6-dihydropyridazin-3-yl)phenyl)-3-(4-(trifluoromethyl)phenyl)urea

(XXIle)

12.1-(4-(6-0x0-1,6-dihydropyridazin-3-yl)phenyl)-3-(3-(methoxy)phenyl)urea (XXIIf)
13.1-(3,4-Dichlorophenyl)-3-(3-(6-0x0-1,6-dihydropyridazin-3-yl)phenyl) urea(XXVIa)

XV



