4'-fluoro-S5,7-dihydroxyflavone — Piperazine Hybrids as
VEGFR-2 Inhibitors: Design, In-silico Study, Synthesis,
And Anticancer Activity
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BACKGROUND
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Vascular Endothelial Growth Factor Receptor 2
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WHY NEW VEGFR-2 INHIBITORS?
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Citrus Fruits
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RATIONAL & DESIGN

required for effective tumor inlibition
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SAR of Flavone as Anticancer Agent

Hydroxyl group can increase

Conjugation betweenring C and A/B both of which are / activity
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Replacement of the 4-C=0 functional group
with the 4-C=8 functional group also
enhanced the anti-proliferative activities




SAR analysis of VEGFR-2 inhibitors

[VEGFR-Z Inhibitors }
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Importance of N-Heterocycles

/ [ Anti-inflammatory | \ Low Drug Resistance

[ Antifungal Nitrogen- _ Antidiabetic ] Ease of Manufacture
based : ) ..
[ Anticancer Heterocyclic Anti-HIV ] Nitrogen- Low TOX]Clty

Molecules containing
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[ Antibacterial
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Several nitrogen-containing moieties (Ex. Benzotriazole, Pyrazole, Morpholine, Benzothiazole,
Pyrimidine, Nicotinamide, Piperazine derivatives, etc) with different scaffolds have shown strong
anti-cancer and anti-angiogenesis properties, as they target several receptors such as fibroblast

and vascular endothelial growth factor (VEGF), tumor growth factor (TGF), and other Kinases
required for cancer growth and progression




AIM & OBJECTIVES

AIM:
Design and Synthesis of New, Potent, and Safe 4'-fluoro-5,7-

dihydroxyflavone — Piperazine Hybrids as VEGFR-2 Inhibitor.

OBJECTIVES:
1. To conduct Insilco Drug Design and docking study of 4'-fluoro-5,7-
dihydroxyflavone — Piperazine Hybrids on relevant receptors.
2. To Synthesis of theses derivatives.
3. Characterization of synthesized Derivatives.

4. Pharmacological Evaluation of synthesized Derivatives as effective Anti-

cancer agents.



EXPERIMENTAL PROTOCOL

1. INSILICO STUDY

1. Molecular Docking
By utilizing Molsoft ICM pro X64 software

To determine docking score of designed derivatives with
biological target VEGFR-2 using PDB ID: 4ASD

!

4 ASD - CRYSTAL STRUCTURE OF VEGFR2
(JUXTA MEMBRANE AND KINASE DOMAINS) IN
COMPLEX WITH SORAFENIB (BAY 43-9006)

N 7

RMSD: 0.91

Compounds Docking Score

S -16.4
S1 -23.1
S2 -22.7
S3 -27.5
S4 -26.0
S5 -25.8
S6 -23.8
S7 -29.4
S8 -21.2
S9 -24.4
S10 -29.2




Docking Score: -16.4

CYS 919




Docking Score: -24.4

ASP 1046
L 899

VAL 848




Docking Score: -29.2

w hydrophob

ASP 1056

4

E 918




The pharmacokinetic characteristics of the designed compounds were

2. ADME Analysis analyzed by using Molsoft ICM Pro X64.
Compounds Lipinski Rule of S
Log P Mol. Wt. HBD HBA Lipinski’s Rule
(g/mol) Violation

S 2.38 272.23 2 S o)

S1 4.13 410.38 2 6 o)

S2 2.83 485.38 2 7 o)

S3 3.86 410.48 1 6 0

S4 4.52 440.51 1 7 0

S5 5.05 454.53 1 7 0

S6 1.05 616.36 1 7 1

S7 4.6 489.62 1 7 o)

S8 4.47 456.51 2 8 o)

S9o 4.51 455.52 2 8 o)
S10 4.89 488.55 2 7 o)

All designed derivatives follows Lipinski Rule of Five except S6



3. Toxicity Analysis

Compounds Toxicity Class

S CLASS 1V
S1 CLASS 1V
S2 CLASS 1V
S3 CLASS 1V
S4 CLASS 1V
S5 CLASS 1V
S6 CLASS III
S7 CLASS 1V
S8 CLASS 1V
S9 CLASS 1V
S10 CLASS 1V

Toxicity profile of the designed compounds was estimated
using Protox II software.

Class I: fatal if swallowed (LDSO < 5)
Class II: fatal if swallowed (5 < LDSO
< 50)

Class III: toxic if swallowed (50 <
LDSO0 < 300)

Class IV: harmful if swallowed (300
< LDSO0 < 2000)

Class V: may be harmful if
swallowed (2000 < LDSO < 5000)
Class VI: non-toxic (LD50 > S000)



2. SYNTHESIS

Scheme
Step 1
HO OH HO OVO\Q
OH O OH O
1-{2-[(4-fluorophenoxy)methoxy] : 7-(4-bromobutoxy)-2-(4-fluorophenyl)-
1-(2,4,6-trihydroxy phenyl -4 .6-di 2-(4-fluorophenyl)-5,7-dihydroxy i pheny
( o thgn Oniy P vl 4,6-dihydroxyphenyl} ethanone _AH.-chromen-4-one S-hydroxy-4 H-chromen-4-one
Step 2 Step 5
HO OH
HO OVO ‘
OH O OH O O O .
1-{2-[(4-fluorophenoxy) methoxy] 4-(4-flurophenyl)-1-(2,4,6- trihydroxy
dihydroxyphenyl} ethanone phenyl) butane-1,3 dione OH O
7-(4-bromobutoxy)-2-(4-fluorophenyl)- . . .
[ 5—hydr0xy—4ng)—chr[omen—4—%ne v Substituted piperazine of
fluoro analog of Apigenin
Step 3
Where R- Piperazine Derivatives

OH 0

4-(4-fluorophenyl)-1-(2,4,6- trihydroxy

2-(4-fluorophenyl)-5,7-dihydro
phenyl) butane-1,3 dione ( phenyl) yaroxy

-4 H-chromen-4-one



Code R group Rf value
st |1 0.91
O
S2 () 0.68
=
CH; = 2HBr
3 E”j 0.71
1:
-
N
S4 [ 0.60
N
He HO 2HCI
S5 . 0.72

. A 0.61
E

S7 8 0.65
-

S8 - 0.75
T

S9 \': 0.80

$10 [j 0.75

”V’\"OH




3. PHARMACOLOGICAL SCREENING

In Vitro Anti-Proliferative Activities

Performed by using MCF-7 Cell line followed by MTT assay

2000
1800 168842 1763.15

1600
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1179.52

102381

ICS0 in pg/ml

175.2390.43

S N D M X s e A & S D O
S ¥ PP P S PP

®5pug/ml ®10 pg/ml =20 pg/ml ™40 pg/ml =80 pg/ml ™ 160 pg/ml =320 pg/ml

Potency: S7>S5>S8>S > S10




CONCLUSION

Substituted Piperazine Derivatives of 4’-fluro-5,7-dihydroxyflavone was synthesized as a VEGFR-2
inhibitor to improve Therapeutic Activity.

These findings have encouraged us to continue the synthesis and testing of Substituted Piperazine
Derivatives of 4’-fluro-5,7-dihydroxyflavone as VEGFR-2 inhibitor
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