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Abstract: Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) has played an important role
in vascular permeability and cancer angiogenesis. VEGFR-2 inhibitors proved a significant inhibition
of cancer propagation. Accordingly, a new series of 6-chloroquinoxalines has been designed and
synthesized as inhibitors of VEGFR-2. The antiproliferative effect of the new hits was determined
against two cancer cell lines namely; MCF-7 and HCT-116. Remarkably, compound 6 elicited more
cytotoxic effect against the above mentioned cell lines with ICso values 5.11uM and 6.18 pM than
doxorubicin (ICsp 7.43 uM and ICsg 9.27 uM) as reference drug respectively. Moreover, compound 6
proved to be selective to cancer cells rather than human normal cell when examined against WI-38 cell
lines. Molecular modeling was studied to proof the binding affinity of our compounds towards
VEGFR-2 active site. Furthermore, in silico results showed that, our compounds overcome sunitinib’s
drawbacks; they have no BBB permeation. Particularly, compounds 6 and 9 are not P-glycoprotein
(P-gp) substrates as sunitinib.
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1. INTRODUCTION

Angiogenesis, the operation of development of
novel blood vessels from preceding ones, is a
crucial step for the tissue repair, cell growth and
wound healing 2. Hence, there are many different
mechanisms inhibiting angiogenesis which perform
great success in cancer treatment 4 VEGFR, a
significant receptor tyrosine kinase (RTK), is a
fundamental for the angiogenesis process . There
are three isoforms of it: VEGFR-1, VEGFR-2, and
VEGFR-3 7. One of them, VEGFR-2, is vital for
angiogenesis @ as a result, preventing the signaling
pathway of VEGFR-2 has become an attractive way
for cancer treatment®. In cancer cells, it was noticed
that inhibition of VEGFR-2 facilitates and
potentiates  apoptosis ~ which  synergistically
enhances the cytotoxic activity 1°. In addition, it was
considered to be necessary for cell growth and

proliferation in both cancer cells HCT-116 and
MCF-7 %12, VEGFR-2 contains three domains:
ligand-binding extracellular domain, tyrosine kinase
domain and transmembrane domain. To prevent
dimerization and auto phosphorylation, VEGFR-2

inhibitors frequently attach to the ATP-binding site
13

Many literatures reported that various
inhibitors of VEGFR-2 have been recognized as
effective antiproliferative drugs, for example;
Sorafenib is usually prescribed to treat advanced
renal cell carcinoma (RCC) and hepatocellular
carcinoma (HCC). Besides, FDA approved
tivozanib as treatment of RCC in March 2021
where, Sunitinib was accepted as treatment for
gastrointestinal stromal tumors (GIST) %7 (Fig. 1).

Quinoxaline have been found as a good
scaffold for antitumor agents. Various quinoxaline
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derivatives were recorded as important VEGFR-2

inhibitors 82, Hence, a new series of
6-chloroquinoxalines have been designed as
sunitinib’s  mimetic to  overcome  certain
pharmacokinetic ~ problems  demonstrated on

sunitinib clinical use such as, BBB permeation and
being P-gp substrate (Fig. 2). These compounds will
be prepared and tested for their antiproliferative
effect against HCT-116, MCF-7 cancer cells and
normal cells (WI-38). In addition, pharmacokinetic

properties, drug likeness and docking study will be
determined.

2. METHODS
2.1. Chemistry

All information and details regarding the materials
used and different analytical apparatus were provided
(As shown in supplementary data).
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Figure 1. Some reported

VEGFR-2 inhibitors.
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Figure 2. Rational of the new quinoxaline derivatives.
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2.1.1. Synthesis of 2, 4-Dichloro-N,-(3-(6-Chloro-3-
Oxo-3,4-dihydroquinoxalin-2-yl) propanoyl)
benzohydrazide (6)

A solution of acid hydrazide, 5 (2.66 g, 0.01
mol) was treated with 2,4-dichlorobenzoyl chloride
(2.09 g, 0.01 mol) in 20 ml ethanol with a little
amount of DMF. The reaction mixture was heated
under reflux for 4 h, and then allowed to cool down.
The final compound 6 was obtained after filtration
and crystallization from ethanol (Scheme 1).

2.1.2. Synthesis of 4-(3-(6-chloro-1,2-dihydro-2-
oxoquinoxalin-3-yl)propaneamido)-4-oxobutanoic
acid (7)

Compound 5 (2.66 g, 0.01 mol) was heated
under reflux in 20 ml ethanol in presence of catalytic
quantity of DMF with an equivalent amount of
succinic anhydride (1.00 g, 0.01 mol). The reaction
was cooled after 3 h of refluxing. After that,
compound 7 was produced by collecting the raw
powder and recrystallizing it from ethanol (Scheme
2).
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2.1.3.  Synthesis of 2-(2-(3-(6-Chloro-3-Oxo-
3,4-dihydroquinoxalin-2-yl)propanoyl)hydrazine-1-
carbonyl) benzoic acid (8)

An equimolar quantities of acid hydrazide, 5
(2.66 g, 0.01 mol) and phthalic anhydride (1.48 g,
0.01 mol) were heated under reflux in 20 ml ethanol
with a catalytic quantity of DMF. The reaction was
continued for 4 h and allowed to cool. The target
compound 8 was attained by filtration and
crystallization from ethanol (Scheme 2).

2.1.4. Synthesis of 3-(6-chloro-1,2-dihydro-2-
oxoquinoxalin-3-yl)-N-(1,3-dioxoisoindolin-2-yl)
propanamide (9)

The intermediate 5 (2.66 g, 0.01 mol) was
mixed with an equivalent amount of phthalic
anhydride (1.48 g, 0.01 mol) in 20 ml of glacial
acetic acid with a catalytic amount of DMF. The
reaction was heated under reflux for 4 h, and the
resulting product was filtered before being
recrystallized from the ethanol to afford compound 9
(Scheme 2).

5 min. by CH;0H, dps conc. H;50,, reflux, 3 h. c;

1.1
MHzMNHz HzO, E1OH, reflux, 5 h. d; 2, #-dichlorobenzoyl chloride, EtOH/DMF, reflux, 4 h.

Scheme 1. Synthesis of target compound, 6
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Scheme 2. Synthesis of target compounds, 7-9.

2.2. Biology

2.2.1. In vitro anticancer evaluation

The tested compounds, 6-9 were investigated
for their in vitro antiproliferative activity adopting
MTT assay method 22 (As shown in
supplementary data) against HCT-116 and MCF-7
cell lines. Doxorubicin was utilized as a reference
drug. The resulted data were recorded for each
compound and listed in Table 1 as half inhibitory
concentration (1Cso) values.

2.2.2. Effect on normal cells

The selectivity of our hits was further
estimated towards cancer cells over healthy ones.
The safety profile of the promising hits 6 and 7 was
also investigated through determination of their
cytotoxic effect on normal cells WI-38 24 2° where
results showed high margin of safety. Data was
recorded and listed in Table 1.

2.3. In silico and molecular docking simulation

2.3.1. In silico study of ADME properties

The program of Chemdraw 12.0 was used to
transform chemical structures into the SMILES
database. The ADME parameters, pharmacokinetics

properties, lipophilicity and physicochemical
characters were calculated using these SMILES as
input in the website of SwissADME.

2.3.2. Molecular docking study

Docking simulation of the newly synthesized
compounds was performed using the software MOE
14.0 against VEGFR-2 (PDB ID: 4ASD %28 with
353 amino acids and resolution of 2.03A) (As
shown in supplementary data).

3. RESULTS

3.1. Chemistry

3.1.1. 2,4-Dichloro-N-(3-(6-Chloro-3-Oxo-3,4-dih
ydroquinoxalin-2-yl)-propanoyl)benzo hydrazide (6)
IR (KBr, cm™): 3274, 3211 and 3107 (3NH),
1700, 1688, 1617 (3C=0); HNMR (400 MHz,
DMSO-ds) 8 (ppm): 2.74 (t, 2H, CHz, J= 4 Hz), 3.09
(t, 2H, CHy, J= 4 Hz), 6.86 (s, 1H, quinoxaline-Hs),
6.98 (d, 1H, quinoxaline-H, J= 4 Hz), 7.28 (d, 1H,
Ar-Hs, J= 8 Hz), 7.43 (s, 1H, Ar-Hs), 7.62 (d, 1H,
quinoxaline-Hg , J= 8 Hz), 7.80 (d, 1H, Ar-Hs, J=8
Hz), 1242, 1243 and 1260 (s, 3NH, DO
exchangeable). *CNMR (DMSO-ds) & (ppm): 29.75
(CHy), 31.02 (CHy), 119.12, 120.19, 120.67, 120.92,
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125.45, 125.75, 126.12, 126.19, 126.67, 128.34,
129.50, 130.57, 131.02, 162.70, 167.67, 170.34 (3
C=0). MS m/z (%): 438 (20.41, M"), 440.86 (6.5,
M*2), 185.91 (100).

3.1.2. 4-(3-(6-Chloro-1,2-dihydro-2-
oxoquinoxalin-3-yl)propaneamido)-4-oxobutanoic
acid (7).

IR (KBr, cm™): 3360 (br., OH), 3337, 3293
and 3131(3NH) , 1706, 1689, 1665 and 1617
(4C=0); *HNMR (400 MHz, DMSO- ds) § (ppm):
238 (t, 2H, CH;CH.COOH), 259 (t, 2H,
CHCH,COOH, J= 4 Hz), 2.64 (t, 2H, CH,, J= 4
Hz), 3.04 (t, 2H, CH, J= 4 Hz), 7.30 (d, 1H,
quinoxaline-H;, J= 8 Hz), 7.33 (s, 1H,
quinoxaline-Hs), 7.75 (d, 1H, quinoxaline-Hs, J= 8
Hz), 10.85 (s, OH, D20 exchangeable), 12.38, 12.40
and 12.41 (s, 3NH, D,O exchangeable). 3CNMR
(DMSO-dg) 8 (ppm): 29.40 (CHp), 31.14 (CHy),
32.47 (CHy), 32.68 (CH2), 120.74, 121.01, 121.27,
124.13, 124.46, 131.20, 131.96 , 161.13, 166.65,
167.04, 167.31 (4 C=0). MS m/z (%): 366 (14.41,
M*), 368 (4.56, M*?), 185.02 (100).

3.1.3. 2-(2-(3-(6-Chloro-3-Oxo-3,4-dihydroquinoxa
lin-2-yl) propanoyl)hydrazine-1-carbonyl) benzoic
acid (8).

IR (KBr, cm™): 3339 (br., OH), 3267, 3206
and 3142 (3NH), 1705, 1689, 1662, 1624 (4C=0);
!HNMR (400 MHz, DMSO- dg) & (ppm): 2.85 (&,
2H, CH, J= 4 Hz), 3.09 (t, 2H, CH,, J=4 Hz), 6.84
(s, 1H, quinoxaline-Hs), 6.94 (d, 1H,

et al, Azhar Int J Pharm Med Sci 2023; Vol 3 (2):119-132

quinoxaline-H;, J= 8 Hz), 728 (d, 1H,
quinoxaline-Hg, J= 8 Hz), 7.44 (t, 1H, Ar-Hy, J= 12
Hz), 7.57 (t, 1H, Ar-Hs, J= 12 Hz), 8.20 (d, 1H,
Ar-Hg, J= 8 Hz), 8.74 (d, 1H, Ar-Hs, J= 8 Hz),
10.80 (s, OH, D0 exchangeable), 12.43, 12.44 and
12.83 (s, 3NH, D,O exchangeable). CNMR
(DMSO-de) & (ppm): 29.66 (CH), 31.95 (CH,),
110.45, 112.32, 117.36, 119.70, 120.73, 121.26,
124.45, 131.95, 139.66, 140.57, 142.43, 142.87,
151.11, 161.11, 168.88, 170.26 and 173.45 (4 C=0).
MS m/z (%): 414 (20.41, M*), 416.06 (6.5, M*?),
184.91 (100).

3.1.4. -(6-Chloro-1,2-dihydro-2-oxoquinoxalin-3-yl)
-N-(1,3-dioxoisoindolin-2-yl) propanamide (9).

IR (KBr, cm™): 3327 and 3189 (2 NH), 1751,
1669,1635 and 1623 (4C=0); HNMR (400 Mz,
DMSO- dg) & (ppm): 2.82 (t, 2H, CHy, J=4), 3.03 (t,
2H, CHy, J= 4 Hz), 6.89 (s, 1H, quinoxaline-Hs),
6.97 (d, 1H, quinoxaline-H7, J= 8 Hz), 7.32 (d, 1H,
quinoxaline-Hs, J= 8 Hz), 7.48 (t, 1H, Ar-H4, J= 8
Hz), 7.60 (t, 1H, Ar-Hs, J= 8 Hz), 8.28 (d, 1H,
Ar-Hg, J= 8 Hz), 8.78 (d, 1H, Ar-Hs, J= 8 Hz),
12.22 and 12.54 (s, 2NH, D,O exchangeable).
BCNMR (DMSO- dg) & (ppm): 29.33 (CHy), 31.54
(CHp), 115.66, 115.72, 115.85, 115.94, 117.59,
119.53, 120.41, 121.23, 121.31, 124.07, 131.38,
135.81, 135.84, 159.68, 165.73, 166.70 and 169.74
(4 C=0). MS m/z (%): 396 (9.05, M*), 398.52 (2.98,
M*2), 102.34 (100), (c. f. Table 1).

Table 1. Physical properties and elemental analysis of the newly synthesized compounds 6-9.

Elemental analysis [%] Calcd. (Found)

No. Yed o me e M
C H N o) cl
6 67 188-100 CisH1NaOCls 438  49.17(49.58) 2.98(2.48) 12.74(12.43) 10.92(10.71)  24.19(24.55)
7 72 320-322 CisHisN,OsCl 366  49.12(49.53) 4.12(4.37) 15.28(15.71) 21.81(21.40)  9.67(9.32)
8 81 218-220 CioHisNsOsCl 414 55.02(55.41) 3.64(3.22) 13.51(13.82) 19.29(19.71)  8.55(8.16)
9 78 264-266 CiHiN,OCl 396 57.51(57.04) 3.30(3.72) 14.12(14.43) 16.13(16.22)  8.94(8.56)

IC50 (uM): 1 — 10 (very strong cytotoxic). 11 — 20 (strong). 21 — 50 (moderate). ** DOX:

3.2. Biological assessment

Doxorubicin, ND: not done

3.2.1. In vitro cytotoxic activity using MTT assay
The antitumor effect of our hits was
investigated as ICsp values towards HCT-116 and

MCF-7 cancer cells?*?3, Compounds 6, 7, 8 and 9
displayed very strong to moderate cytotoxicity
against both cell lines, (c. f. Table 2).
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3.2.2. Effect on human fibroblast (W1-38) cell line
The safety margin of the most potent
compounds 6 and 7 was further evaluated by
calculating their cytotoxicity towards normal cell
line (W138) 242, The resulted data confirmed the

selectivity of these compounds on the tested cancer

cells, (Table 2).

Table 2. In vitro cytotoxic effect of new hits towards human tumor cells and normal cell line.

In vitro Cytotoxicity 1Cso (UM)*

Compd No. W1-38 cell HCT-116
6 71.60+2.8 6.18+2.1

7 93.04+2.2 26.41+3.8

8 ND 48.17+2.7

9 ND 37.20+2.3
**DOX 6.72+0.5 9.27+0.3
Sorafenib - 18.6+1.9

Sunutinib - 3.42+0.57

Sl MCF-7 Sl
11.58 5.11+0.8 14.01
3.52 10.17+3.3 9.15

ND 41.47+2.5 ND
ND 25.92+1.9 ND
0.72 7.43+0.2 0.90

- 16.0+ 3.6 -

- 4,77 +0.29 -

* 1Cso (UM): 1 — 10 (very strong cytotoxic). 11 — 20 (strong). 21 — 50 (moderate). ** DOX: Doxorubicin, ND: not done.

3.4. In silico studies

3.3.1. Inssilico study of ADME parameters

The target compounds were submitted for
computational study in order to estimate the
ADME and physicochemical characters using
SwissADME online version. It is obvious that

all of the target hits exhibit Lipinski zero
violations in their physicochemical
characteristics. Moreover, the tested compounds
meet the requirements for drug likeness, (Table
3). All the target compounds displayed high GIT
absorption with good oral bioavailability and
free from CNS side effects, (Table 4).

Table 3. Physicochemical parameters of new compounds based on the rule of five of Lipinski.

M No. of Lipinski’s

Cpd. No. HBD HBA logP Mt Rot. bonds Vti)JIations
6 3 4 3.15 439.68 7 0
7 4 6 0.57 366.76 9 0
8 4 6 1.83 414.80 8 0
9 2 5 1.93 396.78 5 0
Sorafenib 3 7 291 464.82 9 0
Sunitinib 3 4 2.06 398.47 8 0

Table 4. Pharmacokinetic characters, (TPSA), and % ABS and parameters of medicinal chemistry.

Cpd. No. Gl BBB P-gp Bioavailability TPSA %
Absorption Permeation substrate Score ABS
6 high No No 0.55 103.95 73.13
7 high No Yes 0.56 141.25 60.26
8 high No Yes 0.56 141.25 60.26
9 high No No 0.55 112.23 70.28
Soraf low No No 0.55 92.35 77.13
enib
Si‘r’]?t')t high Yes Yes 0.55 77.23 108.92
124
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3.3.2. Molecular docking study

MOE 2014 software is used to study the
type of binding interaction of the new hits with
the known crystal structure of VEGFR-2 (PDB
ID: 4ASD) %628 Compound 6 has lower docking

core energy (-7.95 Kcal/mol) compared to
sorafenib, the reference ligand (-7.37 Kcal/mol)
and sunitinib (-5.76 Kcal/mol). The docking
results are tabulated in (Table 5, Fig. 3, 4) (Fig.
1-5 in supplementary data).

Table 5. The docking score (energy) of Sorafenib, Sunitinib and compounds 6-9 in the active site of VEGFR-2 (PDB:

Nal848

4ASD).
Docking Amino acid
CI;\?S' score H,\fg(.)ggs residues Atoms of cpd. Type of bond
' (Kcal/mol) (bond length A°)
. NH-amide H-bond (donor)
gzgig gggg N-Pyridine H-bond (acceptor)
Sorafenib -7.37 3 Glugss (1.59) NH-Urea H-bond (donor)
Cys919 (2.08); Flouro atom H-bond (acceptor)
Asp1046 (1.97); NH-amide H-bond (donor)
Sunitinib -5.76 2 Leu840 Phenyl ring Arene-H
. Clouro atom H-bond (acceptor)
Cys919 (1'73)f Clouro atom H-bond (acceptor)
Cys919 (3.42); - . i
X Carbonyl(Quinoxaline) H-bond (acceptor)
6 -7.95 4 Lys868 (2.84); NH-hydrazide H-bond (donor)
' Asp1046 (2.05)
. H-bond (acceptor)
Cys919 (3.18); Clouro atom H-bond (acceptor)
; 571 3 Lys868 (3.40) Carbonyl(Quinoxaline) H-bond ( donpor)
' Aspl1046 (1.86) NH-hydrazide
) Carbonyl(COOH) H-bond (donor)
Cys1045 (3.16); Hydroxyl(COOH) H-bond (donor)
Cys1045 (3.93); .
g NH-hydrazide H-bond (donor)
Glus8s (1.33); Clouro atom H-bond (donor)
8 -6.76 4 Val899 (2.71); Phenyl ring Arene-H
Lys868
Cys919 (3.62); Carbonyl(Phthalimide) H-bond (acceptor)
Glu885 (1.52) NH(Quinoxaline) H-bond (acceptor)
9 731 2 Leu840 Phenyl ring Arene-H
sp @ o888 S W T \\ )

s

Figure 3. The proposed 2D (left) and 3D (right) binding interaction of co-crystalized sorafenib with 4ASD.
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Figure 4. The proposed 2D (left) and 3D (right) binding interaction of the parent sunitinib with 4ASD.

4. DISCUSSION

4.1. Chemistry

The target compounds were produced in the
manner as described in Schemes 1 and 2.
Cyclocondensation of 4-chloro-1,
2-phenylendiamine (1) with 2-ketoglutaric acid
(2) was carried out in ethanol/acetic acid 2% to
afford3-(6-chloro-1,2-dihydro-2-oxoquinoxalin-
3-yl) propanoic acid (3) at room temperature in a
good yield. The chloro functionality is at position
6 depending on the positive mesomeric effect of
the halogen which initiate the reaction with p.
amino group, followed by ring closure with the
second amino group with subsequent elimination
of methanol molecule. The obtained propanoic
acid 3 underwent esterification reaction under
reflux in methanol with drops of conc. sulphuric
acid for 2 h 230 to afford the methyl ester
derivative, 4. A good yield of the corresponding
acid hydrazide derivative, 5, was produced by
hydrazinolysis of the ester 4 with hydrazine
hydrate using absolute ethanol as a solvent 313,
Nucleophilic substitution reaction of compound
5 with 2,4-dichlorobenzoyl chloride was
achieved by heating under reflux condition in
ethanol with DMF drops %3 to furnish the
corresponding 2,4-dichlorobenzoyl hydrazide, 6,
(Scheme 1). Compound 6 was validated by
spectral and analytical data; its IR spectrum
displayed absorption bands at 3271, 3211 and
3107 cm! referred to 3 NH groups together with
three bands at 1700, 1668, 1617 c¢cm™' for 3

carbonyl groups. While 'H NMR spectrum
exhibited three singlets at 6 12.42, 12.43 and
12.60 ppm refered to 3NH protons which
disappear with D,O. Besides; appearance of three
signals at § 7.28, 7.43 and 7.80 ppm attributed to
aromatic protons of benzoyl ring. A molecular
ion peak M* with the chemical formula
C18H13N4O3Cl3 was visible in the mass spectrum
at m/z 438.

Furthermore, synthesis of the target
compounds 7 and 8 was achieved by reacting the
intermediate 5 with appropriate acid anhydrides
namely; succinic anhydride and phthalic
anhydride respectively via ring opening
amidation reaction in ethanol with catalytic
amount of DMF . Compound 7 was verified
based on spectral data. Its IR spectrum displayed
extra bands at 3360 and 1706 cm™! contributed to
OH and C=0 of carboxyl group respectively *H
NMR spectrum displayed extra two triplets at 6
2.38 and 2.59 ppm contributed to CH,CH;
protons of succinic acid moiety. Regarding
mass, a molecular ion peak matching its
molecular formula occurred at m/z 366.

As mentioned in literatures %%, reaction of the
starting material 5 with phthalic anhydride is a
solvent dependent. Thus, when the reaction was
proceeded in ethanol; the product was formulated
as carboxylic acid derivative 8. While performing
the reaction in glacial acetic acid as a solvent, the
corresponding isoindoline derivative 9 was
obtained via ring closure due to condensation
reaction. The isoindoline 9 was further confirmed

https://aijpms.journals.ekb.
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by refluxing compound 8 in glacial acetic for 2 h
to afford one and the same product (compound 9).
The structures of these compounds were
consistent with spectral analysis. IR of compound
8 showed stretching bands around 3339 and 1705
cm™! pointing to hydroxyl and carbonyl of COOH
respectively. 'H NMR spectrum showed a
characteristic singlet at 5 10.80 ppm attributed to
carboxylic proton, as well as presence of four
extra signals (4 Ar-H) at the range from 8 7.44 to
8.74 ppm was observed. Mass spectrum exhibited
a peak at m/z 414 referred to molecular ion peak
(M*). Concerning IR spectrum of compound 9,
lack of broad band of OH and NH is observed due
to removal of water molecule. In addition, the
frequency of carbonyl band is increased due to
ring closure, where 'H NMR spectrum displayed
only two signals at 12.22 and 12.54 ppm for two
NH protons. Disappearance of COOH signal and
one of NH ensures the cyclization. Additionally, a
molecular ion peak was revealed at m/z 396 (M)
that was associated with C19H13N4O4Cl in mass
spectrum.

4.2. Biology
4.2.1. In vitro anticancer effect

The potential anticancer effect of the newly
synthesized  hydrazide  derivatives  was
investigated as I1Csp values using MTT assay 223
against MCF-7 and HCT-116 cells utilizing the
reference drug doxorubicin. On both cell lines, it
was clear from the pattern of activity for each
substance that the resulted data were correlated.
Generally, MCF-7 is more sensitive toward our
hits than HCT-116 cell line, (Table 1). It is
evident that, dichlorobenzohydrazide 6 exerted
higher cytotoxic activities against MCF-7 (ICso
5.11 pM) and HCT-116 (ICso 6.18 pM) than
doxorubicin (ICsp 7.43 pM against MCF-7, ICso
9.27 UM against HCT-116). Its potency was
approximately 1.5 folds of doxorubicin against
HCT-116 and MCF-7. In addition to the moderate
cytotoxicity of compound 7 against the HCT-116
cell line, it had substantial antiproliferative effect
against the MCF-7 cell line. While, compounds 8
and 9 displayed moderate cytotoxicity on both
cell lines. It is obvious that the activities of target
compounds are in the following order: 6 >7 > 9 >
8. (c.f. Table 1).

4.2.2. Effect on human fibroblast (W1-38) cell
line

Compounds 6 and 7 can be considered to have
remarkable selectivity towards cancer cells when
their cytotoxicities are investigated on normal cells
(WI-38) 2+25  Results obtained proved that
compound 6 has higher 1Cs value against normal
cells WI-38 (71.60 mM) than MCF-7 cancer cells
(5.11 mM) and HCT-116 cancer cells (6.18 mM). It
means that, compound 6 is safe and selective due to
its high selective index (SI) value on MCF-7 (14.01)
and HCT-116 (11.58). Moreover, compound 7 is
more selective to cancer cells than normal
depending on its high 1Cs value against WI-38
(93.04 pM).

4.3. In silico studies

4.3.1. Study of ADME parameters

According to Lipinski’s rules for oral drugs, it
was noticed that, the physicochemical parameters
of all our hits have Lipinski zero violation. Also,
all the compounds have the rules of drug likeness.
The number of rotatable bonds are ranged from 5
to 9 indicating high flexibility of our compounds to
their biological target (Table 3). Focusing on the
topological polar surface area (TPSA) which is
recognized as a good guide of drug absorption in
the intestine and blood-brain barrier penetration. It
was clear that, all the derivatives have high level of
GIT absorption, while sorafenib has low level. Our
hits have no permeation to BBB. This criterion is
considered as an added value for our compounds
where, the reference standard sunitinib can
penetrate  BBB causing CNS side effects.
Particularly, compounds 6 and 9 are not P-gp
protein substrates which overcome this problem of
Sunitinib. This implies that these compounds are
less likely to efflux out of the cell exerting their
maximum effect, (Table 4).

4.3.2. Molecular docking study

We conducted the docking studies using the
software of Molecular Operating Environment
10.2014 (MOE), in an effort to better understand the
binding pattern, possible interactions and affinity of
our compounds 6-9, the reference ligand Sorafenib
and lead compound Sunitinib with active site of
VEGFR-2. The crystal structure of VEGFR-2 was
downloaded from protein data bank, PDB file ID:
4ASD 2628, After download, VEGFR-2 domain was
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refined, water chain was removed and the innate
ligand (sorafenib) was redocked into the binding
site to perform validation process. Moreover,
compounds 6-9 and Sunitinib are docked into the
same binding site of VEGFR-2; the resulted data are
pictured in Figs. 3-4. The redocked sorafenib
exhibited a close binding interaction similar to the
co-crystalized ligand and energy score (-7.37
kcal/mol). Docking study of Sorafenib displayed
hydrogen bonds (bond length 1.59A) between
Glu885 and NH of urea moiety. Also, two hydrogen
bonds between Cys919 and NH of amide moiety
(bond length = 1.84 A) and nitrogen of pyridine
(bond length = 1.96 A). Additionally, hydrophobic
interactions were also visible in its docking model
with Val848, Leu840, Lys868, Alag866, Glu885,
Leu889, Leul035, Val916, Cys1045, Phel047 and
Aspl046, c.f. Fig. 1 in supplementary data.

In regard of Sunitinib, it displayed a score of
energy (-5.76 kcal/mol) and showed hydrogen
bonds with Asp1046 and Cys919 with bond length
1.97 and 2.08 A respectively. Besides, an arene-H
interaction is seen between phenyl ring and Leu840
(c.f. Fig. 2 in supplementary data).

Generally, our compounds were successful at
attaching to the most essential residues in the
binding site. including Glu885, Asp1046, Cys919,
Cys1045, and Lys868. The docked model of
compound 6 exhibited docking scores energy (-7.95
kcal/mol) which is better than that, of sorafenib and
Sunitinib. It binds with four hydrogen bonds;
among them, two H bonds with Cys919 as the
reference drugs (bond length 1.93 and 3.42 A).
Moreover, it displayed another hydrogen bond with
Asp1046 (bond length 2.05 A) through the nitrogen
of hydrazide moiety and last one between Lys868
residue and carbonyl of quinoxaline nucleus with
bond length 2.84 A. Notably, hydrophobic
interactions of our hits with Ala866, Val848,
Lys868, Leu889, Glu85,valol6, Leul019,
Leul035, His1026, Cys1045, Aspl046 and
Phe1047 were found, (Fig.3).

Concerning docking of compound 7, it
revealed a compatible docking energy score (-5.71
kcal/mol) with that of Sunitinib (-5.76 kcal/mol).
Compound 7 displayed three hydrogen bonds with
Asp1046, Lys868 and Cys919 as the same manner
of compound 6 with bond length 3.18, 3.40 and 1.86
A respectively. Beside, hydrophobic interactions
with Aspl1046, Phe1047, Val848, Lys868, Glu88s,

Val916, His1026, Leul035, Cys1045, Alag66 and
Leu889 are observed in Fig.4.

Focusing on compound 8, it exhibited energy
score of (-6.76 kcal/mol) and formed four hydrogen
bonds. Two hydrogen bonds between Cys1045
residue and carbonyl (bond length 3.16 A) and
hydroxyl group (3.93 A) of carboxylic (COOH).
Also, chloro atom formed one hydrogen bond with
Val899 (2.71 A). Another hydrogen bond is formed
between nitrogen of hydrazide and Glug85 (1.33 A).
In addition, Arene-H was formed between phenyl
ring and Lys868 (c.f. Fig. 3 in supplementary data).

Finally, compound 9 exhibited docking score
of (-7.31 kcal/mol) which is better than its opened
analog 8 indicating that phthalimide moiety
enhances the affinity to the active site. It formed
hydrogen bond with Cys919 through carbonyl of
phthalimide (bond length 3.82 A). Also, it displayed
another hydrogen bond between Glu885 (1.52 A)
and NH of quinoxaline. In addition to arene-H
interaction with Leu840. Besides, hydrophobic
interactions are seen with Val848, Phel047,
Alag866, Glu885, LeuB889, Val916, Lys868,
Cys1045, LeuB840, Asp1046 and Leul035 (c.f. Fig.
4 in supplementary data).

Moreover, overlay docking alignment of
compounds 6 -9, sorafenib and sunitinib showed
excellent affinity of all our hits towards the
appropriate active site of VEGFR-2 as illustrated
(c.f. Fig. 5 in supplementary data).

5. CONCLUSIONS

We designed and synthesized four new
compounds based on quinoxaline that mimic the
documented Pharmacophore characteristics of
VEGFR-2 inhibitors. According to biological
findings, compounds 6 and 7 are particularly
interesting as cytotoxic agents. Noticeably,
compound 6 exhibited potent cytotoxic activity
against HCT-116 and MCF-7 cell lines more than
that expressed by doxorubicin. Compound 7
revealed strong anticancer effect toward MCF-7 cell
line while showing moderate activity toward
HCT-116 cell line. Moreover, compounds 8 and 9
displayed moderate activities against the above
mentioned cell lines. The target compounds 6 and 7
also displayed safety profiles in cytotoxicity assay
more than doxorubicin. They demonstrated binding
patterns like those reported for most VEGFR-2
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inhibitors in the docking studies. The outcomes of
the in silico prediction showed that compounds 6
and 9 are not P-gp protein substrates and do not
penetrate  the BBB, which solves the
pharmacokinetic issue with sunitinib. The new
compounds can be considered as a promising
candidate  for additional modification and
development in our future work.
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