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Novel series of phthalazine derivatives 6-11 were designed, synthesized, and evaluated for their
anticancer activity against two human tumor cell lines, HCT-116 human colon adenocarcinoma and
MCF-7 breast cancer cells, targeting the VEGFR-2 enzyme. Compounds 7a,b and 8b,c showed the
highest anticancer activities against both HCT116 human colon adenocarcinoma cells with ICsy of
6.04+0.30, 13.22+0.22, 18+0.20, and 35+ 0.45 uM, respectively, and MCF-7 breast cancer cells with
ICs50 of 8.8+0.45, 17.9+0.50, 25.2 +0.55, and 44.3 +0.49 uM, respectively, in comparison to sorafenib
as reference drug with ICso of 5.47 +0.3 and 7.26 + 0.3 uM, respectively. Eleven compounds in this
series were further evaluated for their inhibitory activity against VEGFR-2, where compounds 7a, 7b,
8¢, and 8b also showed the highest VEGFR-2 inhibition with ICso of 0.11+0.01, 0.31+0.03,
0.724+0.08, and 0.91 +0.08 uM, respectively, in comparison to sorafenib as reference ligand with ICsq
of 0.1+ 0.02. Furthermore, molecular docking studies were performed for all synthesized compounds
to predict their binding pattern and affinity towards the VEGFR-2 active site, in order to rationalize

their anticancer activity in a qualitative way.
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The vascular endothelial growth factor (VEGF) signaling
pathway plays pivotal role in regulating tumor angiogenesis.
VEGF as a therapeutic target has been validated in various
types of human cancers [1]. The VEGF receptor 2 (VEGFR-2)
represents a major target within the angiogenesis-related
kinases, hence considered the most important transducer of
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VEGF-dependent angiogenesis [2]. Thus, inhibition of VEGF/
VEGFR signaling pathway is regarded as an attractive
therapeutic target for inhibition of tumor angiogenesis
and subsequent tumor growth [3-5]. Phthalazin-1,4-diones
have been reported as potent type Il IMP dehydrogenase
inhibitors and as effective anti-proliferative agents against
different human and murine tumor cells particularly against
hepatocellular carcinoma [4]. Moreover, 1,4-disubstituted
phthalazines have attracted considerable attention as
promising and effective anticancer agents [4, 5]. For example,
1-piperazinyl-4-substitutedphthalazines have been reported
as active cytotoxic agents against A549, HT-29, and MDAMB-
231 [4]. Two studies reported the cytotoxicity of a series of
1-anilino-4-(arylsulfinyl/sulfonylmethyl)phthalazines against
Bel-7402 (human liver cancer cell line) and HT-1080 (human
fibrosarcoma cell line) [5].
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During the last two decades there is a growing interest in the
synthesis of several phthalazine derivatives for the treatment
of cancer as potent inhibitors of VEGFR-2 [4-18]. Vatalanib
(PTK787) was the first published anilinophthalazine derivative
as a potent VEGFR-2 inhibitor [14].

Sorafenib (Nexavar)™ is a potent VEGFR-2 inhibitor and has
been approved as antiangiogenic drug [19-21]. Regorafenib,
the fluoro derivative of sorafenib, showed anti-proliferative
activities on different cancer cell lines [22].

Based on the previous mentioned facts, we herein report
the synthesis of new series of phthalazine derivatives 6-11
based on the triazolo[3,4-a]phthalazine scaffold, aiming to
obtain potent VEGFR-2 inhibitors with good anticancer
activity.

Rationale and structure-based design

Study of the structure activity relationships (SAR) and
common pharmacophoric features shared by sorafenib and
various VEGFR-2 inhibitors revealed that most VEGFR-2
inhibitors shared four main features as shown in Fig. 1 [23-25]:
(i) The core structure of most inhibitors consists of a flat
heteroaromatic ring system that contains at least one N atom
which occupied the catalytic ATP-binding domain; (ii) a
central aryl ring (hydrophobic spacer), occupying the linker
region between the ATP-binding domain and the DFG
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domain of the enzyme [26]; (iii) a linker containing a
functional group acting as pharmacophore (e.g., amino or
urea) that possesses both H-bond acceptor and donor in order
to bind with two crucial residues (Glu883 and Asp1044) in the
DFG (Asp-Phe-Gly) motif, an essential tripeptide sequence in
the active kinase domain. The NH motifs of the urea or amide
moiety usually form one hydrogen bond with Glu883,
whereas the (=0 motif forms another hydrogen bond with
Asp1044; and (iv) the terminal hydrophobic moiety of the
inhibitors occupies the newly created allosteric hydrophobic
pocket revealed when the phenylalanine residue of the DFG
loop flips out of its lipophilic pocket defining DFG-out or
inactive conformation. Thus, hydrophobic interactions are
usually attained in this allosteric binding region [27]. Further-
more, analysis of the X-ray structure of various inhibitors
bound to VEGFR-2 confirmed the sufficient space available for
various substituents around the terminal heteroaromatic
ring [28, 29].

The goal of our work was the synthesis of new agents with
the same essential pharmacophoric features of the reported
and clinically used VEGFR-2 inhibitors (e.g., sorafenib and
vatalanib). The main core of our molecular design rationale
comprised bioisosteric modification strategies of VEGFR-2
inhibitors at four different positions (Fig. 2).

Our target compounds were designed as triazolo[3,4-a]-
phthalazine scaffold joined with different hydrophobic
moieties through different linkers (HBA-HBD), the main
pharmacophoric feature in VEGFR-2 inhibitors (e.g.,
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Figure 1. The basic structural requirements for sorafenib as reported VEGFR-2 inhibitor.
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Figure 2. Summary for the possible modifications of VEGFR-2 inhibitors.

sorafenib) hoping to obtain more potent VEGFR-2 inhibitors.
Firstly, bioisosteric approach was adopted in the target
phthalazines, where triazole ring was selected to replace
pyridine ring and phthalazine ring system to replace the
central aryl ring of lead structures aiming to increase VEGFR-
2 binding affinity. Then, different strategies were applied on
this core. The first one depends on the utilization of different
linkers, methylidenehydrazino linker (-NH-N=CH-) in the
first series 6a-h, hydrazinecarboxamide (-NH-NH-CO-NH-)
in the second series 7a-b and hydrazinecarbothioamide (-
NH-NH-CS-NH-) in the third series 8a-c, between triazolo-
[3,4-a]phthalazine and distal hydrophobic moieties. Also, the
hydrophobic phenyl tail of the reported ligands was replaced
by aliphatic groups namely cyclohexyl, ethyl, propyl, and
methyl in compounds 7a, 8a-b, and 9, respectively. The third
strategy focused on the usage of different substituents on
phenyl moiety as in compounds 6a-h. Furthermore, the
substitution pattern was selected to ensure different
electronic and lipophilic environments which could influence
the activity of the target compounds. On the other hand, the
linkers in compounds 10 and 11 between distal phenyl
moiety and the triazolo[3,4-alphthalazine core was designed
in different way, were they constitute a part of rigid ring
structures to study the effect of free rotated open chain and/
or closed ring structure linkers on SAR. These modifications
were performed in order to carry out further elaboration of
the phthalazine scaffold and to explore a valuable SAR. The
designed target triazolo[3,4-a]phthalazines were synthe-
sized to evaluate their potential VEGFR-2 inhibitory and anti-
tumor activities against two human tumor cell lines, namely,

© 2017 Deutsche Pharmazeutische Gesellschaft

HCT-116 human colon adenocarcinoma and MCF-7 breast
cancer.

The essential pharmacophoric features in the triazolo[3,4-
alphthalazine VEGFR-2 inhibitors [30, 31] include (Fig. 3): the
presence of fused aromatic system represented by phthala-
zine ring as hydrophobic portion liked to different (un)
substituted hydrophobic through different linkers which
interacting as H-bond donor through its NH with the side
chain carboxylate of the essential amino acid residue
Glutamate883 and through hydrophobic interaction with
its (un)substituted hydrophobic moieties with the hydropho-
bic pocket lined with the hydrophobic side chains of
Leucine1033, Cysteine917, Phenylalanine916, Glutamate915,
Valine914, Valine897, Lysine866, and Alanine864. In addition,
1,2,4-triazolo moiety was designed to replace the pyridine
moiety of the reference ligand sorafenib. Compound 7a has
NHNHCONH linker which resembles the urea linker of
sorafenib and formed H-bond with the essential amino acid
Glutamate883. It also has hydrophobic distal cyclohexyl
moiety which increases the affinity toward VEGFR-2 by
hydrophobic interactions. These interactions may explain
the highest anticancer activity.

Our target compounds were designed as hybrid molecules.
These molecules formed of triazolo[3,4-alphthalazine ring
system joined with different substituted moieties through
different linkers offering various electronic and lipophilic
environments to study their impact on the activity hoping to
obtain more potent anticancer agents. Molecular docking
studies were carried out to study the interaction of the newly
synthesized compounds with VEGFR-2, their binding mode
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Figure 3. Structural similarities and pharmacophoric features of VEGFR-2 inhibitors and selected designed compounds.

and their ability to satisfy the pharmacophoric features
required to induce the desired inhibition.

Chemistry

The synthetic strategy for preparation of the target compounds
(5-11) is depicted in Schemes 1 and 2. Synthesis was initiated by
reacting phthalic anhydride with hydrazine hydrate in the
presence of acetic acid to provide 2,3-dihydrophthalazine-1,4-
dione (1), which was treated with phosphorus oxychloride to
afford 1,4-dichlorophthalazine (2). The obtained dichloro
derivative 2 was refluxed with hydrazine hydrate in the
presence of acetic acid to afford the corresponding 1-chloro-
4-hydrazinylphthalazine (3). The key intermediate 6-chloro-
[1,2,4]triazolo[3,4-alphthalazine (4) was prepared via cycliza-
tion of 3 with triethylorthoformate. Heating the chloro
intermediate 4 with hydrazine hydrate furnished the corre-
sponding 6-hydrazinyl-[1,2,4]triazolo[3,4-a]phthalazine (5)

© 2017 Deutsche Pharmazeutische Gesellschaft

which underwent condensation with the appropriate aldehyde
to obtain the corresponding Schiff's bases 6a-g (Scheme 1). The
hydrazine derivative 5 was refluxed with the appropriate
isocyanate and/or isothiocyanate to yield the corresponding
carboxamide (7a,b) and/or carbothioamide (8a—c) derivatives,
respectively, while when refluxed with acetic anhydride
afforded the corresponding acetyl derivative 7. On the other
hand, condensation of the hydrazine 5 with phthalicanhydride
and/or isatoic anhydride furnished the corresponding isoindo-
line-1,3-dione (10) and/or quinazoline-2,4-dione (11) deriva-
tives, respectively (Scheme 2).

Docking studies
In the present work, all modeling experiments were
performed using Molsoft software. Each experiment used
VEGFR-2 downloaded from the Brookhaven Protein Databank
(PDB ID 1YWN) [30].

www.archpharm.com (4 of 16) 1700240



Arch. Pharm. Chem. Life Sci. 2017, 350, 1700240
Phthalazine Derivatives as VEGFR-2 Inhibitors

ARCH

Archiv der Pharmazie

O O Cl
POCI1
CH;COOH NH N
© s! al
1 2
NH,NH,
CH;COOH
NHNH, Cl Cl
SN NH,NH, X 1}1 Triethylorthoformate | X 1}}
I B ————
N
\ N» CH,COOH \ N» Z
N-N N-N NHNH,
5 4 3
/%"
EtOH / —
AcOH | H
)
Y p}{
NHN
H
N
N
\ 7
N-N
6a-h
6) a)R=H b) R =2-Cl ¢)R=4-Cl d)R=24-Cl,
e R=26-Cl f)R = 4-OH g) R =2-OCH, h) R =4-OCH,

Scheme 1. Synthetic route for preparation of the target compounds 1 to 6a-h.

The obtained results indicated that all studied ligands have
similar position and orientation inside the putative binding
site of VEGFR-2 which reveals a large space bounded by a
membrane-binding domain which serves as entry channel for
substrate to the active site (Fig. 4). In addition, the affinity of
any small molecule can be considered as a unique tool in the
field of drug design. There is a relationship between the
affinity of organic molecules and the free energy of
binding [32, 33]. This relationship can contribute in prediction
and interpretation of the activity of the organic compounds

© 2017 Deutsche Pharmazeutische Gesellschaft

toward the specific target protein. The obtained results of the
free energy of binding (AG) explained that most of these
compounds had good binding affinity toward the receptor
and the computed values reflected the overall trend (Table 1).

First, the molecular docking of vatalanib revealed affinity
value of —73.26 kcal/mol and one H-bond with the key amino
acid in the active site Glutamate883 (1.58 A) through its
anilino nitrogen (NH linker). The phthalazine ring of vatalanib
occupied the hydrophobic pocket formed by Glutamate883,
Isoleucine886, Leucine887, and Aspartate1044. Moreover, the
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Scheme 2. Synthetic route for preparation of the target compounds 7-11.

4-chlorophenyl moiety attached to the amino group at 1-
position occupied the hydrophobic pocket formed by Cyste-
ine1043, Aspartate1044, Valine897, Glutamate915, Va-
line914, Alanine864, and Lysine866. Furthermore, the
pyridin-4-ylmethyl moiety at 4-position occupied the hydro-
phobic pocket formed by Valine897, Histidine892, Glycine891,
and Isoleucine890 (Fig. 5).

The proposed binding mode of sorafenib revealed affinity
value of —89.67 kcal/mol and four H-bonds. The urea linker
formed two H-bonds with the key amino acid Glutamate883

© 2017 Deutsche Pharmazeutische Gesellschaft

(2.13A)through its NH group and with Aspartate1044 (1.65 ,&)
through its carbonyl group. The central phenyl ring occupied
the hydrophobic pocket formed by Glutamate883, Isoleu-
cine886, Leucine887, Isoleucine1042, Cysteine1043, and As-
partate1044. Moreover, the distal hydrophobic 3-
trifluromethyl-4-chlorophenyl moiety attached to the urea
linker occupied the hydrophobic pocket formed by Cyste-
ine1043, Leucine1033, Valine897, Valine914, Alanine864,
Valine865, and Lysine866. Furthermore, the N-methylpicoli-
namide moiety occupied the hydrophobic groove formed by
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Figure 4. Superimposition of some docked
compounds inside the binding pocket of TYWN.

Table 1. The calculated AG (free energy of binding) and binding affinities for the ligands (AG in kcal/mol).

Compound AG [kcal/mol] Compound AG [kcal/mol]
5 —66.67 7b —80.97
6a -71.84 8a —69.56
6b —74.23 8b —-77.53
6¢ —75.65 8c -79.32
6d —74.53 9 -61.69
6e -71.57 10 —59.95
6f —-72.79 1 —66.73
69 —74.47 Vatalanib -73.26
6h —63.22 Sorafenib —89.67
7a —85.74

Arginine1025, Histidine1024, Isoleucine1023, Cysteine1022,
Leucine1017, Isoleucine890, Histidine889, and Isoleucine886
while its carbonyl was stabilized by formation of two H-bonds
with Arginine1025 (1.90 and 2.12 A) (Fig. 6). The linker played
an important role in the binding affinity toward VEGFR-2
enzyme, where it was responsible for the higher binding

© 2017 Deutsche Pharmazeutische Gesellschaft

Figure 5. Predicted binding mode for vatalanib
with TWYN. H-bonded atoms are indicated by
dotted lines.

affinity of sorafenib than vatalanib. This finding encouraged
us to use different linkers resembling that of sorafenib to
obtain potent VEGFR-2 inhibitors.

As planned, the proposed binding mode of compound 7ais
virtually the same as that of sorafenib which revealed affinity
nearly equal to that of sorafenib with value of —85.74 kcal/
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mol and two H-bonds. Its NH group of the linker formed one
H-bond with Glutamate883 (2.20 A). The N atom at 5-position
of 1,2,4-triazo|o[3,4-a°]phthalazine formed one H-bond with
Aspartate1044 (2.46 A). The 1,2,4-triazolo[3,4-a]phthalazine
ring occupied the hydrophobic pocket formed by Aspar-
tate1044, Cysteine1043, Isoleucine1042, Histidine1024, Cyste-
ine1022, Leucine1017, Valine897, Isoleucine890, Leucine887,
Isoleucine886, and Glutamate883. As a result of changing the
NH linker by NHNHCONH one, the cyclohexyl moiety attached
to the new linker group at 6-position occupied the
hydrophobic pocket formed by Leucine1033, Cysteine917,
Phenylalanine916, Glutamate915, Valine914, Valine897, Ly-
sine866, and Alanine864 (Fig. 7). These interactions of
compound 7a may explain the highest anticancer activity.
The proposed binding mode of 7b (Fig. 8) is virtually the
same as that of 7a which revealed affinity value of —80.97
kcal/mol and two H-bonds with Glutamate883 (2.20 A) and

© 2017 Deutsche Pharmazeutische Gesellschaft

Figure 6. Predicted binding mode for sorafenib
with TWYN. H-bonded atoms are indicated by
dotted lines.

Aspartate1044 (2.46 A). The phenyl moiety occupied the same
hydrophobic pocket occupied by cyclohexyl moiety of 7a.

The proposed binding mode of 8c is virtually the same as
that of 7b which revealed affinity value of —79.32kcal/mol
and two H-bonds with Glutamate883 (2.21A) and Aspar-
tate1044 (2.41 A) (Fig. 9).

Also, the proposed binding mode of 8b (Fig. 10) is virtually
the same as that of 7a which revealed affinity value of
—77.53 kcal/mol and two I-°|-bonds with Glutamate883 (2.11 A)
and Aspartate1044 (2.47 A). The propyl moiety occupied the
same hydrophobic pocket occupied by cyclohexyl moiety
of 7a.

From the obtained docking results (Table 1), we concluded
that NHNHCONH and/or NHNHCSNH linkers impart higher
affinities toward VEGFR-2 enzyme than NH linker. The open
chain free rotated linkers exhibited higher binding affinities
than the rigid cyclic ones. Clog P values or lipophilicity play an

Figure 7. Predicted binding mode for 7a with
TWYN.
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Figure 8. Predicted binding mode for 7b with
TWYN.

Figure 9. Predicted binding mode for 8c with
TWYN.

Figure 10. Predicted binding mode for 8b with
TWYN.
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important role in their VEGFR-2 inhibitory activities which
may be due to higher hydrophobic interactions.

Biological assays
In vitro cytotoxic activity
Anti-proliferative activity of the newly synthesized phthala-
zinones 6a-h to 11 was examined in two human cancer cell
lines, namely, HCT116 human colon adenocarcinoma and
MCF-7 breast cancer using 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) colorimetric assay as
described by Mosmann [34-36]. Sorafenib was included in the
experiments as a reference cytotoxic drug. The results were
expressed as growth inhibitory concentration (ICso) values
which represent the compound concentrations required to
produce a 50% inhibition of cell growth after 72h of
incubation calculated from the concentration-inhibition
response curve and summarized in Table 2. From the obtained
results, it was explicated that most of the prepared
compounds displayed excellent to modest growth inhibitory
activity against the tested cancer cell lines. Investigations of
the cytotoxic activity against HCT116 indicated that it was
more sensitive cell line to the influence of the new derivatives.
In particular, compound 7a was found to be the most potent
derivative of all the tested compounds against HCT116 and
MCF-7 cancer cell lines with 1C50=6.04+0.30 and
8.8 +0.45 uM, respectively. It has nearly the same activity as
sorafenib against HCT116 (ICso=5.47 +0.3) and MCF-7 cell
lines (ICsp=7.26+0.3uM). With respect to the HCT116
human colon cancer, compounds 7b, 8c, and 8b displayed
good anticancer activity with 1C50=13.22+0.22, 18 +0.20,
and 35+0.45 puM, respectively. Compounds 6¢, 6d, and 6g
with 1Cso ranging from 110+ 0.22 to 164+ 1.27 uM displayed
moderate cytotoxicity. Other compounds with ICso ranging
from 178+0.33 to 226.22+2.43uM exhibited low
cytotoxicity.

Cytotoxicity evaluation in MCF-7 cell line revealed that
compounds 7b, 8¢, and 8b with IC5o=17.9+0.50, 25.2 +0.55,
and 44.3+0.49 pM, respectively, showed good cytotoxic
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activity. Compounds 6d, 6e, and 6¢ with 1Csy ranging from
140.4 + 1.44 to 143.6 +1.32 M showed moderate cytotoxic-
ity. On the other hand, other compounds displayed low
cytotoxicity.

In vitro VEGFR-2 kinase assay

The most active anti-proliferative derivatives 6a-g, 7a-b, and
8b-c were selected to evaluate their inhibitory activities
against VEGFR-2 by use of an anti-phosphotyrosine antibody
with the Alpha Screen system (PerkinElmer, USA). The results
were reported as a 50% inhibition concentration value (ICs0)
calculated from the concentration—inhibition response curve
and summarized in Table 2. Sorafenib was used as positive
control in this assay. The tested compounds displayed good to
moderate inhibitory activity with 1Cso values ranging from
0.11 to 1.55uM. Among them, compound 7a potently
inhibited VEGFR-2 at low ICso value (0.11+0.01 uM) equi-
potent as sorafenib ICsy value (0.1+0.02uM). Also, com-
pounds 7b, 8¢, and 8b possessed good VEGFR-2 inhibition with
IC50 values of 0.31+0.03, 0.72+0.08, and 0.9140.08 uM,
respectively.

The preliminary SAR study has focused on the effect of
replacement of the amino and urea linkers of vatalanib and
sorafenib, respectively, with different linkers which interact as
H-bond donor through its NH with the side chain carboxylate
of the essential amino acid residue Glutamate883 and
through hydrophobic interaction through its attached (un)
substituted hydrophobic moieties. Also, replacement of
pyridine moiety at position-4 of the phthalazine scaffold of
the mentioned ligands by the fused 1,2,4-triazolo moiety of
the synthesized compounds on the antitumor activities. 1,2,4-
Triazolo moiety occupied the same hydrophobic pocket which
is occupied by the pyridine moiety of the standard ligands. On
the other hand different aliphatic groups were introduced
instead of the phenyl moiety of the reference ligands.
Moreover, different substitutions were introduced to the
phenyl group with different lipophilicity and electronic
nature in order to study their effect in the anticancer activity.

In vitro cytotoxic activities of the newly synthesized compounds against HCT116 and MCF-7 cell lines.

1Cs (1M)?

Comp HCT116 MCF-7 VEGFR-2 Clog P
6a 200.50 + 2.24 NAD 1.46 + 0.16 2.78
6b 178 £ 033 | 253.5+ 1.77 1.31+0.14 3.41
6c 110 £0.22 | 143.6 + 1.32 1.17 £0.13 3.46
6d 130.5 + 0.26 | 140.4 + 1.44 1.21 £ 0.12 4,07
6e 22622 +2.43 | 1423 + 155 1.55 + 0.16 4.04
6f 194.8 + 0.22 NAD 1.35 +0.14 2.31
6g 164 +1.27 | 2159 + 1.63 1.29 +0.13 2.72
6h NAD NAD NT -

Sora.=Sorafenib.

1Cso (l‘-M)a)

Comp HCT116 MCF-7 VEGFR-2 Clog P
7a 6.04 + 0.30 8.8 + 0.45 0.11 + 0.01 2.66
7b 13.22 + 0.22 17.9 + 0.50 0.31 + 0.03 2.46
8a NAD NAD NTO -
8b 35 + 0.45 44.3 + 0.49 0.91 + 0.08 2.18
8c 18 + 0.20 25.2 + 0.55 0.72 + 0.08 2.36
1 NAD NAD NTO -

Sora. 5.47 £ 0.3 7.26 + 0.3 0.10 + 0.02 -

3|Cgo values are the mean + S.D. of three separate experiments. PNA: Compounds having ICso value >300 M. “NT: Compounds

not tested for their VEGFR-2 inhibitory activity.

© 2017 Deutsche Pharmazeutische Gesellschaft
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The data obtained revealed that the tested compounds
displayed different levels of anticancer activity and possessed
a distinctive pattern of selectivity against the HCT-116 human
colon adenocarcinoma cell lines. Generally, the linkers,
lipophilicity, and electronic nature exhibited an important
role in anticancer activity. The NHNHCONH and NHNHCONH
linkers as in compounds 7a-b and 8b-c were found to be
essential for the good activity against both HCT116 human
colon and MCF-7 breast cancer cell lines. The free rotating
open chain NHNHCONH linker exhibited higher activity than
that of the cyclic NHNCONH one as in compound 11.
Alternatively, the distal phenyl group is not essential for
activity where the more lipophilic cyclohexyl moiety as in
compound 7a displayed the highest anticancer potency
against both cell lines. Also, the more lipophilic electron
releasing cyclohexyl moiety as in compound 7a exhibited
higher anticancer activity than propyl as in 8b and ethyl one as
in 8a. With respect to the HCT116 human colon cancer, the
lipophilic electron deficient group Cl at para-position as
compound 6¢ exhibited higher potency than at ortho-position
as 6b which enables us to deduce that the lipophilic electron
deficient group at para-position is essential for good activity.
Also, electron deficient group (Cl) at para-position (e.g., 6¢c)
revealed higher activity than that of electron releasing groups
(OH and OCHs3) as in 6f and 6h, respectively. On the other
hand, electron releasing groups (OCHs) at ortho-position as in
6g showed higher activity than at para-position as 6h.
Furthermore, the mono Cl substitution at para-position (6c)
showed higher activity than the 2,4- and 2,6-diCl substitution
(as 6d and 6e, respectively). The activities were decreased in
the order of 7a>7b>8c>8b > 6c>6d>6g > 6b > 6f>6a>
6e for the colon cancer. With respect to the MCF-7 breast
cancer, the lipophilicity played the major role in the activity.
The lipophilic electron releasing aliphatic cyclohexyl moiety
(at 7a) showed higher activity than the phenyl (at 8c and 7b)
which exhibited higher activity than the propyl moiety (at 8b).
The more lipophilic 2,4-diCl substitution at 6d exhibited
higher activity than 2,6-diCl at 6e which displayed higher
activity than the mono substitution 4-Cl and 2-Cl at 6¢c and 6b,
respectively. Moreover, the electron releasing OCHs at ortho-
position as 6g revealed higher potency than the electron
deficient one as 6b. The activities were decreased in the order
of 7a>7b>8c>8b>6d>6e>6c>6g>6b for the breast
cancer cells.

C log P correlation

As a trial for interpretation of the correlation between
chemical structures of compounds 6a-g, 7a-b, and 8b-c and
their biological activity, an attempted correlation of antican-
cer activity with C log P data was calculated for the
measurement of the lipophilicity factor which could be
attributed in their anticancer activity. Determination of
lipid-water partitioning in vitro is difficult, time-consuming,
expensive, not always available, and not suitable to screen a
large collection of new chemicals. Therefore, an alternative
method was used based on computerized models [37]. So, the
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C log P values were calculated for the new compounds to
reflect the overall lipophilicity of these compounds and
compared. The C log P data for all selected compounds are
explained in Table 2 ranging from 2.18 to 4.07. Generally, it
was found that the derivative with higher C log P value
exhibited higher anticancer potency which may be explained
by the hydrophobic interactions with active site of VEGFR-2
enzyme. From the structure of the synthesized compounds
and the data shown in Table 2 we can divide these tested
compounds into two groups. The first group is carboxamide
and carbothioamide derivatives 7a-b and 8b-c, respectively.
In this group, it is worthwhile to note that the higher potent
compounds 7a, 7b, 8¢, and 8b displayed their potency against
both cell lines and as VEGFR-2 inhibitors according to their C
log P order (C log P values of 2.66, 2.46, 2.36, and 2.18,
respectively). The second group is the Schiff’'s bases 6a-g.
Among these compounds, 6d, 6e, 6¢, and 6b with C log P
values of 4.07, 4.04, 3.46, and 3.41, respectively, exhibited
anticancer activity against MCF-7 breast cancer with good
correlation with the lipophilicity factor. In spite of compound
6g having higher anticancer potency than compound 6b, it
had lower Clog P value (2.72) and had no correlation with the
lipophilicity factor. In this group, the anticancer activity
against HCT116 human colon cell lines and VEGFR-2 enzyme
inhibition were affected by the electronic effect and had bad
correlation with their lipophilicity factor.

The molecular design was performed to investigate the
binding mode of the proposed compounds with VEGFR-2
receptor. The data obtained from the docking studies showed
that compounds 7a, 7b, 8¢, and 8b have considerable higher
affinity toward the VEGFR-2 receptor in comparison to
vatalanib as reference ligand and compound 7a showed
nearly the same affinity of sorafenib. This higher effect may
be due to the change of the linker of vatalanib to resemble
that of sorafenib. The data obtained from the biological
screening fitted with that obtained from the molecular
modeling. All the tested compounds showed variable
anticancer activities. 7a, 7b, 8¢, and 8b showed the highest
anticancer activities against both HCT116 human colon
adenocarcinoma with I1Csq of 6.04+0.30, 13.2240.22,
18 £0.20, and 35+0.45uM, respectively, and MCF-7 breast
cancer with ICso of 8.84+0.45, 17.9£0.50, 25.2+0.55, and
44.3 4 0.49 nM, respectively, compared to sorafenib as refer-
ence drug. Also, compounds 7a, 7b, 8¢, and 8b showed the
highest VEGFR-2 inhibition with 1Csy of 0.11+0.01,
0.31+£0.03, 0.72+0.08, and 0.91+0.08 uM, respectively, in
comparison to sorafenib as reference ligand. Clog P values for
the tested compounds play an important role in their
anticancer potency especially against MCF-7 breast cancer.
The obtained results showed that the most active compounds
could be useful as a template for future design, optimization,
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adaptation, and investigation to produce more potent and
selective VEGFR-2 inhibitors with higher anticancer analogs.

Chemistry
General
All melting points were determined by open capillary method
on a Gallenkamp melting point apparatus at Faculty of
Pharmacy Al-Azhar University and are uncorrected. The
infrared spectra were recorded on Pye Unicam SP 1000 IR
spectrophotometer at Pharmaceutical Analytical Unit, Faculty
of Pharmacy, Al-Azhar University using potassium bromide
disc technique. Proton magnetic resonance "H NMR spectra
were recorded on a Mercury 300BB “"NMR300” spectrometer
at Faculty of Sciences, Cairo University, Cairo, Egypt. '>C NMR
spectra were recorded on an Agilent 400 MHZ-NMR spec-
trometer at Chemical Laboratory — Ministry of Defense —
Cairo. TMS was used as internal standard and chemical shifts
were measured in § scale (ppm). The mass spectra were carried
out on Direct Probe Controller Inlet part to Single Quadropole
mass analyzer in Thermo Scientific GCMS model ISQ LT using
Thermo X-Calibur software at the Regional Center for
Mycology and Biotechnology, Al-Azhar University. Elemental
analyses (C, H, N) were performed on a CHN analyzer at
Regional Center for Mycology and Biotechnology, Al-Azhar
University. All compounds were within 0.4 of the theoretical
values. The reactions were monitored by thin-layer chroma-
tography (TLC) using TLC sheets precoated with UV fluores-
cent silica gel Merck 60 F254 plates and were visualized using
UV lamp and different solvents as mobile phases.

The NMR spectra as well as the InChl codes of the
investigated compounds together with some biological data
are provided as Supporting Information.

Synthesis of compounds 1-4
2,3-Dihydrophthalazine-1,4-dione (1), 1,4-dichlorophthala-
zine (2), 1-chloro-4-hydrazinylphthalazine (3), and 6-chloro-
[1,2,4]triazolo[3,4-a]phthalazine (4) were obtained according
to the reported procedures [19].

6-Hydrazinyl-[1,2,4]triazolo[3,4-a]phthalazine (5)

6-Chloro-[1,2,4]triazolo[3,4-a]phthalazine (4) (2.046 g,
0.01 mol) was added to a boiling solution of hydrazine
hydrate 70% (3.73mL) in ethanol (50mL). The reaction
mixture was refluxed for 30 min, cooled and the resulting
precipitate was filtered, washed with petroleum ether
(2 x 20 mL), dried and re-crystallized from ethanol to obtain
compound 5. Yield, 86%; m.p. 270-2°C; IR, max (cm™"): 3447
(NH), 3224 (NH,), 3081 (C-H aromatic), 2945 (C-H aliphatic),
1519 (C=N); "H NMR (400 MHz, DMSO-dg): 4.40 (s, 2H, NH,)
(D,O exchangeable), 7.79-7.84 (m, H, H-8 of phthalazine),
7.92-7.97 (m, H, H-9 of phthalazine), 8.27-8.30 (d, H, H-7 of
phthalazine, /=8.1Hz), 8.41-8.44 (d, H, H-10 of phthalazine,
J=7.8Hz), 8.99 (s, 1H, NH) (D,0 exchangeable), 9.15 (s, 1H, CH
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of triazole ring); "*C NMR (DMSO-dg, 300 MHz): § = 154.13 (C,
C-6), 144.30 (C, C-10b), 136.14 (CH, C-3), 132.97 (CH, C-9),
132.41 (CH, C-8), 129.38 (CH, C-10), 125.73 (C, C-10a), 125.65
(CH, C-7), 124.97 (C, 6a); MS (m/z): 201 (M +1, 7.75%), 200
(M*, 60.72%), 129 (96.18%), 102 (100%, base peak); Anal.
calcd. for CgHgNg (m.w. 200): C, 53.99; H, 4.03; N, 41.98. Found:
C, 54.17; H, 4.10; N, 41.99.

6-(2-(Substitutedbenzylidene)hydrazinyl)-[1,2,4]triazolo
[3,4-a]-phthalazine (6a-h)

General method: A mixture of 6-hydrazinyl-[1,2,4]triazolo-
[3,4-alphthalazine (5) (0.4g, 0.002 mol) and the appropriate
aldehyde (0.002 mol) in absolute ethanol (30 mL) was refluxed
for 6 h, in the presence of few drops of glacial acetic acid. The
obtained solid product after cooling was filtered and
recrystallized from ethanol to afford the corresponding
Schiff's bases (6a-h), respectively.

6-(2-Benzylidenehydrazinyl)-[1,2,4]triazolo[3,4-a]-
phthalazine (6a)

Yield, 72%; m.p. 260-2°C; IR,max (cm~"): 3211 (NH), 3070 (C-H
aromatic), 2893 (C-H aliphatic), 1565 (C=N); "*C NMR (DMSO-
de, 400 MHz): § = 159.74 (C, C-6), 150.11 (CH, NHN=CH), 142.09
(C, C-10b), 140.20 (CH, C-3), 135.77 (C, C-1"), 134.98 (CH, C-9),
133.48 (CH, C-8), 132.24 (2CH, C-2’, and C-6’), 128.78 (2CH, C-3/,
and C-5'), 126.95 (CH, C-4’), 125.95 (CH, C-10), 123.69 (C, C-
10a), 123.40 (CH, C-7), 122.64 (C, 6a); MS (m/z): 289 (M'+1,
4.41%), 288 (M', 17.73%), 185 (100%, base peak), 129
(81.04%); Anal. calcd. for Ci6H12Ng (Mm.w. 288): C, 66.66; H,
4.20; N, 29.15. Found: C, 66.89; H, 4.24; N, 29.32.

6-(2-(2-Chlorobenzylidene)hydrazinyl)-[1,2,4]triazolo[3,4-
alphthalazine (6b)

Yield, 82%; m.p. 270-2°C; IR,,max (cm~"): 3185 (NH), 3074 (C-H
aromatic), 2902 (C-H aliphatic), 1573 (C=N); 'H NMR
(300 MHz, DMSO-dg): 7.41-7.54 (m, 3H, H-3, H-4, and H-5 of
phenyl), 7.90-8.09 (m, 3H, H-6 of phenyl, H-8, and H-9 of
phthalazine), 8.48-8.51 (m, 2H, H-7 and H-10 of phthalazine),
8.88 (s, TH, N=CH), 9.32 (s, 1H, CH of triazole ring), 11.49 (s, 1H,
NH) (D,O exchangeable); Anal. calcd. for CigHq1CINg (m.w.
322.5): C, 59.54; H, 3.44; N, 26.04. Found: C, 59.70; H, 3.49; N,
26.18.

6-(2-(4-Chlorobenzylidene)hydrazinyl)-[1,2,4]triazolo[3,4-
ajphthalazine (6c)

Yield, 84%; m.p. 267-9°C; IR,max (cm~"): 3277 (NH), 3098 (C-H
aromatic), 2948 (C-H aliphatic), 1565 (C=N); 'H NMR
(300 MHz, DMSO-dg): 7.54-7.57 (m, 2H, H-3, and H-5 of
phenyl), 7.79-7.82 (m, 2H, H-2, and H-6 of phenyl), 7.91-7.96
(m, H, H-8 of phthalazine), 8.00-8.05 (m, H, H-9 of
phthalazine), 8.49-8.51 (m, 3H, H-7, and H-10 of phthalazine
and N=CH), 9.31 (s, 1H, CH of triazole ring), 11.34 (s, TH, NH)
(D,0 exchangeable); Anal. calcd. for C4gH11CINg (m.w. 322.5):
C, 59.54; H, 3.44; N, 26.04. Found: C, 59.67; H, 3.46; N, 26.21.
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6-(2-(2,4-Dichlorobenzylidene)hydrazinyl)-[1,2,4]-
triazolo[3,4-a]phthalazine (6d)

Yield, 87%; m.p. 265-7°C; IR,max (cm™~"): 3157 (NH), 3091 (C-H
aromatic), 2919 (C-H aliphatic), 1565 (C=N); '*C NMR
(400 MHz, DMSO-dg): §=161.09 (C, C-6), 149.21 (CH,
NHN=CH), 146.35 (C, C-10b), 141.66 (CH, C-3), 140.03 (C, C-
1), 133.74 (CH, C-9), 130.96 (CH, C-8), 128.92 (2C, 2CCl), 127.53
(CH, C-3’), 124.88 (CH, C-10), 123.77 (C, C-10a), 123.31 (CH, C-
7), 118.24 (C, 6a), 114.82 (2CH, C-5/, and C-6’); MS (m/z): 361
(M*+4, 0.83%), 360 (MT+2, 1.67%), 359 (M"+2, 4.49%), 357
(M*, 7.98%), 185 (100%, base peak), 129 (41.81%); Anal.
caled. for CygH10Cl:Ng (m.w. 357): C, 53.80; H, 2.82; N, 23.53.
Found: C, 53.96; H, 2.84; N, 23.72.

6-(2-(2,6-Dichlorobenzylidene)hydrazinyl)-[1,2,4]-
triazolo[3,4-a]phthalazine (6e)

Yield, 88%; m.p. 266-8°C; IR,max (cm~"): 3192 (NH), 3092 (C-H
aromatic), 2902 (C-H aliphatic), 1565 (C=N); 'H NMR
(300 MHz, DMSO-dg): 7.42-7.60 (m, 3H, H-3, H-4, and H-5 of
phenyl), 7.91-7.96 (m, H, H-8 of phthalazine), 8.01-8.06 (m, H,
H-9 of phthalazine), 8.50-8.56 (m, 2H, H-7, and H-10 of
phthalazine), 8.65 (s, TH, N=CH), 9.28 (s, 1H, CH of triazole
ring), 11.57 (s, TH, NH) (D,O exchangeable); Anal. calcd. for
C16H10ClaNg (m.w. 357): C, 53.80; H, 2.82; N, 23.53. Found: C,
54.04; H, 2.80; N, 23.67.

6-(2-(4-Hydroxybenzylidene)hydrazinyl)-[1,2,4]-
triazolo[3,4-aJphthalazine (6f)

Yield, 78%; m.p. 270-2°C; IRymax (cm~"): 3223 (NH), 3084 (C-H
aromatic), 2945 (C-H aliphatic), 1594 (C=N); 'H NMR
(300 MHz, DMSO-dg): 6.86-6.88 (m, 2H, H-3, and H-5 of
phenyl), 7.60-7.62 (m, 2H, H-2, and H-6 of phenyl), 7.89-7.92
(m, H, H-8 of phthalazine), 7.96-7.98 (m, H, H-9 of
phthalazine), 8.39 (s, 1H, N=CH), 8.46-8.48 (m, 2H, H-7, and
H-10 of phthalazine), 9.27 (s, 1H, CH of triazole ring), 9.90 (s,
1H, OH) (DO exchangeable), 11.02 (s, 1H, NH)
(D,0 exchangeable); Anal. calcd. for CigH12NgO (m.w. 304):
C, 63.15; H, 3.97; N, 27.62. Found: C, 63.53; H, 3.95; N, 27.80.

6-(2-(2-Methoxybenzylidene)hydrazinyl)-[1,2,4]-
triazolo[3,4-a]phthalazine (6g)

Yield, 76%; m.p. 271-3°C; IR, max (cm~"): 3226 (NH), 3085 (C-H
aromatic), 2955 (C-H aliphatic), 1594 (C=N); 'H NMR
(300 MHz, DMSO-dg): 3.90 (s, 3H, OCH3), 7.03-7.08 (m, H, H-
3 of phenyl), 7.11-7.14 (m, H, H-5 of phenyl), 7.39-7.44 (m, H,
H-4 of phenyl), 7.89-8.03 (m, 3H, H-6 of phenyl, H-8 and H-9 of
phthalazine), 8.48-8.53 (m, 2H, H-7, and H-10 of phthalazine),
8.85(s, 1H, N=CH), 9.30 (s, 1H, CH of triazole ring), 11.26 (s, 1H,
NH) (D,O exchangeable); Anal. calcd. for C;7H14NgO (m.w.
318): C, 64.14; H, 4.43; N, 26.40. Found: C, 64.35; H, 4.49; N,
26.56.

6-(2-(4-Methoxybenzylidene)hydrazinyl)-[1,2,4]-
triazolo[3,4-a]Jphthalazine (6h)

Yield, 77%; m.p. 273-5°C; IR, max (cm™"): 3226 (NH), 3084 (C-H
aromatic), 2935 (C-H aliphatic), 1594 (C=N); 'H NMR
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(300 MHz, DMSO-dg): 3.83 (s, 3H, OCH3), 7.04-7.06 (m, 2H,
H-3, and H-5 of phenyl), 7.71-7.74 (m, 2H, H-2, and H-6 of
phenyl), 7.93 (m, H, H-8 of phthalazine), 8.02 (m, H, H-9 of
phthalazine), 8.45-8.51 (m, 3H, H-7, and H-10 of phthalazine
and N=CH), 9.30 (s, 1H, CH of triazole ring), 11.12 (s, TH, NH)
(D,0 exchangeable); Anal. calcd. for C;7H14NgO (m.w. 318): C,
64.14; H, 4.43; N, 26.40. Found: C, 64.29; H, 4.51; N, 26.59.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
substitutedhydrazine-1-carboxamide (7a,b)

A mixture of the hydrazine (5) (0.4g, 0.002mol) and the
appropriate isocyanate namely cyclohexyl and/or phenyl
isocyanate (0.002 mol), was refluxed in ethanol (25mL) for
4 h. The reaction mixture was cooled and the formed solid was
filtered and re-crystallized from ethanol to obtain compounds
7a,b, respectively.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
cyclohexylhydrazine-1-carboxamide (7a)

Yield, 83%; m.p. 274-6°C; IR,max (cm~"): 3289 (3NH over-
lapped), 3055 (C-H aromatic), 2927 (C-H aliphatic), 1627
(C=0), 1579 (C=N); "H NMR (300 MHz, DMSO-dg): 1.18-1.23
(m, 4H, C-3, and C-5 cyclohexyl), 1.62 (m, 2H, C-4 cyclohexyl),
1.73-1.76 (m, 4H, C-2, and C-6 cyclohexyl), 3.40 (m, 1H,
cyclohexyl), 5.91 (s, TH, NH-cyclohexyl) (D,O exchangeable),
7.79 (s, 1H, NH) (D,O exchangeable), 7.85-7.87 (m, H, H-8 of
phthalazine), 7.94-7.97 (m, H, H-9 of phthalazine), 8.33-8.36
(d, H, H-7 of phthalazine, /=8.1Hz), 8.43-8.45 (d, H, H-10 of
phthalazine, /=7.8Hz), 9.18 (s, 1H, CH of triazole ring), 9.42
(s, 1H, NHCO) (D,O exchangeable); Anal. calcd. for
Cy6H19N7O (m.w. 325): C, 59.06; H, 5.89; N, 30.13. Found: C,
59.18; H, 5.94; N, 30.37.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
phenylhydrazine-1-carboxamide (7b)

Yield, 83%; m.p. 282-4°C; IR,max (cm~"): 3226 (3NH over-
lapped), 3061 (C-H aromatic), 2930 (C-H aliphatic), 1635
(C=0), 1573 (C=N); "H NMR (300 MHz, DMSO-dg): 7.21-7.26
(m, 1H, H-4 phenyl), 7.30-7.35 (m, 2H, H-3 and H-5 phenyl),
7.41-7.44 (m, 2H, H-2 and H-6 phenyl), 7.82-7.87 (m, H, H-8 of
phthalazine), 7.88-7.97 (m, H, H-9 of phthalazine), 8.24-8.26
(d, H, H-7 of phthalazine, /=8.7 Hz), 8.40-8.42 (d, H, H-10 of
phthalazine, J=8.4Hz), 8.44 (s, 1H, NH) (D,O exchangeable),
9.08 (s, 1H, CH of triazole ring), 9.66 (s, 1H, NHCO)
(D,0 exchangeable), 10.21 (s, 1H, NH-phenyl)
(DO exchangeable). MS (m/z): 320 (MT+1, 5.39%), 319
(M*, 9.96%), 119 (100%, base peak); Anal. calcd. for
Cy6H13N70 (m.w. 319): C, 60.18; H, 4.10; N, 30.70. Found: C,
60.43; H, 4.17; N, 30.85.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
substitutedhydrazine-1-carbothioamide (8a-c)

A mixture of the hydrazine (5) (0.4g, 0.002mol) and the
appropriate isothiocyanate, namely ethyl, propyl, and/or
phenyl isothiocyanate (0.002 mol), was refluxed in ethanol
(25mL) for 6h. the reaction mixture was cooled and the
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formed solid was filtered and re-crystallized from ethanol to
furnish compounds 8a-c, respectively.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
ethylhydrazine-1-carbothioamide (8a)

Yield, 79%; m.p. 270-2°C; IR,max (cm~"): 3254 (3NH over-
lapped), 3051 (C-H aromatic), 2902 (C-H aliphatic), 1523
(C=N); 'H NMR (300 MHz, DMSO-dg): 1.03-1.08 (t, 3H,
CH,CHs), 3.43-3.50 (g, 2H, CH,CH5), 7.86-7.91 (m, H, H-8 of
phthalazine), 7.98-8.03 (m, H, H-9 of phthalazine), 8.27 (s, 1H,
NH-CH,CHs) (D,O exchangeable), 8.30-8.33 (d, H, H-7 of
phthalazine, /=8.7 Hz), 8.46-8.48 (d, H, H-10 of phthalazine,
J=8.1Hz), 9.30 (s, 1H, CH of triazole ring), 9.34 (s, 1H, NH)
(D,0 exchangeable), 9.70 (s, 1H, NHCS) (D,0 exchangeable);
Anal. calcd. for Cq,H 3N5S (m.w. 287): C, 50.16; H, 4.56; N,
34.12. Found: C, 50.39; H, 4.64; N, 34.37.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
propylhydrazine-1-carbothioamide (8b)

Yield, 81%; m.p. 280-2°C; IR,max (cm~"): 3222 (3NH over-
lapped), 3064 (C-H aromatic), 2957 (C-H aliphatic), 1520
(C=N); '"H NMR (300 MHz, DMSO-dg): 0.78-0.83 (t, 3H,
CH,CH3), 1.47-1.54 (m, 2H, CH,CHs), 3.37-3.43 (m, 2H,
CH,NH), 7.89-7.91 (m, H, H-8 of phthalazine), 7.97-8.02 (m,
H, H-9 of phthalazine), 8.27 (s, 1H, NH-CH,CH;)
(D,O exchangeable), 8.30-8.33 (d, H, H-7 of phthalazine,
J=8.1Hz), 8.45-8.48 (d, H, H-10 of phthalazine, J=7.8Hz),
9.28 (s, 1H, CH of triazole ring), 9.34 (s, 1H, NH)
(D,O exchangeable), 9.70 (s, TH, NHCS) (D,0 exchangeable);
Anal. calcd. for Cy3H 5N;S (m.w. 301): C, 51.81; H, 5.02; N,
32.53. Found: C, 52.06; H, 5.08; N, 32.46.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)-N-
phenylhydrazine-1-carbothioamide (8c)

Yield, 84%; m.p. 285-7°C; IRymax (cm~"): 3208, 3124 (3NH
overlapped), 3044 (C-H aromatic), 2902 (C-H aliphatic), 1594
(C=N); *C NMR (400 MHz, DMSO-dg): §=156.14 (C, C-6),
149.30 (C, CS), 141.72 (C, C-10b), 141.10 (C, C-1'), 140.07 (CH, C-
3), 134.37 (CH, C-9), 133.10 (CH, C-8), 131.44 (CH, C-3'), 131.28
(CH, C-5’), 131.00 (CH, C-4'), 129.54 (2CH, C-2’, and C-6'), 125.24
(CH, C-10), 123.90 (C, C-10a), 123.35 (CH, C-7), 118.09 (C-6a).
MS (m/z): 335 (M*, 8.52%), 331 (9.56%), 200 (11.80%), 127
(100%, base peak); Anal. calcd. for C;6H;3N5S (m.w. 335): C,
57.30; H, 3.91; N, 29.23. Found: C, 57.49; H, 3.95; N, 28.98.

N’-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-yl)acetohydrazide
9)

The hydrazine derivative (5) (0.4g, 0.002 mol) was refluxed
with acetic anhydride (5 mL) for 3 h. The reaction mixture was
allowed to attain room temperature and then poured
carefully onto an ice-water (100 mL). The formed precipitate
was filtered and crystallized from ethanol to give the target
compound (9). Yield, 74%; m.p. 220-2°C; IR,max (cm~"): 3237
(2NH overlapped), 3042 (C-H aromatic), 2919 (C-H aliphatic),
1666 (C=0), 1532 (C=N); 'H NMR (300 MHz, DMSO-dg): 2.00 (s,
3H, COCHs), 7.84-7.90 (m, H, H-8 of phthalazine), 7.96-8.01
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(m, H, H-9 of phthalazine), 8.34-8.37 (d, 3H, H-7 of
phthalazine, J=8.1Hz), 8.45-8.48 (d, H, H-10 of phthalazine,
J=7.8Hz), 9.20 (s, 1H, CH of triazole ring), 9.60 (s, 1H, NH)
(D0 exchangeable), 10.00 (s, TH, NHCO) (D,0 exchangeable);
MS (m/z): 242 (M™, 19.35%), 229 (6.89%), 210 (27.56%), 200
(15.04%), 128 (71.40%), 77 (100%, base peak); Anal. calcd. for
Cq1H10NgO (m.w. 242): C, 54.54; H, 4.16; N, 34.69. Found: C,
54.17; H, 4.10; N, 34.78.

2-([1,2,4]Triazolo[3,4-a]Jphthalazin-6-ylamino)-
isoindoline-1,3-dione (10)

A mixture of the hydrazine (5) (0.4 g, 0.002 mol) and phthalic
anhydride (0.30g, 0.002mol) was refluxed in glacial acetic
acid (25mL) for 6h. The reaction mixture was allowed to
attain room temperature, and then poured carefully onto
crushed ice. The resulted solid precipitate was filtered,
washed with water, and crystallized from ethanol to afford
the target compound (10). Yield, 77%; m.p. 230-2°C; IR, max
(cm™"): 3222 (NH), 3055 (C-H aromatic), 2927 (C-H aliphatic),
1719 (C=0), 1527 (C=N); "H NMR (300 MHz, DMSO-dg): 7.98-
8.12 (m, 6H, H-8, and H-9 of phthalazine and 4H of phenyl),
8.44-8.47 (d, H, H-7 of phthalazine, J=8.4Hz), 8.52-8.55(d, H,
H-10 of phthalazine, J=7.8Hz), 9.13 (s, 1H, CH of triazole
ring), 10.69 (s, 1H, NH) (D,O exchangeable); Anal. calcd. for
C47H10N6O3 (m.w. 330): C, 61.82; H, 3.05; N, 25.44. Found: C,
61.98; H, 3.09; N, 25.61.

3-([1,2,4]Ttriazolo[3,4-a]Jphthalazin-6-ylamino)-
quinazoline-2,4(1H,3H)-dione (11)

A mixture of the hydrazine (5) (0.4g, 0.002 mol) and isatoic
anhydride (0.33g, 0.002mol) was refluxed in glacial acetic
acid (25 mL) for 12 h. The reaction mixture was allowed to
attain room temperature, and then poured carefully onto
crushed ice. The resulted solid precipitate was filtered,
washed with water, and crystallized from ethanol to yield
the target compound (11). Yield, 56%; m.p. 270-2°C; IR, max
(cm~"): 3222 (2NH overlapped), 3075 (C-H aromatic), 2935 (C-
H aliphatic), 1646 (C=0), 1595 (C=N); '*C NMR (400 MHz,
DMSO-dg): §=162.62 (C, C-6), 159.56 (C, CON), 150.14 (C,
CONH), 142.13 (C, C-10b), 140.22 (C, C-8'a), 135.79 (CH, C-3),
135.01 (CH, C-9), 133.50 (CH, C-7’), 132.27 (CH, C-8), 128.81
(CH, C-5'), 127.91 (CH, C-10), 126.98 (CH, C-6'), 125.98 (2C, C-
10a, and C-4'a), 123.73 (CH, C-7), 123.42 (C, 6a), 122.68 (CH, C-
8); MS (m/z): 346 (M*+1, 1.09%), 345 (M", 1.64%), 275
(45.20%), 102 (93.76%), 51 (100%, base peak); Anal. calcd. for
Cq7H44N;0, (m.w. 345): C, 59.13; H, 3.21; N, 28.39. Found: C,
59.42; H, 3.18; N, 28.46.

Docking studies

In the present work, all the target compounds were subjected
to docking study to explore their binding mode toward
VEGFR-2 enzyme. All modeling experiments were performed
using molsoft program, which provides a unique set of tools
for the modeling of protein/ligand interactions. It predicts
how small flexible molecule such as substrates or drug
candidates bind to a protein of known 3D structure
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represented by grid interaction potentials (http:/www.
molsoft.com/icm_pro.html). Each experiment used the bio-
logical target VEGFR-2 downloaded from the Brookhaven
Protein Databank (http://www.rcsb.org/pdb/explore/explore.
do?structureld=1YWN). In order to qualify the docking results
in terms of accuracy of the predicted binding conformations
in comparison with the experimental procedure, the reported
VEGFR-2 inhibitor drugs vatalanib and sorafenib were used as
reference ligands.

Biological assays
In vitro cytotoxic activity
The cytotoxicity assays were performed at Pharmacology
Department, Faculty of Pharmacy, Al-Azhar University, Cairo,
Egypt. Cancer cells from different cancer cell lines, human
colon adenocarcinoma (HCT116) and human breast adeno-
carcinoma (MCF7), were purchased from American Type Cell
Culture Collection (ATCC, Manassas, USA) and grown on the
appropriate growth medium (Roswell Park Memorial Institute
medium (RPMI 1640)) supplemented with 100mg/mL of
streptomycin, 100 units/mL of penicillin and 10% of heat-
inactivated fetal bovine serum in a humidified, 5% (v/v) CO,
atmosphere at 37°C. Cytotoxicity assay by 3-[4,5-dimethylthi-
azole-2-yl]-2,5-diphenyltetrazolium bromide (MTT).
Exponentially growing cells from different cancer cell lines
were trypsinized, counted, and seeded at the appropriate
densities (2000-1000 cells/0.33 cm? well) into 96-well microti-
ter plates. Cells then were incubated in a humidified
atmosphere at 37°C for 24h. Then, cells were exposed to
different concentrations of compounds (0.1, 10, 100, and
1000 wM) for 72h. Then the viability of treated cells was
determined using MTT technique as follows. Media were
removed; cells were incubated with 200l of 5% MTT
solution/well (Sigma-Aldrich, MO) and were allowed to
metabolize the dye into colored-insoluble formazan crystals
for 2h. The remaining MTT solution were discarded from the
wells and the formazan crystals were dissolved in 200 pL/well
acidified isopropanol for 30 min, covered with aluminum foil
and with continuous shaking using a MaxQ 2000 plate shaker
(Thermo Fisher Scientific, Inc.,, MI) at room temperature.
Absorbance was measured at 570 nm using a Stat FaxR 4200
plate reader (Awareness Technology, Inc.,, FL). The cell
viability was expressed as percentage of control and the
concentration that induces 50% of maximum inhibition of cell
proliferation (ICs0) was determined using GraphPad Prism
version 5 software (GraphPad software, Inc., CA) [34-36].

In vitro VEGFR-2 kinase assay

The kinase activity of VEGFR-2 was carried out in the National
Research Centre, Giza, Egypt and measured by use of an anti-
phosphotyrosine antibody with the Alpha Screen system
(PerkinElmer, USA) according to manufacturer’s instruc-
tions [6]. Enzyme reactions were performed in 50 mM
Tris-HCl pH 7.5, 5mM MnCl;, 5mM MgCl,, 0.01% Tween-20
and 2 mM DTT, containing 10 uM ATP, 0.1 ng/mL biotinylated
poly-GluTyr (4:1) and 0.1 nM of VEGFR-2 (Millipore, UK). Prior
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to catalytic initiation with ATP, the tested compounds at final
concentrations ranging from 0-2000 p.g/mL and enzyme were
incubated for 5 min at room temperature. The reactions were
quenched by the addition of 25 uL of 100 mM EDTA, 10 pg/mL
Alpha Screen streptavidine donor beads and 10pug/mL
acceptor beads in 62.5mM HEPES pH 7.4, 250 mM NaCl, and
0.1% BSA. Plate was incubated in the dark overnight and then
read by ELISA Reader (PerkinElmer). Wells containing the
substrate and the enzyme without compounds were used as
reaction control. Wells containing biotinylated poly-GluTyr
(4:1) and enzyme without ATP were used as basal control.
Percent inhibition was calculated by the comparison of
compounds treated to control incubations. The concentration
of the test compound causing 50% inhibition (ICso) was
calculated from the concentration-inhibition response curve
(triplicate determinations) and the data were compared with
sorafenib (Sigma—Aldrich) as standard VEGFR-2 inhibitor.
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