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Graphical abstract

Increasing VEGFR-2 Inhibitors Binding Affinity by Extending their Hydrophaobic
Interaction with the Active Site: Design, Synthesis and Biological Evaluation of 4-(4-
M ethoxybenzyl)phthalazine Derivatives as Novel VEGFR-2 Inhibitors

Wagdy M. Eldehna*, Sahar M. Abou-Seri*, Ahmed M. El Kerdawy, Rezk R. Ayyad,
Hazem A. Ghabbour, Mamdouh M. Ali, Dala A. Abou El Ella

Extending the anilinophthalazine derivatives 4 with a substituted phenyl moiety
through an uriedo linker increased the hydrophobic interaction of uriedo-
anilinophthalazine derivatives 7 within the hydrophobic back pocket.
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Abstract

A series of anilinophthalazine derivativda-j was initially synthesized and tested for its
VEGFR-2 inhibitory activity where it showed pronmgi activity (1G¢=0.636-5.76 UM).
Molecular docking studies guidance was used to evgithe binding affinity for serie4a-j
towards VEGFR-2 active site. This improvement watseved by increasing the hydrophobic
interaction with the hydrophobic back pocket of MEGFR-2 active site lined with the
hydrophobic side chains of 11e888, Leu889, 11e892]898, Val899, Leul019 and lle1044.
Increasing the hydrophobic interaction was accoshplil by extending the anilinophthalazine
scaffold with a substituted phenyl moiety through waiedo linker which should give this
extension the flexibility required to accommodatgelf deeply into the hydrophobic back
pocket. As planned, the designed uriedo-anilinogllattines7a-i showed superior binding

affinity than their anilinophthalazine parents {3€0.083-0.473 uM). In particular,



compounds/g-i showed IG, of 0.086, 0.083 and 0.086 uM, respectively, whach better
than that of the reference drug sorafenily0.09 uM).
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1. Introduction

Angiogenesis, the process of new blood vessel ¢grdwam the quiescent pre-existing
vessels, is a critical and complex process in hatlsiological and pathophysiological
conditions [1]. The process is regulated by a lmdabetween pro- and antiangiogenic
molecules, and is derailed in various diseasescgdfy cancer [2]. In 1971, Folkman [3]
proposed that tumor growth and metastasis are gegesis-dependent, and hence, blocking
angiogenesis could be a strategy to hinder tunoowiy.

Among the various players at the molecular levebived in the different mechanisms of
vascular growth, members of the vascular endothgi@vth factor (VEGF) family have a
predominant role [4]. Vascular endothelial growtctbr (VEGF) represents a family of
homodimeric glycoproteins which are critical forsealogenesis, lymphangiogenesis and
angiogenesis [5]. VEGF ligands bind in an overlagpipattern to three different, but
structurally related, VEGF-receptor tyrosine kirm§EEGFR-TK) which are VEGFR-1 (Flt-
1), VEGFR-2 (KDR) and VEGFR-3 (Flt-4) [6].

VEGFR-2, a type lll transmembrane tyrosine kinasmeptor, is critical for angiogenesis
[7]. Hence, VEGFR-2 inhibition emerged as a primperaach for discovering new therapies
for many human angiogenesis-dependent malignan€iesdate, a humanized anti-VEGF
monoclonal antibody (bevacizumab) and several smalecule VEGFR-2 kinase inhibitors
(sorafenib, regorafenib, sunitinib, vandetanib, guanib, axitinibo and cabozantinib) have
been approved as antiangiogenic drugs [8].

Phthalazine derivatives have attracted considehdation as antitumor agents [9-14]. In
this context, 1-anilino-4-aryl-phthalazine scaffall particular emerged as an interesting
scaffold for designing VEGFR inhibitors. The figtblished anilinophthalazine derivative as
a potent VEGFR inhibitor was vatalanib (PTK78{Figure 1) [15]. Vatalanilb is one of the
most potent and selective VEGFR kinase inhibitasihh 1Cso value of 43 nM for VEGFR-2
[16]. Vatalanibl showed interesting results in many clinical triats different tumor types,
such as metastatic gastrointestinal stromal tun(@iST), Non-small-cell lung carcinoma
(NSCLC) and metastatic pancreatic cancer [17-1Bg disclosure of vatalanib as a clinical
candidate paved the way for the design and syrgthesidifferent anilinophthalazine
derivatives as potent inhibitors for VEGFR-2 suchI&l-02391111 with I1Cso = 190 nM
(Figure 1) [20-24].

The aforementioned facts have motivated us to dasayel 1-anilino-4-aryl-phthalazine
derivatives with more potent VEGFR-2 inhibitory iaity.



Figurel

The essential pharmacophoric features in the aphthalazine VEGFR-2 inhibitors
include (Figure 2): [23, 25]

a) Fused aromatic system represented by the phthalaing interacting as H-bond
acceptor with its N2 with Asp1046 in the consen2eG motif and through hydrophobic
interaction with the side chains of Lys868 and \14I9

b) Substituted anilino moiety in position 1 of thetipalazine interacting as H-bond donor
with its NH with the side chain carboxylate of GBS of the aC helix and through
hydrophobic interaction with its substituted phemgiety with the hydrophobic back pocket
lined with the hydrophobic side chains of 11e888u889, 11892, Val898, Val899, Leul019
and 1le1044.

¢) Hydrogen bond acceptor represented by a lonegfaar nitrogen (as in vatalanit) or
oxygen atom (as in IM-0239111) attached to position 4 of phthalazine via bermyphenyl
moiety, which interacts with the backbone NH ofs@i9 in the hinge region of the protein.

Figure 2

In the presented work, we introduce two seriesndfrophthalazine derivativeglg-j and
7a-i] with different substitutions on the anilino magjebffering various electronic and
lipophilic environments to study their impact ore thctivity (Figure 1). We also replaced the
4-pyridyl moiety in the vatalanib by the relativelgnger 4-methoxyphenyl moiety which
should make the oxygen lone pair more accessiblmferaction with Cys919 NH group than
that of the 4-pyridyl nitrogen.

Molecular docking studies were carried out to stutg interaction of the newly
synthesized compounds with VEGFR-2, their bindingden and their ability to satisfy the
pharmacophoric features required to induce theekkgnhibition. They were also used further
as a guide to improve the binding between VEGFR&the newly synthesized ligands.

The newly synthesized phthalazinds-j and 7a-i were evaluated for their potential

VEGFR-2 inhibitory and anti-proliferative activise

2. Results and discussion

2.1. Chemistry



The synthetic pathway employed to prepare the riggtazine derivatives is outlined in
Schemes 1-2.Synthesis was initiated by reacting phthalic anldgdrwith 4-methoxy
phenylacetic acid in the presence of fused sodiucetate to afford 3-(4-
methoxybenzylidene)isobenzofuran-#{j3one (1) [26], which was treated with hydrazine
sulfate and sodium hydroxide to provide 4-(4-metfi@nzyl)phthalazin-1¢2)-one @) [26].
The key intermediate 1-chloro-4-(4-methoxybenzyihalazine (3) was preparedvia
chlorination of 2 with refluxing phosphorous oxychloride in the mese of a catalytic
amount ofN,N-dimethylaniline. The target compounda-j were obtained by coupling the
chloro intermediat@ with the appropriate aniline in a refluxing acead®cheme 1).

Schemel

IR spectra ofla-j revealed the presence of an NH stretching bandt&8D0 cri. Their
'H NMR spectra showed one,O-exchangeable singlet signal attributed to théireniNH
proton in the regio® 9.41-11.16ppm while the benzylic CH protons appeared as singlet
signal in the regio 4.43-4.74ppm Furthermore, th&’C NMR spectra of compounds-j
revealed the presence of the signal of the bennybthylene carbon in the range34.13-
37.59ppm while the signal due to the carbon of the methgnoup appeared around ppm

For the synthesis of ureido derivative&-i, the 1-(4-aminophenyl)-3-phenylurea
intermediatea-i were synthesized by the reaction of 1-isocyanatitrébenzene with the
adequate anilingo afford 1-(4-nitrophenyl)-3-phenylured&s-i followed by hydrogenation
using Pd/C [27]. The target diarylure@s-i were prepared through the reaction of the key
intermediate3 and the corresponding 1-(4-aminophenyl)-3-phengsiBa-i in a refluxing

acetone (Scheme 2).

Scheme 2

IR spectra othe latter products showele absorption bands due to the (NH) and (C=0)
groupsin the regions) 3244-3340 and 1666-1714 Snrespectively, whereas, théld NMR
spectra revealed the presence of thrg@-Bxchangeable singlet signals assigned to the two
amidic NH groups and the secondary amino NH inrédgeonss 8.57-10.16, 8.63-10.89 and
9.02-10.97ppm respectively. Besides, théC NMR spectra of compounds-i showed three
characteristic signals resonating in the ranidEs8.04-158.13, 54.88-55.00 and 35.60-36.11

ppmattributable for the carbonyl, methoxy and berzgliethylene carbons, respectively.



2.2. Activity towards VEGFR-2 kinase
2.2.1. VEGFR-2 inhibitory assay

All newly synthesized compounds were evaluateditro for their VEGFR-2 inhibitory
activity. Sorafenid 11 was included in the experiments as reference VEGH#hibitor. The
results are reported as median inhibition concéaotra (IGy) and summarized in Table

As can be seen in Table 1, the novel phthalazineatees displayed moderate to potent
VEGFR-2 inhibitory activity. Generally, seri@s-i showed superior activity in comparison to
seriesda-j] (ICso= 0.083 - 0.473 uM vs. 0.636 - 5.76 uM, respecyiveNmong the tested
phthalazine derivatives, compoundg-i were found to be the most potent members with
excellent VEGFR-2 inhibitory activity (l§ = 0.086, 0.083 and 0.086 uM, respectively)
compared to sorafenid| (ICso = 0.090 uM). Compoundéh, 4j and 7a-f exhibited high
potency at the sub-micromolar level withs§@anged from 0.114 to 0.754 uM. On the other
hand, compoundéa-g and4i were the least potent analogs witkd@nge of 1.34 - 5.76 uM.

Tablel

2.2.2. Molecular docking study and structure atyivelationship SAR

We started this work by the synthesis of a serfeandinophthalazine derivatives with
various substitutions on the anilino moiéyj to investigate the impact of this variable on
activity. This series showed promising activitythe VEGFR-2 kinase inhibition assay with
ICs5o ranged between 0.636 and 5.76 puM. At this stagecular docking study was carried
out to investigate their plausible binding pattaml their interaction with the key amino acids
in the active site of the VEGFR-2. Information gainfrom the docking result analysis for
compoundsda-j was used as a guide to perform some educated ulatgms in their
chemical structure to improve the series activity.

Several crystal structures are available in thégomadata bank for VEGFR-2 [28], for this
work we chose (PDB ID: 4ASD) [29] which has VEGFR#the inactive conformation
(DFG-out) co-crystallized with sorafenib as inhdit

First, the molecular docking protocol was validalbgdre-docking of the sorafenib ligand in
the vicinity of the VEGFR-2 receptor active sitdhelre-docking validation step reproduced
the experimental binding mode of the co-crystatliziggand quite efficiently indicating the

suitability of the used setup for the intended diogkstudy as demonstrated by the small



RMSD of 0.470A between the docked pose and theysiatlized ligand (energy score (S) =
—-15.19 kcal/mol) and by the ability of the dockipgse to reproduce all the key interactions
accomplished by the co-crystallized ligand with tkey amino acids in the active site
(Glu885, Cys919 and Asp1046) (Figure 3)

Figure3

The ability of the synthesized compourtds; to interact with the key amino acids in the
active site rationalizes their good activity asicgated by their docking pattern and docking
score compared to that of sorafenib (Figure 4 andlable 2). As can be seen in Figure 4,
compound4g (as a representative for sersj) interacts by its phthalazine ring N2 through
H-bond with Aspl1046 of the conserved DFG motif esipg its benzene ring to the
hydrophobic side chains of Lys868 and Val916. Abdtid donor, it interacts with its anilino
NH with the side chain carboxylate of Glu885 of ti@ helix fitting its substituted phenyl
moiety into the hydrophobic back pocket lined wiltie hydrophobic side chains of 11e888,
Leu889, 11e892, Val898, Val899, Leul019 and llel0A4 planned the oxygen lone pair of
the 4-methoxyphenyl moiety interacts as H-bond ptorewith the Cys919 NH group (2D
diagrams and 3D representations for the rest ofsdrees can be found in the supporting

information).

Figure4

As indicated by the experimental assay (Tablesndl) supported by the docking energy
score (Tables 2), the derivative with an unsulistit@nilino moietya has the lowest activity
5.76x0.58 uM and docking energy score -14.74 kcal/mol. Additiof a hydrophobic
substituent on the anilino moiett(,4d-4i) increases the binding affinity as indicated bgirth
lower 1G5 (0.754+0.07 - 3.97+£0.43 pM) and better dockingrgnescore (-15.06 - —16.32
kcal/mol) than the unsubstituted derivatiéa which could be attributed to their increased
hydrophobic interaction with the hydrophobic baaclet (left side of the Figure 4b). The
superior activity of compoundj (ICso = 0.636+0.06 uM) which is supported by its high
docking score (-15.94 kcal/mol) can be attributed the exposure of its hydrophilic
sulphonamido moiety to the bulk solvent and itolmement in H-bonding with the imidazole
ring of His1026 in the catalytic loop (Figure 5).



Table?2

Figure5

Based on the docking results of the anilinophthataderivativesla-j, another seriega-i
was designed in an attempt to increase the bindlfigity to VEGFR-2 active site through
increasing the hydrophobic interaction with the rfoydhobic back pocket. In this new series
7a-1, seriedda-j was extended with a second substituted phenylpgoouthe anilino moiety
through an uriedo linker (Figure 1) giving this sed phenyl group the flexibility required to
accommodate itself into the hydrophobic back packié selection of the uriedo linker is due
to the reported anti-tumor activity of a vast araéyirea containing compounds [30].

As planned, seriega-i showed better docking energy scorS§sdompared to serieta-j
(-17.85 to -20.25 kcal/mol vs. -14.74 to -16.32lkual, respectively) (Table 2) due to
extension of the hydrophobic interaction with tlyelfophobic back pocket. This hypothesis is
augmented by the fact that increasing the hydroieliglof the substituent(s) on the pendant
phenyl ring increases the docking energy score |€Tah In agreement with the docking
energy scoresy, the expected superiority of seriégi was experimentally proven by their
lower 1G5 values in comparison to seriéa-j (Table 1). Figure 6 shows the proposed binding
mode of serieFa-i as represented by compourtddocking pose in the VEGFR-2 active site
indicating that series 7a-i does not only fulfitlet key interactions required for VEGFR-2
inhibition with the key amino acids in the activeeGIlu885, Cys919 and Aspl1046) as series
4a-j does (figure 4) but also extending with th@ienyl ureido moiety into the hydrophobic
back pocket achieving additional hydrophobic intéoa which is responsible for their higher
docking score and consequently higher VEGFR-2 itdnp activity than that of series 4a-j
(table 1 and table 2)

Figure6

2.3. In vitro anti-proliferative activity.

All the newly synthesized compounds were selectedhe National Cancer Institute
(NCI) Developmental Therapeutic Program (www.dtpmi.gov) to be screened for their
anticancer activityin vitro. The anticancer assays were performed in accoedat the
protocol of the Drug Evaluation Branch, NCI, Beitie$31-33].

8



The compounds were evaluated at one dose primdigaaoer assay towards a panel of
approximately 60 cancer cell lines (concentratioif M). The human tumor cell lines were
taken from nine different organs (blood, skin, lunglon, brain, ovary, kidney, prostate and
breast). A 48 h drug exposure protocol was usedsaifdrhodamine B (SRB) protein assay
was applied to estimate the cell viability and gifo\B84]. The data reported as mean-graph of
the percent growth of the treated cells, and pteseas percentage growth inhibition (GI%)
caused by the test compounds (Table 3).

The tested compounds displayed different levelardgicancer activity and possessed a
distinctive pattern of selectivity against the ¢elstancer cell lines.

Close examination of the GI% values in Table 3eaded that compoundth, 4e-g, 7c,
7f, 79 and7i are the most active analogues in this study, sigwroad spectrum activity
toward numerous cell lines that belong to differemhor subpanels. In particular, compound
49 emerged as the most active member with mean tidmbi= 44 %. It possesed
antiproliferative activity against 44 cell linespresenting all subpanels (Gl; 32-94 %) with
potent growth inhibitory effect over leukemia MOlTand RPMI-8226, non-small cell lung
cancer NCI-H460, colon cancer HCT-116, renal catn@r31and prostate cancer PC-3 with
inhibition % 69, 94, 74, 73, 63 and 61, respetyiven the contrary, compoundsl and4j
have not shown any significant cytotoxic activitgamst any cell line. Nevertheless,
compounddla, 4c, 7d and7h possessed fair and selective growth inhibitoryvagtagainst
sporadic cell lines.

Table3

Regarding sensitivity of individual cell lines (fige 7), leukemia RPMI-8226 was the
most susceptible cell line to the majority of compds, especially compoundb, 4e, 4g, 4h,
7c and7i displayed strong antiproliferative activity with &> 80. Meanwhile, compourti
showed potent growth inhibition against renal carR¥F 393 and breast cancer HS 578T
(Gl %= 100 and 96, respectively). Moreover, compsirc and 7f exerted cytotoxic effect
with Gl more than 100% against certain cell linéempound7c was proved to be lethal to
renal cancer RXF 393 and breast cancer HS 578T leeds (Gl %= 110 and 105,
respectively), whilesf exerted lethal activity over non-small cell lurencer NCI-H460 with
Gl %=110.

A control experiment was carried out to rule ouattbhe compounds’ low cytotoxic
activity is due to the binding interaction betweabe hydrophobic tested compounds and the

serum albumin used in the experiment. [For furttetrils, see Supporting Information]
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3. Conclusion

The newly synthesized anilinophthalazine derivatida-j showed promising activity in
the VEGFR-2 kinase inhibition assay with s§Cranged between 0.636 and 5.76 pM.
Molecular docking studies guided their binding m@itff improvement through increasing the
hydrophobic interaction of the synthesized inhitsitith the hydrophobic back pocket of the
VEGFR-2 active site. Extending the anilinophthat@ziscaffold with a substituted phenyl
moiety through an uriedo linker was the used gfsate increase the hydrophobic interaction
with the hydrophobic back pocket. The designeddaranilinophthalazine derivativesa-i
showed superior binding affinity than their anilpidhalazine parents in the VEGFR-2 kinase
inhibition assay with Ig ranged between 0.083 and 0.473 pM. In particatampounds/g-i
showed 1Gp values of 0.086, 0.083 and 0.086 uM, respectiwghich are better than that of
the reference drug sorafenib {C= 0.09 uM). Our ultimate conclusion is that VEGER
inhibitors with high binding affinity could be degsied by extending the hydrophobic
interaction between the inhibitor and the hydropbdiack pocket of the VEGFR-2 active
site.

4. Experimental
4.1. Chemistry

Melting points were measured with a Stuart melpogqt apparatus and were uncorrected.
Infrared spectra were recorded as potassium bromlisies on Schimadzu FT-IR 8400S
spectrophotometer and expressed in wave numbét)(@heNMR spectra were recorded by
Varian Gemini-300BB 300 MHz FT-NMR spectrometers(dn Inc., Palo Alto, CAYH and
13C spectra were run at 300 and 75 MHz, respectivielydeuterated dimethylsulphoxide
(DMSO-ds). Chemical shifts dy) are reported relative to TMS as internal standazd
coupling constantJj values are given in hertz. Mass spectra were mnedson a GCMS-
QP1000 EX spectrometer at 70 e.V. Elemental anslys&s carried out at the Regional
Center for Mycology and Biotechnology, Al-Azhar Warsity, Cairo, Egypt Analytical thin
layer chromatography (TLC) on silica gel platestaonng UV indicator was employed
routinely to follow the course of reactions andcteck the purity of products. All reagents

and solvents were purified and dried by standasdrigues.

4.1.1. (Z)-3-(4-Methoxybenzylidene)isobenzofuré&dH){one(1)

10



Compoundl was prepared according to reported procedure(f2fj. 147-149 °C).

4.1.2. 4-(4-Methoxybenzyl)phthalazin-1(2H)-¢ag
Compound was prepared according to reported procedure(f@gj. 193-195 °C).

4.1.3. 1-Chloro-4-(4-methoxybenzyl)phthalazide

4-(4-Methoxybenzyl)phthalazin-1¥B-one2 (2.66 g, 0.01 mol) was added portion-wise to
a cooled stirred mixture of phosphorus oxychlor{d® mL) andN,N-dimethylaniline (0.5
mL). After refluxing for 10 h, the reaction mixtuveas cooled then poured onto ice/water and
alkalinized with 2N NaOH. The aqueous solution was extracted threestimith ethyl
acetate. The combined organic extracts were dned anhydrous N&O, then filtered, and
the solvent was removed under reduced pressureobtaned solid was crystallized from
ethanol to give3 (1.7 g, 60%) as beige solid; m.p. 187-189 °C; IB(Kv cm™): 'H NMR
(DMSO-ds) o ppm 3.68 (s, 3H, OCH), 4.63 (s, 2H, Ch), 6.81 (d, 2H, H-3 and H-5 of 4-
OCHs-CgH4, J= 8.7 Hz), 7.23 (d, 2H, H-2 and H-6 of 4-O&HsH,, J= 9.0 Hz), 8.05 — 8.12
(m, 2H, H-6 and H-7 phthalazine), 8.25 — 8.29 (M, H-5 phthalazine), 8.34 — 8.37 (m, 1H,
H-8 phthalazine).

4.1.4. General procedure for preparation of targetnpoundg4a-j):

To a stirred solution of 1-chloro-4-(4-methoxybelgithalazine3 (2.84 g, 0.01 mol) in
refluxing acetone (15 mL), a solution of the apprate anilne (0.012 mol) in acetone was
added. The reaction mixture was heated under rduX3 h. The precipitate formed after
cooling was collected by filtration and washed wittater, dried then recrystallized from

ethanol-dioxane mixture excefit, recrystallized from ethanol-DMF mixture.

4.1.4.1. 4-(4-Methoxybenzyl)-N-phenylphthalazinaiiree (4a):

Yellow crystals (yield 66%); m.p. 263-265°C; IR (KBv cmi?): 3232 (NH), 2592 (CH
aliphatic);'H NMR (DMSO-ds) dppm 3.68 (s, 3H, OCH), 4.54 (s, 2H, Ch), 6.83 (d, 2H,
H-3 and H-5 of 4-OCHKtC¢H4, J= 8.7 Hz), 7.17 (t, 1H, H-4 of NH4Els, J= 7.8 Hz), 7.27 (d,
2H, H-2 and H-6 of 4-OCKCgHg4, J= 8.1 Hz), 7.42 (t, 2H, H-3 and H-5 of NHds, J= 7.8
Hz), 7.81 (d, 2H, H-2 and H-6 of NHg8s5, J= 7.2 Hz), 7.99 — 8.09 (m, 2H, H-6 and H-7
phthalazine), 8.25 (d, 1H, H-5 phthalazide, 7.8 Hz), 8.83 (d, 1H, H-8 phthalazink; 7.5
Hz), 10.17 (s, 1H, NH)**C NMR (DMSO4dg) dppm 36.19 (-CH-), 55.01 (-OCH), 114.00,

11



120.09, 122.31, 122.48, 123.99, 126.18, 126.43,7928129.62, 133.07, 133.33, 138.80,
152.23, 152.35, 157.93; Anal. Calcd. fold19NsO: C, 77.40; H, 5.61; N, 12.31; Found C,
77.61; H, 5.66; N, 12.53.

4.1.4.2 A-(4-Methoxybenzyl)-N-(3-(trifluoromethyl)phenyRiphlazin-1-amind4b):

White crystals (yield 73%); m.p. 215-218 °C; IR (KB cm™): 3446 (NH), 2677 (CH
aliphatic);'H NMR (DMSO-ds) dppm 3.67 (s, 3H, OC¥H), 4.49 (s, 2H, Ch), 6.80 (d, 2H,
H-3 and H-5 of 4-OCKtC¢H,, J= 8.1 Hz), 7.22 (d, 2H, H-2 and H-6 of 4-O¢BsH,4, J= 8.7
Hz), 7.32 (d, 1H, H-4 of 3-GFCgHg4, J= 7.8 Hz), 7.58 (t, 1H, H-5 of 3-GFCgH,4, J= 7.8 Hz),
7.87 — 7.98 (m, 2H, H-6 and H-7 phthalazine), §d,21H, H-6 of 3-CE-C¢Hg4, J= 7.5 Hz),
8.25 (d, 1H, H-5 phthalazindz 8.4 Hz), 8.50 (s, 1H, H-2 of 3-GfsH,), 8.58 (d, 1H, H-8
phthalazineJ= 7.8 Hz), 9.41 (s, 1H, NH}*C NMR (DMSO4ds) dppm 37.59 (-CH-), 55.02
(-OCHg), 113.71, 113.99, 115.93, 117.80, 118.79, 122128.47, 125.25, 125.97, 126.91,
128.89, 129.32, 129.40, 129.48, 131.36, 131.96,614151.74, 153.39, 157.70; Anal. Calcd.
for Cy3H18F3N30: C, 67.48; H, 4.43; N, 10.26; Found C, 67.594H,7 ; N, 10.52.

4.1.4.3. 4-((4-(4-Methoxybenzyl)phthalazin-1-yl)ao)benzonitrilg4c):

Yellow crystals (yield 68%); m.p. 247-249 °C; IRBK v cm™): 3244 (NH), 2630 (CH
aliphatic), 2218 (EN); *H NMR (DMSO-ds) dppm 3.68 (s, 3H, OC¥), 4.64 (s, 2H, Ch),
6.83 (d, 2H, H-3 and H-5 of 4-OGHCeH,4, J= 9.0 Hz), 7.30 (d, 2H, H-2 and H-6 of 4-O¢H
CesHa, J= 8.4 Hz), 7.83 (d, 2H, H-2 and H-6 of 4-CNHG, J= 8.1 Hz), 8.03 — 8.16 (m, 4H, H-
3, H-5 of 4-CN-GH4 and H-6, H-7 phthalazine), 8.34 (d, 1H, H-5 phtlaaie,J= 8.1 Hz),
8.82 (d, 1H, H-8 phthalazing= 7.8 Hz), 10.27 (s, 1H, NH}*C NMR (DMSOds) J ppm
35.73 (-CH-), 54.85 (-OCH), 104.34, 113.92, 114.20, 119.25, 120.51, 120188,.12,
123.79, 124.00, 126.47, 129.21, 129.61, 129.72,8832133.06, 144.18, 152.42, 153.72,
158.04; MS m/z 366 [M; Anal. Calcd. for GHigN4O: C, 75.39; H, 4.95; N, 15.29; Found C,
75.53; H, 5.01; N, 15.48.

4.1.4.4. N-(2-Chlorophenyl)-4-(4-methoxybenzyl)plethin-1-aming4d):

Beige crystals (yield 59%); m.p. 155-157°C; IR (KBr cm): 3250 (NH), 2586 (CH
aliphatic);'H NMR (DMSO-ds) dppm 3.67 (s, 3H, OC¥H), 4.43 (s, 2H, Ch), 6.80 (d, 2H,
H-3 and H-5 of 4-OCHKtC¢H,, J= 8.7 Hz), 7.19 (d, 2H, H-2 and H-6 of 4-O¢HsH,4, J= 8.7
Hz), 7.25 (d, 1H, H-3 of 2-ClI-§,4, J= 7.8 Hz), 7.40 (t, 1H, H-4 of 2-Cls#,, J= 8.4 Hz),
7.54 (d, 1H, H-6 of 2-Cl-gHa, J= 7.8 Hz), 7.71 — 7.73 (m, 1H, H-5 of 2-C}L;), 7.88 — 7.96
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(m, 2H, H-6 and H-7 phthalazine), 8.10 (d, 1H, gkBhalazine,J= 9.3 Hz), 8.44 (d, 1H, H-8
phthalazineJ= 7.8 Hz), 11.16 (s, 1H, NH, X exchangable); Anal. Calcd. fop£i;5CIN3O:
C, 70.30; H, 4.83; N, 11.18; Found C, 70.54; H14M9, 11.36.

4.1.4.5. N-(3-Chlorophenyl)-4-(4-methoxybenzyl)plgthin-1-aming4e):

White crystals (yield 59%); m.p. 241-243 °C; IR (KB cm™): 3290 (NH), 2675 (CH
aliphatic);'"H NMR (DMSO-<ds) d ppm 3.68 (s, 3H, OCH), 4.60 (s, 2H, Ch), 6.83 (d, 2H,
H-3 and H-5 of 4-OCKC¢H,4, J= 8.1 Hz), 7.20 (d, 1H, H-4 of 3-Clg8,4, J= 8.1 Hz), 7.30 (d,
2H, H-2 and H-6 of 4-OCKCgH4, J= 8.7 Hz), 7.44 (t, 1H, H-5 of 3-Cl{,, J= 8.1 Hz),
7.78 (d, 1H, H-6 of 3-Cl-gH,4, J= 8.1 Hz), 8.04 — 8.15 (m, 3H, H-2 of 3-CH{&, and H-6, H-
7 phthalazine), 8.33 (d, 1H, H-5 phthalazidge,7.8 Hz), 8.93 (d, 1H, H-8 phthalazink; 8.4
Hz), 10.49 (s, 1H, NH)**C NMR (DMSO4ds) dppm 35.48 (-CH-), 54.85 (-OCH), 113.92,
114.19, 120.52, 121.71, 121.97, 123.83, 124.17,3824126.54, 129.02, 129.64, 129.75,
130.34, 133.02, 133.84, 140.29, 152.57, 152.82,0868MS m/z 377 [(M2)'], 375 [M'];
Anal. Calcd. for GH1gCIN3O: C, 70.30; H, 4.83; N, 11.18; Found C, 70.52;490; N,
11.38.

4.1.4.6. N-(4-Chlorophenyl)-4-(4-methoxybenzyl)plethin-1-aming4f):

Yellow crystals (yield 72%); m.p. 233-235°C; IR (KBv cm?): 3334 (NH), 2594 (CH
aliphatic);'"H NMR (DMSO-ds) d ppm 3.70 (s, 3H, OCH), 4.61 (s, 2H, Ch), 6.85 (d, 2H,
H-3 and H-5 of 4-OCktCgHy4, J= 8.7 Hz), 7.29 (d, 2H, H-2 and H-6 of 4-OgBeH,, J= 8.7
Hz), 7.52 (d, 2H, H-3 and H-5 of 4-Cl¢B,, J= 8.7 Hz), 7.78 (d, 2H, H-2 and H-6 of 4-CI-
CeHg4, J= 8.7 Hz), 8.10 — 8.21 (m, 2H, H-6 and H-7 phthalay, 8.38 (d, 1H, H-5 phthalazine,
J= 7.8 Hz), 8.89 (d, 1H, H-8 phthalazinks 8.4 Hz), 10.60 (s, 1H, NH, J® exchangable);
Anal. Calcd. for GH1gCIN3O: C, 70.30; H, 4.83; N, 11.18; Found C, 70.51;489; N,
11.34.

4.1.4.7. N-(4-Chloro-3-(trifluoromethyl)phenyl)-4-(nethoxybenzyl)phthalazin-1-ami{e):
White crystals (yield 67%); m.p. 240-242°C; IR (KBr cm?): 3242 (NH), 2692 (CH
aliphatic)’H NMR (DMSO-ds) d ppm 3.69 (s, 3H, OC¥H), 4.74 (s, 2H, Ch), 6.85 (d, 2H,
H-3 and H-5 of 4-OCHKtC¢H,, J= 8.7 Hz), 7.35 (d, 2H, H-2 and H-6 of 4-O¢HsH,4, J= 9.0
Hz), 7.79 (d, 1H, H-5 of 4-CI-3-GFCgH3, J= 8.7 Hz), 8.15 — 8.28 (m, 3H, H-6 of 4-CI-3-
CFs-CgH3z and H-6, H-7 phthalazine), 8.43 (s, 1H, H-2 of 43€CF;-C¢H3), 8.48 (d, 1H, H-5
phthalazine J= 8.4 Hz), 9.14 (d, 1H, H-8 phthalazini 8.4 Hz), 11.15 (s, 1H, NH}’C
NMR (DMSO-dg) J ppm 34.13 (-CH-), 54.97 (-OCH), 114.14, 114.23, 120.89, 121.44,
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122.11, 124.51, 125.03, 126.84, 127.73, 127.88,802932.16, 134.63, 135.62, 137.54,
153.12, 153.31, 157.94, 158.29; Anal. Calcd. FeHGCIFN3O: C, 62.24; H, 3.86; N, 9.47,
Found C, 62.39; H, 3.89; N, 9.63.

4.1.4.8.4-(4-Methoxybenzyl)-N-(3-methoxyphenyl)phthalazaine(4h):

Yellow crystals (yield 60%); m.p. 157-159°C; IR (KBv cmi?): 3419 (NH), 2927 (CH
aliphatic);"H NMR (DMSO-ds) dppm 3.69 (s, 3H, OCHh), 3.79 (s, 3H, OCH), 4.62 (s, 2H,
CHy), 6.85 — 6.88 (m, 3H, H-4 of 3-OGHCsH, and H-3 and H-5 of 4-OCGHCeH,), 7.31 —
7.42 (m, 5H, H-2, H-5 and H-6 of 3-OG#sH, and H-2 and H-6 of 4-OCHCgH,), 8.11 —
8.21 (m, 2H, H-6 and H-7 phthalazine), 8.38 (d, b5 phthalazineJ= 8.1 Hz), 9.04 (d, 1H,
H-8 phthalazineJ= 7.8 Hz), 10.89 (s, 1H, NH}’C NMR (DMSO4ds) dppm 35.08 (-CH-),
54.97 (-OCH), 55.27 (-OCH), 109.76, 111.42, 114.12, 116.01, 121.09, 12419%.85,
127.15, 128.50, 129.80, 129.98, 134.59, 138.17.215452.46, 158.15, 159.88; MS m/z 371
[M*]; Anal. Calcd. for GsH21N302: C, 74.37; H, 5.70; N, 11.31; Found C, 74.55; H85 N,
11.53.

4.1.4.9. 4-(4-Methoxybenzyl)-N-(4-methoxyphenytglazin-1-aming4i):

Yellow crystals (yield 64%); m.p. 243-245°C; IR (KBv cm?): 3273 (NH), 2619 (CH
aliphatic);"H NMR (DMSO-ds) dppm 3.69 (s, 3H, OCH), 3.80 (s, 3H, OCH), 4.51 (s, 2H,
CHy), 6.83 (d, 2H, H-3 and H-5 of 4-OG¥sH,4, J= 9.0 Hz), 7.02 (d, 2H, H-3 and H-5 of 4-
OCH;-CeH4-NH, J= 9.3 Hz), 7.26 (d, 2H, H-2 and H-6 of 4-OgBsH,, J= 8.4 Hz), 7.62 (d,
2H, H-2 and H-6 of 4-OCHCgH4-NH, J= 8.7 Hz), 8.01 — 8.10 (m, 2H, H-6 and H-7
phthalazine), 8.24 (d, 1H, H-5 phthalazide, 7.2 Hz), 8.87 (d, 1H, H-8 phthalazink; 7.5
Hz), 10.41 (s, 1H, NH)-*C NMR (DMSO4ds) dppm 36.18 (-CH-), 54.94 (-OCH), 55.27 (-
OCHg), 113.96, 114.37, 120.26, 124.34, 125.39, 126124K.58, 129.47, 129.64, 130.29,
133.17, 133.88, 151.86, 152.10, 156.96, 157.96;.ADalcd. for GsH21N3O2: C, 74.37; H,
5.70; N, 11.31; Found C, 74.53; H, 5.81; N, 11.52.

4.1.4.10. 4-((4-(4-Methoxybenzyl)phthalazin-1-ylyamjbenzenesulfonamid4)):

White crystals (yield 70%); m.p. 251-253°C; IR (KBrcmi?): 3406, 3325, 3259 (NH, Nij
2644 (CH aliphatic), 1327, 1147 (90'H NMR (DMSO-ds) dppm 3.69 (s, 3H, OC}), 4.64
(s, 2H, CH), 6.85 (d, 2H, H-3 and H-5 of 4-OGHCsH4, J= 9.0 Hz), 7.30 (d, 2H, H-2 and H-
6 of 4-OCH-CgH4, J= 8.4 Hz), 7.86 (d, 2H, H-2 and H-6 of 4-@@H,-C¢H4, J= 8.7 Hz), 7.99
(d, 2H, H-3 and H-5 of 4-SDIH,-CgH,4, J= 8.4 Hz), 8.08 — 8.21 (m, 2H, H-6 and H-7
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phthalazine), 8.38 (d, 1H, H-5 phthalazide, 7.8 Hz), 8.85 (d, 1H, H-8 phthalazink; 7.8
Hz), 10.35 (s, 1H, NH, D exchangablenal. Calcd. for G;H,oN4Os3S: C, 62.84; H, 4.79;
N, 13.32; Found C, 62.97; H, 4.86; N, 13.47.

4.1.5. substituted 1-(4-nitrophenyl)-3-phenylu(Ba-i)

Compound$a-i were prepared according to reported procedurgs [35

4.1.6. substituted 1-(4-aminophenyl)-3-phenylui@ai)
Compound$a-c, €, f, i [35], 6g [36] and6h [37] are previously reported.

4.1.6.1. 1-(2-Chlorophenyl)-3-(4-aminophenyl)uféd):

White crystals (yield 69%); m.p. 209-211°C; IR (KBrcmi?): 3489, 3394, 3305 (NH, N
1631 (C=0);'H NMR (DMSO-ds) dppm 4.78 (s, 2H, Nk, D,O exchangable), 6.53 (d, 2H,
H-3 and H-5 of 4-NHCgH4-NH, J= 6.9 Hz), 6.97 (t, 1H, H-4 of 2-Cl«l4, J= 7.5 Hz), 7.07
(d, 2H, H-2 and H-6 of 4-NHCeH4-NH, J= 8.7 Hz), 7.25 (t, 1H, H-5 of 2-Cl¢8,, J= 7.8
Hz), 7.39 (d, 1H, H-3 of 2-ClI-§H,4, J= 7.5 Hz), 8.07 (s, 1H, N4 D.O exchangable), 8.14
(d, 1H, H-6 of 2-Cl-GH4 , J= 8.4 Hz), 8.90 (s, 1H, Ni#a DO exchangable).

4.1.7. General procedure for preparation of targetnpoundg7a-i):

A solution of 1-chloro-4-(4-methoxybenzyl)phthaleeB (2.84 g, 0.01 mol) in acetone was
added to a stirred solution 6&-i (0.01 mol) in refluxing acetone. The reaction migtwas
refluxed for 2 h then left to cool. The precipittolid was filtered, dried and recrystallized

from dioxan to givera-i.

4.1.7.1. 1-(4-((4-(4-Methoxybenzyl)phthalazin-Iagi)no)phenyl)-3-phenylurgda):

Yellow crystals (yield 65%); m.p. 250-253 °C; IR BK v cm): 3253 (NH), 2922 (CH
aliphatic), 1697 (C=0)'H NMR (DMSO-ds) dppm 3.70 (s, 3H, OCH), 4.52 (s, 2H, Cbh),
6.85 (d, 2H, H-3 and H-5 of 4-OGHCgHa4, J= 8.7 Hz), 6.97 (t, 1H, H-4 of NHEls, J= 7.5
Hz), 7.26 — 7.31 (m, 4H, H-3, H-5 of NHs;85 and H-2, H-6 of 4-OCKCgH,), 7.46 — 7.53
(m, 4H, HN-GH4s-NH), 7.61 (d, 2H, H-2 and H-6 of NHg8s, J= 8.4 Hz), 8.16 — 8.20 (m,
2H, H-6 and H-7 phthalazine), 8.36 (d, 1H, H-5 pitezine,J= 9.0 Hz), 8.85 (d, 1H, H-8
phthalazineJ= 9.3 Hz), 9.12 (s, 1H, N, D.O exchangable), 9.30 (s, 1H, W& DO
exchangable), 10.88 (s, 1H, NH,® exchangable); Anal. Calcd. fordE,sNs0,: C, 73.25;
H, 5.30; N, 14.73; Found C, 73.41; H, 5.38 ; N914.
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4.1.7.2. 1-(4-((4-(4-Methoxybenzyl)phthalazin-Iagi)no)phenyl)-3-(3-
(trifluoromethyl)phenyl)ure7b):

Yellow crystals (yield 77%); m.p. 205-207 °C; IRBK v cm): 3282 (NH), 2933 (CH
aliphatic), 1714 (C=0O)'H NMR (DMSO-ds) dppm 3.70 (s, 3H, OCH), 4.54 (s, 2H, Cbh),
6.85 (d, 2H, H-3 and H-5 of 4-OGHCH,4, J= 8.7 Hz), 7.28 (d, 2H, H-2 and H-6 of 4-O¢H
CeHa, J= 9.0 Hz), 7.49 — 7.65 (m, 7H, H-4, H-5 and H-83e€FR-CeH4 and 4H of HN-GH4-
NH), 8.01 (s, 1H, H-2 of 3-GFC¢Hy), 8.12 — 8.20 (m, 2H, H-6 and H-7 phthalazine358d,
1H, H-5 phthalazineJ= 9.3 Hz), 8.92 (d, 1H, H-8 phthalazing& 9.0 Hz), 9.71 (s, 1H,
NHured, 9.91 (s, 1H, Nkted, 10.94 (s, 1H, NH)**C NMR (DMSOds) dppm 35.60 (-CH-),
54.88 (-OCH), 113.94, 114.19, 117.85, 118.90, 121.03, 121142.37, 124.80, 124.96,
125.81, 126.95, 128.57, 129.30, 129.72, 129.84,9029134.05, 137.92, 138.56, 140.67,
152.00, 152.67, 158.13; MS m/z 543" MAnal. Calcd. for GoH24FsNsO2: C, 66.29; H, 4.45;
N, 12.88; Found C, 66.38; H, 4.49 ; N, 13.04.

4.1.7.3. 1-(4-Cyanophenyl)-3-(4-((4-(4-methoxybBphyhalazin-1-yl)Jamino)phenyl)urea
(70):

Brown crystals (yield 65%); m.p. 241-243°C; IR (KBr cm?): 3251 (NH), 3034 (CH
aliphatic), 2216 (EN), 1716 (C=0); '"H NMR (DMSO-ds) d ppm 3.70 (s, 3H, OCh), 4.54
(s, 2H, CH), 6.85 (d, 2H, H-3 and H-5 of 4-OGHCsH,4, J= 9.0 HZz), 7.27 (d, 2H, H-2 and H-
6 of 4-OCH-Cg¢H,, J= 8.1 Hz), 7.55 — 7.73 (m, 8H, 4H of 4-CN#L and 4H of HN-GH.-
NH), 8.07 — 8.20 (m, 2H, H-6 and H-7 phthalazir&}5 (d, 1H, H-5 phthalazinés= 7.2 Hz),
8.92 (d, 1H, H-8 phthalazinds 8.1 Hz), 9.79 (s, 1H, Ni9, 10.10 (s, 1H, Nidey, 10.97 (s,
1H, NH); °C NMR (DMSO4dg) J ppm 35.63 (-CH-), 55.00 (-OCH), 103.06, 114.07,
117.70, 118.99, 119.28, 121.01, 124.89, 125.82,9426127.04, 128.54, 129.79, 133.26,
134.22, 135.03, 138.29, 144.26, 152.02, 152.28,1858MS m/z 500 [M]; Anal. Calcd. for
C3oH24N60O2: C, 71.99; H, 4.83; N, 16.79; Found C, 72.17; 94 N, 17.03.

4.1.7.4. 1-(2-Chlorophenyl)-3-(4-((4-(4-methoxybg)phthalazin-1-yl)amino)phenyl)urea
(7d):

Yellow crystals (yield 53%); m.p. 249-251 °C; IRBK v cm™): 3255 (NH), 2945 (CH
aliphatic), 1703 (C=0)'H NMR (DMSO-ds) dppm 3.69 (s, 3H, OCH), 4.53 (s, 2H, Cbh),
6.84 (d, 2H, H-3 and H-5 of 4-OGHCgH4, J= 8.7 Hz), 7.03 (t, 1H, H-4 of 2-Cl¢H4, J= 7.8
Hz), 7.27 — 7.32 (m, 3H, H-5 of 2-Cls84 and H-2, H-6 of 4-OCKCsH,), 7.43 (d, 1H, H-3
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of 2-Cl-GsHg4, J= 8.4 Hz), 7.58 — 7.65 (m, 4H, HNsB4s-NH), 8.07 — 8.17 (m, 3H, H-6 of 2-
Cl-C¢H4 and H-6, H-7 phthalazine), 8.31 (d, 1H, H-5 phalaaie,J= 8.1 Hz), 8.60 (s, 1H,
NHued, 8.94 (d, 1H, H-8 phthalazinds 8.7 Hz), 10.16 (s, 1H, NiJ, 10.89 (s, 1H, NH);
¥C NMR (DMSOds) dppm 35.80 (-CH-), 55.00 (-OCH), 114.04, 118.80, 120.76, 121.57,
122.28, 123.28, 124.75, 125.18, 126.76, 126.81,4127128.91, 129.17, 129.73, 130.42,
133.83, 134.56, 136.00, 138.01, 151.97, 152.05,3%52158.07; MS m/z 511 [(M¥'] and
509 [M']; Anal. Calcd. for GgH24CINsO,: C, 68.30; H, 4.74; N, 13.73; Found C, 68.42; H,
4,78 ; N, 13.89.

4.1.7.5. 1-(3-Chlorophenyl)-3-(4-((4-(4-methoxybg)phthalazin-1-yl)amino)phenyl)urea
(7e):

Beige crystals (yield 59%); m.p. 225-227 °C; IR @B cm™): 3261 (NH), 2956 (CH
aliphatic), 1701 (C=0O)'H NMR (DMSO-ds) dppm 3.68 (s, 3H, OCH), 4.51 (s, 2H, Cbh),
6.84 (d, 2H, H-3 and H-5 of 4-OGHCeH,4, J= 8.7 Hz), 6.98 — 7.03 (m, 1H, H-4 of 3-ClI-
CeHy), 7.26 — 7.31 (m, 4H, H-5, H-6 of 3-Ck&4 and H-2, H-6 of 4-OCHKCsH,), 7.56 —
7.62 (M, 4H, HN-GH4-NH), 7.72 (s, 1H, H-2 of 3-Cl-§E,), 8.06 — 8.14 (m, 2H, H-6 and H-7
phthalazine), 8.29 (d, 1H, H-5 phthalazide,6.9 Hz), 8.83 (d, 1H, H-8 phthalazink; 6.9
Hz), 9.53 (s, 1H, Niges, 9.63 (s, 1H, Nidey, 10.61 (s, 1H, NH)’*C NMR (DMSO4ds) &
ppm 36.06 (-CH-), 54.99 (-OCH), 114.02, 116.30, 117.22, 118.80, 120.59, 121123,45,
125.01, 126.62, 126.75, 129.07, 129.70, 130.33,5830133.16, 133.61, 134.40, 137.76,
141.39, 152.00, 152.54, 158.05; Anal. Calcd. fesHz4CINsO,: C, 68.30; H, 4.74; N, 13.73;
Found C, 68.47; H, 4.76 ; N, 13.86.

4.1.7.6. 1-(4-Chlorophenyl)-3-(4-((4-(4-methoxybg)phthalazin-1-yl)amino)phenyl)urea
(7):

Beige crystals (yield 68%); m.p. 223-225 °C; IR (B cmi): 3244 (NH), 2819 (CH
aliphatic), 1674 (C=0O)H NMR (DMSO-ds) dppm 3.68 (s, 3H, OCH), 4.51 (s, 2H, Ch),
6.83 (d, 2H, H-3 and H-5 of 4-OGHCgH,4, J= 8.7 Hz), 7.26 — 7.33 (m, 4H, H-2, H-6 of 4-
OCHs-CgH4 and H-3, H-5 of 4-Cl-gHy), 7.48 — 7.62 (m, 6H, H-2, H-6 of 4-Clk&@, and 4H
of HN-CgHs-NH), 8.07 — 8.15 (m, 2H, H-6 and H-7 phthalazin8)30 (d, 1H, H-5
phthalazine,J= 6.9 Hz), 8.89 (d, 1H, H-8 phthalazink; 6.9 Hz), 9.64 (s, 1H, Nk.), 9.66
(s, 1H, NHyed, 10.85 (s, 1H, NH)*C NMR (DMSO4gs) J ppm 35.85 (-CH-), 55.00 (-
OCHg), 114.04, 118.71, 119.35, 120.78, 124.71, 1251P%K.39, 126.79, 126.84, 128.56,

17



128.82, 129.75, 129.92, 133.86, 134.69, 138.33,843851.97, 152.61, 158.08; Anal. Calcd.
for CogH24CINsOs: C, 68.30; H, 4.74; N, 13.73; Found C, 68.44; H64 N, 13.85.

4.1.7.7. 1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-((4-(4-methoxybenzyl)phthalazin-1-
yl)amino)phenyl)ured7g):

Orange crystals (yield 66%); m.p. 268-270 °C; IRB(Kv cm™): 3340 (NH), 2833 (CH
aliphatic), 1714 (C=0O)'H NMR (DMSO-ds) dppm 3.70 (s, 3H, OCH), 4.52 (s, 2H, Cbh),
6.85 (d, 2H, H-3 and H-5 of 4-OGHCH,4, J= 8.7 Hz), 7.26 (d, 2H, H-2 and H-6 of 4-O¢H
CeHa, J= 8.4 Hz), 7.53 — 7.68 (m, 6H, H-5, H-6 of 4-CI-34aCsH3 and 4H of HN-GHg4-
NH), 8.08 — 8.17 (m, 3H, H-2 of 4-CI-3-G&:H3 and H-6, H-7 phthalazine), 8.32 (d, 1H, H-
5 phthalazineJ= 6.6 Hz), 8.83 (d, 1H, H-8 phthalazirls, 6.6 Hz), 9.50 (s, 1H, Nk, 9.84
(s, 1H, NHied, 10.67 (s, 1H, NH)**C NMR (DMSOds) d ppm 36.11 (-CH-), 54.99 (-
OCHg), 114.02, 116.41, 119.04, 120.52, 120.98, 122112.70, 124.32, 124.60, 124.84,
126.58, 126.72, 129.15, 129.69, 132.00, 133.56,3P34137.32, 139.45, 152.06, 152.53,
158.04; Anal. Calcd. for £H23CIFsNsO,: C, 62.34; H, 4.01; N, 12.12; Found C, 62.48; H,
4.07 ; N, 12.31.

4.1.7.8. 1-(4-((4-(4-Methoxybenzyl)phthalazin-agi)no)phenyl)-3-(3-methoxyphenyl)urea
(7h):

Beige crystals (yield 70%); m.p. 220-222 °C; IR @B cm™): 3261 (NH), 2831 (CH
aliphatic), 1683 (C=0):H NMR (DMSO-ds) dppm 3.67 (s, 3H, OCH), 3.74 (s, 3H, OCH),
4.45 (s, 2H, Ch), 6.53 (d, 1H, H-4 of 3-OCHHCsH,4, J= 7.8 Hz), 6.80 (d, 2H, H-3 and H-5 of
4-OCHs-CgH4, J= 9.0 Hz), 6.92 (d, 1H, H-6 of 3-OGHCsH,4, J= 7.2 HZz), 7.14 — 7.24 (m, 4H,
H-2, H-5 of 3-OCH-C¢H,4 and H-2, H-6 of 4-OCHCgH4), 7.42 (d, 2H, HN-GH4,-NH, J= 8.7
Hz), 7.81 (d, 2H, HN-gH,-NH, J= 8.7 Hz), 7.86 — 7.94 (m, 2H, H-6 and H-7 phthizla},
8.07 (d, 1H, H-5 phthalazind= 6.3 Hz), 8.54 — 8.57 (m, 2H, H-8 phthalazine &itd|,),
8.63 (s, 1H, NKea DO exchangable), 9.02 (s, 1H, NH,@exchangable); Anal. Calcd. for
CsoH27Ns03: C, 71.27; H, 5.38; N, 13.85; Found C, 71.52; H25N, 14.02.

4.1.7.9. 1-(4-((4-(4-Methoxybenzyl)phthalazin-lagi)no)phenyl)-3-(4-methoxyphenyl)urea
(7):

Yellow crystals (yield 69%); m.p. 215-217 °C; IREK v cmi?): 3259 (NH), (CH aliphatic),
1666 (C=0);H NMR (DMSO-ds) dppm 3.69 (s, 3H, 4-OCh), 3.71 (s, 3H, 4-OC¥), 4.52
(s, 2H, CH), 6.84 (d, 4H, H-3, H-5 of 4-OCHCeH,-CH, and H-3, H-5 of 4-OCHCsH,-NH
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J= 8.4 Hz), 7.27 (d, 2H, H-2 and H-6 of 4-O@8¢H., J= 8.1 Hz), 7.37 (d, 2H, H-2 and H-6
of 4-OCH;-CgH4-NH, J= 8.7 Hz), 7.52 — 7.61 (m, 4H, HNsB,-NH), 8.09 — 8.17 (m, 2H, H-
6 and H-7 phthalazine), 8.31 (d, 1H, H-5 phthalezid= 8.4 Hz), 8.91 (d, 1H, H-8
phthalazine J= 6.9 Hz), 9.16 (s, 1H, Nk, 9.47 (s, 1H, Nied, 10.94 (s, 1H, NH)*C
NMR (DMSO-ds) J ppm 35.82 (-CH-), 55.00 (-OCH), 55.14 (-OCH), 113.97, 114.05,
118.55, 119.66, 120.87, 124.81, 125.55, 126.88,7¥28129.29, 129.76, 132.87, 133.94,
134.83, 138.97, 151.94, 152.88, 154.35, 158.10;.Abalcd. for GoHaNsOs: C, 71.27; H,
5.38: N, 13.85; Found C, 71.51; H, 5.44: N, 13.97.

4.2. Measurement of inhibitory activity against VH&G2

The kinase activity of VEGFR-2 was carried out lie iNational Research Centre, Giza,
Egypt and measured by use of an anti-phosphotyroaitibody with the Alpha Screen
system (PerkinElmer, USA) according to manufactanastructions. Enzyme reactions were
performed in 50 mM Tris—HCI pH 7.5, 5 mM MnCb mM MgCb, 0.01% Tween-20 and 2
mM DTT, containing 10 uM ATP, 0.1 pg/mL biotinylat@oly-GluTyr (4:1) and 0.1 nM of
VEGFR-2 (Millipore, UK). Prior to catalytic initigdn with ATP, the tested compounds at
final concentrations ranging from 0-100 pg/mL andyene were incubated for 5 min at room
temperature. The reactions were quenched by théaddf 25 puL of 100 mM EDTA, 10
pg/mL Alpha Screen streptavidine donor beads angid/@nL acceptor beads in 62.5 mM
HEPES pH 7.4, 250 mM NaCl, and 0.1% BSA. Plate weagbated in the dark overnight and
then read by ELISA Reader (PerkinElmer, USA). Weltsitaining the substrate and the
enzyme without compounds were used as reactionraiowells containing biotinylated
poly-GluTyr (4:1) and enzyme without ATP were usesdbasal control. Percent inhibition
was calculated by the comparison of compounds ddedb control incubations. The
concentration of the test compound causing 50%bitibn (ICsp) was calculated from the
concentration—inhibition response curve (triplicateterminations) and the data were
compared with Sorafenib as standard VEGFR-2 intribit

4.3. Molecular Docking study

All the molecular modeling studies were carried aiging Molecular Operating
Environment (MOE, 10.2008) software. All minimizats were performed with MOE until
an RMSD gradient of 0.05 kealol™*A™ with MMFF94x force field and the partial charges
were automatically calculated. The X-ray crystalfgahic structure of VEGFR-2 co-
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crystallized with sorafenib as inhibitor (PDB IDA8D) [38] was downloaded from the
protein data bank [39]. The receptor was prepaceddbcking study usindProtonate 3D
protocol in MOE with default options followed by tea molecules removal. The co-
crystalized ligand was used to define the actite feir docking. Triangle Matcher placement
method and London dG scoring function were useddfieking. Docking setup was first
validated by re-docking of the co-crystallized hga(Sorafenib) in the vicinity of the active
site of the receptor with energy score (S) = —15%&8l/mol and RMSD of 0.470A. The
validated setup was then used in predicting thenlilg receptor interactions at the active site

for the synthesized and designed compounds.
4.4. In vitro cytotoxic activity

The cytotoxicity assays were performed at Natio@ahcer Institute (NCI), Bethesda,
USA (against 60 cell lines). The human tumor deks$ of the cancer screening panel were
grown in RPMI 1640 medium containing 5% fetal b@/serum and 2 mM L-glutamine. For
a typical screening experiment, cells were ino@adanto 96 well microtiter plates in 100 p at
plating densities ranging from 5000 to 40,000 ¢etdl depending on the doubling time of
individual cell lines. After cell inoculation, thmicrotiter plates were incubated at %7, 5%
CO,, 95% air and 100% relative humidity for 24 h prtoraddition of experimental drugs.
After 24 h, two plates of each cell line were fixadsitu with trichloroacetic acid (TCA), to
represent a measurement of the cell populatioedch cell line at the time of drug addition
(T,). Experimental drugs were solubilized in dimethylfoxide at 400-fold the desired final
maximum test concentration and stored frozen goanse. At the time of drug addition, an
aliquot of frozen concentrate was thawed and diliitetwice the desired final maximum test
concentration with complete medium containing 5@mlgentamicin. Aliquot of 100 ul of
the drug dilution was added to the appropriate otit@r wells already containing 100 pl of
medium, resulting in the required final drug corication (10 puM). Triplicate wells were
prepared for each individual dose. Following drdgition, the plates were incubated for an
additional 48 h at 37C, 5% CQ, 95% air, and 100% relative humidity. For adhermgits,
the assay was terminated by the addition of col&.TCells were fixedn situ by the gentle
addition of 50 pl of cold 50% (w/v) TCA (final coectration, 10% TCA) and incubated for
60 min at £°C. The supernatant was discarded, and the plateswashed five times with tap
water and air dried. Sulforhodamine B (SRB) solut{@00 ul) at 0.4% (w/v) in 1% acetic
acid was added to each well, and plates were itedldar 10 min at room temperature. After
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staining, unbound dye was removed by washing fimeg with 1% acetic acid and the plates
were air dried. Bound stain was subsequently skihebi with 10 mM trizma base, and the
absorbance was read on an automated plate reaa@vaatelength of 515 nm. For suspension
cells, the methodology was the same except thatskay was terminated by fixing settled
cells at the bottom of the wells by gently addifig8 of 80% TCA (final concentration, 16%
TCA). Using the seven absorbance measurements fnwe(l 2), control growth C), and test
growth in the presence of dru@;), the percentage growth was calculated at they dru
concentration level. Percentage growth inhibiticaswalculated as:

[(Ti—=T) / (C - T)] x 100 for concentrations for which > T,

[(Ti — T / T, x 100 for concentrations for which < T,
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FIGURE CAPTIONS

Figure 1. Structures of VEGFR-2 inhibitord-(11) and the target phthalazines
4a-j and7a-i.

Figure 2. 2D schematic diagram representing vatalanib giibinding mode in the
VEGFR-2 active site.

Figure 3. (A) Superimposition of the co-crystallized (blwa)d the docking pose (red)
of sorafenib in the VEGFR-2 active site with RMSD®470A. (B) 2D
interaction diagram showing sorafenib docking pwgeractions with the
key amino acids in the VEGFR-2 active site. (Distmin A)

Figure 4. 2D diagram (A) and 3D representation (B) of commb4g showing its
interaction with the VEGFR-2 receptor active site.

Figure 5. 2D diagram (A) and 3D representation (B) for coomd 4j showing its
interaction with the VEGFR-2 receptor active site.

Figure 6. 2D diagram (A) and 3D representation (B) for comonpd 7h showing its
interaction with the VEGFR-2 receptor active site.

Figure 7. The most sensitive cell lines towards the taggehpoundsta-j and 7a-i
according to the Gl %.

TABLE CAPTIONS
Table 1. VEGFR-2 kinase inhibitory activity of the syntimesd compounds.

Table 2. Docking energy scores (S) in kcal/mol for compashdnd?.

Table 3. Percentage growth inhibition (Gl %) wi-vitro subpanel tumor cell lines at
10 puM concentration for seventeen compounds.

SCHEME CAPTIONS

Scheme 1. Reagents and conditions: (i) gEDONa / heating 200 °C 5 h; (ii)
NH2NH2.H,SO, / NaOH / EtOH / reflux 15 h; (iii) POGI/ N,N-
dimethylaniline / reflux 10 h (iv) Anilines / acete / reflux 3 h.

Scheme 2. Reagents and conditions: (i) THF ARt rt 15 h; (i) H /Pd/C / MeOH
/ rt 3 h; (iii) Acetone / reflux 2 h.
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Table LVEGFR2 kinase inhibitory activity of the synthesizcompounds.

Compound R ICs¢c (MM)  Compound R ICs0 (UM)
4a H 5.76+0.58 7a H 0. 473+0.03
4b 3-Chk 3.97+0.43 7b 3-Chk 0.460+0.05
4c 4-CN 5.12+0.54 7c 4-CN 0.381+0.04
4d 2-Cl 3.68+0.40 7d 2-Cl 0.141+0.02
4e 3-Cl 4.67+0.49 7e 3-Cl 0.118+0.01
4f 4-Cl 3.87+0.39 7f 4-Cl 0.114+0.01
49 3-Ck:-4-Cl 1.34+0.16 79 3-CR-4-Cl  0.086+0.01
4h 3-OCH; 0.754+0.07 7h 3-OCH; 0.083+0.01
4i 4-OCH; 3.45+0.34 7i 4-OCH; 0.086+0.01
4j 4-SONH,  0.636+0.06 Sorafenib 0.090+0.01

Data were expressed as Mean * Standard error (&.Hwee independent experiments.



Table 2 Docking energy score$§)(in kcal/mol for compound4 and?.

Compound Energy score Compound Energy score $)

(S) kcal/mol kcal/mol
4a -14.74 /a -18.18
4b -16.09 7b -19.27
4c -15.18 7c -18.08
4d -14.94 7d -18.75
4e -15.11 7e -17.85
af -15.06 7f -18.23
49 -16.32 79 -20.25
4h -15.51 7h -19.12
4 -15.24 7i -19.86

4 -15.94 Sorafenib -15.19




Table 3 Percentage growth inhibition (Gl %) im¥vitro subpanel tumor cell lines at 10 uM

concentration forseventeen compounds.

Subpanel Compoundf
4da 4b  4c de  Af 4g 4h 4 7a b 7c 7d  7e 7f 79 7h  7i
Leukemia
CCRF-CEM s 39 - - 46 52 - - 34 35 47 - 41 42 55 - 40
K-562 s 49 - 45 48 60 - - - - 50 - 30 - 43 - -
MOLT-4 s 60 - 37 48 69 - 31 30 37 56 - - 44 50 - 47
RPMI-8226 58 87 - 89 69 94 77 - 46 42 95 33 31 75 66 43 91
SR 30 52 - 43 54 43 35 34 - 34 43 - - 40 40 - 39
Non-Small Cell Lung Cancer
A549/ATCC - 57 - 45 40 62 - - - 35 36 - 35 33 48 - -
HOP-62 - - - - 40 - 35 - - - 33 - - - - - 33
HOP-92 49 63 36 63 76 58 53 55 - - - - - - - - -
NCI-H226 - 40 - 35 34 43 37 - - - - - - - - - -
NCI-H23 - 42 - - 39 40 - - - - - - - - - - -
NCI-H322M - - - - 45 37 - - - - - - - - 30 - -
NCI-H460 - 50 - 34 45 74 - - - - 40 - - 110 36 - -
NCI-H522 - 45 - 50 38 49 63 - 48 56 54 33 57 43 68 - 36
Colon Cancer
COLO 205 - - - - - - - - - - - - - - 30 - -
HCC-2998 - 31 - - - 42 - - - - - - - - - - -
HCT-116 - 56 - 49 66 73 40 34 35 42 44 - 37 42 53 - 34
HCT-15 - 41 - 33 33 58 - - - - 36 - - 41 40 - 39
HT29 - 49 - 31 59 48 - - - - 45 - - 34 61 - 34
KM12 - 40 - - 30 52 - - - 36 37 - - 39 51 - 39
SW-620 - - - - - - - - - - - - - - - - -
CNS Cancer
SF-268 - - - - - - - - - - - - - - - - -
SF-295 - 38 - 33 50 49 - 30 - - 86 - - 52 50 - 81
SF-539 - 36 - 35 46 42 - - - - 67 - - 41 - 35 49
SNB-19 - 45 - 37 38 45 30 - - 30 43 - - 39 45 - -
SNB-75 - - - 32 - - 41 - - 31 57 - - 49 59 - 50
U251 - 44 - 34 38 59 - - 32 30 63 - - 48 51 32 49
Melanoma
LOX IMVI - - - - 58 - - - - - 46 - - - 32 - -
MALME-3M - - - - - - - - - - 42 - - - - - 31
M14 - - - - 47 48 - - - 30 35 - - 30 40 - -
MDA-MB-435 - - - - 30 - - - - - - - - - 35 - -
SK-MEL-28
SK-MEL-5 - - - - - - - - - - 45 - - - - - -
UACC-257 - - - - 35 - - - - - 33 - - - 36 - -
UACC-62 - - - - - - - - - - - - - - - - -
- 42 - 39 60 41 - 34 - - - - - - - - -
Ovarian Cancer
IGROV1 - 37 - - 36 32 33 - - - 46 - - - 53 - -
OVCAR-3 - 48 - 34 40 59 - - - - - - - - 78 - -
OVCAR-4 - 37 - - 33 45 - - - - - - - - 60 - -
OVCAR-5 - - - - - 33 - - - - - - - - 30 - -
OVCAR-8 - 35 - - 35 40 - - - - - - - - 66 - -
NCI/ADR- - 40 - 32 48 50 30 - - - - - - - 67 - -
RES
SK-OV-3 - - - - - - - - - - 37 - - - 38 - -
Renal Cancer
786-0 - 33 - - 43 41 - - 36 41 83 41 35 58 62 42 63
A498 35 40 30 34 53 46 - 47 - - 54 44 - 32 - - -
ACHN - 31 - 31 47 45 - - - 41 48 - 39 46 50 - 32



CAKI-1
RXF 393
SN12C
TK-10
uo-31

PC-3
DU-145

MCF7

HS 578T
BT-549
T-47D
MDA-MB-468
MDA-MB-
231/ATCC

Mean
inhibition, %

Sensitive cell
lines no.

22

5

32
34
46

66

49

35

56
42

46

37

39

50
30

15

6

34

61

42

41
30

39

29

29

37
32
50
52
68

51
42

36
35

44
42

36

40

46

35 - - -
33 32 - 49
46 - 34 -
40 - - 5
63 57 43 -
Prostate Cancer
61 30 - 30
37 - - -
Breast Cancer
48 - 38 -
34 - - 33

50 30 46 41
54 - - -

40 37 36 31

4 22 21 17

44 16 12 12

21

17

110

44

41

45

105

51
48

63

39

36

32

52

15

18

11

31

33
75
37
37
30

32

27

45

46
48

47
37

41

88

38

12

30

30
96
31
42
46

30

24

20nly Gl % higher than 30% are shown
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Figure 1. Structures of VEGFR-2 inhibitor$-(I1) and the target phthalazinés-j and7a-i.
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Figure 2. 2D schematic diagram representing vatalanib géusinding mode in the VEGFR-2
active site.
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Figure 3. (A) Superimposition of the co-crystallized (blw)d the docking pose (red) of sorafenib
in the VEGFR-2 active site with RMSD of 0.470A. (B interaction diagram showing sorafenib
docking pose interactions with the key amino agidhie VEGFR-2 active site. (Distances in A)
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Figure 4. 2D diagram (A) and 3D representation (B) of conmubdg showing its interaction with
the VEGFR-2 receptor active site.
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Figure 5. 2D diagram (A) and 3D representation (B) for coomub4j showing its interaction with
the VEGFR-2 receptor active site.
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Figure 6. 2D diagram (A) and 3D representation (B) for com|mb7h showmg its mteractlon with
the VEGFR-2 receptor active site.
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Figure 7. The most sensitive cell lines towards the targetmounds4a-j and7a-i according to

theGl %.




R, a=H; b = 3-CF3; ¢ = 4-CN; d = 2-Cl; e = 3-Cl; f = 4-C|; g = 4-CI-3-CF5; h = 3-OCHj;
i = 4-OCHg; j = 4-SO,NH,

Scheme 1. Reagents and conditions) CHsCOONa / heating 200 °C 5 hij)(NH2NH2.H.SQy/
NaOH/EtOH / reflux 15 h;i(i) POCE / N,N-dimethylaniline / reflux 10 hi¢) Anilines / acetone /
reflux 3 h.
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R, a=H; b=3-CFs; ¢ = 4-CN: d = 2-Cl; e = 3-Cl; f = 4-Cl; g = 4-CI-3-CF3; h = 3-OCHj; i = 4-OCH,

Scheme 2. Reagents and conditions) THF / EgN / rt 15 h; {i) H, /Pd/C / MeOH / rt 3 h;
(iii) Acetone / reflux 2 h.



Highlights

- Two series of 4-(4-Methoxybenzyl)phthalazides] & 7a-i were synthesized.

-The prepared phthalazines were evaluated for thieiipitory activity against VEGFR-2.
- Molecular docking was used to improve the bindiffgnity for 4a-j towards VEGFR-2.
- 7g-i inhibited VEGFR-2 with 1Gy = 0.086, 0.083 and 0.086 puM.

- Anticancer activity of the synthesized compounds s@eened by the (NCI), USA.



