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Abstract Isatin is an important compound from the biolog-
ical aspect of view. It is an endogenous substance and
moreover; various pharmacological activities have been
reported for isatin and its derivatives. In-vitro cytotoxic
effects of the prepared isatin Schiff bases toward HelLa,
LS180 and Raji human cancer cell lines has been reported
in our previous work. 3-(2-(4-nitrophenyl)hydrazono)
indolin-2-one was found to be the most potent one among
the studied compounds (IC3o=12.2 and 21.8 uM in HeLa
and LS-180 cell lines, respectively). Obtained biological
data could be well interpreted using docking binding ener-
gies toward vascular endothelial growth factor receptor
(VEGFR-2); a key anticancer target being biologically in-
vestigated against various isatin derivatives. In the present
work, quantum mechanical (QM) method including func-
tional B3LYP in association with split valence basis set
using polarization functions (Def2-SVP) was used to esti-
mate individual ligand-residue interaction energies for the
docked 3-(2-(4-nitrophenyl)hydrazono) indolin-2-one into
VEGFR-2 active site. Results were further interpreted via
calculated polarization effects induced by individual amino
acids of the receptor active site. A fairly good correlation
could be found between polarization effects and estimated
binding energies (R*=0.7227). Conformational analysis
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revealed that 3-(2-(4-nitrophenyl) hydrazono) indolin-2-
one might not necessarily interact with the VEGFR-2 active
site in its minimum energy conformation.
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Introduction

Isatin is a natural product found in a number of plants
including those of the genus Isatis [1]. It has also been
found as a metabolic derivative of adrenaline in humans
[2]. Moreover, it has been demonstrated that isatin is found
at higher levels in patients involved with neuropathological
conditions and also proved to be a competitive MAO-B
inhibitor [3, 4]. Various derivatives of isatin are known to
possess a range of pharmacological properties including
antiprotozoal [5, 6], antiglycation [7], anticonvulsant and
sedative-hypnotic [8, 9], anti-inflammatory [10], anti-
bacterial and anti-fungal [11] activities. Thus isatin is a
biologically validated starting point for the design and syn-
thesis of chemical libraries directed at these targets [12].
Due to the privileged nature of isatin, libraries designed and
synthesized around the basic structure of this scaffold may
yield medicinally active compounds with high hit rates.

In a typical lead/drug discovery protocol, potential can-
didate molecules may suffer from undesirable properties in
their pharmacokinetic and pharmacodynamic profiles.
Structure-based drug design has been considered as one of
the major strategies in achieving potential drug candidates
[13, 14]. In lead-drug development strategies, combination
of experimental methods with computer aided molecular
design (CAMD) techniques is essential for the development
of new drugs aimed at new targets, and thus for medicinal
chemistry [15].
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A variety of computational chemistry methods are avail-
able for running CAMD projects. These methods can be
divided into two categories; ligand-based and structure-
based methods. Within this scenario, theoretical methods
based on density-functional theory (DFT) are going to play
an increasingly important role in many applications of com-
putational chemistry to drug discovery [16—18]. One of the
most used DFT methods is Becke three-parameter Lee-
Yang-Parr (B3LYP) hybrid density functional theory [19].
This technique has been applied for conformational analysis
of some cytotoxic agents [20].

A number of isatin based chemical structures have been
reported to exhibit cytotoxic activity [21-24] and moreover
inhibitory activity of 3-substituted-indolin-2-ones against
VEGFR-2 have been demonstrated elsewhere [25].
VEGFR-2 is a cell surface receptor for vascular endothelial
growth factors and is involved in cell proliferation/angio-
genesis [26—28]. In light of the above information and in
continuation of our work [29], VEGFR-2 was chosen as
target for our theoretical studies. B3LYP level of theory
supplemented with the Def2-SVP as split basis set using
polarization functions [30] was applied to calculate the
individual ligand-amino acid binding energies for 3-(2-(4-
nitrophenyl) hydrazono) indolin-2-one as the most potent
cytotoxic isatin derivative in our studies (IC30=12.2 and
21.8 uM in HeLa and LS-180 cell lines, respectively) [29].
Estimating the proportion of individual amino acid-ligand
interaction energies in total binding energy would be a very
useful trend in pharmacophore discernment and development
(amino acid decomposition analysis). Comparative conforma-
tional analysis of the ligand structures in the optimized and
docked conformers were performed using the same basis set.
No such report could be found for studied isatins with
VEGFR-2.

Experimental
Computational section

X-ray crystal structure of VEGFR-2 was obtained from the
Brookhaven protein data bank (20H4; http://www.pdb.org/).
Cognate ligand and all crystallographic water molecules were
removed from receptor structure. All the pre-processing steps
for receptor structure were performed via WHAT IF server
(European Molecular Laboratory Heidelberg, Germany) and
AutoDock Tools 1.5.4 program (ADT) which has been re-
leased as an extension suite to the Python Molecular Viewer
[31]. All the molecular images were produced using VMD
program [32].

Schematic 2D representations of the ligand-receptor
binding maps for 3-(2-(4-nitrophenyl) hydrazono) indolin-
2-one/VEGFR-2 complex were generated using LIGPLOT
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[33]. For this purpose, all involved amino acids (residues)
were considered in their real electrostatic state. In each
residue under study, N-terminal was acetylated and C-
terminal was methyl amidated to mimic the original
electron density. All conformational and configurational
features were held as X-ray structure. The position of
hydrogen bonds are not clearly recognized in a typical
X-ray crystallographic file, and due to this limitation, we
further optimized the heavy atom-hydrogen bonds by
semi-empirical PM3 method using heavy atom fixing
approximation (constrained optimizations) [34]. All the
interaction energies were estimated by B3LYP/Def2-SVP
method. All calculations were done with the ORCA
quantum chemistry package [19].

Results and discussion
Ligand-receptor interactions

Previously we have found that top ranked AutoDock-based
binding energies (kcalmol ') for docked arylhydrazono/aryli-
mino indolin-2-one systems into VEGFR-2 active site were in
adaptable correlation with the in-vitro cytotoxicity data. More-
over, docking results were supported almost by high cluster
populations. Among prepared compounds, 3-(2-(4-nitro-
phenyl) hydrazono) indolin-2-one was selected as a model for
QM analysis due to its higher potency in in-vitro cytotoxicity
assays. For 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one,
IC5 values were found to be 12.2 and 21.8 uM in HeLa and
LS-180 cell lines, respectively [29].

Molecular docking is a popular method for attaining
ligand-receptor binding patterns, but with all of its advanta-
geous features, docking simulation provides no information
on individual ligand-amino acid binding energies in the
active-site of the receptor. The contribution of each amino
acid to the total ligand-receptor binding energy is of significant
importance in pharmacophore design and development. We
were convinced to estimate the binding energies of a 3-(2-(4-
nitrophenyl) hydrazono) indolin-2-one with individual resi-
dues of the VEGFR-2 active site. For this purpose, a model
system including eight amino acids of the VEGFR-2 active site
was constructed (Fig. 1). The evaluated residues (Leu838,
Val914, Glu915, Asn921, Leulo33, Leu30, Phel045, and
Argl1049) were selected on the basis of constructed binding
pattern for 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one/
VEGFR-2 complex [29].

Ligand-amino acid systems were subjected to optimiza-
tion process with the same basis set to obtain the exact
geometry of H-bonds (Table 1). Hydrogen bond geometries
were described as H-donor-acceptor angles. It should be
noted that hydrogen bond lengths were obtained considering
H...acceptor distances.
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Fig. 1 2D scheme of interactions between docked 3-(2-(4-nitrophenyl)
hydrazono) indolin-2-one and active site of VEGFR-2 generated by
LIGPLOT, PBD deposition code: 20H4

Ligand-residue binding energies (AE,) were calculated
using Eq. 1.

AE =E; g — Eg — E_ (1)

E| r stands for residue ligand interaction energy. Eg and
E_ indicate the electronic energies for residues and ligand,
respectively. Regarding this, various binding energies be-
tween 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one and
key residues surrounding the active site of VEGFR-2 were
obtained independently. The relevant data are shown in
Table 2.

Our results demonstrated that hydrogen bonding interactions
are of significant importance in overall binding of 3-(2-(4-
nitrophenyl) hydrazono) indolin-2-one to its target. One of the
key interactions was detected in the case of Arg1049 for which
a tight binding (~12.13 kcal mol ") to the ligand occurred. The
estimated bonding energy could be well interpreted considering
a charge-assisted electrostatic attraction between oxygen atom

Table 1 Hydrogen bond distances (A) for docked inhibitor [3-(2-(4-
nitrophenyl) hydrazono) indolin-2-one] into VEGFR-2 active site
(PDB deposition code: 20H4)

Participant No. of Optimized hydrogen Hydrogen bond
amino acids® H-bonds bond distances (A) state  angle (degree)
Glu91s 1 2.98 53.89

Cys917 1 2.56 27.52

Asn921 1 2.27 36.35

Arg1049 1 2.12 10.11

?For detailed participant atoms, readers are referred to Fig. 1

Table 2 Binding

energies between Residues Binding energy

residues of VEGFR-2 (kcal/mol)

active site and docked

3-(2-(4-nitrophenyl) Argl1049 -12.13

hydrazono) Asn921 -8.29

indolin-2-one Cys917 046
Phel045 -1.30
Val914 1.23
Gluols —5.43
Leu838 -0.96
Leul033 —0.38
Estimated total -27.72

binding energy

of nitro group in ligand (4-NO,-Ph) and guanine moiety of
Argl1049 (Fig. 1). In Asn921, the charge-assisted electrostatic
interaction might not be detected in obtained binding pattern,
but noticeable binding energy (—8.29 kcal mol ') emphasized
us to take into account hydrophobic interactions as well as H-
bonding with nitro oxygen atom (O31) of ligand. This hydro-
phobic interaction may be observed between carbon chain of
Asn921 and phenyl (4-NO,-Ph) moity of the ligand.

According to the above results, it may be supposed that
para-nitro group of phenyl moiety in the 3-(2-(4-nitrophenyl)
hydrazono) indolin-2-one structure may serve as an efficient
hydrogen acceptor site for making key H-bonds with residues
of the VEGFR-2. Glu915-ligand hydrogen bonding might be
supported with about —5 kcal mol ! energy (Table 2). However,
higher binding energies might be expected for this interaction if
carboxyl group of the Glu915 residue participated in charge-
assisted H-bonding. In the case of Cys917, the estimated
binding energy (—0.46 kcal mol ") may be interpreted in the
following ways:

—  The electrostatic attraction between N-terminal of Cys917
and oxygen atom (029) of indolin-2-one carbonyl group
may be penalized by repulsive hydrophobic interactions
of Cys917 with ligand.

—  Weaker H-bonding between Cys917 and ligand could
be attributed to the inappropriate geometrical pose of
donor/acceptor groups which is very determinative in
achieving tight bonds. The estimated angle for H-bond
(Cys917 NH- indolin 029) was 27.52° (Fig. 2). H-bond
distance (H....acceptor) was also found to be 2.56 A
(Table 1).

Our calculations indicated that hydrophobic contact be-
tween ligand and Val914 residue is repulsive and on the
basis of hydrophobic interaction map, this may be attributed
to the close contacts of Val914 with C3 and C14 atoms of an
indolin-2-one ring (Fig. 3). This interaction term has a
weakening effect on total binding energy to the receptor
(Table 2).
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Fig. 2 H-bond angle for donor/acceptor participants in Cys917 residue
of VEGFR-2 and docked 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one

Phel045 contributed to the possible 7t-7t stacking interac-
tions with phenyl ring (4-NO,-Ph) of the ligand and our
calculations assigned a —1.30 kcal mol ™' binding energy to
this hydrophobic contact (Table 2). Other hydrophobic con-
tacts could be observed for Leu838 and Leul033 with C13 and
C12-Cl11 atoms of the phenyl ring (4-NO,-Ph), respectively.
C9 atom of indolin-2-one also contributed to non-bonded
interactions with Leul033 (Fig. 3). It should be noted that

eu 838(A)
!

L

Val 914(A = - - —cis g’

Fig. 3 2D scheme of hydrophobic binding map between docked 3-(2-
(4-nitrophenyl) hydrazono)indolin-2-one and active site of VEGFR-2
generated by LIGPLOT, PBD deposition code: 20H4
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hydrophobic interactions are complex in nature and their treat-
ment in a single model would face some shortcomings, but
from the least point of view, active site oriented pose of the
ligand may be analyzed.

According to the ligand-receptor binding profile (Fig. 1)
it may be assumed that hydrazine linker (N26-N27) may not
be involved directly in bonding interactions with the amino
acids of the VEGFR-2 active site, but a directivity effect
toward proper orientation of 3-(2-(4-nitrophenyl) hydra-
zono) indolin-2-one in the binding pocket of the receptor
may be considered for this linker group.

Induced polarizability

Stereoelectronic effects are very important in evaluation of
ligand-receptor interactions. Ligand electronic structure may
address its orientation in the enzyme active site and signif-
icant inhibitory activity would be expected provided that
complementary fitness of the ligand and electronic surfaces
of the receptor occurs. A part of stereoelectronic effect could
be considered as ligand polarizability induced by various
residues of the active site. This principal concept can be
considered via assigning Mulliken partial charges to the
heavy atoms of the ligand in the active site of the receptor
[35]. Considering the above important features and with the
aim of analyzing obtained individual ligand-residue binding
energies in a more detailed manner, we calculated the in-
ducing effect of each involved amino acid on docked ligand.

Ligand polarizability can be defined as the difference
between sum of squared partial charges in the bound and
unbound states which may be defined as Aq”. The larger
induced polarizability value is indicative of higher partici-
pation of electrostatic interactions in binding of amino acid
to the ligand. The relevant induced polarization effects are
summarized in Table 3.

Table 3 Sum of squared Mulliken charges for 3-(2-(4-nitrophenyl)
hydrazono) indolin-2-one induced by various residues of VEGFR-2
active site

Inducing amino acid > AP
Argl049 0.841 0.925
Asn921 0.848 0.918
Cys917 0.858 0.908
Phel045 0.867 0.899
Val914 0.854 0.889
Glu9ls 0.851 0.916
Leu838 0.885 0.891
Leul033 0.874 0.892

#Sum of squared partial charges in bound ligand

® (sum of squared partial charges in optimized ligand — sum of squared
partial charges in docked ligand)
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Our DFT based calculations showed a good correlation
between estimated binding energies and induced polarizability
in the case of amino acids making H-bonds with receptor:

Binding energy: Argl049>Asn921>Glu915>Cys917
Induced polarizability: Argl049>Asn921>Glu915>
Cys917

Hydrophobic forces are also electrostatic in nature since
they are caused by correlations in the fluctuating polariza-
tions of nearby particles. Considering this, a fairly good
polarization effect of Cys917 may be explainable.

Our estimation showed that among residues of VEGFR-2
active site, Arg1049 and Asn921 had the largest polarization
effect on 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one.
This result was in accordance with our calculated binding
energies (Table 2). Another considerable feature could be
observed for Leul033 which has been found to have lower
inducing effect on ligand structure. This finding was almost
in accordance with calculated Leul033-ligand hydrophobic
binding energy (Table 2).

A typical ligand-residue interaction may consist of several
forces with varied electrostatic natures (hydrogen-bonding
and hydrophobic contacts). This complexity makes it difficult
to correlate induced polarizations to binding patterns. Possible
correlation of polarization effects (Table 3) to the binding
energies of ligand (Table 2) was evaluated via plotting the
regression curve of individual ligand-residue binding energies
versus induced charges (Fig. 4). Interestingly a fairly good
correlation coefficient (R*=0.7227) was achieved. These
results confirmed that larger polarization effects occurred for
amino acids being involved in key electrostatic interactions.

Conformational analysis

The difference between ligand electronic energies in the
optimized and docked conformers (E;) may be indicative
of ligand conformational instability upon binding to the
receptor. Bearing this in mind, we decided to model the
conformational change of 3-(2-(4-nitrophenyl) hydrazono)
indolin-2-one while binding to the active site of VEGFR-2.
Aqueous biological medium was modeled in our ligand

Fig. 4 Correlation curve of
induced polarization effects
versus ligand-amino acid binding
energies for docked 3-(2-(4-
nitrophenyl) hydrazono) indolin-
2-one into VEGFR-2 active site
(PDB code: 20H4), (Aq*: sum
of squared partial charges in op-
timized ligand — sum of squared
partial charges in docked ligand)

Argl04s

-14 -12

y=-0.0028x + 0.8937
R2=0.7227

optimization procedure. The imposed conformational devi-
ation of ligand might be observed in Fig. 5.

Different energies of the evaluated ligand conformations
may be a direct outcome of varied internal energies of ligand
in its docked and optimized conditions within biological
media (AEinsability)- AEins. needs to be considered in order
to adjust obtained binding energies. For the purpose of
calculating AE;,, optimized structural conformations of
3-(2-(4-nitrophenyl) hydrazono) indolin-2-one was obtained
in water and relevant energy was assigned to this free state.
AE;,. may be well related with the free energy of binding
via following equations:

AG, = AH, — TAS, (2)
AHb = AE, — PAV = AE[b (3)
AEtb = AEb + AEinst (4)

Higher AE;,. values support more positive total binding
energies (AEg). This would consequently lead to weaker
ligand-receptor interactions (AGy). Our calculation revealed
that 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one gained
29.05 kcalmol ' conformational instability upon binding
to the VEGFR-2. This may be indicative of a noticeable
conformational shift toward less stable geometric pose. It
seemed that functional groups being involved in key inter-
actions with receptor, exhibited higher conformational
changes. These outcomes demonstrated that 3-(2-(4-nitro-
phenyl) hydrazono) indolin-2-one might not necessarily in-
teract with the active site of VEGFR-2 in its minimum
energy conformation.

For further structural investigations, optimized 3D structure
of 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one was obtained
by DFT calculations via B3LYP method in association with
split valence basis set using polarization functions (Def2-SVP).
The resulted geometric parameters in terms of bond lengths and
dihedral angles are summarized in Tables 4 and 5. All the bond
lengths of the DFT optimized structure were in good correlation
with crystallographic data.

" Glug1ls

Asn921 "

Polarization effect
(ag?)

Leu1033_ |

e _valo14

-8 -6 -4 -2 0 2
AE, (kcal /f mol)
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Fig. 5 Conformational structure deviation of 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one in (a) docked (VEGFR-2 active site, PDB code:

20H4) and (b) DFT-optimized conformers

Our calculations demonstrated that binding of the ligand to
the VEGFR-2 active site led to the perceptible changes in
dihedral angles. The rotation around a N11-N13 hydrazine
bond afforded a proper orientation to make key H-bonds via
nitro group of ligand (Fig. 1). On the other hand, appropriate
direction of 4-nitrophenyl functional group may be a direct
consequence of twisted N11-N13 bond which provides

efficient interactions with Argl049 and Asn921 residues of
the receptor (Fig. 1). This noticeable conformational distortion
might be typically exhibited via altered dihedral angles (C5-
N11-N13-H14, C5-N11-N13-H15, N11-N13-C15-C16 and
N11-N13-C15-C20, Table 5). Moreover, rotation around a
C18-N21 bond disturbed coplanarity of nitro substituent with
the phenyl ring. The resulted dihedral shifts could be

Table 4 Bond lengths of 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one in the DFT-optimized and docked conformers (VEGFR-2, PDB code:

20H4)
22 0
!l .
2 0= 2
18 20
17
16
Bond Bond length (A) Bond Bond length (A)
docked pose optimized pose docked pose optimized pose

C1-C2 1.443 1.413 NI11-N13 1.316 1.331
C1-C3 1.390 1.387 N13-H14 1.025 1.025
C1-N10 1.408 1.406 N13-C15 1.410 1.387
C2-C5 1.472 1.456 C15-Cl16 1.418 1.407
C2-Cé6 1.382 1.390 C15-C20 1.413 1.408
C3-C4 1.402 1.401 Cl16-C17 1.386 1.386
C3-H24 1.098 1.0853 C16-H28 1.102 1.082
C4-C8 1.390 1.399 C17-C18 1.404 1.397
C4-H25 1.101 1.086 C17-H29 1.103 1.083
C5-C7 1.523 1.496 C18-C19 1.405 1.396
C5-N11 1.309 1.303 C18-N21 1.482 1.461
C6-C8 1.404 1.398 C19-C20 1.388 1.386
C6-H26 1.100 1.085 C19-H30 1.104 1.082
C7-N10 1.402 1.377 C20-H31 1.104 1.086
C7-012 1.239 1.233 N21-022 1.202 1.233
C8-H27 1.100 1.085 N21-023 1.203 1.233
H9-N10 0.987 1.009 N11-N13 1.316 1.331
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Table 5 Dihedral angles of 3-(2-(4-nitrophenyl) hydrazono) indolin-2-one in the DFT-optimized and docked conformers (VEGFR-2, PDB code: 20H4)

Dihedral angle

Angle (degree)

Dihedral angle Angle (degree)

docked pose optimized pose docked pose optimized pose

C3-C1-C2-C5 179.971 180.0044 C5-C7-N10-C1 0.014 0.0194
C3-C1-C2-C6 —0.165 0.0014 C5-C7-N10-H9 178.103 179.9371
N10-C1-C2-C5 0.138 0.0099 012-C7-N10-C1 —179.906 -179.9712
N10-C1-C2-C6 —179.999 —179.993 012-C7-N10-H9 -1.817 —0.0535
C2-C1-C3-C4 0.173 0.0014 C5-N11-N13-H14 —37.520 0.0392
C2-C1-C3-H24 179.986 —179.9965 C5-N11-N13-C15 93.585 179.9962
N10-C1-C3-C4 179.970 179.9946 N11-N13-C15-Cl16 69.181 0.0152
N10-C1-C3-H24 -0.217 —0.0032 N11-N13-C15-C20 —110.820 180.0098
C2-C1-N10-C7 —0.095 —0.0191 H14-N13-C15-C16 —157.341 179.971
C2-C1-N10-H9 —178.201 —179.9336 H14-N13-C15-C20 22.685 —0.0344
C3-C1-N10-C7 —179.909 179.9869 N13-C15-C16-C17 179.993 179.9928
C3-C1-N10-H9 1.985 0.0724 N13-C15-C16-H28 —0.435 —0.0075
C1-C2-C5-C7 -0.122 0.0017 C20-C15-C16-C17 —-0.007 —-0.0017
C1-C2-C5-N11 179.917 179.9922 C20-C15-C16-H28 179.556 179.998
C6-C2-C5-C7 —179.964 —179.9948 N13-C15-C20-C19 —179.942 —179.9933
C6-C2-C5-N11 0.076 —0.0043 N13-C15-C20-H31 0.791 0.0116
C1-C2-C6-C8 0.118 —0.0033 C16-C15-C20-C19 0.058 0.0014
C1-C2-C6-H26 —179.951 179.9975 C16-C15-C20-H31 —-179.210 —179.9937
C5-C2-C6-C8 179.942 —180.0072 C15-C16-C17-C18 —0.037 —0.0004
C5-C2-C6-H26 -0.127 —0.0064 C15-C16-C17-H29 179.369 179.9997
C1-C3-C4-C8 —0.144 —0.0023 H28-C16-C17-C18 —-179.611 —180.0001
C1-C3-C4-H25 179.980 179.9998 H28-C16-C17-H29 —-0.205 0
H24-C3-C4-C8 —179.960 179.9956 C16-C17-C18-C19 0.030 0.0029
H24-C3-C4-H25 0.165 —0.0023 C16-C17-C18-N21 —179.999 —179.9973
C3-C4-C8-C6 0.103 0.0005 H29-C17-C18-C19 —179.376 —179.9972
C3-C4-C8-H27 —179.986 —179.9995 H29-C17-C18-N21 0.595 0.0025
H25-C4-C8-C6 179.978 —180.0017 C17-C18-C19-C20 0.021 —0.0032
H25-C4-C8-H27 -0.112 —-0.0016 C17-C18-C19-H30 —179.466 180
C2-C5-C7-N10 0.068 —0.0127 N21-C18-C19-C20 —179.950 179.997
C2-C5-C7-012 179.987 179.9778 N21-C18-C19-H30 0.563 0.0003
N11-C5-C7-N10 179.974 —180.0033 C17-C18-N21-022 —33.880 —0.0028
N11-C5-C7-012 —0.055 —0.0128 C17-C18-N21-023 145.925 —179.999
C2-C5-N11-N13 —179.976 179.984 C19-C18-N21-022 146.091 —180.0031
C7-C5-N11-N13 0.063 —0.0272 C19-C18-N21-023 —34.104 0.0007
C2-Co-C8-C4 —0.088 0.0024 C18-C19-C20-C15 —0.0065 0.001
C2-C6-C8-H27 —179.999 —179.9977 C18-C19-C20-H31 179.208 179.9962
H26-C6-C8-C4 179.981 —179.9984 H30-C19-C20-C15 179.424 179.9977
H26-C6-C8-H27 -179.999 0.0015 H30-C19-C20-H31 -1.304 —0.0072

distinguished as distorted N11-N13-C15-C16 and N11-N13-

C15-C20 angles (about 35°, Table 5).

Conclusions

In conclusion, our QM-based calculations provided some
information on binding energy and binding mode of 3-(2-(4-

nitrophenyl) hydrazono) indolin-2-one scaffold in the active
site of VEGFR-2. Obtained binding energies could be fur-
ther evaluated in detail considering basis set superposition
errors which is under investigation in combination to MD
methods, but at the least point of view, an assisting degree of
reliability could be expected for further calculations. Con-
formational analysis revealed that 3-(2-(4-nitrophenyl)
hydrazono) indolin-2-one might not necessarily bind to the
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VEGFR-2 active site in its minimum energy conformation.
Incorporated hydrazine linker in arylhydrazono indolin-2-
one compounds may not participate in key contacts with
receptor but at the same time provides an active site oriented
pose of the ligand. Moreover the presence of a H-acceptor
groups such as nitro moiety in the para position of phenyl
moiety in the arylhydrazono indolin-2-ones may play an
important role in making key H-bonds with VEGFR-2 ac-
tive site. Induced polarization effects of interacted amino
acids on a docked ligand may find their usefulness in as-
sessment of binding patterns on an atomic level. Our calcu-
lations demonstrated that a fairly good correlation might be
expected between estimated binding energies and induced
polarization effects of individual amino acids of VEGFR-2
active site in binding to 3-(2-(4-nitrophenyl) hydrazono)
indolin-2-one. Such types of studies may possibly be ex-
tended to other biological targets of interest using cognate or
biologically evaluated docked ligands, providing some logic
inspections prior to synthesis and biological assays of can-
didate molecules.
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