Available online at www.derpharmachemica.com

]
SN %
Q’;&y ? ISSN 0975-413X Der Pharma Chemica, 2016, 8(2):476-487

CODEN (USA): PCHHAX  (nttp://derpharmachemica.com/archive.html)

A theoretical analysis of the inhibition of the VEG-R-2 vascular
endothelial growth factor and the anti-proliferative activity against
the HepG2 hepatocellular carcinoma cell line by aesies of 1-(4-((2-

oxoindolin-3-ylidene)amino)phenyl)-3-arylureas

Juan S. Gémez-Jeria* and italo Orellana

Quantum Pharmacology Unit, Department of Chemigtagulty of Sciences, University of Chile. Las Raias
3425, Santiago, Chile

ABSTRACT

An analysis of the relationships between electratiacture and the inhibition of the kinase activitf VEGFR-2
was carried out for a series of 1-(4-((2-oxoindelifylidene)amino)phenyl)-3-arylureas. A similar dguvas done
for the case of cytotoxicity against the HepG2rlieancer cell line. The Klopman-Peradejordi-Gémeenfal

method was used. The local atomic reactivity inglieeere obtained at the B3LYP/6-31G(d,p) level aftdir

geometry optimization. Statistically significantuatjons relating several local atomic reactivitydioes with both
activities were obtained. From the results, theresponding partial 2D pharmacophores were builthteéning

several sites that can be used for substitutiorefdrancing affinity.
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INTRODUCTION

During the search of molecular systems endowed Withogical activities to be studied with the Klopm
Peradejordi-Gémez (KPG) method, we found a serfek-(d-((2-oxoindolin-3-ylidene)amino)phenyl)-3-auyeas
possessing the ability to inhibit the kinase atfiaf the vascular endothelial growth factor recef (VEGFR-2),
and also a cytotoxic activity against the HepG2ategellular carcinoma cell line [1]. VEGFR2 is Vifar the
functions of vascular endothelial cells (vasculavelopment and regulation of vascular permeabilififie
discovery of inhibitors blocking the autophosphatign of VEGFR-2 created new tools for the possibdatment
of diverse cancers [1-22]. On the other hand, taekbpment of new molecules with cytotoxicity agaiparticular
kinds of cells is also a tool to fight cancer [28:-2Here we present the results of a search fatioglships between
the electronic structure of this series of 1-(4g@indolin-3-ylidene)amino)phenyl)-3-arylureas artbe
abovementioned biological activities. The localnai reactivity indices (LARIS) obtained in this dfuand others
are been used to create a large database to expbopossibility of assigning “standard” values &oms usually
found in QSAR studies.
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MATERIALS AND METHODS

The method employed here to obtain relationshipsden the electronic structure and biological dgtiis the only
member of thdormal methods class [30]. It is essentially groundedhanstatistical-mechanical definition of the
equilibrium constant and Klopman’s formula for finéeraction energy between two molecular systefnts) (31,
32]. The first version of this model was employgdReradejordi et al., Tomas and Aull6 and myse®-43]. It
gave very good results for several different kimfianolecules and receptors. During the 1980's titeraction
energy expression was expanded to include by sepra contribution of the molecular orbitals [4Ruring year
2002 the conceptual basis for obtaining the orieortal parameter of the substituents was publigd&jl These
developments led to very good results. Also, thé¢hook was improved by suggesting a new way to hihiéddata
matrix. The last theoretical advance was compldtethg year 2012 when new local atomic reactivitgices were
obtained from theAE expression [44]. Also, during year 2012 a breakiph was achieved when it was
demonstrated that the method can be applied sdaligss any biological activity [45, 46]. From thimoment the
application of the Klopman-Peradejordi-Gémez metfiiEG) to very different molecules and biologicatiaties
produced surprisingly good results ([47-64] anérefices therein). Considering that the formulableesn presented
and explained in detail in many publications, walktiiscuss only the resulting equations.

Selection of molecules and biological activities.

The selected molecules are a group of series df({2¢oxoindolin-3-ylidene)amino)phenyl)-3-arylusethat were
selected from a recent study [1]. The biologicaivitees analyzed here are the reported experimeasalts for the
in vitro cytotoxic activity against HepG2 liver cancer salhd the inhibitory activity against VEGFR-2. Tdeneral
formula and biological activity of the selected emlles are displayed, respectively, in Fig. 1 aabld 2.
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Figure 1. General formulas of the series of 1-(4Z¢oxoindolin-3-ylidene)amino)phenyl)-3-arylureas

Table 1. 1-(4-((2-oxoindolin-3-ylidene)amino)phenyi3-arylurea series and biological activities

log(ICs) | log(ICso)
Mol. | Ri | R Rs HepG2 | VEGFR2
1 |H| H H 0.54 0.75
2 | H|Ch H 0.48 0.63
3 [H| H CN 0.89 0.71
4 |H| H F 1.00
5 |H | C H 0.51 0.41
6 |H| H cl 0.4¢ 0.4C
7 | H| H | SONH, | 107
8 | F| H H 135
9 | F| CR H 0.43 0.33
10 | F| H F 1.49
11 | F | Cl H 0.3¢€ 0.3
12 | F| H cl 0.2¢ 0.29
13 | F| H| OMe 0.45 0.43
14 | F| H | SONH, | 1.14
15 | Cl| H H 1.33
16 | Cl| Ch H 1.01
17 |c | H F 0.5 0.5¢
1€ | cl| Ci H 0.47 0.1
19 [ Cl| H cl 0.92 0.15
20 | CI| H | OMe 135
21 | CI| H | SGNH, | 050 051
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Calculations.

The electronic structure of all molecules was daked within the Density Functional Theory (DFT) thie
B3LYP/6-31g(d,p) level with full geometry optimizah. The Gaussian 03 suite of programs was used (&b
attempt to verify if the conformation obtained @mponds to the absolute minimum. But, unless a cutze
interaction occurs in the final structure, the eabf the LARIs should not noticeably change. Ak thformation
needed to calculate numerical values for the lataiic reactivity indices was obtained from the &dan results
with the D-Cent-QSAR software [66]. All the eleatrpopulations smaller than or equal to 0.01 e weresidered
as zero [44]. Negative electron populations confiogn Mulliken Population Analysis were correctedussial [67].
Since the resolution of the system of linear equustiis not possible because we have not enoughcuiete we
employed Linear Multiple Regression Analysis (LMR#&Ehniques to find the best solution. For eacle casnatrix
containing the dependent variable (the biologicéivity) and the local atomic reactivity indices af atoms of the
common skeleton as independent variables was (saift [68] for details about the building of datatnm@ The
Statistica software was used for LMRA [69]. We wexdtkwith thecommon skeleton hypotheststing that there is a
definite collection of atoms, common to all moleiknalyzed, that accounts for nearly all the lickl activity.
The action of the substituents consists in modgtime electronic structure of the common skeletwhiafluencing
the right alignment of the drug throughout the otétional parameters. It is hypothesized that difiie parts or this
common skeleton accounts for almost all the intesas leading to the expression of a given biolabgctivity.
The common skeleton for the series of 1-(4-((2-n&olin-3-ylidene) amino)phenyl)-3-arylureas is simaw Fig. 2.

s 2
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Figure 2. Common skeleton of the series of 1-(4-¢(Xoindolin-3-ylidene)amino)phenyl)-3-arylureas
RESULTS

In vitro cytotoxic activity against HepG2 liver cancer cedl.

No statistically significant equation was found for21. Therefore, we removed the highest experiatergiues,
one by one, until a satisfactory equation was atii The basis of this procedure is the hypothstaiing that, after
a certain value, the mechanism of cytotoxicity dem Finally, the best equation obtained was:

log(IC,,) = 9.42+ 1.2F,, HOMO )* 2.44,, HOMO- 1)*

1
~0.0045)! (LUMO)*+0.59S, - 0.002% (LUMG 2)* @

with n=16, R=0.98, B=0.96, adj-R=0.94, F(5,10)=49.03£0.000001) and SD=0.06. No outliers were detected a
no residuals fall outside the a¢2imits. Here, F,,(HOMO)* is the Fukui index of the highest occupied MO

localized on atom 27F,,(HOMO-1)* is the Fukui index of the second highest occupi@ilocalized on atom
18, S5(LUMO* is the nucleophilic superdelocalizability of thenest vacant MO localized on atom 18 is

the total atomic electrophilic superdelocalizapiliof atom 11 and S_'\;(LUMO+2)*is the nucleophilic

superdelocalizability of the third lowest vacant M&@alized on atom 17. Tables 2 and 3 show the cmt#ficients,
the results of the t-test for significance of caééints and the matrix of squared correlation dogiits for the
variables of Eq. 1. There are no significant indé¢rcorrelations between independent variables €r8pl Figure 3
displays the plot of observed. calculated log(I6) values.
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Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 1

Var. Beta |t(10) | p-level
F,,(HOMO)* 0.6 8.38 |<0.000008
Fs(HOMO-1)* |0.57 8.83 |<0.000005
SE(LUMO*  -0.65-9.12/<0.000004
S, 0.4 86.84 |<0.00005

1

S (LUMO+ 2)* -0.32|-4.85|<0.0007
Table 3. Matrix of squared correlation coefficientsfor the variables in Eq. 1

F,,(HOMO)* | Fy(HOMO-1)* | S (LUMO* | S5
Fs(HOMO-1)*

0.002 1
N
SAS( LUMO)* 0.04 0.03 1
E
Sl 0.08 0.008 0.10 1
N
S17( LUMO+ 2)* 0.02 0.0009 0.05 0.02

Observed log(ICs) Values

02 03 04 05 06 07 08 09 10 11 12
Predicted log(ICs) Values

Figure 3. Plot of predictedvs. observed log(IGo) values (Eg. 1). Dashed lines denote the 95% caifénce interval

The associated statistical parameters of Eq. Icaelithat this equation is statistically significamd that the
variation of the numerical values of a group o&flecal atomic reactivity indices of atoms of tlmrenon skeleton
explains about 94% of the variation of log{)C in this series of 1-(4-((2-oxoindolin-3-yliderayino)phenyl)-3-
arylureas. Figure 3, spanning about 1.0 order gnitade, shows that there is a good correlationbservedsersus
calculated values and that almost all points asedenthe 95% confidence interval. This can be d®ied as an
indirect evidence that the common skeleton hypdgshesrks relatively well for this set of moleculeA. very
important point to stress is the following. Wheroaal atomic reactivity index of an inner occupi®tD (i.e.,
HOMO-1 and/or HOMO-2) or of a higher vacant MO (LUM1 and/or LUMO+2) appears in any equation, this
means that the remaining of the upper occupied i@=xample, if HOMO-2 appears, upper means HOM&ard
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HOMO) or the remaining of the empty MOs (for exampt LUMO+1 appears, lower means the LUMO) conité
to the interaction. Their absence in the equatioly mmeans that the variation of their numericaluesl does not
account for the variation of the numerical valuehef biological property.

Inhibitory activity against VEGFR-2.
The best equation obtained was:

log(IC,,) =1.79+ 0.008) (UMO+ 2)t 0.16 HOMGC- 2)*

2
+0.58F,, (HOMO~ 2)*-0.28)., @

with n=13, R=0.99, R=0.99, adj-R=0.98, F(4,8)=171.26€0.000001) and SD=0.05. No outliers were detected a
no residuals fall outside the ¢2imits. Here, SGN (LUMO+ 2)*is the nucleophilic superdelocalizability of the

third lowest vacant MO localized on atom SZEG( HOMO-2)*is the electrophilic superdelocalizability of the
third highest occupied MO localized on atom 26,,(HOMO-2)* is the Fukui index of the third highest

occupied MO localized on atom 21 affg, is the local atomic hardness of atom 30. Tablasd!5 show the beta

coefficients, the results of the t-test for sigrafice of coefficients and the matrix of squaredetation coefficients
for the variables of Eg. 2. Considering that thare two significant internal correlations betweedependent

variables (F,,(HOMO=-2)* with S, (HOMO-2)* and 77,, with S)'( LUMO+2)*, see Table 5), the

values of R, R adj-R, F(4,8) and SD must be considered with cautiogufé 4 displays the plot of observes
calculated log(lGp) values.

Table 4. Beta coefficients and t-test for signifiaace of coefficients in Eq. 2

Var. Beta| t(8) | p-level
S (LUMO+2)* |0.88 [19.64/<0.00000

S5, (HOMO-2)* |-0.32|-6.86 |<0.0001
F,,(HOMO-2)* j0.21 4.45 | <0.002

a0 -0.15-3.34 |<0.01

Table 5. Matrix of squared correlation coefficientsfor the variables in Eq. 2

S'(LUMO+2)* | SE(HOMO-2)* | F, (HOMO-2)*

S(HOMO-2)* 0.0004 1 0
F21(HOMO_ 2)* 0.04 0.31 1
730 0.23 0.006 0.0009
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Figure 4. Plot of predictedvs. observed log(IGo) values (Eg. 2). Dashed lines denote the 95% caifénce interval

The associated statistical parameters of Eq. Zatelithat this equation is statistically significamd that the
variation of the numerical values of a group ofrflacal atomic reactivity indices of atoms of thmmmon skeleton
explains less than 98% of the variation of log()Cin this series of 1-(4-((2-oxoindolin-3-ylidemeyino)phenyl)-3-
arylureas. Figure 4, spanning about 1.4 orders afnitude, shows that there is a good correlatioobsferved
versuscalculated values and that almost all points ms&le the 95% confidence interval. This can beidensd as
an indirect evidence that the common skeleton thgsis works relatively well for this set of moleesil

Local Molecular Orbitals.
Tables 6-8 show the local MO structure of atomseapipg in Eqs. 1 and 2 (see Fig. XX). Nomenclatietecule
(HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*.

Table 6. Local molecular orbital structure of atoms6, 11 and 17

Mol.

Atom 6 (C)

Atom 11 (O)

Atom 17 (C)

1(93)

9&92193n-96n9 7199

9Ir92n93r-94n9611 00

91n92193n-95n9 7n 9%

2 (109)

10@108t109r-113r1 151116

107%6108r109-110r1 13115t

107%6108t109-11Z114t115c

3 (99)

969 7m991-100r1021105n

96n97199r-1007102t106T

951971991-103t1041105n

4(97)

879519 7n-101n103t104n

9419519 7n-98n101n104n

94695n9 7n-99n100m 102t

5 (101)

92100t101n-105t1077108n

985100t101n-10211 051107

98510071017-1041105t106r

6 (101)

9%99101n-105t107r108t

986991101n-102t105t107n

9869911 01n-10471 051106t

7 (113)

103112r113r-11721197120c

11161127113r-114211701 19

11161127113r-1181119131n

8 (97)

92:93194n-98n99m101n

951969 7n-98n99r1 02t

9219619 71-100t101n102r

9 (113)

11%112¢113r-11721187119%

1105112r113r-11421172118

111n1127113r-115t116n11 70

10 (101)

92100r101n-104r105t107n

99100r101n-102t104t105t

991100r101n-103r105t107n

11 (105)

961041105t-1097111n112n

1021047105t-106n10971 11

1021047105n-108t110t111n

12 (105)

10310471051-109111n11 2%

103r10411051-1061109t111n

103r10411051-108t110c111n

13 (105)

9510311047-1081109t1 11n

102r103r1047-106r108t109

103110411051-107010971 11

14 (117)

107116111 7n-121n123t1 240

1151116n1171-118t121n123

1156116n1177-12211231135t

15 (101)

92100r101n-103t105t107n

99100t101n-102t103t105¢

991100r101n-103t104t105t

16 (107)

108106t107n-111n113t1 140

105110611071-108t111n1 13

1046105t1077-10971107113c

17 (105)

95991103-1071110r111n

101r1036105t-106n10771 10

1021041105n-10811097110c

18 (109)

10210771097-11111141115

10%10711091-1100111n1 15t

106110711097-1121113t1 14t

19 (109)

102107t1091-111n114n1150

107108r1091-110t1 11115t

106t1071109n-11211 14115

20 (109)

104105t1061-110n11 11130

1061107r108r-110t1 11113

102r103r108r-1121113r1 14t

21 (121)

115120t121n-125t12 711280

119120r121n-1221125t128

119120t121n-126n1272128
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Table 7. Local molecular orbital structure of atoms18, 21 and 26

Mol.

Atom 18 (C)

Atom 21 (O)

Atom 26 (C)

1(93)

91921931-9419519 7n

881911921-94n9719%

891921931-9719879%

2 (109)

1061076109t-110n114111 50

104710611091-110r11211150

101n104r1061-111n112711 71

3 (99)

94:95199r-100710171 03¢

97198r991-101n10971 12

93196m98r-1011103t104n

4 (97,

9319469 7n-981100t102n

95n96n97n-98199m 100t

88591196m-991100r103t

5 (101)

98100r101r-102t103t104n

991100r101n-1021103t107n

96m97n99n-1031104r1 06t

6 (101)

9%985101n-102r103t104rn

991100r101n-1021103t107n

92195r100r-103t10411 06T

7 (113)

11511271137-11471181119%

1087110t1137-1147115t11 5k

10611076110t-115111611216

8 (97)

94:95196m-985100t101n

95196n97n-1041107n108t

95196n97n-1031104r1 10t

9 (113)

116111n1137-1141116n11 70

111n11201130-114n115n11 78

111r11271137-115t117011

10 (101

99r100r101n-1021103t104r

97199r100t-102t105t107n

971100t101n-1051106t107r

11 (105

1025104r21051-10611071108t

103110411051-106n107n111n

100r1017103t-10771081110t

12 (105)

10831047105t-106t1072108t

1031104r1051-106r1071110rn

101n103r1041-1072108t1 10

13 (105)

108103t104r-10611077109%

103710411051-1061109t111n

1005101x105t-1097110n111n

14 (117)

116116n1177-11811221123

1147116111 7n-11811191230

110t1116114r-1191120n125

15 (101)

92100r101n-1022103t104n

96m991100t-102t105t107n

98r100r101n-105n106t10 71

16 (107

1046105t107r-1081110m11 3t

1051106n1077-108t10971 13t

105t106t1077-109t112n1 16t

17 (105

102510351051-1065108t109

10251042105t-1081110t111n

102510421051-10811091110t

18 (109)

106107r1097-110r11271 13

107r108t1091-1121113t1 140

104r1061108r-1121113r1 14t

19 (109)

105106t1097-11001127114n

1071108t1091-112t113t114rn

105t1061108r-1121113t114n

20 (109)

106107r1081-11051127113c

107r108t1091-1141116n115n

107r10871091-115t116n1260

21 (121)

11811%121n-122n126n12 70

11%120e121n -1230126e127n

116111711191-123t124712%

Table 8. Local molecular orbital structure of atoms27 and 28

Mol.

Atom 27 (C

Atom 30 (C

1(93)

89r92193n-97n98n 99

8992193n-97n98n 9%

2 (109)

98101r106-111n11211150

981101n106n-111n112e1 171

3 (99)

9G:97198n-101n10471076

95197198r1-101n103t104n

4 (97)

90r91796m-99r100r 102t

90691196m-9911 00102t

5 (101)

9@97199m-10311 041106t

96m971991-103t1041106n

6 (101

95197r100r-103t104m1 06t

94595n100r-10311041106rn

7 (113)

1061076110t-11511161119

104r1061110r-115t1 1611210

8 (97)

9%96197n-10211031104n

9419519 7n-102t103t1 04t

9 (113)

109111n112r-115011721 18

111n11221137-115c1177118e

10 (101)

98100r101n-105t106t107r

971100r101n-105t106t107n

11 (105)

98101n103r-1077108t110c

100t101r103t-107108t110re

12 (105

1017103t1047-1072108t110c

101n103r1047-1071108t110c

13 (105

101nr1047105t-1097110c1 11

971101n1051-1091110t11 1

14 (117)

11811161147-119120t123

110111n114r -1191 201125

15 (101)

98100r101n-105t106t107r

991100r101n-105n106t107n

16 (107)

103105t106t-109r112n116n

1051106t107n-109n112n116rn

17 (105)

10%10261047-108t1097110c

10151026104r-10911101111n

18 (109

105r1061108r-1121113t114n

1051106t108r-1121113r1 14t

19 (109

105t106m108r-1121113t114n

10511061108r-1121113t115t

20 (109)

107108t109t-1151116n120

107710871091-115t1 1611205

21 (121)

1121146119%-123t1 2421260

116111721197-12311241130n

DISCUSSION

Molecular Electrostatic Potential (MEP).
Figure 5 shows that MEP map of molecule 10 at 4d5 the nuclei.
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Elecfrostatic Pofential

0.0247

0.00692

-0.00195

Figure 5. MEP map of molecule 10 at 4.5 A of the mlei

We can see that in this extended conformer the Mi&P does not show any distinctive feature. As etgueche
region around the fluorine atoms has a negative M&E®e. To get another view of the MEP, we showim 6 the

MEP map of molecule 10 at isovalues#ChOZ]..

Figure 6. MEP of molecule 10. The orange surface wesponds to negative MEP values (-0.01) and the egnish surface to positive MEP
values (0.01)

Here we can distinguish four regions with negatiteP values (see Fig. 2): one close to ring A surdiug the
fluorine atom, one surrounding the oxygen atoming B, a third one surrounding the nitrogen atamkitig rings B
and C and a last one surrounding a volume comprisia fluorine atom of ring D, the oxygen atom loé tthain
linking rings C and D, and part of ring D.

Conformational aspects.

The optimized geometries employed here were oldaimecalculations carried ot vacuo We do not know the
conformation before and during the interaction wilie site(s). Fig. 7 shows the then lowest enemyarmers
(Dreiding Force Field) of molecule 10.
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Figure 7. Superimposition of the ten lowest energgonformers of molecule 10

We can see that most conformers are the extendes! lmnt some of them have a closed structure. lfver in
possession of information about the microscopic masition of the milieu close to the interactioresite would be
able to suggest what the main conformation is. |gphw and as far as we know, the interaction isiteot known.

Discussion of the results for thén vitro cytotoxic activity against HepG2 liver cancer cedl.
Table 2 shows that the importance of variables ig. B is Sf(LUMO*> F (HOMO-1)*>

F,,(HOMO)* > SiEl>> Sl'}'( LUMO+ 2)*. A highin vitro cytotoxic activity against HepG2 liver cancer sell
activity is associated with high (negative) numafricvalues for SiE1 and with low numerical values for
F,;(HOMO)* and Fi(HOMO-1)*. The case of the nucleophilic superdelocalizaéditwill be discussed
below. Atom 11 is a carbonyl oxygen in ring B (FB). A high (negative) value foB_LE1 indicates that atom 11 is

interacting with an electron-deficient center. Atdi is a carbon in ring C (Fig. 2). ISE( LUMO+2)* is

positive, a high cytotoxicity is associated wittglinumerical values for this index. To obtain theaties, the
energy of (LUMO+2); must be shifted downwards, making this MO moretiea. Therefore, we suggest that this
MO is interacting with a rich electron center. T&bl shows that the three lowest vacant local M@t nature,
suggesting that the atom-site interaction couldobéhe n-x kind. Atom 18 is a carbon in ring C (Fig. 2). If

Sl';( LUMO)* is positive, a high cytotoxicity is associatedhwitigh numerical values for this index. Also, a low

electron population in (HOMO-1§ is required for high cytotoxicity. High values 81';( LUMO)* are obtained

by shifting downwards the (LUM@J eigenvalue. This indicates that atom 18 is intémgowith an electron-rich
center through at least its first lowest vacant M@e requirement of a low electron population ifOf{O-1),g
could be an indication of a repulsive interactigivieen occupied MOs of both partners. Atom 27 ¢aion in

ring D (Fig. 2). High cytotoxicity is associatedtiwvia low value fof,,(HOMO)* . This suggests that atom 27 is

interacting with an electron-rich center and tH#®WMO),; is engaged in a repulsiver interaction with occupied
MOs of the partner because Table 8 shows that (LM®as ar nature. Let us notice that despite the fact that a
substituents belong to rings A and D, two locahdtoreactivity indices belonging to ring C appeatq. 1.All the
suggestions are displayed in the partial two dinveras (2D) pharmacophore of Fig. 8.
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Figure 8. Partial 2D pharmacophore for thein vitro cytotoxic activity against HepG2 liver cancer cedl by the series of 1-(4-((2-
oxoindolin-3-ylidene)amino)phenyl)-3-arylureas
Discussion of the results for the inhibitory activiy against VEGFR-2.
Table 4 shows that the importance of variables @ E is S)'(LUMO+2)*>> SL(HOMO-2)*>

F,,(HOMO-2)*>n,,. A high inhibitory activity against VEGFR-2 is assated with low values for
S5 (HOMO-2)* andF,,(HOMO-2)*, and with high values fa},,. Atom 6 is a carbon in ring A (Fig. 2).

If SGN( LUMO+ 2)* is positive then a high inhibitory activity is asgted with low numerical values for this

index. Small values are obtained by shifting upwatte energy of the associated eigenvalue. Thisndihes the
reactivity of (LUMO+2). We suggest that atom 6 is interacting with armctede-rich center through its first two
lowest vacant MOs. These MOs have aature (Table 6). Atom 21 is a carbonyl in theicHiaking rings C and D
(Fig. 2). A low value forF,,(HOMO-2)* seems to be a sign that this MO is engaged ip@sige interaction

with one or more occupied MOs of the site. Themfave suggest that atom 21 is interacting with kecten
deficient center through its first two highest goied MOs. Table 7 shows that these MOs hawenature. Atom 26

is a carbon in ring D (Fig. 2). Small negative nuica values for S5,( HOMO-2)* are obtained by shifting

downwards the energy of (HOMO»Z) and making this MO less reactive. We suggestdban 26 is interacting
with an electron deficient center through its firgb highest occupied MOs. Table 7 shows that thé®s have a

nature. Atom 30 is a carbon in ring D (Fig. 2),, is the energy distance between (HOMORNd (LUMO}), .
Great values for this index are obtained by lowgrine (HOMO), energy, rising the (LUMQ) or by both
procedures. Table 8 shows that, in general, (LUMOJoes not coincide with the molecular LUMO, while

(HOMO);, does coincide with the molecular HOMO. Then, wggast that atom 30 is interacting with an electron
deficient center. All the suggestions are displayeithe partial 2D pharmacophore of Fig. 9.

ELECTRON
RICH
CENTER

ELECTRON ELECTRON
DEFICIENT DEFICIENT
CENTER CENTER

Q —>

BN
N
|

H

| 1
H

DEFICIENT
CENTER

Figure 9. Partial 2D pharmacophore for the inhibitary activity against VEGFR-2 by the series of 1-(4{@-oxoindolin-3-
ylidene)amino)phenyl)-3-arylureas
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CONCLUSION

Despite the relatively small numerical range of éxperimental data we were able to get informatibout the
center and the possible interactions involved @ittibition of VEGFR-2 and the cytotoxic activiby the series of
1-(4-((2-oxoindolin-3-ylidene)amino)phenyl)-3-aryias. This is another example of the ability of KRG method
to study almost any biological activity, providduat the conditions to use it are satisfied. Regaraiytotoxicity,

we expect that the accumulation of the data obthhere with previous results will reach a poinbaiing us to
generate a common interaction model.
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