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Abstract

The present work is devoted to the in silico study of 2-(3-R-1H-1,2,4-triazol-5-yl)anilines as potential inhibitors of
EGFR (epidermal growth factor receptor) and RET (rearranged during transfection)-, which play a significant role in
regulating the physiological cycle of non-small cell lung cancer. The well-known docking software AutoDock Vina
was used for the study. The seven studied compounds and two standard drugs (vandetanib and gefitinib) were
docked to the crystal structures of EGFR and RET proteins. It was found that among the newly investigated
substances, 2-(3-(indolyl-2)-1H-1,2,4-triazol-5-yl)aniline (a5) has the highest affinity towards EGFR and RET with
the binding energy of -9.7 and -8.7 kcal/mol, respectively. Visualization of the molecular docking results of this
compound using the Discovery Studio software showed that it is characterized by similar to standard ligands
location in the active sites of the enzymes, stable hydrogen bonds and n-stacking interactions, which are provided
by the presence of indole and aniline fragments in the molecule. Thus, we have identified a new effective ligand that
can be used as a "base" molecule for further fragment-oriented design using molecular hybridization methodology
(fragment fusion, coupling or extension methods) or structural modification by introducing "pharmacophore”
groups into the molecule. Summarizing the above screening results, we can say that 2-(3-R-1H-1,2,4-triazol-5-
yl)anilines require further careful consideration as effective tyrosine kinase inhibitors for the search for promising
anticancer agents for the treatment of non-small cell lung cancer.

Keywords: 2-(3-R-1,2,4-triazol-5-yl)anilines; tyrosine kinase inhibitors; molecular docking; non-small cell lung cancer;
antitumor agents.

MOIUYK HOBUX IHTIBITOPIB TUPO3UHKIHA3U CEPE/J 2-(3-R-1H-1,2,4-TPUA30JI-5-
IT)AHIJIIHIB K HOTEHI.[IFIHHX NMPOTUITYX/IMHHUX ATEHTIB 3 BUKOPUCTAHHAM
MOJIEKYJIAPHOI'O AOKIHTY
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AHoTalif

Jlana po6Gorta mnpucBsa4yeHa in silico pocaipgxeHHo 2-(3-R-1H-1,2,4-Tpua3osi-5-ij1)aHijliHIB K NOTeHIiHUX
inriéiTopiB EGFR (penentop enizepmanbHoro ¢pakropa pocry) ta RET (nepeGyaoBaHuii mij yac TpaHcekuii), aki
BiAirpaloThb 3Ha4Hy poJib y pery.Aanii ¢pisiosioriyHoro nuk/y HeApiGHOK/JIITUHHOrO PaKy JiereHb. s AOCaiJKeHHA
6yJI0 BUKOPUCTAHO 3arajJibHONPUUHATY Nporpamy /JJs NpoBeAeHHs MOJIeKyJsApHoOro AokiHry AutoDock Vina. Cim
AOCHiPKYBaHMX CHOJYK Ta JABa CTAaHAAPTHUX MNpemnapatu (BaHJeTaHi6 Ta redituHi6) O6ysm 3icTukoBaHi 3
Kpucrtajorpadiyaumu crpykrypamu 6iskiB EGFR Tta RET. BctaHOoBJIeHO, 10 cepe/, HOBUX J0C/iA)KyBaHMX PEeYOBHH
Hano6iipmy addinicte o EGFR Tta RET mae 2-(3-(ingonin-2)-1H-1,2,4-tpuaso.i-5-in)aniiin (a5) 3 HaiiBUIIOIO
eHepri€w 3B'A3yBaHHA -9.7 Ta -8.7 KKaJj/MoJib, BianoBigHo. Bisyasizania MoJsieKy/JaspHOro AOKIiHry 3a3HadeHOi
CNOJIyKM 3 BUKOpPHUCTAaHHAM mnporpamMu Discovery Studio nokasasa, mo AjsA Hei xapakTepHe MNOAiGHe A0
CTaHJApPTHUX JIIraHAiB po3MillleHHs Yy aKTUBHUX LIeHTPAaX eH3UMIiB, CTa6GijibHi BOJHEBi 3B'fI3KH Ta T-CTEKIHroBi
B3aeMOJii, AKi 3a6e3me4Yyl0TbCA HAABHICTIO Y MOJIEKyJli iHAOJIBHOro Ta aHijliHoBoro ¢parmenTiB. OTXKe, HAaMU
BHSIBJIEHO HOBUII edeKTUBHMH JliraH/, SKMiH MO>KHa BUKOPHUCTOBYBATHU fIK «6a30BYy» MOJIEKYJy JJisl MOAA/IbLIOTO
dparmeHT-Opi€eHTOBAaHOrO AM3ailHY 3 BUKOPUCTAaHHAM METOJ0JI0Tii MoJIeKyJasapHOl riopuausanii (MeToau 3/JUTTH,
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3’eAHaHHA a60 HapoulyBaHHA ¢parMeHTiB) a60 CTPYKTypHOiI Moaudikanii msixom BBeJeHHs «papMaKoPOpPHUX»
rpyn o moJekysu. IlizcymoBylouM HaBeJeHi BHIle pe3y/bTaTU CKPUHIHTY, MOXKHA cKa3aTy, mo 2-(3-R-1H-1,2,4-
TpHaA30JI-5-ij1)aHisiHM NOTPeGyITh MOJAANABIIOr0 JEeTaJbHOTO0 BUBYEHHS 3 TOYKHM 30py edeKTUBHHUX iHriGiTOpiB
THUPO3MHKiHA3 AJISI NOIIYKY NepCcneKTUBHUX NPOTUNYXJIUMHHUX areHTiB JJ1A JiKyBaHHA HeJAPiGHOK/JIITUHHOrO paKy

JieTeHb.
Kawuosi  cnosa:  2-(3-R-1,2,4-1H-Tpuaszon-5-in)anininy;
HepiOHOKJIITUHHUH paK JiereHb; MPOTUMYXJIUHHI areHTH.

iHri6iTopu

THUPO3UHKIHA3M;  MOJIEKYJSIpHUH  JIOKIHT;

Introduction.

Lung cancer is the most common cancer among
oncological diseases. Different countries of the
world describe mortality statistics from this
disease at the level of 20-30% of the total
number of deaths from cancer [1-4]. Non-small
cell lung cancer (NSCLC) accounts for 85 % of all
types of cancer of this organ [5]. It develops with
multiple changes in the DNA of epithelial cells,
which lead to their uncontrolled division and the
occurrence of malignant tumors. To date, it has
been established that tyrosine kinase receptors
play a significant role in regulating the
physiological cycle of tumors. It has been proven
that receptors belonging to the ErbB family
provoke the development of NSCLC [6; 7]. One of
these receptors is epidermal growth factor
receptor (EGFR), which is recognized as one of the
main targets for the treatment of malignant
tumors, as it plays a role in controlling the growth,
proliferation, and differentiation of cancer cells
[8; 9]. Another member of this family is the
transmembrane receptor (RET), which differs
from other tyrosine kinases in that it requires a
co-receptor to recognize and activate the ligand
[10]. RET activates the kinase domain
independently of the ligand by
autophosphorylation or homodimerization, which
leads to carcinogenesis [11]. This most often leads
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to the development of tumors such as medullary
thyroid cancer (MTC) and NSCLC [12; 13].

Undoubtedly, the treatment of these diseases is
aimed at inhibiting the catalytic activity of
tyrosine kinases [14-16]. This group of drugs is
collectively known as tyrosine kinase inhibitors
(ITK) and is widely used in the treatment of
cancer. One of the first and most widely known
are multikinase drugs, such as imatinib, erlotinib,
gefitinib, the latter two belonging to the
anilinoquinazolines [14]. Patients with NSCLC are
treated with EGFR TKIs as first-line treatment.
Despite their promising clinical success, many
patients remain unresponsive to these targeted
drugs. The effectiveness of ITK in NSCLC, depends
on the mutational status of the epidermal growth
factor receptor (EGFR). Exon 19 deletion and
LB858R point mutation result in poor sensitivity to
ITK such as erlotinib and gefitinib [17]. That is,
most patients eventually develop resistance to
reversible first-generation tyrosine Kkinase
inhibitors, for example, through the T790M point
mutation. Therefore, the development of
resistance through various EGFR-dependent and
EGFR-independent mechanisms posed a new
problem, which is solved by the directed search
for new «small» molecules of heterocyclic
structure with the ability to affect inhibitor-
resistant tyrosine kinases.
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Fig. 1. Examples of medicinal products created using modern fragment-oriented design (methods of merging,
connecting or increasing fragments)

The use of anilinoquinazolines as potential hit
compounds with «drug-like» properties for

enzymatic high-throughput screening (modern
fragment-based design) attracted the attention of
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medicinal chemists to the search for hybrid
molecules or other heterocyclic compounds that
bind to the biotarget and remain effective. Thus,
new tyrosine kinase inhibitors were created using
hybridization methodology (methods of fusion,
joining or fragmentation) that combine different
molecular fragments in structures (Fig. 1). This
approach was used to develop second- and third-
generation drugs (irreversible inhibitors) for
targeted therapy of NSCLC, such as lapatinib,
dasitinib, monocetinib, and others [14; 15; 17-21]

Despite significant advances in the treatment of
NSCLC, the problem still remains the occurrence
of mutations in kinase receptors and, as a result, a
decrease in drug efficacy, as well as severe side
effects that can occur in most patients during
long-term use (skin rashes, diarrhea, constipation,
hypertension, neutropenia, etc.) [18; 22; 23].
Thus, the targeted search for effective ITC drugs
does not stop. The present study is devoted to this
problem, namely, the search for new effective
ligands among 2-(3-R-1,2,4-triazol-5-yl)anilines,
using in silico methodology, which could be

/)
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further used as «basic» molecules for the design of
promising tyrosine kinase inhibitors.

Results and discussion

A series of 2-(3-R-1H-1,2,4-triazol-5-yl)anilines
(a1-a7) were selected and studied on biological
targets in molecular docking (Fig. 2). The results
of the affinity calculations of the compounds were
compared with the results of the calculations of
the known tyrosine kinase inhibitors vandetanib
and gefitinib (Table 1). It was found that the
lowest affinity for EGFR- and RET-related proteins
was characteristic of compound al. Whereas the
introduction of heterocyclic fragments (a2-a7) to
position 3 of the triazole cycle leads to a
significant increase in their affinity for the
corresponding proteins. This aspect can be
explained by the presence of additional donor-
acceptor centers in the molecules. Thus, in the
case of compounds a2 and a5, the acceptor NH-
acid center of pyrrole and indole, and in
compounds a3, a4, a6 and a7, the donor center
arises from the unshared electron pair of oxygen
and sulfur in the corresponding heterocycles (Fig.
Table 1).

2,
NH,
,\}%N N o S N o s
a5 ab a7

a4

Fig. 2. Structures of 2-(3-R-1H-1,2,4-1,2,4-triazol-5-yl)anilines (al-a7)

In our opinion, the presence of additional
donor-acceptor centers will promote additional
binding of compounds a2-a7 to amino acids in the
active site of the enzymes. In addition, compounds
a5-a7 have higher affinity compared to a2-a4,
which is probably due to the presence of another

benzene fragment and, as a result, their higher
lipophilicity. Compound a5 (2-(3-(indolyl-2)-1H-
1,2,4-triazol-5-yl)aniline) showed the best affinity
for biological targets, with values of -9.7 and -8.7
kcal/mol, respectively, for RET and EGFR proteins.

Table 1

Affinity of compounds al-a7 to binding sites of EGFR-unrelated protein (2ITY) and RET-related protein (2IVU),

kcal/mol
Ne Compounds Affinity (kcal/mol) for RET, PDBID - Affinity (kcal/mol) for EGFR, PDB ID -

2IVU 2ITY
1 al -6.6 -6.6
2 a2 -8.0 -7.2
3 a3 -8.1 -7.0
4 a4 -8.0 -7.0
5 a5 -9.7 -8.7
6 a6 -9.6 -8.7
7 a7 -9.7 -8.6
8 vandetanib -10.0 -
9 gefitinib - -8.1

Subsequently, for the synthesized compounds
al-a7, the probable mechanism of biological
activity was investigated by visualizing molecular
docking to enzymes. To find out whether the
reproducibility of the placement of the reference

ligands (vandetanib and gefitinib) in the active
site was observed, as well as the validity of the
chosen methodology, a re-docking procedure was
performed (Fig. 3).
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A

Fig. 3. Visualization of re-docking of reference ligands gefitinib (green color) and vandetanib (red color) relative to
the native position (gray color): A for EGFR kinase, B for RET kinase

In this «case, we achieved complete
reproducibility of the bonds that are recorded in
the active sites. Their identification was
determined by computer visualization of the
structures of 2ITY (gefitinib) and 2IVU
(vandetanib), as well as by searching the
literature data [24-26].

In addition to evaluating the inhibitory ability
of compound a5 by determining the affinity for
reference ligands, the very placement of the
compound in the active site was also analyzed:
conformational arrangement, interaction with
amino acid residues, and types of bonds formed
(Table 2, Fig. 4, 5).

Comparison of the affinity of compound a5 for
the RET receptor showed that its value is slightly
lower than that of the standard ligand,
respectively -9.7 and -10.0 kcal/mol (Table 1).
Visualization revealed that the amino acid
residues of the active site were all involved in
binding to the target compound. Only the absence
of hydrophobic interaction was observed, which is
provided by Leu802 (4.50 A) and Leu779 (4.96 A)
with vandetanib bromine (Table 2, Fig. 4). This is

due to the absence of halogen in the structure of
compound a5. Instead, additional hydrogen bonds
appear between Glu775 (2.20 A), Asp892 (2.75
and 2.97 A), and SER891 (2.50 A) and the amino
group of the aniline fragment of the molecule a5.
Such interactions indicate strong fixation of
compound a5 in the receptor pocket, and
hydrogen bonds with the above-mentioned amino
acids create additional conformational stability
[26]. In addition, compound a5 is well located in
the hydrophobic pocket, with the same size and
location as vandetanib bromine (Fig. 6A). In the
earlier studies [27;28] a direct correlation
between the formation of hydrogen bonds and the
stability of inhibitor molecules was observed. The
presence of a m-cationic bond as an electrostatic
interaction between the receptor and the ligand,
in this case between the LYS758 residue (4.82 A)
and the benzene ring of aniline moiety,
contributes to high specificity, selectivity,
increases the probability of recognition by the
target protein, and improves the bioavailability of
the compound [29; 30].

Table 2

Main types of interaction of compounds al-a7 and pharmacological standards with amino acid residues of enzymes

Ne Compound RET, PDB ID - 2IVU* EGFR, PDB ID - 2ITY*

1 al Asp892 (2.59):, Asp892 (2.59):, Asp892 GIn791 (2.18)s Thr790 (3.56)c, Leus44
(4.79)4, Val738(3.98)c, Val738 (3.91), (3,73) Met766 (5.12)<, Gys775 (5.98)q,
Val804 (4.89), Val804 (3.97)c, Leu881 Val726 (5.18)c Ala743 (3.90)
(3.72)c, Ala756(4.81)c, Lys758 (4.88)c,
11e788(4.77)¢

2 a2 Asn879 (2.86):, Asp874 (3.01)2 Asp874 Met793 (2,55)5, Leu718 (3.68)c,
(434)4,  Gly736(2.36)2, Asp892(3.41)4, Thr790(3.67)c, Met766 (5.61)¢, Leu844
Phe735 (4.63)c, Leu895 (4.74), Val738 (3.67)c Ala743 (3.60)c, Ala743 (5.27)c,
(4.97)d Lys745 (5.00)c

3 a3 Glus05 (2.76)s, Ala756 (5.05), Ala756 Thr854 (2.15)% Leu718 (3.87)c, Leu718
(4.28)c, Lys758 (4.97)4, Lys758 (4.76)c, (3.87)c, Leu718 (3.87)c, Thr790(3.82),
Asp892 (4.91)4, Leu730 (3.90)c, Val804 Met766 (5.29)¢, LeuS44 (3.60)c, Ala743

(3.73)¢, Val804 (3.99)¢, Leus81 (3.59)c,

(3.63)c, Ala743 (5.19)¢, Lys745 (4.95)c
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Continued table 2

Leus8l (3.91), Tyr806 (5.54);, Val738
Ala756 (5.05)c, Ala756

(4.28)c, (5.49),

(4.28)c, Ala807 (4.68)c, Lys758 (4.76)c

a4 Ser891 (2.22)3,
(4.88)4, Lys758
Val738 (5.35)c,
(3.59)c, Valg04
Leus81 (3.73),

(4.75)

Tyr806(5.80)b,

Asp892 (2.31)7,
(3.68)c, Val738
Leu730 (5.04)c,
(3.92)c, Leu881
Ala756 (5.32)c,
Ala756

Ala756 (4.33)c, Ala807 (4.75)c

Lys758
(3.71),
Val804
(3.93),
Ala756
(4.99)4,

Leu718 (3.70), Thr790 (3.76)c, Leu844
(3.65)c, Met766 (5.31)4, Ala743 (3.61),
Ala743 (5.34)c, Lys745 (4.98)c

a5 Ser891 (2.50)3,
(2.97)3, Glu775*
Lys758 (3.70),
(4.80)¢, Val738
Val804(3.62),

(3.91)¢, Leu881

Ala756 (4.75)c

Val804

Asp892 (2.75)a
(2.20)3, Lys758
Leu730 (3.42)
(3.72)¢, Val738
(3.97),

(3.65)c, Ala756

Asp892
(4.82)4,
Leu730
(4.74)¢,
Leu881
(5.32),

Met793 (2.79)3, Thr854 (2.35)3, Leu718
(3.67)c, Leu718 (3.87)¢, Leu718 (3.87),
Thr790 (3.63), Met766 (5.13)4, Leu844
(3.63), Ala743 (3.67)c, Ala743 (5.24)¢,
Lys745 (5.01)¢

a6 Glu775  (2.31)9
(2.49)a, Lys758
Val738 (3.74)c,
(3.43)s, Leu730
Valg04 (3.97),
(3.66)c, Tyr806
Ala756 (5.21)¢

Ser891
(4.84)¢,
Val738

(4.85)c,
Leu881
(5.80),

(2.82)3,
Lys758
(4.74)c,
Val804
(3.91),
Ala756

Asp892
(3.72)¢,
Leu730
(3.57),
Leu881
(4.65)4,

Leu718 (3.71)¢, Leu718 (3.70)¢, Leu718
(3,96)¢, Thr790 (3.75)¢, Leu844 (3.62)¢,
Met766 (5.18)d, Ala743 (3.61)c, Ala743
(5.04)c, Lys745 (4.94)c

a7 Glu775 (2.21)%,
(2.92)2, Asp892
Lys758 (4.69)c,
(4.62)c, Leu730
Val804 (3.62)c,
(3.92)c, Leu881

Ala756 (5.00)¢

Ser891 (2.35)3,
(2.88)2, Lys758
Val738 (3.70)c,
(3.42)c, Leu730
Val804 (3.95)c,
(3.65), Ala756

Asp892
(4.83)q,
Val738
(4.74),
Leu881
(5.44)c,

Thr854 (1.97) Leu718 (3.65)c, Leu718
(3.80)¢, (3.81), Thr790 (3.63)c, Leu844
(3.65)c, Met766 (5.11)4, Ala743 (3.65)c,
Lys745 (4.99)c

gefitinib

Met793 (2.67)3, Met793 (5.38)c, Gly796
(3.42)b, Leu718 (3.40)b, Leu718 (5.0)¢,
Leu718 (4.08)¢, Pro794 (3.37)b, GIn791
(3.42)b, Leu788 (3.18)4, Glu762 (3.41)4,
Leu844 (3.78)¢, Leu844 (5.24)c, Lys745
(4.25)c, Lys745 (4.68)c, Val726 (5.44)c,
Ala743 (3.79)¢, Ala743 (5.09)¢

vandetanib

Ala807 (3.08),
(3.69)b, Gly810
Tyr806 (5.98)¢,
(4.57)¢, Glu805
Ala756 (4.08),
(4.88)4, Lys758
Leu730 (3.77),
(3.77)¢, Leu881
Leu802 (4.50),

Ala807 (4.57)¢,
(3.28)b, Tyr806
Tyr806 (5.19)c
(3.31)b, Ala756
Ala756 (3.63)¢,
(3.99)¢, Lys758
Leu730 (4.86)c,
(3.81)c, Leu779
Valg04 (4.43)c,

Ala807
(3.65)p,
Tyr806
(3.65)4,
Lys758
(4.28)¢,
Leu881
(4.96)¢,
Val804

(4.34)¢, Val738 (5.30)c, Val738 (4.85)c

Notes: * - bond length is in A, a - conventional hydrogen bond; b - carbon-hydrogen bond; ¢ - hydrophobic bond; d - other type

of bond.

The docking of compound a5 to EGFR indicates
a higher affinity compared to gefitinib, that is -8.7
and -8.1 kcal/mol, respectively (Table 1). The
placement of compound a5 in the hydrophobic
pocket is optimal and fully ensures the fixation of
the molecule with amino acid residues of the
active site, that are similar to the reference ligand
(Fig. 5B). However, compound a5 has an

additional hydrogen bond between Thr854 (2.35
A) and the amino group of the aniline fragment
(Fig. 5). It is important to note that the hydrogen
bond of the indole NH group with Met793 (2.79 A)
is the leading stabilizing bond, which is also
observed in anilinoquinazoline inhibitors of EGFR
[31-33].
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Fig. 4. Interaction of vandetanib (A, B) and compound a5 (C, D) with amino acids in the active site of RET

In addition, there is a t-sulfide bond of Met766
(5.13 A), a m-sigma bond of Thr790 (3.63 A), and a
m-alkyl interaction of Lys745 (5.01 A) with the
benzene fragment of aniline. Additionally, the -
alkyl interaction between Ala743 (5.24 A) and the
triazole system of the ligand a5 can be traced. In
general, the existing m-stacking in this receptor-
ligand interaction has an impact on receptor
stabilization and enzyme catalysis [34].

The molecular docking results showed that the
presence of an indole fragment in compound a5
provides a significant number of bonds with
enzymes, m-alkyl bonds with RET, m-sigma bonds
and hydrogen bonds with EGFR. In addition, in
both cases, compound a5 has more hydrogen
bonds with proteins than the standard ligands,
that should ensure a more stable structure with
the receptor.
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Fig. 5 Interaction of gefitinib (A, B) and compound a5 (C, D) with amino acid residues in the active site of EGFR

In general, as for the aniline fragment in
compound a5, which is the result of nucleophilic
degradation of the quinazoline cycle [35], it
stabilizes the ligand-receptor interaction more
rigidly due to hydrogen bonds and m-bonds,
compared to the standard ligands. In both cases,
the triazole fragment is fixed in the pocket by
means of m-sigma and m-alkyl interactions, i.e.,
hydrophobic bonds prevail. All of the above
contributes to the similar placement of the
structure a5 in the receptor pocket as in the case
of standard ligands (Fig. 6).

According to calculations the 2-(3-R-1,2,4-1H-
triazol-5-yl)anilines are effective ligands with high

affinity for EGFR and RET enzymes, and
visualization confirmed the important role of the
aniline fragment at position 5 and the donor-
acceptor substituents at position 3 of the triazole
molecule on the location in the active site of the
enzymes and their conformational stability. The
structures a5-a7 can be further used in fragment-
oriented design (molecular modeling, virtual
screening, ADME analysis) due to the unlimited
functionalization of benzene fragments and
position 3 of the triazole moiety, that will increase
their antitumor activity [36; 37].
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PCR720

GLY721

GLU762

Fig. 6 Compatible conformation and placement in the hydrophobic pocket of compound a5 (yellow) with
vandetanib (A) and gefitinib (B)

Moreover, the analysis of the results of
molecular docking of compound a5 and its
comparison with standard ligands (gefitinib,
vandetanib) allows us to unequivocally state that
compound a5 has antitumor activity. This has
been confirmed by previous studies [38]. Thus,
the dose-dependence on NSCLC cell lines in the

concentration range of 100-0.01uM was studied
for compound a5 according to the standard
procedure of the National Cancer Institute and it
was shown that it exhibits significant anticancer
activity against 9 NSCLC cell lines (Table 3).

Anticancer activity of compound a5 against NSCLC cell lines in the concentration range of 100-0.01uM accordy;(r]lzlij
data [41]

Cell lines * logGlso logTGI logLCso
A549/ATCC -5.66 -4.57 >-4.00
EKVX -5.40 >-4.00 >-4.00
HOP-62 -5.33 -4.71 —4.25
HOP-92 -4.72 -4.21 >-4.00
NCI-H226 -5.30 -4.69 -4.31
NCI-H23 -5.48 -4.69 -4.08
NCI-H322M -5.37 -4.46 >-4.00
NCI-H460 -5.53 -4.57 >-4.00
NCI-H522 -5.89 -4.92 -4.38

Note: logGlso - inhibition level, logTGI - cytostatic effect, logLCso — cytotoxic effect

Experimental Section

For molecular docking, 2-(3-R-1H-1,2,4-triazol-
5-yl)anilines (a1-a7) were selected, the methods
of synthesis of which are known [38].

The study was conducted by the method of
flexible molecular docking, as an approach to
finding molecules with affinity for a specific
biological target. The crystal structures of EGFR
(PDB code 2ITY) and RET (PDB code 2IVU)

proteins from the Protein Data Bank were used to
determine the inhibitory activity of compounds
al-a7 [39]. The choice of biological targets was
based on the literature data on the mechanism of
action of anticancer drugs [24; 25].

Preparation of the protein macromolecule

The tyrosine kinase molecules were prepared
for docking by removing water molecules and
ligands in the structure in the Discovery Studio



427

Journal of Chemistry and Technologies, 2023, 31(2), 419-429

program. Using the program AutoDockTool-1.5.7,
the lost enzymes atoms were found, and the
structure of the enzymes was restored, polar
hydrogen atoms were added, and charges were
distributed. The structures were saved in pdbqt
format. A grid-box was created in the prepared
molecule at the defined active site. For RET, the
active site corresponds to the following amino
acid residues: LEU730, VAL738, ALA756, LYS758,
LEU779, LEU802, VAL804, GLU805, TYR806,
ALA807, GLY810, LEU 881. The dimensions of the
grid-box, according to the described active site,
are as follows: center x = -21.431center.y =
5.522, center_z = -10.612, size_x = 40 size_y = 64
size_.z=50. For EGFR, the active site was
determined by the following amino acids: LEU718,
VAL726, ALA743, LYS745, GLU762, LEU788,
GLN791, MET793, PRO794, GLY796, LEU718. The
dimensions of the grid box, according to the
described active site, are as follows:
center_x = -52.773 center_y = -1.805, center_z =
-24.680, size_x = 64 size_y = 60 size_z = 72.

Preparation of ligands

Structures of the studied ligands (al-a7) were
created using Gauss View5.0 and optimized using
Gaussian 09W at the pm3 level of theory. For
docking, the compound files were converted to
pdb format using OpenBabel. The torsional angles
and centers for ligand rotation were determined
using AutoDockTool-1.5.7. The substances were
saved in the pdbqt format. As a comparison, two
compounds were selected - vandetanib and
gefitinib, which are contained in the X-ray
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