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The combination of pyrazole and 1,2,4-triazole fragments in one structure makes it possible to achieve some success in creating potential
biologically active compounds. Various factors contribute to this process. Among them, we can note the significant possibilities of chemical
transformation involving these cycles, the simplicity, and reliability of methods, the creation of molecules with a certain level of bioavailability
and the ability to influence a number of biochemical processes. Taking into account the presented facts, the creation of new compounds in
a number of pyrazolo-triazole condensed systems is scientifically attractive with endowed features of practical significance and relevance.

The aim of the work was to identify optimal conditions for the production of 3-(ethylthio)-9-methyl-6-(alkylthio)pyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4]triazines and to study the properties of the target reaction products.

Materials and methods. The chemical part of the work involved the step-by-step creation of target reaction products in the form of
3-(ethylthio)-9-methyl-6-(alkylthio)pyrazolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]triazines. The first stage was aimed at conducting the interaction
of diethyloxalate with acetone with the participation of sodium methylate in a methanol medium. Ethyl-2,4-dioxopentanoate was used
in the conversion process to 3-methylpyrazole-5-carbohydrazide with the participation of hydrazine hydrate. Further modification of
the molecule consisted of the gradual formation of the structure of 4-amino-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-3-thiol. The next
step involved the synthesis of 3-ethylthio-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine. Further conversion included the production of
potassium 3-ethylthio-9-methylpyrazolo[1,5-d][1,2,4]triazolo[3,4-1][1,2,4]triazine-6-thiolate and its S-alkyl derivatives along the triazine
fragment. Cyclooxygenase-2, lanosterol-14a-demethylase and receptor tyrosine kinase were selected as model enzymes for docking,
the crystal structure of which was loaded from the Protein Data Bank.

Results. The synthesis of 3-(ethylthio)-9-methyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-][1,2,4]triazines were carried out and
the optimal conditions for the production of these substances were determined. The structure of the chemical transformation products was
proved and the results of the study of the main physical properties were recorded. The results of virtual studies provided an opportunity
to substantiate the prospects of the selected chemical transformation vector, which ultimately made it possible to determine the biological
potential of the obtained compounds.

Conclusions. Based on the results of the study, information was obtained that gives a certain idea of the possible level of influence of
synthesized compounds on the activity of lanosterol-14a-demethylase, which makes it advisable to further search for substances with
fungistatic and fungicidal effects.
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CuHTe3 Ta BnacTmBocTi 3-(eTuntio)-9-meTun-6-(ankintio)nipasono[1,5-d][1,2,4]rpiazono-[3,4-f][1,2,4] Tpia3uHiB
C. O. deporos, A. C. louyns

MNoeaHaHHs B 0fHi CTPYKTYpi parMeHTiB nipasony Ta 1,2,4-Tpiazony Aae 3amMory 4OCATU NEBHKX YCMiXiB Y cdepi CTBOPEHHS MOTEHLINHNX
6ionoriyHo akTMBHMX cnonyk. LibomMy npouecy cnpusitoTb pisHi hakTopu, SK-0T CYTTEBI MOXMMBOCTI XiMIYHOTO NEPETBOPEHHS 3a y4acTio
Ha3BaHUX LMKNiB, NPOCTOTA Ta HaAiMHICTb METOAMK, CTBOPEHHS MOMEKY i3 NEBHUM piBHEM 6iOLOCTYNHOCTI Ta 3MOrOH0 BMIMBATU HA HUA3KY
6GioximiuHux npouecis. OTxe, CTBOPEHHSI HOBYX CMOMYK Y psily Nipa3ono-Tpias3onoBux KOHAEHCOBaHWX CUCTEM BUKITUKAE HAYKOBWIA iHTEpEC,
Mae NpaKkTU4He 3HAYEHHS Ta XapakTepu3yeTbCs akTyasnbHICTHO.

MeTa po60oTu — BU3HaYeHHS ONTUMArbHMX YMOB OTpUMaHHs 3-(eTuntio)-9-meTun-6-(ankintio)nipasono[1,5-d][1,2,4]tpiasono[3,4-A[1,2,4]
TpiasuWHiB i 4OCNIANTM BNACTUBOCTI LiNbOBMX NPOAYKTIB peakLii.

Martepianu Ta Mmetogu. XimiyHa yactuHa poboTu nepegbadana noetarnHe CTBOPEHHS LiNMbOBUX MPOAYKTIB peakuii — 3-(eTunTio)-9-me-
TUn-6-(ankinTio)nipasono[1,5-d][1,2,4]tpiaszono[3,4-[1,2,4]Tpia3uHiB. MepLunii eTan MaB Ha MeTi NPOBEAEHHS B3aEMOpii AieTnnokcanary 3
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aLLETOHOM 3a y4acTHo HaTpilt MeTUnaty B cepenouLi metaHony. OgepxxaHun eTun-2,4-0iokconeHTaHoaT Ha HaCTyNHOMY eTani 3aCToCyBanu
y MpoLeci NepeTBOpeHHs y 3-meTunnipason-5-kapborigpasug 3a yyacTio rigpasuH rigpaty. Hagani mogudikauis Mmonekynu nonsrana B
noeTanHomy opMyBaHHi CTPYKTypy 4-amiHo-5-(3-meTunnipason-5-in)-1,2,4-tpiason-3-tiony. HacTynHui kpok nepeabavas cuHTe3 3-eTni-
Tio-5-(3-meTunnipason-5-in)-1,2,4-tpiason-4-aminy. [lanbLue nepeTBOpeHHs — ofepaHHs kanin 3-etuntio-9-metunnipasono[1,5-d][1,2,4]
Tpiasono[3,4-f][1,2,4]TpiasnHo-6-TionaTy Ta 1oro S-ankinnoxigHux 3a TpiasuHOBUM dparMeHToM. AK MoaenbHi hepMeHTU ANns LOKIHTY
obpanu umknookcurenasy-2, naHoctepon-14a-gemeTunasy Ta peLenTopHy TMPO3WHKIHA3y, KpUCTaniYHy CTPYKTYPY SKUX 3aBaHTaXWUIN 3
Protein Data Bank.

Pesynkratu. 3aincHunu cuHtes 3-(etuntio)-9-metun-6-(ankinTio)-nipasono[1,5-d][1,2,4]rpiasono[3,4-][1,2,4]Tpia3uHiB, BU3HauMnm on-
TUMarnbHi YMOBW NPOLieCY OAepXaHHs X pevoBuH. [JoBENM CTPYKTYpY NPOAYKTIB XiMIYHOrO NepeTBOPeHHs!, 3adikcyBanu pesynsratu
LOCTIIKEHHS OCHOBHMX (Di3VNYHMX BMAcTUBOCTEN. Pe3ynbraty BipTyanbHUX AOCTiLKEHb OBrpyHTYBanm nepcrnekTUBHICTL 06paHoro BekTopa
XiMiYHOI TpaHcopmaLlii, a 0Tke Jany 3Mory BU3HauMTUCS 3 BioNOriYHMM NOTEHLianoM oaepXaHux Cronyk.

BucHoBkw. Y pesynerati fOCHimKEHHS oTpyUMany iHopmaLito, Wo (hopMye YABIEHHS NPO MOXIMBWIA PiBEHb BMIIMBY CUHTE30BaHWMX CNONYK
Ha aKkTMBHICTb NaHocTepon-14a-gemeTunasm, a omke JOLiNbHUM € NPOLOBXEHHS MOLLYKY PEYOBUH i3 (YHrCTaTUYHOK Ta (OyHrILMAHO0

nisgMu.

Knrovogi cnoga: 1,2,4-Tpiazon, nipason, gi3nko-xiMiyHi BNacTMBOCTI, MOMEKYNAPHUIA OOKIHT.
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Heterocycline compounds are an inexhaustible source for
obtaining promising biologically active molecules [1-5].
Therefore, the synthesis of new condensed systems with
the participation of heterocycles has favorable conditions for
active development, because it allows you to create molecules
with different types of biological activity [6]. Among such
systems, special attention is focused on those that contain
Nitrogen in their structure.

Among a significant number of azageterocyclic systems,
pyrazole and 1,2,4-triazole are distinguished in a certain
way. The use of heterocycles in the process of creating new
“drug-like” molecules is justified by the results of numerous
studies in the field of prototyping innovative medicines. The
formation of this phenomenon is explained by numerous fac-
tors. These are the characteristic features of the structure and
significant possibilities of various chemical modifications, as
well as the ability to form structures with hydrophilic prop-
erties. These principles and guidelines for targeted synthesis
allowed a significant circle of scientists to obtain certain
practically significant results for pharmacy and medicine
[7-13]. But, despite the achievement of significant results,
there is still a certain list of issues in the segment of creating
condensed systems based on pyrazole and 1,2,4-triazole and
studying their properties that require solving and compre-
hensive research.

Aim

The aim of the work was to identify optimal conditions for
the production of 3-(ethylthio)-9-methyl-6-(alkylthio)pyra-
zolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]triazines and to study
the properties of the target reaction products.

Materials and methods

The chemical stage of the scientific work involved the process
of its implementation and creation of target products of chem-
ical transformation using classical methods of organic syn-
thesis. Well-known reagents and common solvents were used
(Fig. I). Synthetic studies were carried out using reagents of
the companies “Merck KGaA” (Germany), “Sigma-Aldrich

Chemicals Ltd” (USA) with chemical qualification purum
or pro analysis.

Potassium 3-(ethylthio)-9-methylpyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4|triazine-6-thiolate (3). 0.01 Mol of 3-(ethyl-
thio)-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine was
added to a solution of 0.01 mol of potassium hydroxide in 50
ml of propane-2-ol and stirred until dissolved. After complete
dissolution, the mixture was placed in an ice bath and carbon
disulfide was added drop by drop. This solution was stirred
for 2 hours. Excess alcohol was removed under a vacuum.
The resulting yellow crystalline substance was filtered and
recrystallized from alcohol.

General procedure for the synthesis of 3-(ethylthio)-9-methyl-6-
(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo|3,4-f][1,2,4]triazines (3.1-
3.10). An equivalent amount of the corresponding haloalkane
(C H, , Br;n=1-10) was added to a solution of 0.005 mol
of potassium 3-(ethylthio)-9-methylpyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4]triazine-6-thiolate in 35 ml of propane-
2-ol obtained by heating. The solution then was heated for
1 hour. Excess alcohol was removed under vacuum. The
resulting sediment was filtered and recrystallized.

The structure and individuality of the synthesized sub-
stances were confirmed by modern methods of analysis.
Melting points were determined using open capillaries using
the Stanford Research Systems Melting point Apparatus 100
(SRS, USA). Element analysis (C, H, N, S) was performed
using an “Elementar vario EL cube” analyzer (Elementary
Analysensysteme, Germany) with quantitative determination
of components by thermal conductivity on the detector. 'H
NMR spectra (400 MHz) were obtained on a “Varian-Mercury
400” spectrometer (Bruker DRX 500, USA) in DMSO-d,
medium using tetramethylsilane as an internal standard.
Chromato-mass spectra were recorded on an “Agilent 1260
Infinity HPLC” liquid chromatograph system (Agilent,
Germany) with an “Agilent 6120 spectrometer (Agilent,
Germany) (electrospray ionization method (ESI)).

Research in silico was a molecular docking method using
“Vina” and “Discovery Studio” as software. This method
allowed you to navigate the selection of molecules with a
certain level of affinity for a certain biological target. Mac-
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Fig. 1. Synthesis scheme of 3-(ethylthio)-9-methyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-1][1,2,4]triazines.

romolecules from the Protein Data Bank (PDB) were used as
biological targets, namely: a fragment of cyclooxygenase-2
in complex with celecoxib, lanosterol-14a-dimethylase in
complex with fluconazole, and receptor tyrosine kinase in
complex with crizotinib.

The choice of biological targets is determined by the lite-
rature data on the mechanism of action of antifungal agents.

The research methodology consisted of the following
stages:

1) ligand preparation: construction of structural formulas of
compounds using the program “MarvinSketch 6.3.0” (saving
in mol-format); creation of a 3D structure of formulas of
compounds-molecular modeling using the program “Hyper
Chem 8” based on the method of molecular mechanics MM+
and semi-empirical quantum mechanical method PM3 with
the maximum number of cycles and Polak—Ribiere algo-
rithm (saving in pdb-format); application of “AutoDock-
Tools-1.5.6” to convert pdb files to PDBQT;

2) enzyme preparation: removing water and ligand mo-
lecules from the crystal using the “Discovery Studio 4.0”
software package (saving in pdb format); adding polar Hy-
drogen atoms and converting the enzyme from the pdb file
to PDBQT using “AutoDockTools-1.5.6”;

3) molecular docking: performing docking using the “Vina”
program; data visualization was performed using the “Dis-
covery Studio 4.0” program.

Results

The stepwise formation of the structure of the Intermediate
3-ethylthio-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine
and the properties of all preintermediates were described in

previous works [14,15]. The synthesis of potassium 3-(ethyl-
thio)-9-methylpyrazolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]
triazine-6-thiolate was successfully performed using carbon
disulfide in an alkaline alcohol medium (Fig. 1).

As part of solving one of the problems that were set in this
paper, alkylation for Sulfur was performed on a triazine frag-
ment of compound 3. For this purpose, bromoalkanes were
used as an alkylating agent. The reaction was carried out in
a propane-2-ol medium when heated for 1 hour.

The synthesized substances are white crystalline powders,
soluble in DMFA and DMSO, when heated —in 1,4-dioxane,
practically insoluble in water, diethyl ether, and chloroform.

The structure of all synthesized substances was confirmed
by physical-chemical methods: '"H NMR spectroscopy and
elemental analysis. The purity of the chemical interaction
products and their identity were confirmed by chromato-mass
spectra.

3.1: 'THNMR, 6 (ppm), J (Hz): 7.35 (s, CH, pyrazole), 3.22
(q, J = 6.2 Hz, 2H, CH,CH,), 2.61 (s, 3H, SCH,), 2.54 (s,
3H, CH,), 1.37 (t, J = 12.5 Hz, 3H, CH,CH,). Anal. calcd.
(%) for C H NS, ESI-MS: m/z = 281 [M+H]". Elemental
Analysis: C, 42.84; H, 4.31; N, 29.98; S, 22.87. Found: C,
42.95; H,4.32; N, 29.90; S, 22.81.

3.2: 'TH NMR, 6 (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.22(q,J = 6.2 Hz, 2H, CH,CH,), 3.13 (q, / = 5.5 Hz, 2H,
SCH,CH,), 2.54 (s,3H, CH,), 1.38 - 1.31 (m, 6H, 2CH,CH,).
Anal. caled. (%) for C, H NS, ESI-MS: m/z=295 [M+H]".
Elemental Analysis: C, 44.88; H, 4.79; N, 28.55; S, 21.78.
Found: C, 44.76; H, 4.78; N, 28.48; S, 21.84.

3.3: 'H NMR, ¢ (ppm), J (Hz): 7.35 (s, CH, pyrazole),
3.22(q, /= 6.2 Hz, 2H, CH,CH,), 3.14 (t, /= 4.6 Hz, 2H,

ISSN 2306-8094
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SCH,CH,CH,), 2.54 (s, 3H, CH,), 1.77 — 1.71 (m, 2H,
SCH,CH,CH,), 1.37 (t, J = 6.2 Hz, 3H, CH,CH,), 1.07 (t,
J=72Hz, 3H, S(CH,),CH,). Anal. caled. (%) for C H NS,
ESI-MS: m/z =309 [M+H]". Elemental Analysis: C, 46.73;
H, 5.23; N, 27.25; S, 20.79. Found: C, 46.86; H, 5.24; N,
27.17; S, 20.73.

34: 'HNMR, 0 (ppm), J (Hz): 7.37 (s, CH, pyrazole), 3.12
(t,J=4.6 Hz, 2H, SCH(CH,),CH,), 3.21 (q,/= 5.8 Hz, 2H,
CH,CH,), 2.54 (s, 3H, CH,), 1.69 — 1.61 (m, 2H, SCH,CH-
,CH,CH,), 1.39 — 1.33 (m, 4H, CH,CH,, S(CH,),CH,CH,),
0.92 (t, J= 7.1 Hz, 3H, S(CH,),CH,). Anal. calcd. (%) for
C;H NS, ESI-MS: m/z= 323 [M+H]". Elemental Analysis:
C, 48.42; H, 5.63; N, 26.06; S, 19.89. Found: C, 48.29; H,
5.62; N, 26.13; S, 19.94.

3.5: 'TH NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.27-3.18 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.54 (s, 3H,
CH,), 1.78 = 1.70 (m, 2H, SCH,CH,(CH,),CH,), 1.41 —1.33
(m, 7H, CH,CH,, SCH,CH,(CH,),CH,), 0.89 (t, /= 7.1 Hz,
3H, S(CH,),CH,). Anal. calcd. (%) for C H, N S, ESI-MS:
m/z=337 [M+H]". Elemental Analysis: C,49.98; H, 5.99; N,
24.98; S, 19.06. Found: C, 49.83; H, 6.00; N, 25.05; S, 19.01.

3.6: '"H NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.26-3.17 (m,4H, CH,CH,, SCH (CH,),CH,), 2.54 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.42 - 1.32
(m, 9H, CH,CH,, S(CH,) (CH,),CH,), 0.94 — 0.84 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C H, NS, ESI-MS:
m/z =351 [M+H]". Elemental Analysis: C, 51.40; H, 6.33;
N, 23.98; S, 18.29. Found: C, 51.53; H, 6.34; N, 23.92;
S, 18.24.

3.7: '"H NMR, ¢ (ppm), J (Hz): 7.35 (s, CH, pyrazole),
3.27-3.20 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.55 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.37-1.25
(m, 11H, CH,CH,, S(CH,),(CH,),CH,), 0.92 - 0.86 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C, H, NS, ESI-MS:
m/z=365 [M+H]". Elemental Analysis: C, 52.72; H, 6.64; N,
23.05; S, 17.59. Found: C, 52.57; H, 6.63; N, 22.99; S, 17.64.

3.8: 'TH NMR, ¢ (ppm), J (Hz): 7.37 (s, CH, pyrazole),
3.27-3.19 (m,4H, CH,CH,, SCH(CH,) ,CH,), 2.55 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.39 - 1.28
(m, 13H, CH,CH,, S(CH,),(CH,).CH,), 0.94 - 0.85 (m, 3H,
S(CH,).CH,). Anal. caled. (%) for C H, NS, ESI-MS:
m/z=379 [M+H]". Elemental Analysis: C, 53.94; H, 6.92; N,
22.20;S,16.94. Found: C, 54.09; H, 6.91; N, 22.14; S, 16.99.

3.9: '"H NMR, ¢ (ppm), J (Hz): 7.37 (s, CH, pyrazole),
3.28-3.20 (m, 4H, CH,CH,, SCH,(CH,) ,CH,), 2.54 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.40 - 1.33
(m, 15H, CH,CH,, S(CH,),(CH,),CH,), 0.94 —0.85 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C H, NS ESI-MS:
m/z=393 [M+H]". Elemental Analysis: C, 55.07; H, 7.19; N,
21.41;S,16.33. Found: C, 54.93; H, 7.18; N, 21.46; S, 16.37.

3.10: 'H NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.27-3.18 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.56 (s, 3H,
CH,), 1.63—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.40 - 1.27
(m, 17H, CH,CH,, S(CH,),(CH,),CH,), 0.94 — 0.85 (m, 3H,
S(CH)),CH,). ESI-MS: m/z = 407 [M+H]". Analytical cal-
culated (%) for C, H, N S : C, 56.12; H, 7.44; N, 20.67; S,

197730" 62"

15.77. Found: C, 56.27; H, 7.45; N, 20.61; S, 15.73.

Methods for creating innovative drugs (“drug-design”) in-
clude molecular docking, molecular modeling, and molecular
dynamics to elucidate the activity of promising molecules,
establish biological targets for ligand binding, and rationally
create potential drug substance candidates.

It should be noted that the synthesized structures have
some similarities with the corresponding drugs, which exhibit
anti-inflammatory (celecoxib), antifungal (fluconazole), and
anti-cancer (crizotinib) activity. At the same time, these drugs
have a wide range of side effects. Therefore, the creation of
new medicines with such types of activities is relevant.

Complexes of synthesized compounds with cyclooxygen-
ase-2, lanosterol-14a-demethylase, and receptor tyrosine
kinase were analyzed by the ligand-receptor binding energy
and evaluated visually [16-18].

Analysis of the results of docking studies demonstrates
a wide range of amino acid residues of the active site of
cyclooxygenase-2, which can take part in the formation of
bonds with synthesized ligands (7able I).

The completeness of the idea of the possibility of interac-
tion of synthesized structures with the active COX-2 center
was supplemented by quantitative indicators (7able 2).

Among antifungal drugs, a significant percentage are
built on the basis of various heterocyclic fragments. Among
such fragments, nitrogen-containing compounds occupy
an important place. This interaction leads to a violation of
the functions of lanosterol-14a-demethylase, which leads to
blocking the synthesis of ergosterol, which is an important
structural component of the fungal cell membrane and ensures
the implementation of its important functions.

The nature of amino acid fragments of lanosterol-14a-
demethylase, which were probably responsible for interaction
with synthesized ligands, has been established (7able 3).

The obtained energy indicators of intermolecular in-
teractions confirm a significant probability of detecting
antifungal properties in a number of synthesized com-
pounds (Table 4).

The obtained compounds were also docked relative to
the receptor tyrosine kinase, which made it possible to
establish the nature of the actual amino acid fragments
(Table 5).

The obtained energy values of intermolecular interactions
indicate a diverse level of probability of detecting compounds
with the ability to actively influence the activity of receptor
tyrosine kinase (7able 6).

Discussion

"H NMR spectra of all synthesized compounds were charac-
terized by the presence of singlet signals due to the Hydrogen
of the pyrazole fragment (7.37-7.35 ppm) and the methyl
group associated with this heterocycle (2.56-2.54 ppm).
The signal intensity in this case corresponds to 1 and 3 pro-
tons, respectively. The spectra of the obtained compounds
also contain thioethyl substitute signals in the form of a
two-proton quadruplet (3.22 ppm) and a three-proton triplet
(1.37 ppm). But in most cases, the signals of this fragment
resonate together with the protons of methylene groups of
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Table 1. Amino acid residues of the active COX-2 center involved in interaction with the studied compounds

m Nature of the amino acid residue

3.1 ALAA: 517, ALAA: 528, HIS A: 90, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TRP A: 388, TYR A: 386, VAL A: 350, VAL A: 524

3.2 ALAA: 517, ALAA: 528, HIS A: 90, LEU A: 385, LEU A: 532, PHE A: 519, SER A: 354, TRP A: 388, TYR A: 386, VAL A: 350, VAL A: 524

3.3 ALAA: 517, ALAA: 528, ARG A: 514, HIS A: 90, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350,
VALA: 524

34 ALAA: 517, ALAA: 528, ARG A: 514, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350, VAL A: 524

3.5 ALAA: 517, ALAA: 528, ARG A: 514, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350, VAL A: 524

3.6 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 89,
VALA: 117, VAL A: 350

37 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TYR A: 116, TYR A: 349, TYR A: 356, TYR A: 386,
VALA: 89, VALA: 117, VAL A: 350

3.8 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TRP A: 388, TYRA: 116, TYR A: 349, TYR A: 356,
TYRA: 386, VAL A: 350

3.9 ALAA: 528, HIS A: 90, ILE A: 113, LEU A: 93, LEU A: 353, LEU A: 535, PHE A: 206, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 117,
VAL A: 345, VAL A: 350, VAL A: 524

3.10 ALAA: 528, ILE A: 113, LEU A: 93, LEU A: 353, LEU A: 535, PHE A: 206, SER A: 531, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 117,
VAL A: 345, VAL A: 350, VAL A: 524

Table 2. Energy value of intermolecular interactions of the studied compounds with cyclooxygenase-2

3.1 -6.9 34 -4.9 3.8 -3.8
3.2 -6.4 3.5 -5.0 3.9 4.3
3.3 -5.8 3.6 -39 3.10 47
Celecoxib -13.4 3.7 -3.7

E __: minimum complexation energy, kcal/mol.
min

Table 3. Amino acid residues of the active lanosterol-14a-demethylase center, which are involved in interaction with the studied compounds

m Nature of the amino acid residue

3.1 ALAA: 256, ALA A: 400, CYS A: 394, GLY A: 396, LEU A: 100, LEU A: 152, PHE A: 387, PRO A: 320, VAL A: 395

3.2 ALA A: 256, ALA A: 400, ARG A: 96, CYS A: 394, GLY A: 396, LEU A: 100, LEU A: 152, PHE A: 387, PRO A: 320, SER A: 261, VAL A: 395
33 ALAA: 256, CYS A: 394, LEU A: 100, LEU A: 321, LEU A: 324, LEU A: 315, PHE A: 387, PRO A: 320, PRO A: 349

34 ALA A: 256, ALA A: 400, CYS A: 394, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387, PRO A: 320

35 ALA A: 256, ALA A: 400, CYS A: 394, ILE A: 404, LEU A: 315, LEU A: 324, PHE A: 387

3.6 ALAA: 400, CYS A: 394, ILE A: 404, LEU A: 311, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387

3.7 ALAA: 400, CYS A: 394, ILE A: 404, LEU A: 311, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387

3.8 ARG A: 96, HIS A: 392, ILE A: 323, LEU A: 321, MET A: 79, MET A: 433, PHE A: 78, PHE A: 83, TYR A: 76, VAL A: 395

3.9 ARG A: 96, HIS A: 392, ILE A: 323, LEU A: 321, MET A: 79, MET A: 433, PHE A: 78, TYR A: 76, VAL A: 395

3.10 ALAA: 400, CYS A: 394, LEU A: 321, LEU A: 324, MET A: 79, PHE A: 83, TYRA: 76

Table 4. Energy values of intermolecular interactions of the studied compounds with lanosterol-14a-demethylase (3LD6)

31

7.2 34 -8.0 38 -7.9
3.2 -7.6 35 -8.1 39 -8.0
33 1.7 36 1.7 3.10 -5.4
Fluconazole -8.4 3.7 -7.6

E_.» minimum complexation energy, kcal/mol.
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Table 5. Amino acid residues of the active center of the receptor tyrosine kinase, which are involved in interaction with the studied compounds

m Nature of amino acid recidue

3.1 ALAA: 1148, LEU A: 1122, LEU A: 1256, VAL A: 1130

3.2 ALAA: 1148, LEU A: 1122, LEU A: 1256, VAL A: 1130

3.3 ALAA: 1148, LEU A: 1122, LEU A: 1196, LEU A: 1256, VAL A: 1130

34 ALA A: 1148, ARG A: 1253, LEU A: 1122, LEU A: 1256, VAL A: 1130

35 ALAA: 1148, ALAA: 1200, LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, VAL A: 1130
3.6 LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, LYS A: 1150, VAL A: 1130

37 LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, LYS A: 1150, VALA: 1130

3.8 ALAA: 1130, ALAA: 1148, LEU A: 1122, LEU A: 1196, LEU A: 1256, MET A: 1199, VAL A: 1130
3.9 ALA A: 1200, ARG A: 1253, LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, VAL A: 1130
3.10 LEU A: 1122, LEU A: 1196, LEU A: 1256, VAL A: 1130

Table 6. Energy value of intermolecular interactions of the studied compounds with receptor tyrosine kinase

‘min

3.1

-5.6 34 -7.0 3.8 -5.9
3.2 -6.5 35 -14 39 -8.5
33 -5.8 36 -7.8 3.10 -5.9
Krizotonib -10.8 3.7 -6.0

E__: minimum complexation energy, kcal/mol.
min

another thioalkyl substitute, forming a complex multiproton
multiplet (1.42—1.25 ppm).

In the '"H NMR spectra of compounds 3.3 and 3.4, pro-
ton signals of the methylene fragment directly bound to
sulfur in the triazine fragment are observed. The signal is
formed in the form of a two-proton quadruplet and is fixed
at 3.22-3.21 ppm in compounds 3.5-3.10, this methylene
fragment, together with the proton signals of a methylene
fragment of another thioalkyl fragment, forms a multiplet
at 3.28-3.17 ppm also in compounds 3.3-3.10, the signals
of the next methylene group of the thioalkyl substitute with
a triazine fragment are recorded in a separate multiplet. It
should be noted that an increase in the length of the thioalkyl
fragment is accompanied by a gradual shift of the signal to
a stronger-field section of the spectrum. So, in the spectrum
of compound 3.3, this multiplet is prescribed in the strong
field region at 1.77—-1.71 ppm, for compound 3.10 — at
1.63-1.57 ppm.

Protons of the methyl group, which is part of the thioalkyl
substituent structure in the triazine fragment, form a signal
in the form of a singlet (3.1), triplet (3.3-3.5) or multiplet
(3.2, 3.6-3.10). These signals are recorded at 2.61 ppm (3.1),
1.38-1.31 ppm (3.2), 1.07-0.89 ppm (3.3-3.5) and 0.94-0.85
ppm (3.6-3.10), respectively.

The chromato-mass spectra of the synthesized compounds
contain a signal of the quasi-molecular ion [M+1], which,
according to the m/z value, corresponds to the molecular
masses of the presented substances.

Visualization of the interaction of structures with the active
site of cyclooxygenase-2 showed that they have a significant

spectrum of interactions with a significant number of amino
acid residues.

For example, the hydrophobic alkyl interaction of com-
pound 3.1 was realized with the participation of the thiome-
thyl fragment of the ligand and the amino acid residue TYR
A: 386 and the thioethyl fragment of the specified ligand
and the amino acid residues ALA A: 517 and HIS A: 90.
Among the hydrophobic interactions, a m-alkyl can also be
noted. This interaction was provided by a triazine fragment
with residues ALA A: 528 and LEU A: 350. The amino acid
residue ALA A: 528 also provided a m-alkyl interaction with
the triazole fragment. Coordination at the active COX-2 site
of compound 3.1 was also determined by the n-th interaction,
which was realized with the participation of the VAL A: 524
residue and the triazine fragment. Carbon-Hydrogen stacking
with the participation of the SER A: 354 residue enhances
the presented interaction.

Elongation of the alkyl fragment was accompanied by
the formation of additional interactions, namely, intermolec-
ular hydrogen bonds and Van der Waals forces appear. The
first type of interaction occurred with the participation of
the TYR A: 356 residue. Here, the hydrogen bond of the li-
gand was formed with the participation of electronegative
atoms of the triazine fragment of nitrogen and the Sulfur of
the thiopropyl substitute. The second type of interaction was
formed with the participation of the SER A: 354 residue. It
promoted the orientation of compound 3.3 at the active site
and was enhanced by amide-x stacking with the participation
of the LEU A: 353 residue. These were alkyl, n-alkyl, and
n-Sulphur interactions. The first type of interaction was re-
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alized using residues ALA A: 528, LEU A: 532, VAL A: 117
(with a thiopropyl fragment). The second was using ALA A:
517,ARG A: 514, HIS A: 90 (with a thioethyl substitute). The
third was realized with the participation of the PHE A: 519
residue in contact with thioethyl substituent sulfur.

Quantitative indicators of the minimum free binding energy
of synthesized compounds to COX-2 were in the range of
-3.8 ... -6.9 kcal/mol, which indicates a low probability of
detecting substances with anti-inflammatory activity in a
number of synthesized compounds (3.1-3.10) (Table 2).

The position of the obtained ligands in the active site of
lanosterol-14a-demethylase was provided by a number of
known interactions, among which we can note: alkyl, n-alkyl,
n-6 and mt-sulfur, as well as intermolecular hydrogen chemical
bonds. For example, the alkyl interaction of compound 3.1 was
realized with the participation of amino acid residues ALA
A: 256, LEU A: 100, LEU A: 152, which were coordinated
with the methyl group of the pyrazole fragment, VAL A: 395 —
with the methyl group of the thiomethyl substitute, ALA A:
400, PRO A: 320 — with the methyl group of the thioethyl
substitute. The n-alkyl interaction of compound 3.1 was re-
alized by alanine residues ALA A: 256 and ALA A: 400 in
coordination with fragments of triazole and triazine, respec-
tively. The n-o-interaction, which occurred with the partici-
pation of the GLY A: 396 residue and the triazine fragment,
can also have a positive effect on the possible activity of
this compound. Docking also demonstrated the formation
of the n-Sulphur interaction, which for compound 3.1 was
realized with the active participation of PHE A: 386 and
the thioethyl substitute and with the participation of CYS
A: 394 and the triazine fragment. An increase in the length
of the alkyl residue was first accompanied by an increase
in the number of intermolecular hydrogen chemical bonds
(3.2) and then their disappearance. But sometimes this type
of bond was formed again, for example, in compounds 3.5
and 3.10 (involving CYS A: 394 and the triazine fragment).

Taking into account the calculated values of the free
binding energy for complexes formed by 3-(ethylthio)-9-me-
thyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-/][1,2,4]
triazines and lanosterol-140-demethylase receptors, it can
be assumed that this hydrogen bond may be associated with
the activity of compound 3.5 (7able 4). Compounds 3.4 and
3.9 can also be considered promising for further studies of
antifungal activity (7able 4).

Analysis of docking with the active site of the receptor
tyrosine kinase allows us to state a certain level of uniform-
ity of interactions. These include alkyl, m-alkyl and n-c
interactions. And only for compound 3.8, stabilization in
the active center of this enzyme was additionally provided
by an intermolecular hydrogen bond. This interaction was
provided by the residue MET A: 1199. If we tell about other
types of interactions that were defined for this compound,
then we can note the alkyl interaction here. This type of
coordination was due to the residues ALA A: 1148, LEU
A: 1196, VAL A: 1130 (with a thioethyl substitute), LEU
A: 1122 (with the methyl group of the pyrazole fragment).
At the same time, VAL A: 1130 provided an alkyl type of

interaction with a thiooctile substitute. It was also necessary
to mention the m-alkyl interaction provided by the residues
ALA A: 1148, LEU A: 1122 (with a triazole fragment),
LEU A: 1196, LEU A: 1122, VAL A: 1130 (with a triazine
fragment). Changing the length of the carbon chain of a
thioalkyl fragment was not possible it showed a significant
effect on the nature and amount of amino acid residues in
the active center of tyrosine kinase.

The minimum free binding energy of the synthesized
compounds (3.1-3.10) to the receptor tyrosine kinase was in
the range from -5.8 to -8.5 kcal/mol (7able 6). Compound 3.9
was the most promising for further research.

Thus, the obtained results of molecular docking allow us
to justify the choice of haloalkanes for the design of target
products of alkylation reactions in order to create promising
biologically active molecules. In a number of synthesized
compounds, the biological potential can vary significantly,
which may be due to changes in the position of the ligand
in the active center. This, in turn, affects the number of
chemical bonds that form between the amino acid residues
of the enzyme and the structure of the synthesized substance.
After evaluating the possible effect on the activity of the three
enzymes, it was necessary to pay attention to the length of
the thioalkyl substitute combined with the triazine fragment.
Thus, in the case of cyclooxygenase-2, the active ligand may
be a compound with a short alkyl substitute, for example, me-
thyl or ethyl. If it was lanosterol-14a-demethylase or receptor
tyrosine kinase, then alkyl substituents with the number of
Carbon atoms from 5 to 9 contribute to the interaction with
these enzymes.

Conclusions

1. A simple construction of a poly heterocyclic structure
was presented, which successfully combines fragments of
pyrazole, 1,2 4-triazole, and 1,2 4-triazine and acts as the initial
compound for obtaining a range of promising alkyl derivatives.

2. The conducted molecular docking made it possible to
determine compounds with a high potential of antifungal
activity in a number of synthesized substances.

3. The ability to influence the activity of the receptor tyrosi-
ne kinase 3-(ethyltio)-9-methyl-6-(nonyltio)-pyrazolo[1,5-d]
[1,2,4]-triazolo[3,4-f][1,2,4]triazine was demonstrated.
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