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Nitrogen-containing heterocyclic compounds play an important role in the modern pharmaceutical industry. This is due to their significant
biological potential. 1,2,4-Triazole and pyrazole are known pharmacophores that are responsible for the formation of a wide range of
activities. The construction of the target molecule using 1,2,4-triazole and pyrazole is also interesting in terms of the availability of starting
reagents and the simplicity of chemical transformations. The combination of these heterocycles in one molecule allows increasing its
opportunities of participation in various biological processes.

The aim of the research was to examine the conditions for obtaining S-alkylderivatives of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-
thiol and to investigate these compounds’ properties.

Materials and methods. The first phase of the research involved the use of diethyloxalate, acetone and sodium methylate as starting
substances for the synthesis of the intermediate. The obtained methyl 2,4-dioxopentanoate in the following step was converted into
5-methylpyrazole-3-carbohydrazide with the double amount of hydrazine hydrate. The subsequent modification of the molecule
implied a stepwise use of the reactions of nucleophilic addition of ethyl isothiocyanate and alkaline cyclization. Thus, the obtained
5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol became subject to an alkylation process. To establish the composition and identify
the structure of the isolated substances, 'H NMR and infrared spectra were recorded, as well as qualitative and quantitative indicators
of the elemental composition of the synthesized structures were obtained. The individual nature of the presence of substances and
the degree of their purity were determined using high performance liquid chromatography with two types of detection: diode-matrix and
mass spectrometric.

Results. The synthesis of alkylderivatives of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol was carried out and the optimal conditions
for the process of obtaining these substances were determined. The structure of the products of chemical transformation is confirmed
and the results of the study of its physical properties are recorded.

The results of docking studies allowed to confirm the prospects of the chosen direction of synthetic transformations, which ultimately
allowed to determine the biological potential of the obtained compounds. The model enzymes were kinase of the anaplastic lymphoma
(code 2XP2), 14-alpha demethylase of the lanosterol (code 3LD6) and cyclooxygenase-1 (code 3N8Y), information on which was obtained
from the Protein Structures Database (PDB).

Conclusions. Molecular docking resulted in obtaining data that form a concept of a certain level of probability of synthesized compounds’
influence on the activity of these enzyme structures.
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CuHTe3 i BnacTmMBOCTI Aeskux nipasonnoxiaHux 1,2,4-tpiason-3-tiony
A. C. Touyns, C. M. Kyniw

HiTporeHOBMICHI reTepoLmKkiyHi Cnonyku BidirpatoTb BaXMBY pPonb Y CyYacHil dapmaueBTUYHii ranysi. Lie nos’szaHo 3i sHavyLmm
BionoriyHum noteHuianom umx cnonyk. 1,2,4-Tpiason i nipason — Bigomi apmakodopy, WO BiANoBiganTb 3a GOPMYBaHHS LLIMPOKOTO
CreKTpa akTMBHOCTEN. KOHCTPYIOBaHHS LinbOBOI MOMNEKynu 3 BUkopucTaHHam 1,2,4-Tpiasony Ta nipasony € Takox LikaBuMm i3 nornsgy
[OCTYNHOCTI BUXIAHUX PEareHTiB i NpOCTOTU XiMiYHMX NepeTBOPeHb. MNoeAHaHHS LyX reTepoLyKniB B 04HIN MONeKyni 4ae 3mMory 36insLwmTu
MOXIMBICTb Y4acTi B Pi3HOMaHITHUX GionoriyHnx npoLecax.

MeTa po6oTu — JoCnigKeHHs YMOB ofiepXaHHs S-ankinnoxigHux 5-(5-metunnipason)-4-etun-1,2,4-tpiason-3-Tiony Ta BUBYEHHS BNa-
CTMBOCTEN LIUX CMONYK.
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Synthesis and properties of some pyrazole derivatives of 1,2,4-triazole-3-thiol

Matepianu Ta meTogu. lNoyaTkoBuit eTan poboTn nepeabayaB BUKOPUCTAHHS JieTUroKcanary, aLleToHy Ta HaTpiil MeTUnaTy Sk BUXIgHMNX
PEYOBVH ANS CUHTE3Y NPOMIKHOTO NPOAYKTY XiMiYHOTO nepetBopeHHs. OpepkaHuin Metun 2,4-AioKCONeHTaHoaT Ha HacTynHoMy eTani
3aCTOCOBAHUIA Y NPOLIEC NePeTBOPEHHS Y 5-MeTunnipason-3-kapborigpasua 3a y4acTto NoABiiHOI KinbkocTi rigpasuH rigpaty. HactynHa
mozudikaLis Mofnekynuv nonsrana B noetanHoMy BUKOPUCTaHHI peakLii HyKneoinbHOro npueaHaHHs eTunisoTioliaHaTy Ta NnyxHol rete-
pouwknisauii. CchopmoBanuii Tak 5-(5-metunnipason)-4-etun-1,2,4-Tpiazon-3-Tion nigaasanu npouecy ankinyeBaHHs. [ins BCTaHOBNEHHS
cKknagy Ta ineHTudikauii cTpykTypu BuaineHux pevosuH 3anucaHi 'H AMP Ta iHpayepBoHi cnekTpu, a Takox ogepKaHi sKiCHi Ta KinbKicHi
MOKa3HWKI ENeMEHTHOrO CKnagy CUHTE30BaHUX CTPYKTYP. IHAMBIAyanbHUI XapakTep HasiBHOCTI PEYOBUH i CTYMiHb IXHbOT YNCTOTU BU3HAYEHI
3 BUKOPUCTaHHAM BUCOKOE(hEKTUBHOI PiAMHHOI XpomaTorpadii 3 ABoMa B1aaMu AeTEKLi: Ai0QHO-MaTPUYHOI Ta Mac-CrneKTPOMETPUYHOI.

PesynikraTtu. 3aificHMnn cuHTe3 ankinnoxigHux 5-(5-metunnipason)-4-etun-1,2,4-Tpiason-3-Tiony Ta BU3HA4YUNM ONTUMAsbHi YMOBU
npouecy oaepxaHHs Lux peqosuH. MNigTBepmxeHa Byaosa npoaykTiB XiMiYHOro NepeTBOpeHHs Ta 3adikcoBaHi pesynsrati AOCHIMKEHHS
(hisnyHKX BNacTUBOCTE. Pe3ynbraTy JOKIHIOBUX AOCHILKEHD Aan 3MOry NigTBEPAUTM NEPCTEKTUBHICTL 06paHOr0 HaNPsIMY CUHTETUYHUX
NepeTBOPEHb, L0 BPeLUTi fano 3mMory BU3HaunMTucs 3 6ionoriyHum noteHuianom ofepkaHux crnonyk. MoaenbHi doepMeHTn — aHanna-
CTMYHOI nimcpomm kiHasza (kog 2XP2), 14-anbtha aemetnnasa naHoctepony (kog 3LD6) Ta umknookecureHasa-1 (kog 3N8Y), iHdpopmadito
LLOA0 SIKMX BUKOpUCTaHo 3 6a3un banky aaHux Ginkosux ctpyktyp (PDB).

BucHoBku. Y pesynesrati MOnekynspHOro AOKIiHTY OTpUManu BiGOMOCTI, L0 (POPMYIOTb YABIEHHS NPO NEBHWIA PiIBEHb IMOBIPHOCTI BNMMBY
CHHTE30BaHUX CMOMyK Ha aKTUBHICTb Ha3BaHWX (hEPMEHTHUX CTPYKTYP.

Kniouogi cnoga: 1,2,4-Tpia3on, nipa3son, ¢i3vko-xiMiuHi BNaCcTMBOCTI, MOMEKYMAPHUA OOKIHT.

AxTyanbHi nuTaHHA papMaLeBTUYHOI | MeanYHOI Hayku Ta npakTukm. 2020. T. 13, Ne 3(34). C. 318-323

CuHTe3 1 CBOMCTBA HEKOTOPbIX NUPa3onNnpon3BoaHbIX 1,2,4-Tpuason-3-tuona
A. C. Touyns, C. H. Kynuw

HuTporeHcoaepxalLye reTepoLMKIYECcKUe COANHEHNS UTPaoT BaXHYHO POrb B COBPEMEHHOM hapMaLeBTUUYEeCKON 0Tpacnu. T CBA3aHO
CO 3HAYMTENbHBIM GVMONOMMYECKUM NOTEHLMANIOM YKasaHHbIX CoeanHeHIA. 1,2,4-Tpuason 1 nupason — U3BECTHbIE hapMakodopbl, KOTOpbIE
0TBEYaloT 32 (HOPMMUPOBAHHE LLIMPOKOTO CreKTpa akTUBHOCTEN. KOHCTpyMpOBaHWe LieneBomn MOSeKyrbl C UCMonb3oBaHWeM 1,2,4-Tpuasona
1 NMUpasorna UHTEPECHO C TOYKW 3PEHNSI AOCTYMHOCTM UCXOAHbIX PeareHToB 1 NPOCTOTbI XMMUYECKUX npeBpaLleHuin. CoBMELLEHNE 3TUX
reTepOoLVKIIOB B OLHOI MOreKyrne no3BonseT yBENMUYMTL BOAMOXHOCTb y4acTusi B pa3HoOOpasHbIx G1onornyeckmx npoLeccax.

Llenk pabotkl — uccnegosaHue ycroBuin NonyvyeHnst S-ankunnpoussoaHsIx 5-(5-metunnupason)-4-atun-1,2,4-tpuason-3-tvona v usy-
YeHue CBOWCTB yKa3aHHbIX BELLECTB.

Marepuanbi 1 meToakl. HayanbHbli aTan paboTel npegycmaTpusan Ucnonb30BaHye AUaTUIoKcanara, aLeToHa u HaTpuin MeTunara kak
VCXOAHbIX BELLECTB AN MOCTAHOBKW CUHTE3a MPOMEXYTOYHOTO MPOAYKTa XMMUYECKOro npeobpasoBaHus. MomyyeHHbIn MeTun 2,4-Anok-
COMEHTaHOAT Ha CrieayloLLem aTane NpMMeHeH B npouecce npeobpasoBaHns B 5-meTnnnupason-3-kapboruapasug npu yyactuv 4Boii-
HOTO KONWYeCTBa rnapasuH rugpara. lNocneaytoLias MoandukaLms Monekynbl npegycMaTpusana UCnonb3oBaH1e aTunu3oTmoumaHara
1 WENoYHyto reTepoumknmsaumio. ChopMmnpoBaHHbI Takum obpasom 5-(5-metunnupason)-4-atun-1,2,4-tpuason-3-Tvion nogsepranm
NpOLECCy ankunupoBaHus. [ns yCTaHOBMNEHUS COCTaBa U UAEHTUMKALMM CTPYKTYPbI BbIAENEHHbIX BellecTs 3anucaHbl 'H AMP u
MHpaKpacHble CMEKTPbI, a Takke NomnyYeHbl ka4eCTBEHHbIE W KONMMYECTBEHHbIE NOKa3aTenm aNeMeHTHOTo COCTaBa CUHTE3MPOBaHHbIX
CTPYKTYP. MHAMBMAYanbHbIA XxapakTep NpuCyTCTBUS BELLECTB U CTENEHb WX YACTOTLI ONpeaeneHbl C UCNOoMb30BaHNEM BbICOKO3dek-
TWBHOW XWAKOCTHON Xpomarorpadu ¢ AByMS BUAAMU SETEKLMN: AMOAHO-MATPUHHON U MaCC-CNEKTPOMETPUHECKON.

Pesynirathl. [poBeaeH CUHTE3 ankunnpousBoaHbIx 5-(5-meTtunnupason)-4-atun-1,2,4-tprason-3-Tviona u onpeaeneHsl onTUManbHbIe
YCINoBMS NpoLecca NonyvyeHns ykasaHHbIX BelecTB. MoaTBepXaeHO CTpoeHMe MPOAYKTOB XMMUYECKOro npeobpasoBaHus, 3aduk-
CUPOBaHbI pesynbTaThl UCCrefoBaHUsS (DU3NYECKMX CBOWMCTB. Pe3ynbTaThbl JOKMHIOBbLIX MCCNEO0BaHWA NO3BOMSIOT NOATBEPAUTL Nep-
CMEKTMBHOCTb BbIOpPaHHOMO HamnpaBneHnst CUHTETUYECKMX Npeobpa3oBaHWii, YTO fano BO3MOXHOCTb ONPeRenuTLCS C Bronorniyeckum
NoTEHLManoM nomyyYeHHbIX BelwecTs. MoaenbHble hepMeHTbI: aHannacTuyeckon numdomsl kuHasa (kog 2XP2), 14-anbga gemetnnasa
naHoctepona (kog 3LD6) u unknookeureHasa-1 (kog 3N8Y), uHcopmaLms o KOTopbIx UCMoNb3oBaHa 13 6a3bl baHka AaHHbIX 6enkoBbIX
cTpykTyp (PDB).

BbiBoabl. B pesynbrate MONeKynAapHOro AokWHra nony4eHbl AaHHbIE, KOTOPbIE d)opMleerT npeacTaBneHne Npo onpeaeneHHbIn YpPOBEHb
BEPOSTHOCTY BIIMSHUS CUHTE3UPOBAHHBIX COEAVHEHUI HA aKTUBHOCTb YKa3aHHbIX (DEPMEHTHbIX CTPYKTYP.

KnioueBsle crosa: 5-metunnupason, 1,2,4-tpua3son, u3nKo-Xummyeckue CBONCTBA, MOMNEKYNSAPHBIN JOKUHT.

AxTyanbHble Bonpockl (hapMaLeBTM4ECKON N MeaULMHCKON Hayku n npakTtuku. 2020. T. 13, Ne 3(34). C. 318-323

of such fragments, which show different mechanisms of
interaction with the biological target, within one molecule,
is quite interesting and relevant.

The search for new biologically active substances is a priority
of modern pharmaceutical science [1-6].

Among the great variety of pharmacologically active
molecules, special attention is drawn to the products of
the processes of combining individual synthons into a

Aim

more complex molecule [7-9]. For example, pyrazole and
1,2,4-triazole derivatives are well studied and demonstrate a
wide range of biological activity. Therefore, a combination

The aim of the research was to study the conditions for ob-
taining and studying the properties of S-alkylderivatives of
5-(5-methylpyrazole)-4-ethyl-1,2 4-triazole-3-thiol.
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Materials and methods

Chemistry. Pyrazole was selected as an intermediate for
chemical transformation. This five-membered heterocycle
was formed using diethyloxalate, acetone and sodium metha-
noate. Synthesized 5-methylpyrazole-3-carbohydrazide
was used to form a fragment of 1,2,4-triazole. The obtained
5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol was used
to carry out S-alkylation reactions using halogenoalkanes.
Properties (physical, chemical) of the produced organic
materials have been examined in compliance with articles
of the State Pharmacopoeia. The melting temperature has
been defined in open capillary tubes (“MP 100 Melting Point
Systems” manufactured by Mettler Toledo). Qualitative
and quantitative elemental analysis was carried out with
the “Vario EL cube” manufactured by Elementar Analy-
sensysteme GmbH. Infrared spectra were obtained with
the ALPHA FT-IR Spectrometer manufactured by Bruker.
Nuclear magnetic resonance spectra on Hydrogen nuclei
1 (400 MHz) were recorded using the instrument “Varian
Mercury 400 MHz” spectrometer. Tetramethylsilane in di-
methylsulfoxide-d, solution was used as an internal standard
for measuring chemical shifts. Chromatography mass spectra
were recorded using the instrument “Agilent 1260 Infinity
HPLC” in conjunction with a mass spectrometer “Agilent
61207 (technique of the ionization — electrospray (ESI)).
Methyl 5-methylpyrazole-3-carboxylate (4). 20 g H,N-
NH,xH,O (0.4 mol) in 60 ml ethyl alcohol is added with
cooling to a solution containing 0.4 mol of methyl 2,4-dioxo-
pentanoate (3) in propan-2-ol. Reaction mixture was heated
for 1 hour. Then the alcohol was distilled off under vacuum.
The resulting precipitate (99 %) was recrystallized from
aqueous ethyl alcohol. Formed solid was dried to generate 4
with a melting point of 8283 °C (Fig. 1).
5-Methylpyrazole-3-carbohydrazide (5). A mixture of in-
termediate 4 (58.4 g) and H,N-NH,xH,O (25 g) was heated at
reflux for 7 hours. After cooling, the precipitate was filtrated
and recrystallized from H,O (Fig. I). Yield: 88 %; melting
point: 153-155 °C; IR (v, cm™): 3408-3237 (NH, NH,), 1625
(C=0); 'H NMR (4, ppm): 2.24 (s, 3H, CH,), 4.32 (s, 2H,
NH,), 6.37 (s, 1H, pyrazole, =CH-), 9.18 (s, 1H, CONH),
13.52 (s, 1H, pyrazole, NH). Analytically calculated (%): C
42.85,H 5.75,N 39.98. Found: C 42.75, H 4.82, N 40.06.
2-(5-Methylpyrazole-3-carbonyl)-N-ethylhydrazine-1-car-
bothioamide (6). A mixture of intermediate 5 (0.05 mol), 145
ml of 1,4-dioxane and 65 ml of H,O was heated to dissolve
the starting compound. Then C,H.NCS (0.05 mol) was
added and the solution was heated to reflux for 1 hour. After
cooling, 100 ml of H O was added. The resulting substances
was filtered and washed with H,O and ethyl alcohol. Then
it was crystallized from dimethylformamide (Fig. 7). Yield:
70 %; melting point: 263-265 °C; IR (v, cm™): 3230 (NH),
1648 (C=0); 'H NMR (4, ppm): 2.26 (s, 3H, CH,), 6.45
(s, 1H, pyrazole, =CH-), 8.54 (s, 1H, CONH), 9.63 (s, 1H,
NHCS), 13.28 (s, pyrazole, NH). Analytically calculated (%):
C42.28,H5.77,N 30.81, S 14.11. Found C 42.19, H 5.78,
N 30.85, S 14.07.

5-(5-Methylpyrazole-3-yl)-4-ethyl-1,2,4-triazole-3-thiol (7).
A mixture of compound 6 (0.01 mol), NaOH (0.011 mol) and
60 ml of H,O was heated to reflux for 2 hours. After cooling,
2 ml of CH,COOH concentrated was added to mixture. The
resulting compound 7 was filtered, washed with H O and
recrystallized from dimethylformamide (Fig. 7). Yield: 85 %;
melting point: 310-312 °C; IR (v, cm™): 2744 (SH). 'HNMR (9,
ppm): 1.27 (t,/=6.0 Hz, 3H, CH,-CH,), 2.34 (s, 3H,CH,), 4.33
(q,J = 6.2 Hz, 2H, CH,-CH,), 6.50 (s, 1H, pyrazole, =CH-).
Analytically calculated (%): C45.92, H 5.30,N 33.47,S 15.32.
Found C 46.05, H 5.29, N 33.56, S 15.29.

Alkylation. Compound 7 (0.05 mol) was added to a solu-
tion of 0.05 mol of NaOH in 35 ml of H,O, until complete
dissolution was reached. Subsequently, a solution of 0.055
mol of the alkylating part in methanol or propan-2-ol was
added (Fig. ). The obtained precipitate was filtered, washed
by water and recrystallized with ethyl alcohol to give a white
solid (7.1-7.10).

Molecular docking was performed to obtain structural
information on the interaction of the synthesized compounds
and the corresponding biological structure [10,11]. In order
to solve the indicated problem, models of the necessary
biological target were used. The source of the indicated
biological models was the Protein Database. Kinases of
anaplastic lymphoma (ALK) in the complex of crizotinib,
14-alpha demethylase of lanosterol with ketoconazole and
cyclooxygenase-1 (COX-1) with diclofenac were used from
the base. AUTODOCK was used to carry out the process of
attaching the studied ligands to the proteins under conside-
ration. The energy interaction between the ligand and protein,
hydrogen bonds and hydrophobic interaction were used to
analyze the docking interaction [12—-14].

Results

The synthesis of the compounds 7.1-7.10 has been described
in Fig. 1.
3-(5-Methylpyrazol-3-yl)-5-methylthio-4-ethyl-1,2,4-
triazole (7.1). Yield: 76 %; melting point: 164-165 °C; IR
(v, cm™): 3227 (NH), 1604 (C =N); 'H NMR (J, ppm): 1.29
(t, J = 6.2 Hz, 3H, CH,-CH,), 2.33 (s, 3H, CH,), 2.76 (s,
3H, S-CH,), 4.35 (q,J = 6.1 Hz, 2H, CH,-CH,), 6.47 (s, 1H,
pyrazole, =CH-), 11.73 (s, 1H, pyrazole, NH). Analytically
calculated (%): C 48.41, H 5.87, N 31.36, S 14.36. Found: C
4828, H 5.86,N 31.44, S 14.32. ESI-MS: m/z =223 [M+1],
225 [M+3].
3-Ethylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-triazole
(7.2). Yield: 77 %; melting point: 83—-84 °C; IR (v, cm™): 3232
(NH), 1599 (C=N); 'HNMR (9, ppm): 1.30 (t,/=6.1 Hz, 3H,
CH,-CH,), 1.44 (t,J= 5.1 Hz, 3H, S-CH,-CH,), 2.35 (s, 3H,
CH,), 3.19-3.21 (m, J = 4.8 Hz, 2H, S-CH,-CH,), 4.35 (q,
J=6.1Hz,2H, CH,-CH,), 6.45 (s, 1H, pyrazole, =CH-), 11.71
(s, 1H, pyrazole, NH). Analytically calculated (%): C 50.61,
H 6.37,N 29.51, S 13.51. Found C 50.48, H 6.38, N 29.59, S
13.55. ESI-MS: m/z =237 [M+1], 239 [M+3].
3-(5-Methylpyrazol-3-yl)-4-ethyl-5-propylthio-1,2,4-
triazole (7.3). Yield: 78 %; melting point: 80-82 °C; IR (v,
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Fig. 1. Synthetic pathway for the compounds 7.1-7.10.

cm™): 3221 (NH), 1611 (C = N); 'H NMR (9, ppm): 1.08
(t,J = 5.4 Hz, 3H, S-(CH,),-CH,), 1.32 (t, /= 6.1 Hz, 3H,
CH,-CH,), 1.73-1.76 (m, 2H, S-CH,-CH,-CH,), 2.34 (s,
3H, CH,),3.15(t,2H, S-CH,-CH,-CH,), 4.35 (q,J= 6.2 Hz,
2H, CH,-CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.74 (s, 1H,
pyrazole, NH). Analytically calculated (%): C 52.56, H 6.82,
N 27.86, S 12.76. Found C 52.71, H 5.70, N 27.93, S 10.71.
ESI-MS: m/z =251 [M+1], 253 [M+3].
3-Butylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.4). Yield: 67 %; melting point: 74-76 °C; IR (v,
cm™): 3230 (NH), 1595 (C=N); '"H NMR (J, ppm): 0.84 (t,
J=5.3Hz,3H,S-(CH,),-CH,), 1.28 (t, /= 6.1 Hz, 3H, CH,-
CH,), 1.37-1.40 (m, 2H, S-(CH,),-CH,-CH,), 1.68-1.71 (m,
J=8.16,7.27 Hz, 2H, S-CH,-CH,-CH,-CH,), 2.33 (s, 3H,
CH,), 3.18 (t, 2H, S-CH,-(CH,),-CH,), 4.36 (q, /= 6.0 Hz,
2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-), 11.75 (s, 1H,
pyrazole, NH). Analytically calculated (%): C 54.31,H 7.22,
N 26.39, S 12.08. Found C 54.17, H 7.20, N 26.32, S 12.11.
ESI-MS: m/z = 265 [M+1], 267 [M+3].
3-(5-Methylpyrazol-3-yl)-5-pentylthio-4-ethyl-1,2,4-
triazole (7.5). Yield: 74 %; melting point: 71-73 °C; IR (v,
cm™): 3221 (NH), 1609 (C=N); '"H NMR (J, ppm): 0.85 (t,
J=5.3Hz, 3H, S-(CH,),-CH,), 1.36-1.41 (m, 7H, CH,-CH,,
S-(CH,),-(CH,),-CH,), 1.66-1.69 (m,/J=7.92,7.25 Hz, 2H,
S-CH,-CH,~(CH,),-CH,), 2.33 (s, 3H, CH,), 3.15 (t, /= 5.1
Hz, 2H, S-CH,-(CH,),-CH,), 4.37 (q, J = 6.2 Hz, 2H, CH,-
CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.74 (s, 1H, pyrazole,
NH). Analytically calculated (%): C 55.88, H 7.58, N 25.07,
S 11.47. Found: C 56.01, H 7.56,N 25.13, S 11.44. ESI-MS:
m/z =279 [M+1], 281 [M+3].
3-Hexylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.6). Yield: 82 %; melting point:70-71 °C; IR (v,
cm™): 3235 (NH), 1624 (C=N); '"H NMR (0, ppm): 0.88 (t,
J=5.4Hz,3H,S-(CH,).-CH,), 1.37-1.42 (m,J=4.8 Hz, 1.7,

1.3 Hz, 9H, CH,-CH,,S-(CH,),-(CH,),-CH,), 1.72-1.75 (m,
J=17.8Hz, 2H, S-CH -CH ~(CH,),-CH,), 2.33 (s, 3H, CH,),
3.18(t,J=17.9 Hz, 2H, S-CH -(CH,) -CH,), 4.36 (q, /= 6.1
Hz, 2H, CH,-CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.73 (s,
1H, pyrazole, NH). Analytically calculated (%): C 57.31, H
7.90,N 23.87, S 10.93. Found: C 57.16, H 7.88, N 23.82, S
9.44. ESI-MS: m/z =293 [M+H"], 295 [M+3].
3-Heptylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.7). Yield: 66 %; melting point: 69-71 °C; IR
(v, em™): 3219 (NH), 1591 (C=N); 'H NMR (J, ppm):
0.88 (t, 3H, S-(CH,),-CH,), 1.33-1.40 (m, 11H, CH,-CH,,
S-(CH,),-(CH,),-CH,), 1.70-1.73 (m, J = 8.2 Hz, 2H,
S-CH,-(CH,).-CH,), 2.31 (s, 3H, CH,), 3.18 (t, /= 7.9 Hz,
2H, S-CH,-(CH,).-CH,), 4.36 (q, /= 6.1 Hz, 2H, CH,-CH,),
6.47 (s, 1H, pyrazole, =CH-), 11.73 (s, 1H, pyrazole, NH).
Analytically calculated (%): C 58.60, H 8.20, N 22.78, S
10.43. Found C 58.76, H 7.09, N 22.72, S 10.46. ESI-MS:
m/z =307 [M+H'], 309 [M+3].
3-(5-Methylpyrazol-3-yl)-5-octylthio-4-ethyl-1,2,4-triazole
(7.8). Yield: 82 %; melting point: 6668 °C; IR (v, cm™): 3221
(NH), 1607 (C=N); '"H NMR (¢, ppm): 0.89 (t, /= 5.4 Hz,3H,
S-(CH,)-CH,), 1.32-1.38 (m, 13H, CH,-CH,,S-(CH,),(CH,)-
CH,), 1.68-1.71 (m, /= 8.0 Hz, 2H, S-CH,-CH, -(CH,).-CH,),
2.31 (s, 3H, CH,), 3.19 (t, /= 7.8 Hz, 2H, S-CH,-(CH,),-CH,),
4.37(q,J=6.2 Hz, 2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-
), 11.73 (s, 1H, pyrazole, NH). Analytically calculated (%): C
59.78,H8.47,N21.78,59.97. Found C 59.61,H 8.49,N 21.73,
S 9.99. ESI-MS: m/z =321 [M+H"], 323 [M+3].
3-(5-Methylpyrazol-3-yl)-5-nonylthio-4-ethyl-1,2,4-triazole
(7.9). Yield: 69 %; melting point: 62—63 °C; IR (v, cm"): 3227
(NH), 1584 (C=N); 'H NMR (d, ppm): 0.89 (t, /= 5.4 Hz, 3H,
S-(CH,),-CH,), 1.32-1.38 (m, 15H, CH,-CH,,S-(CH,) (CH,),-
CH,), 1.68-1.71 (m, J= 8.2 Hz, 2H, S-CH,-CH,-(CH,) -CH,),
2.32(s,3H,CH,), 3.17 (t,J="7.9 Hz, 2H, S-CH -(CH,).-CH,),
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Table 1. Molecular docking calculation with ALK

6 5.4 74

-7.6 7.8 -7.8
71 -6.1 7.5 -1.7 7.9 -1.7
7.2 -6.1 7.6 -7.4 7.10 -7.5
73 -7.5 7.7 -1.7 Crizotinib -9.4

E_ ..+ the minimum interaction energy, kcal/mol.

Table 2. Molecular docking calculation with COX-1

E ., kcal/mol _ E ., kcal/mol

6 -8.8 7.4

-6.2 7.8 -6.9
71 -5.3 7.5 -6.2 7.9 -7.3
72 54 7.6 -6.3 7.10 -74
7.3 -5.6 7.7 -6.5 Diclofenac -19,9

E .+ the minimum interaction energy, kcal/mol.

Table 3. Molecular docking calculation with lanosterol 14a-demethylase

6 -6.0 7.4

E kcal/mol _ E kcal/mol

-85 7.8 -9.5
741 6.1 75 -85 7.9 -9.3
7.2 -6.4 7.6 -84 7.10 -9.2
7.3 -8.5 7.7 -8.5 Ketoconazole -10.1

E_. . the minimum interaction energy, kcal/mol.

4.37(q,J/=6.0 Hz, 2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-
), 11.72 (s, 1H, pyrazole, NH). Analytically calculated (%): C
60.86,H 8.71,N20.87, S 9.56. Found C 60.71, H 8.69,N 20.82,
S 9.58. ESI-MS: m/z =335 [M+H"], 337 [M+3].

3-Decylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-triazole
(7.10). Yield: 86 %; melting point: 60—61 °C; IR (v, cm'): 3233
(NH), 1610 (C=N); "HNMR (d, ppm): 0.91 (t,/=5.4 Hz, 3H,
S-(CH,),-CH,), 1.26-1.35 (m, 17H, CH,-CH,,S«(CH,) (CH,).-
CH,), 1.66-1.70 (m, /= 8.1 Hz, 2H, S-CH,-CH,-(CH,),-CH,),
2.33(s,3H,CH,), 3.09-3.13 (t,J=7.6 Hz, 2H, S-CH -(CH,),-
CH,),4.38(q,J= 6.1 Hz, 2H, CH -CH,), 6.49 (s, 1H, pyrazole,
=CH-), 11.75 (s, 1H, pyrazole, NH). Analytically calculated (%):
C 61.85, H 8.94, N 20.04, S 9.17. Found C 61.68, H 8.92, N
20.09, S 9.19. ESI-MS: m/z =349 [M+H"], 351 [M+3].

Hydrogen atoms of the thioalkyl fragment generate signals
in the strong part of the magnetic field [9]. For example,
the Hydrogen signal of the thiomethyl group appears as a
singlet at 2.76 ppm (7.1). The lengthening of the alkyl chain
first leads to a shift in the signal of the methyl group to a
stronger part of the magnetic field (up to S-C,H). Further
elongation of the alkyl fragment (S-C, ... C, ) does not cause
significant shifts in the Hydrogen signals of the methyl group.
The methylene proton signals are observed in the region of
strong fields in the form of a triplet at 3.09-3.19 ppm or
multiplets at 1.26—1.42 ppm and at 1.66—1.76 ppm.

In the IR-spectrum of compounds 7.1-7.10 deformation
vibrations of alkyl groups in ranges from 655 cm™ to 1270 cm’!

and H-C-H fragment in a narrow area of frequency 14801365
cm' are observed. For example, for CH,-group §-vibrations oc-
cupied an area of 1373—1378 cm!. Valence vibrations of bonds
of C-H alkyl groups form bands in the area of 30752845 cm’'.

In the mass spectrum, there is a peak of the molecular ion
and peaks of fragment ions, which confirm this structure.

The methodology for rational drug development involves
the use of molecular docking. Docking experiments of syn-
thesized compounds (7, 7.1-7.8) with the 2XP2 (anaplastic
lymphoma receptor tyrosine kinase) receptor revealed that
compound 7.8 is the most active with a calculated binding
energy of 8.1 kcal/mol (7able 1) [6,8—-10].

It is known about the manifestation of anti-inflammatory
activity, which is associated with the combination of triazole
and pyrazole fragments within one molecule. In addition,
it has been established which aminoacid residues of cyclo-
oxygenases are directly responsible for the formation of
hydrogen intermolecular bonds with substances that demon-
strate biological activity. Thus, this area of research involving
S-alkylderivatives of 5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole-3-thiol is quite interesting. Cyclooxygenase-1 was
chosen as the model enzyme (7able 2).

The effect of 1,2,4-triazole derivatives on the activity of
lanosterol 14-alpha demethylase is a proven fact. It is estab-
lished that 1 and 2 Nitrogen atoms of 1,2,4-triazole fragment
are responsible for the formation of m-m-interaction with
the active center of the specified enzyme. Therefore, a docking
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study of the effect of synthesized compounds on this enzyme
was considered relevant and was carried out (Table 3).

Discussion

According to the docking results, the synthesized compounds
show different levels of binding to the aminoacid residues of
anaplastic lymphoma kinase, cyclooxygenase-1 and lanos-
terol-14a-demethylase.

The transition from thiol to its alkyl derivatives in a number
of synthesized compounds leads to an increase in the level of
binding to the active centers of anaplastic lymphoma kinase
and lanosterol-14a-demethylase.

Docking to cyclooxygenase-1 revealed a decrease in the in-
teraction energy with the specified enzyme of the synthesized
alkyl derivatives in comparison with the original thiol. The
most relevant for further studies was 3-(5-methylpyrazol-3-
yl)-5-octylthio-4-ethyl-1,2,4-triazole.

Conclusions

1. The optimal conditions for obtaining S-alkylderivatives
of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol were
determined. It was found that the highest yield of products
of the alkylation reaction of 5-(5-methylpyrazole-3-yl)-4-
ethyl-1,2 4-triazole-3-thiol was observed when methanol and
propan-2-ol were used as solvents.

2. As a result of the molecular docking of the synthesized
compounds, promising structures for further studies of anti-in-
flammatory and antifungal activity were identified. The most
promising object for further research is 3-(5-methylpyrazol-
3-yl)-5-octylthio-4-ethyl-1,2,4-triazole.

Prospects for further research. According to the research
results, it is planned to expand classes of compounds to iden-
tify promising biologically active compounds among them.
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