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The combination of various heterocyclic systems with a wide range of properties is quite expedient and is, in practice, a justified direction for
obtaining biologically active substances, which ultimately forms a favorable basis for the creation of drugs. In recent decades, the attention
of scientists has been closely focused on nitrogen-containing heterocyclic compounds.

Among such compounds, 1,2,4-triazole and pyrazole occupy a special place. Indeed, on the basis of these systems, a significant number
of well-known drugs have been created, which are widely used at the present time.

The aim of the work was the synthesis of S-derivatives of 4-amino-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-3-thiol, study of their physical
and chemical properties, pre-screening studies with subsequent establishment of the feasibility of further pharmacological studies.

Materials and methods. Experimental methods of organic chemistry: synthesis using microwave activation, physical and chemical
methods for the analysis of organic compounds (determination of the melting point, elemental analysis, 'H NMR, IR spectroscopy and
chromatography-mass spectrometry). Methods for in silico pre-screening studies to establish the biological potential in several synthesized
compounds (molecular docking).

Results. 10 new S-derivatives of 4-amino-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-3-thiol were synthesized. The structure of the obtained
compounds was confirmed by a set of physical and chemical methods of analysis. According to the results of prescreening studies,
the main directions of research of biological properties of synthesized compounds were provided.

Conclusions. The expediency of using microwave irradiation in the synthesis of a series of S-alkyl derivatives of 4-amino-5-(5-methylpyrazol-
3-yl)-1,2,4-triazole-3-thiol had been proved. Based on the results of in silico studies, the expediency of further studies of anti-inflammatory,
antifungal and anticancer activities in several synthesized compounds had been substantiated.
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CuHTe3 i BnactTuBoCTi S-noxigHux 4-amiHo-5-(5-metunnipason-3-in)-1,2,4-tpiason-3-tiony
C. O. deportos, A. C. lNouyns

[JlouinbH1M € NoegHaHHS PI3HOMaHITHUX reTEPOLMKITIYHNX CUCTEM i3 LUMPOKM HaBopOM BMACTUBOCTEN, OCKINbKY Lie MPaKTUYHO BUMPaBAaHWIA
HanpsiM ofepxaHHs 6ionoriYHo akTUBHKX CyBeCTaHLIn, WO hopMye NiATPYHTA A4S CTBOPEHHS Nikapcbkux 3acobiB. B ocTaHHi gecatunitrs
yBara HayKoBL|iB NPUKyTa A0 HITPOreHOBMICHUX reTepOLMKNIYHMX CMOMYK.

Ocobnuee Mmicle 3-NoMix HUX nocigatoTb 1,2,4-Tpiason i nipas3on, age Ha OCHOBI LIMX CUCTEM CTBOPEHO YMMAsIo BiJOMMX MiKapCbKMX
3aco6iB, L0 HUHI JOBOMI LUMPOKO BUKOPUCTOBYHOTb.

MeTa po60oTm — cuHTE3 S-NoXigHMX 4-amiHo-5-(5-meTunnipason-3-in)-1,2,4-Tpiazon-3-Tiony, BUBYEHHS IXHiX (i3NKO-XiMiYHWX BMIACTUBOCTEW,
30iINCHEHHS NPECKPUHIHIOBMX AOCHIMKEHb 3i BCTAHOBMNEHHAM AOLINbHOCTI hapMaKkonorivYHnX AOCTImKEHb.

Matepianu Ta metogu. 3actocyBanu ekciepuMeHTaribHi METOAM OpraHivHOi XiMii: CUHTE3 i3 BUKOPUCTaHHSM MiKPOXBUIbOBOI akTMBaLi,
hi3nKo-XimMi4Hi METOM aHani3y OpraHivHMX Conyk (BU3HAYEHHS TEMNepaTypu NNaBneHHs), eneMeHTHU aHanis, 'H AMP, 14-cnektpockonis
Ta XpOMaTo-Mac-CrekTpoMeTpist). 34iNCHUNM NPECKPUHIHIOBI AOCTiAXeHHs in silico Ans BCTaHOBNEHHS GionoriyHoro noTeHujiany B psay
CUHTE30BaHWX CMONyK (MONEKYNAPHUA QOKIHT').

Pesynkratu. BetaHoBUnM onTuManbHi yMoBY ofdepxaHHs 10 HoBMX S-noxigHux 4-amiHo-5-(5-meTunnipason-3-in)-1,2,4-tpiason-3-Tio-
1y 3 BUKOPUCTAHHSM MiKPOXBUIIbOBOMO OMPOMIHEHHS. ByaoBy cnonyk nigTBepanny KOMNIekcoM isnko-xiMiuHnx MeTofis aHanisy. 3a
pesynsTaTamy NPEeCKPUHIHIOBOrO aHanisy BU3HAYMIM OCHOBHI HAaNpsIMK JOCTiAKeHb 6ioNoriYHMX BNacTUBOCTEN CYHTE30BAHMX CMOMNYK.
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BucHoBku. [loBeaeHo AoUINbHICTb 3aCTOCYBaHHSA MIKPOXBUBOBOrO ONPOMIHEHHS Nif Yac CUHTe3y pady S-ankinnoxigHux 4-amiHo-5-(5-
meTunnipason-3-in)-1,2,4-tpiason-3-tiony. Y pesynsrarti JocnimkeHHs in Silico 0brpyHTOBaHO [OLINBHICTL BUBYEHHS NpOTH3ananbHoi,
NPOTUrpUBKOBOI Ta NPOTUPAKOBOI aKTUBHOCTEN Y Py CYHTE30BaHMX CMOMYK.

Kniovogi crosa: 5-metunnipason, 1,2,4-Tpia3on, CUHTE3, BNACTUBOCTI, MONEKYNAPHWIA JOKIHT.

AxTyanbHi nuTaHHA hapmaLeBTUYHOI | MeaUYHOT HayKu Ta npakTuku. 2021. T. 14, Ne 3(37). C. 268-274

CuHTE3 1 cBOWCTBA S-NpPouU3BOAHbIX 4-aMUHO-5-(5-MeTunnupason-3-un)-1,2,4-tpnason-3-tuona
C. O. depotos, A. C. louynsa

LlenecoobpasHo coveTaHne pasnnyHbIX reTePOLMKIMYECKNX CUCTEM C LUMPOKM HaBopOM CBOWCTB, Tak Kak 3T0 onpaBAaHHOe Ha NpaKkTuke
HanpaeneHvie nonyyYeHns bronornyecky akTuBHbIX CybcTaHumin. B ntore ato hopmmpyeT 0CHOBY Ans CO3AaHNS NEKAPCTBEHHbIX CPEACTB.
B nocnepgHvie fecatuneTvst BHUMaHue y4€HbIX MPUKOBAHO K a30TCOAEpXaLLMM reTepoLmMKnnyecknm coegnternsam. Ocoboe MecTo cpeam
HWX 3aHUMaloT 1,2,4-Tprason v NMpasor, BeAb Ha OCHOBE 3TUX CUCTEM ObINO CO34aHO 3HAYNTENBHOE KONMYECTBO M3BECTHBIX NEKapCTBEH-
HbIX CPEACTB, KOTOPble [OCTATOYHO LUMPOKO UCMOMb3YHOT.

Llens pa6oTki — cUHTE3 S-NPOU3BOAHBIX 4-aMUHO-5-(5-meTunnupason-3-un)-1,2,4-tpuason-3-tmona, U3yyeHne nx UanNKo-XMMUYECKNX
CBOWCTB, NPOBEAEHNE MPECKPUHMHIOBBLIX MCCNEAOBaHWA C YCTAHOBMEHWEM LIENecoobpas3HOCTV AanbHenwmx apmMakonormieckmx nc-
CnefoBaHui.

Matepuanel n metoakl. [pUMeHNnn aKCnepyMeHTanbHble METOAbI OPraHUYECKON XMMUU: CUHTES C UCMONb30BaHNEM MV KPOBOITHOBOM
aKTUBaLuK, PrU3NKO-XMMMUYECKMe METOAbI aHann3a OpraHnYecknx COeaMHeHU (onpeeneHue TemMmnepaTypbl NiaBneHnst, ANeMeHTHbINR
aHanms, 'H AMP, WK-cnekTpockonusi 1 XxpoMaTo-Macc-crekTpoMeTpusi). MpoBeny NpeckpUHUHIOBbIE UccnefoBaHus in silico ans ycta-
HOBIIEHMS BMOMOrMYECKOro NoTeHUMana B psfy CUHTE3UPOBAHHbLIX COEANHEHNI (MONEKYNAPHBIA JOKUHT).

Pesynkrathl. YCTaHOBNEHbI ONTUManbHbIe YCroBus nonyyeHns 10 HoBbIX S-nMpou3BoaHbIX 4-aMuHO-5-(5-meTunnupason-3-un)-1,2,4-tpu-
ason-3-Tmona ¢ Ncnonb3oBaHNeEM MUKPOBOIHOBOIO 0brnyyeHns. CTpoeHne NonyyYeHHbIX CoeanHEHN MOATBEPXKAEHO KOMMNEKCOM nan-
KO-XMMMWYECKUX METOAO0B aHanu3a. o pesynsratam NpeckpUHWHIOBOTO aHanu3a onpefeneHbl OCHOBHbIE HanpaBNeHUs UCCNEN0BAHMIA
61ONOrNyecknx CBONCTB CUHTE3NPOBAHHBIX COEAVHEHWIA.

BeiBogkl. [lokazaHa Lienecoobpa3HOCTb NPUMEHEHWSI MUKPOBOITHOBOTO 0BMyYeHUs MpU CUHTE3E psifa S-ankunnpousBOaHbIX 4-amu-
HO-5-(5-meTunnupason-3-un)-1,2,4-tpuason-3-trona. Mo pesynsratam nccnenoBaxus in silico o6ocHoBaHa LienecoobpasHoCTh AanbHen-
LIEro M3y4yeHus MPOTMBOBOCMANUTENBHOMW, MPOTUBOTrPUOKOBON 1 NPOTUBOPAKOBON aKTUBHOCTEN B PAAY CUHTE3MPOBAHHbLIX COEANHEHN.

KnioueBkle crioBa: 5-metunnupason, 1,2,4-Tpnuasorsi, CUHTE3, CBONCTBA, MOMNEKYNAPHBIA JOKUHT.

AKTyanbHble Bonpocbl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2021. T. 14, Ne 3(37). C. 268-274

Today, many research teams are studying the synthetic and
biological properties of new compounds based on the nitro-
gen-containing system 1,2 4-triazole [1-6]. It is known that
the introduction of various substituents in the structure of
the nucleus of 1,2,4-triazole has a positive effect not only on
the increase of existing and the emergence of new pharma-
cological activity but also allows offering more options for
chemical transformations [4—8]. It is important to note the fact
that 1,2,4-triazole derivatives, in addition to high biological
activity, are mostly low-toxic or virtually non-toxic compounds.
Analysis of the available literature data revealed that the combi-
nation of triazole and pyrazole fragments within one molecule
has a certain level of practical significance and is interesting.

Aim

The aim of this work was to develop a preparative method for
the synthesis of S-derivatives of 4-amino-5-(5-methylpyrazol-
3-yl)-1,2,4-triazole-3-thiol using microwave irradiation,
followed by study of physical and chemical properties and es-
tablishing the biological potential of the obtained compounds.

Materials and methods

The synthetic part of the study consisted of resynthesis of
5-methylpyrazole and subsequent chemical conversion to

4-amino-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-3-thiol by
a known method [9,10].

S-alkylation of the starting compound was performed under
microwave irradiation using a microwave synthesis system
Milestone FlexiWave (time — 30 min, temperature — 160 °C,
pressure — 11.2 bar, power — 400 W) in propan-2-ol medium
without the addition of equivalent amount of alkali, which
allowed to obtain pure alkylthio derivatives with high yield
(Fig. I).

Synthesized haloalkanes were white crystalline substan-
ces, soluble in alcohols, insoluble in water. The structure
of the obtained compounds was confirmed by a package of
modern physical and chemical methods of analysis ("H NMR
spectroscopy, IR spectroscopy) and their individuality by
chromato-mass spectrometry.

Docking studies were performed on all compounds 2.0—
2.10 using the AutoDock Vina® software package. Enzyme
structures for in silico studies were obtained from Protein
Data Bank (PDB). Preliminary optimization of 2.0-2.10
molecules was performed using the HyperChem 7.5 program
by the MM* molecular mechanics’ method until the RMS
gradient was less than 0.1 kcal/(mol-A). The final minimiza-
tion of the energies of the studied structures was carried out
by the semi-empirical quantum chemical method PM3 until
the RMS gradient was less than 0.01 kcal/(mol-A).

ISSN 2306-8094

Current issues in pharmacy and medicine: science and practice. Volume 14. No. 3, September — December 2021

269



S. O. Fedotov, A. S. Hotsulia

Results

Analysis of 'TH NMR spectra showed that the protons of
S-alkyl fragments resonate in a strong part of the field in
the form of signals with different intensities in the range
3.14-0.82 ppm. For example, singlet signals of methyl pro-
tons of the thiomethyl fragment were present in the range of
3.14-3.08 ppm. Multiple proton signals of methylene frag-
ments were recorded in a stronger field (1.97-1.20 ppm). A
gradual increase in the length of the S-alkyl chain leads to a
slight shift in the signals of the protons of the methyl group
in the stronger part of the field.

Proton signals of methylene moieties of S-alkyl substi-
tuents were conducted in a similar way but were difficult to
differentiate because they form mostly multiproton multiplets.
Exceptions were only signals of protons of the methylene
group directly with the sulfur atom. In this case, there was
a signal in the form of a triplet. The formation of a positive
inductive effect contributed to these changes. Thus, the signal
of protons of the methyl group gradually shifts to 0.83 ppm.

The IR spectrum of the synthesized thiol (2.0) was character-
ized by the presence of clear bands of deformation and valence
oscillations of strong and medium intensity of the main fragments
of the molecule: planar deformation oscillations CH in the re-
gion 1229-950 cm™! (bands of low intensity at 12291182 cm',
1045-1029 cm!, 1013-998 cm, 975-960 cm'), out-of-plane
deformation oscillations CH in the region 998—663 cm -1 (bands
of strong intensity at 781-765 cm™, 687-672 cm"). There was
the presence of a band of valence vibrations of the SH group in
the range of 3298-3280 cm. The oscillation bands of the C=N
fragment in the region of 1548—1530 cm were also recorded.

In the spectra of the synthesized alkyl derivatives (2.0-2.10)
deformation oscillations of alkyl groups in the range from 645
cm to 1390 cm™ and the H-C-H fragment in the narrow fre-
quency range 1485-1360 cm™ were observed. In the spectra
of the synthesized alkyl derivatives (2.1-2.10) deformation
oscillations of alkyl groups in the range from 645 cm™ to 1390
cm’ and the H-C-H fragment in the narrow frequency range
1485-1360 cm™! were observed.

4-Amino-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-3-thiol (2.0).
Yield: 71 %; m. p.: 218-216 °C; 'H NMR, d, ppm: 13.74 (s,
1H, SH); 13.11 (1H, s, NH-pyrazole), 6.63 (s, 1H, CH-pyra-

Fig. 1. Scheme of
synthesis of 4-amino-
5-(5-methylpyrazol-3-

p yl)-1,2,4-triazole-3-thiol
o WN N, anddS-aIkyIatwn
N —NH H products.
P
12 |2
O
NC/)
0
H,N-NH, W/( H
SH NeNH N TSK
s
13

zole), 5.98 (s, 2H, NH,), 2.26 (s, 3H, CH,-pyrazole). ESI-MS:
m/z =197 [M+H]". Analytical calculated (%) for CH/NS:
C, 36.72; H, 4.11; N, 42.83; S, 16.34. Found: C, 36.81; H,
4.12; N, 42.75; S, 16.32.
3-(5-Methylpyrazol-3-yl)-S-methylthio-1,2,4-triazole-4-amine
(2.1). Yield: 79 %; m. p.: 196-194 °C; 'HNMR, d, ppm: 13.07
(s, 1H, NH-pyrazole), 6.65 (s, 1H, CH-pyrazole), 6.02 (s,
2H, NH,), 2.67 (t, 3H, S-CH,), 2.33 (s, 3H, CH,-pyrazole).
ESI-MS: m/z = 211 [M+H]". Analytical calculated (%) for
CH NS:C,39.99; H, 4.79; N, 39.97; S, 15.25. Found: C,
39.89; H, 4.80; N, 39.87; S, 15.29.
3-Ethylthio-5-(5-methypyrazol-3-yl)-1,2,4-triazole-4-amine
(2.2). Yield: 82 %; m. p.: 193-191 °C; 'HNMR, d, ppm: 13.10
(s, 1H, NH-pyrazole), 6.61 (s, 1H, CH-pyrazole), 6.05 (s, 2H,
NH,), 3.13 (t, 2H, S-CH,-CH,), 2.30 (s, 3H, CH,-pyrazole),
1.36 (t, 3H, S-CH,-CH,). ESI-MS: m/z = 225 [M+H]". Ana-
lytical calculated (%) for C;H N.S: C, 42.84; H, 5.39; N,
37.47;8S,14.29. Found: C, 42.74; H, 5.38; N, 37.56; S, 14.32.
3-(5-Methylpyrazol-3-yl)-5-propylthio-1,2,4-triazole-4-amine
(2.3). Yield: 76 %; m. p.: 186-184 °C; 'THNMR, d, ppm: 13.05
(s, 1H, NH-pyrazole), 6.67 (s, 1H, CH-pyrazole), 6.01 (s, 2H,
NH,), 3.11 (t, 2H, S-CH,-CH,), 2.35 (s, 3H, CH,-pyrazole),
1.92-1.56 (m, 2H, S-CH,-CH,-CH,), 1.05 (s, 3H, S-(CH,),-
CH,). ESI-MS: m/z =239 [M+H]". Analytical calculated (%)
for C;H, \NS: C, 45.36; H, 5.92; N, 35.27; S, 13.45. Found:
C,45.47,;H,591; N, 35.18; S, 13.41.
3-Butylthio-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-4-amine
(2.4). Yield: 71 %; m. p.: 182-180 °C; 'H NMR, d, ppm:
13.08 (s, 1H, NH-pyrazole), 6.63 (s, |H, CH-pyrazole), 6.04
(s, 2H, NH,), 3.14 (t, 2H, S-CH,-(CH,),-CH,), 2.30 (s, 3H,
CH,-pyrazole), 1.84 — 1.50 (m, 2H, S-CH,-CH,-CH,-CH,),
1.46-1.33 (m, 2H, S-(CH,),-CH,-CH,), 0.92 (t, 3H, S-(CH,),-
CH,). ESI-MS: m/z= 253 [M+H]". Analytical calculated (%)
for C, )H N,S: C, 47.60; H, 6.39; N, 33.31; S, 12.71. Found:
C,47.49; H, 6.40; N, 33.23; S, 12.74.
3-(5-Methylpyrazol-3-yl)-5-pentylthio-1,2,4-triazole-4-amine
(2.5). Yield: 74 %; m. p.: 172-174 °C; 'H NMR, d, ppm:
13.04 (s, 1H, NH-pyrazole), 6.57 (s, |H, CH-pyrazole), 6.07
(s, 2H, NH,), 3.10 (t, 2H, S-CH,-(CH,),-CH,), 2.33 (s, 3H,
CH,-pyrazole), 1.87 — 1.55 (m, 2H, (m, 2H, S-CH,-CH,-
(CH),-CH,), 1.49 1.25 (m, 4H, S-(CH,),-(CH,),-CH,), 0.83
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Fig. 2. Chromato-mass spectrum of compound 2.0.
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Fig. 3. Chromato-mass spectrum of compound 2.2.

(t, 3H, S-(CH,),-CH,). ESI-MS: m/z=267 [M+H]". Analytical
calculated (%) for C, H N, S: C,49.60; H, 6.81; N, 31.55; S,
12.04. Found: C, 49.69; H, 6.82; N, 31.47; S, 12.01.
3-Hexylthio-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-4-amine
(2.6). Yield: 78 %; m. p.: 177-179 °C; 'THNMR, d, ppm: 13.08
(s, IH, NH-pyrazole), 6.59 (s, 1H, CH-pyrazole), 6.05 (s, 2H,
NH,), 3.12 (t,2H, S-CH ,«(CH,),-CH,), 2.34 (s, 3H, CH,-pyra-
zole), 1.69-1.51 (m, 2H, S-CH,-CH,-(CH,),-CH,), 1.39-1.24
(m, 6H, S-(CH,) -(CH,),-CH,), 0.84 (t, 3H, S-(CH,).-CH.,).
ESI-MS: m/z = 281 [M+H]". Analytical calculated (%) for
C,H,NS: C, 51.40; H, 7.19; N, 29.97; S, 11.43. Found: C,
51.30; H, 7.18; N, 29.91; S, 11.45.
3-Heptylthio-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-4-amine
(2.7). Yield: 70 %; m. p.: 170-172 °C; 'HNMR, d, ppm: 13.09
(s, 1H, NH-pyrazole), 6.55 (s, |H, CH-pyrazole), 6.07 (s, 2H,
NH,), 3.08 (t,2H, S-CH,~(CH,),-CH,), 2.32 (s, 3H, CH,-pyra-
zole), 1.74-1.63 (m, 2H, S-CH,-CH,~(CH,) -CH,), 1.31-1.22
(m, 8H, S-(CH,)-(CH,),-CH,), 0.82 (t, 3H, S-(CH,).-CH,).

ESI-MS: m/z = 295 [M+H]". Analytical calculated (%) for
C,H,N.S: C,53.03; H, 7.53; N, 28.54; S, 10.89. Found: C,
53.12; H, 7.54; N, 28.49; S, 10.87.
3-(5-Methylpyrazol-3-yl)-5-octylthio-1,2,4-triazole-4-amine
(2.8). Yield: 74 %; m. p.: 162-164 °C; 'HNMR, d, ppm: 13.06
(s, 1H, NH-pyrazole), 6.59 (s, 1H, CH-pyrazole), 6.06 (s, 2H,
NH,), 3.10(t, 2H, S-CH,~(CH,)-CH,), 2.33 (s, 3H, CH,-pyra-
zole), 1.82-1.56 (m, 2H, S-CH,-CH,~(CH,),-CH,), 1.43-1.22
(m, 10H, S-(CH,),-(CH,),-CH,), 0.86 (t, 3H, S-(CH,).-CH,).
ESI-MS: m/z = 309 [M+H]". Analytical calculated (%) for
CH,NS:C,54.52; H, 7.84; N, 27.25; S, 10.39. Found: C,
54.62; H, 7.83; N, 27.20; S, 10.41.
3-(5-Methylpyrazol-3-yl)-5-nonylthio-1,2,4-triazole-4-amine
(2.9). Yield: 70 %; m. p.: 166-168 °C; '"HNMR, d, ppm: 13.11
(s, 1H, NH-pyrazole), 6.56 (s, |H, CH-pyrazole), 6.05 (s, 2H,
NH,), 3.12 (t,2H, S-CH,~(CH,) -CH,), 2.31 (s, 3H, CH,-pyra-
zole), 1.70-1.66 (m, 2H, S-CH,-CH,-(CH,)-CH,), 1.30-1.21
(m, 12H, S-(CH,),-(CH,)-CH,), 0.84 (t, 3H, S-(CH,),-CH.,).
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Table 1. Energy values of the intermolecular interactions of the studied compounds with COX-1 (3N8Y)

-4.9
21 -4.5 25 -6.1 29 -7.3
2.2 -5.0 2.6 5.5 210 -7.0
2.3 -56.3 2.7 -6.6 Diclofenac -6.2

E .- the minimum energy of complex formation.

Table 2. Energy values of the intermolecular interactions of the studied compounds with lanosterol-14a-demethylase (3LD6)

-4.9
21 -6.5 25 1.7 29 -8.9
2.2 -6.6 2.6 -8.1 210 94
23 -6.8 2.7 -8.1 Ketoconazole |-8.1

E_.: the minimum energy of complex formation.

ESI-MS: m/z = 323 [M+H]". Analytical calculated (%) for
CH,NS: C, 5587; H, 8.13; N, 26.06; S, 9.94. Found: C,
55.76; H, 8.12; N, 26.11; S, 9.96.

3-Decylthio-5-(5-methylpyrazol-3-yl)-1,2,4-triazole-4-amine
(2.10). Yield: 68 %; m. p.: 158-160 °C; 'H NMR, d, ppm:
13.11 (s, 1H, NH-pyrazole), 6.53 (s, 1H, CH-pyrazole), 6.05
(s, 2H, NH,), 3.10 (t, 2H, S-CH -(CH,),-CH,), 2.33 (s, 3H,
CH,-pyrazole), 1.74-1.63 (m, 2H, S-CH,-CH -(CH,).-CH,),
1.41-1.30 (m, 2H, S-(CH,),-CH,~(CH,),-CH,), 1.34-1.20
(m, 12H, S-(CH,),-(CH,),-CH,), 0.82 (t, 3H, S-(CH,),-CH,).
ESI-MS: m/z = 337 [M+H]". Analytical calculated (%) for
C,H,NS: C, 57.11; H, 8.39; N, 24.98; S, 9.53. Found: C,
57.21; H, 8.40; N, 24.93; S, 9.50.

Individual peaks of molecular ions [M+1] were recorded in
the chromato-mass spectra, which had a high intensity, which
confirms the structure and individuality of the compounds
(Fig 2, 3).

Molecular docking. It is noteworthy that a significant num-
ber of antifungal drugs contain a fragment of 1,2,4-triazole
(fluconazole, itraconazole, voriconazole, posaconazole).
Triazole-containing anastrozole and letrozole were also quite
effective anticancer drugs. On the other hand, the presence
of pyrazole enzyme indicates the feasibility of testing for
anti-inflammatory activity.

Molecular docking was performed to obtain structural in-
formation on the interaction of the synthesized compounds
and the corresponding biological structure. For this purpose,
the X-ray crystal structures of the corresponding biological targets
from the protein database (PDB-ID) in complex with the stan-
dard ligand were previously downloaded: cyclooxygenase-1
with diclofenac (3N8Y), lanosterol 14-a-demethylase with
ketoconazole (3LD6), kinases of anaplastic lymphoma in
the complex of crizotinib (2XP2) [11-13]. The use of cyclooxy-
genase-1 as a model enzyme is dictated by the need to determine
the possible impact on the complex of processes, and not only
on the inflammatory response. At the same time, a few highly
effective antifungal agents have a 1,2,4-triazole fragment in their

structure, so the choice in favor of 14-a-demethylase as a model
enzyme is obvious. The choice of aplastic lymphoma kinase to
determine the affinity of the synthesized substances to its active
center is due to the use of known anticancer drugs created based
on nitrogen-containing heterocycles.

The ligands (diclofenac, ketoconazole, crizotinib) were
previously removed from the primary structures. It was car-
ried out the joining of different ligands to the protein using
AUTODOCK. The conformations of the ligand were analyzed
in terms of energy, hydrogen bonding and hydrophobic inter-
action between the ligand and the receptor protein. A detailed
analysis of the ligand-receptor interactions was performed,
and the final coordinates of the ligand and receptor were saved
as pdb files. The free binding energy (FEB) of all compounds
was calculated [14—17].

In order to investigate the probability of detection of mole-
cules with molecules with anti-inflammatory activity, the inter-
action parameters with the active center of cyclooxygenase-1
(COX-1) were studied (Table 1). These studies have found
that synthesized compounds form chemical bonds with the
following amino acid residues: ASN B: 68, TYR B: 38, TYR
B: 39. At the same time, the presence of m-alkyl hydrophobic
interactions with such amino acid residues as LYS B: 4668,
PRO B: 35, PRO B: 40, PRO B: 434, TYR B: 38, TYR B: 55.

Visualization of the interaction of active structures with
the active site of lanosterol-14a-demethylase revealed that
they have chemical bonds with the following amino acid
residues: GLY A: 310, HISA: 381, ILE A: 139, LEU A: 380,
MET A: 509, PHE A: 134, PHE A: 241, PHE A: 384, TYR
A: 126, VAL A: 311 (Fig. 4). The estimated free energy of
binding of the synthesized substances of their lowest energy
positions with lanosterol-14a-demethylase was calculated
(Table 2). Synthesized substances 2.6-2.10 showed a good
range of binding energies from -8.1 to -9.4 kcal/mol.

The obtained substances were stabilized in the active center
of anaplastic lymphoma kinase due to intermolecular hydro-
gen chemical bond with MET A: 1199, alkyl hydrophobic
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Fig. 5. Visualization of the affinity of the anaplastic lymphoma kinase with compounds 2.5 and 2.10.

with ALA A: 1200, LEU A: 1122, LEU A: 1196, LEU A:
1198, LEU A: 1256, LYS A: 1150 (Fig. 5). Moreover, atten-
tion is drawn to the presence of a certain amount of w-alkyl
and m-anion hydrophobic interactions with the active site of
the enzyme (with ALA A: 1200, LEU A: 1122 and GLU A:
1122), which had an immediate effect on the stability of a par-
ticular biologically active substance in the active site (Fig. 5).

Calculations of the free binding energy showed that an
increase in the length of the S-alkyl fragment of the synthe-
sized substances can have a positive effect on the affinity with
the active site of the enzyme (Table 3). The most significant
level of interaction with the active center of the enzyme were

demonstrated by substances 2.8 and 2.10 with values of
the free energy of interaction -8.0 kcal/mol and -8.4 kcal/mol
accordingly (7able 3).

Discussion

The performed docking studies suggest that the synthesized
S-alkyl derivatives exhibit the ability to bind to the active
sites of COX-1, lanosterol 14-a-demethylase, and anaplastic
lymphoma kinase.

It is also necessary to emphasize the participation of all
fragments of molecules of new substances in interactions
with the active site of enzymes.

Table 3. Energy values of the intermolecular interactions of the studied compounds with anaplastic lymphoma kinase (2XP2)

_ E_.. kcallmol _ E_ ., kcalimol _ E ., kcallmol
2.0

5.5 24 6.7 2.8 -8.0
2.1 -5.2 25 6.5 29 -7.9
2.2 6.0 2.6 6.8 210 -8.4
2.3 -6.4 2.7 -74 Crizotinib -7.6

E_..: the minimum energy of complex formation.
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Comparison of the calculated E_, values in the series of
synthesized substances made it possible to establish the ef-
fect of the length of the S-alkyl fragment on the affinity with
the active site of the enzymes under consideration. Moreover,
the transition from a methyl substituent to a decyl substituent
was accompanied by an increase in this affinity. Alkyl hydro-
phobic interactions of the synthesized substances with amino
acid residues of the corresponding enzymes had a significant
influence on the formation of this dependence.

Conclusions

1. Using the appropriate bromalkanes as alkylating agents
(bromopropane, bromobutane, bromopentane, bromhexane,
bromoheptane, bromoctane, bromonan, bromodecane),
the reaction of nucleophilic substitution 4-amino-5-(5-methyl-
pyrazol-3-yl)-1,2 4-triazole-3-thiol was investigated. 10 new
compounds were obtained. The structure was confirmed by
complex modern physical and chemical methods of analysis
(elemental analysis, PMR spectroscopy, chromatographic mass
spectrometry), and their individuality was chromatographic.

2. The performed docking studied suggest that an increase
in the length of the S-alkyl fragment increases the likelihood
of anti-inflammatory, antifungal, and anticancer activity.
Moreover, in molecules with an even number of carbon atoms
in the alkyl substituent, this probability will only increase.

Prospects for further research. According to the research results
it is planned to expand the line of this class of compounds to
identify promising biologically active compounds among them.
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