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Synthesis, structure and properties of some 5-R-4-phenyl-1,2,4-
triazole-3-thiol derivatives

A. S. Hotsulia*

Zaporizhzhia State Medical University, Ukraine

A —research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
E — critical revision of the article; F — final approval of the article

Pyrrole, 1,2,4-triazole and indole derivatives belong to the group of aza-heterocyclic compounds, which have been associated with
significant advances in the development of new drugs. Combining these heterocycles in one molecule increases the likelihood of detecting
among these compounds substances with a certain kind of biological activity.

The aim of the work was to optimize the conditions of synthesis and study the properties of S-alkylderivatives of 5-R-4-phenyl-1,2,4-
triazole-3-thiol containing pyrrole and indolpropane fragments in their structure.

Materials and methods. Pyrrole and indole-3-butanoic acid were used as key starting reagents. 4-Phenyl-5-(pyrrol-2-yl)-1,2,4-triazole-3-
thiol was obtained by acylation, hydrazinolysis, nucleophilic addition of phenylisothiocyanate followed by intramolecular heterocyclization.
For the synthesis of 5-(3-(indol-3-yl)propyl)-4-phenyl-1,2,4-triazole-3-thiol, the reaction of the interaction of the potassium salt of indole-
3-butanoic acid with bromethane was carried out to obtain the appropriate ester. Subsequent stages of chemical conversion included
hydrazinolysis reactions, the addition of phenylisothiocyanate, and alkaline cyclization. The structure of the obtained compounds was
confirmed by data of elemental analysis, '"H NMR spectroscopy and IR-spectrophotometry. The individuality of substances was established
by using high performance liquid chromatography with diode-array and mass spectrometric detection.

Results. S-alkylderivatives of 5-(3-(indol-3-yl)propyl)-4-phenyl-1,2 4-triazole-3-thiol and 4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole-3-thiol has
been synthesized and their structure was established and studied physical properties. The synthesized compounds have been subjected
to the in silico molecular docking study against the kinases of anaplastic lymphoma by using the 2XP2 ligand, lanosterol 14-a-demethylase
by using the 3LD6 ligand, cyclooxygenase-2 by using the ligand which were downloaded from the protein data bank (PDB).

Conclusions. Molecular docking has shown the ability of the synthesized compounds to influence the kinase activity of anaplastic lymphoma,
cyclooxygenase-2 and lanosterol-14-a-demethylase.

CuHTe3, OynoBa Ta BNacTUBOCTI AeAKUX noxigHux 5-R-4-cpenin-1,2,4-tpiazon-3-tiony
A. C. Touyns

MoxigHi nipony, 1,2,4-Tpiasony Ta iHOONY HanexaTb 4O rpynu as3areTepouMKNiYHKUX CMOMYK, 3 BUKOPUCTaHHAM SIKUX MOB'A3aHi 3HauyLLi
ycnixu y cpepi CTBOPEHHS HOBUX NikapChbkux 3acobiB. MoeaHAHHS LIMX TeTePOLMKNIB B O4HIN MOMNeKyni Aae 3MOry MiABULLMTYA MMOBIPHICTb
BUSIBNEHHS cepef Bif3Ha4YeHUX CNomnyK PEeYOBMH i3 MEBHUM BUAOM GioNorivyHOT aKTUBHOCTI.

Meta po6oTn — oNnTMMI3aLia YMOB CMHTE3Y Ta OOCHIIKEHHS BNacTMBOCTEN S-ankinnoxigHux 5-R-4-ceHin-1,2,4-Tpiason-3-Tiony, siki
MICTSATb Y CBOIll CTPYKTYPI MipOrbHUIA Ta iHAONNPONaHOBUI parMeHTH.

MaTtepianu Ta MmeToau. AK KMOYOBI BUXiOHI peareHTV BUKOpUCTanu nipon ta iHgosn-3-6ytaHoBy kucnoty. 3a 4ONOMOroK peakLii auu-
NOBAHHS, rifpasnHoniay, HyKNeoinbHOro NPUEAHaHHA eHini3oTioLiaHaTy 3 HACTYMHO BHYTPILIHBLOMOMNEKYNAPHO reTepoLuKnisaLlieo
ofepxanu 4-gpeHin-5-(nipon-2-in)-1,2,4-tpiason-3-tion. Ans cuntesy 5-(3-(iHgon-3-in)nponin)-4-cenin-1,2,4-tpiaszon-3-tiony nonepeaHs0
NPOBENM peakLiito B3aemopii kanieBoi coni iHaon-3-0yTaHoBOI KMCnoTy 3 GpoMeTaHoM, LU0 farno 3mMory OfaepXaTtu BignosigHui ectep. Ha-
CTYNHi CTagii XiMiYHOro NepeTBOPEHHS BKNKOYanu peakLii rigpasunHoniay, npueaHaHHs deninisoTiouiaHaty Ta nyxHoi uyknisavii. CTpyktypa
OTPVMMaHMUX CMONyK NiATBEPAKEHA AaHUMU eneMeHTHoro aHanisy, 'H AMP-cnekTpockonii Ta I4-cnektpodoTomeTpii. IHaMBIgyanbHicTb
PEYOBUH BCTAHOBMEHA 3a LOMOMOrOK BUCOKOEEKTUBHOI PiAUHHOI XpomMaTorpadii 3 4io4HO-MaTpUYHOK Ta Mac-CneKTPOMETPUYHOK
[eTeKuiero.

Pesyniratu. CuHteayBanu S-ankinnoxigHi 5-(3-(iHgon-3-in)nponin)-4-cpeHin-1,2,4-tpiason-3-tiony Ta 4-ceHin-5-(nipon-2-in)-1,2,4-tpia-
3051-3-Tiony, AOBENM ixHI0 Oy0BY Ta AOCHiannmM isnyHi BnactneocTi. CUHTE30BaHi CMONyKM NiaAaHi AOKIHI'OBUM JOCNIMKEHHSAM in Silico
[NS BU3HAYEHHS MOXIIMBOTO BNAMBY Ha KiHa3y aHannacTu4Hoi nimgomu 3 BUKOpUCTaHHAM niraHay 2XP2, naHoctepon 14-a-gemetunasy
3 BUKOpUCTaHHAM niraHay 3LD6, umknookcureHasy-2 3 BukopuctanHam nirangy 4Z0L, siki onepxaHi 3 banky aanwx binkis (PDB).

ARTICLE UDC: 547.748.3'792'367.057.022.03
INFO DOI: 10.14739/2409-2932.2019.3.184166
Current issues in pharmacy and medicine: science and practice 2019; 12 (3), 238-244

Key words: pyrrole, 1,2,4-triazole, indole, physical-chemical properties, molecular docking.
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Synthesis, structure and properties of some 5-R-4-phenyl-1,2,4-triazole-3-thiol derivatives

BucHoBku. MonekynsapHuin AOKIHI NOKa3aB 34aTHICTb CUHTE30BaHUX CMOMYK BMNMBATU Ha aKTMBHICTb KiHA3W aHannacTu4Hoi NniMpomm,
naHoctepon 14-a-aemeTunasu Ta LMKII0OKCUreHasu-2.

Kniovogi cnosa: 1,2,4-tpiazon, nipon, iAo, (isnKo-XiMiuHi BMACTUBOCTI, MOMEKYNAPHUA JOKIHT'.
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CuHTe3, CTpOeHNe U CBOMCTBA HEKOTOPbIX NPOU3BOAHLIX 5-R-4-thennn-1,2,4-tpuason-3-tuona
A. C. Touyns

I'Ipomasquble nuppona, 1,2,4-TpV|a30na M MHOoNa OTHOCATCA K rpynne a3areTepoLNKINYHbIX COEAMHEHWN, C NCMONb30BaHNEM KOTOPbIX
CBA3aHbl 3HA4YUTENbHbLIE YyCNexu B 06rnacTu co3gaHnst HOBbIX NeKapCTBEeHHbIX CPeACTB. CouetaHne gaHHbIX reTepoLuKrioB B OfHOM
Mornekyne no3BonAeT NoBbICUTb BEPOATHOCTb YCTAaHOBNEHUA Cpeaun yKa3aHHbIX COEMNHEHWI BELLECTB C onpeaeneHHbIM BUAOM 6uono-
TMYECKOW aKTUBHOCTM.

Llens paboTkl — oNTUMM3aLmMs YCNOBUIM CUHTE3a U UCCREea0BaHNs CBOMCTB S-ankunnpoun3soaHbix 5-R-4-peHun-1,2,4-tpuason-3-tuona,
cofepxallmx B CBOeW CTPYKTYpPE NUPPOIbHbIA M MHAONMPONAHOBLIN (hparMeHTbI.

Matepuansi n Mmetoabl. B ka4ecTBe KIHOYEBbIX MICXOAHBIX PEAreHTOB UCMOMb30BaHbI NMPPOI U MHAoM-3-6yTaHoBast kucnota. C nomMoLLblo
peakumnii aunnmnpoBaHusl, MAPa3MHOIM3a, HyKNeogUbHOTO NPUCOeaMHEHNS (hEHM30TUOLMAHATa C NOCTeayoLWEeNR BHYTPUMONEKY-
NSAPHOW reTepoumknusauyen nonyyeH 4-peHun-5-(nmppon-2-un)-1,2,4-tpmason-3-tvon. Ans cuHtesa 5-(3-(mHgon-3-wn)nponun)-4-te-
Hun-1,2,4-Tpnason-3-Tvona npeaBapuTenbHO NPOBeAeHA Peakuyst B3anMOAENCTBUS KarMeBON CONM MHAOM-3-6yTaHOBOM KMCMOThI C
GpPOM3aTaHOM, YTO MO3BONUIIO NOMYYNTb COOTBETCTBYHOLWMIA 3chup. CneaytoLye cTagmm XMMUYECKOro MpeBpaLLeHNs BKITYany peakumum
rMapasuHonu3a, NnpucoeamHeHne heHMNM3oTMoLmMaHarta 1 WenovHomn umknudauun. CTpykTypa nonyyYeHHbIX COEANHEHNI MOATBEpXKae-
Ha AaHHbIMK aneMeHTHoro aHanmaa, 'H AMP-cnektpockonum n VIK-cnetpodoTomeTpun. MHOMBMAYanbHOCTL BELLECTB YCTAHOBNEHA C
MOMOLLbH0 BbICOKOA((EKTUBHOW XKNAKOCTHOWM XpoMaTtorpadun ¢ ANOAHO-MaTPUYHOM 1 MacC-CNEKTPOMETPUYECKON AETEKLMEN.

Pesyniratil. CUHTE3UPOBaHHBI S-ankunnpouasoaHble 5-(3-(nHpon-3-un)nponun)-4-cenun-1,2,4-tpuason-3-trona v 4-cpeHun-5-(nup-
pon-2-un)-1,2,4-Tpnason-3-Tnona, fOKa3aHO UX CTPOEHME W UCCNEeaoBaHbl usnveckne ceorictea. CUHTE3NPOBaHHbLIE COEAUHEHUS
NOABEPrHYThl AOKUHIOBLIM UCCReaoBaHusaM in silico ans onpegeneHnst BO3MOXHOTO BIUSIHWASL Ha KMHA3y aHannacTU4eckon MMMOMbI C
ucnonb3oBaHeM nuranda 2XP2, naHoctepon 14-a-aemeTunassl ¢ ucnonb3osaHvem nuradga 3LD6, LJOM-2 ¢ ncnonb3osaHuem nuraHga
4Z0L, xoTopble nony4yeHbl 13 baHka aaHHbIX 6enkos (PDB).

BbiBoapbl. MOﬂeKyﬂﬂprlﬂ JOKVHI NPOAEMOHCTPUPOBaN BO3MOXHOCTb CUMHTE3MPOBAHHbLIX COEAMHEHWNIN BAUSATb HA aKTUBHOCTL KMHA3bI

aHanactTnyeckon NMMQOoMbI, aHOCTepon 14-0-geMeTnnasbl 1 LMKIOOKCUreHa3bl-2.

Kntouessle cnosa: nuppon, 1,2,4-tTpuason, UHAOM, PUSNKO-XMMUYECKME CBONCTBA, MOMEKYNAPHbIA JOKUHT.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeAULMHCKOW Hayku 1 npakTuku. — 2019. — T. 12, Ne 3(31). — C. 238-244

Research in the field of indole compounds has been and
remains relevant in the chemistry of heterocycles [1-3]. The
reason for this interest is the participation of indole derivatives
in the metabolic processes of living systems as biologically
active compounds [6]. Derivatives of 1,2,4-triazole and pyr-
role, which are structural fragments of a number of known
drugs, are of no less interest [4,5]. A variety of chemical
modification methods that can be used with respect to these
heterocyclic systems, high biological potential with low toxic-
ity give these objects of research all the signs of relevance and
practical significance. During the last few years derivatives of
indole have attracted much attention because of their special
biological activity in medicine and agriculture.

Aim

The aim of our work was to search for promising compounds
from the point of biological activity in a series of derivatives
that combine heterocyclic fragments of pyrrole, 1,2,4-triazole,
and indole.

Materials and methods

The study of physical-chemical properties of the obtained
compounds was carried out using methods listed in the State
Pharmacopoeia of Ukraine. Melting points were determined

in open capillary tubes in a “Stanford Research Systems
Melting Point Apparatus 100” (SRS, USA). The elemental
analysis (C, H, N) were performed using the “Elementar vario
EL cube” analyzer (Elementar Analysensysteme, Germany).
IR spectra (4000 — 400 cm™) were taken off the module
ALPHA-T of Bruker ALPHA FT-IR spectrometer (Bruker
optics, Germany). 'H NMR spectra (400 MHz) were recorded
at “Varian-Mercury 400” spectrometer with SiMe, as internal
standard in DMSO-d, solution. Chromatography-mass spec-
tral studies were conducted on the instrument “Agilent 1260
Infinity HPLC” equipped with a mass spectrometer “Agilent
6120” (method of ionization — electrospray (ESI)).

Chemistry

Sodium 4-(indol-3-yl)butanoate. To a mixture of 0.01 mol
of 4-(indol-3-yl)butyric acid and 0.01 mol of sodium bicar-
bonate was added 15 ml of water. This mixture was boiled
for 7 hours and evaporated.

Ethyl 4-(indol-3-yl)butanoate. A mixture of 0.01 mol of
sodium 4-(indol-3-yl)butanoate was dissolved in 15.0 ml of
DMSO at 80 °C and the equivalent of ethyl bromide was
added. It was heated at 80 °C for 12 hours. Cooled down.
The resulting solution was slowly poured into 60 ml of water.
Orange oil was immediately formed and crystallized into orange
crystals. This compound had a characteristic unpleasant odor.
The crystalline precipitate formed was filtered off and dried.
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4-(Indol-3-yl)butanhydrazide. To a solution of 0.01 mol of
ethyl 4-(indol-3-yl)butanoate in 20 ml of ethanol was added
0.022 mol of hydrazine monohydrate. It was heated to boiling
for 6 hours. The resulting solution was slowly poured into
60 ml of water. Yellow crystals were formed immediately.
The crystalline precipitate formed was filtered off and dried.

2-(4-(Indol-3-yl)butanoyl)-N-phenylhydrazinocarboth-
ioamide. 4-(Indol-3-yl)-butanhydrazide was dissolved in
a minimal amount of propan-2-ol and the equivalent of
phenylisothiocyanate was added. It was heated for 6 hours.
It was evaporated to form light yellow oil which gradually
crystallized.

5-(3-(Indol-3-yl)propyl)-4-phenyl-1,2,4-triazole-3-thiol. To
0.01 mol of synthesized 2-(4-(indol-3-yl)butanoyl)-N-phenyl-
hydrazinocarbothioamide was added 0.011 mol of NaOH as
a 7% solution, heated to dissolution and 1 hour afterwards.
Then 10 ml of water was added and neutralized with ethane
acid. A white crystalline precipitate is formed. This compound
was crystallized from propan-2-ol.

Alkylderivatives of 5-R-4-phenyl-1,2,4-triazole-3-thiol. To
dissolved in 30 ml of propan-1-ol mixture of 0.005 mol of
the corresponding thiol and an equivalent amount of sodium
hydroxide was added an equivalent amount of halogenalkane
(iodomethane, iodoethane, 1-bromopropane, 1-bromobutane,
1-bromopentane, 1-bromohexane, 1-bromoheptane, 1-bro-
mooctane, 1-bromononane, 1-bromodecane). This mixture
was heated for 2 hours, cooled, the precipitate was filtered,
washed with water and crystallized from methanol.

Molecular docking

Molecular docking was performed to obtain structural
information 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 standard ligand were previously downloaded: kinases of
anaplastic lymphoma in the complex of crizotinib (2XP2),
lanosterol 14-o-demethylase with ketoconazole (3LD6),
cyclooxygenase-2 with indomethacin (4Z0L). The ligands
(crizotinib, ketoconazole, indomethacin) were previously
removed from the primary structures. It was carried out
the joining of different ligands to the protein using AUT-
ODOCK. The conformations of the ligand were analyzed in
terms of energy, hydrogen bonding and hydrophobic interac-
tion 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 binding energy (FEB) of all compounds was
calculated.

Results and discussion

Optimal conditions were determined and 5-(3-(indol-3-yl)
propyl)-4-phenyl-1,2 4-triazole-3-thiol, 4-phenyl-5-(pyrrol-
2-yl)-1,2,4-triazole-3-thiol with their new derivatives were
synthesized. Acetylation reactions in diethyl ether, nucle-
ophilic substitution, addition in an alcoholic medium, and
intermolecular alkaline heterocyclization were used to obtain

the starting thiol. The preparation of the original 4-phenyl-5-
(pyrrol-2-yl)-1,2,4-triazole-3-thiol and its physical-chemical
properties were described in previous work [7]. The alkylation
reactions were carried out with the synthesized thiols. The
structure of the obtained compounds was confirmed by 'H
NMR spectroscopy, chromatographic mass spectrometry and
elemental analysis.

According to the IR spectroscopic data of the compounds
2.7, 2.8 which have triazole-3-thione structure, the obser-
vation of C=S stretching bands at 1380-1365 c¢cm™ and
the absence of an absorption at about 2595-2550 cm! region
cited for SH group have proved that these compounds were
in the thionic form. In the IR-spectrum of synthesized alkyl
derivatives observe deformation vibrations of alkyl groups
in ranges from 630 to 1400 cm™ and H-C-H fragment in a
narrow area of frequency 1475-1370 cm™. For example, for
CH,-group d-vibrations occupied area at 13731380 cm™.
Valence vibrations of bonds of C-H alkyl groups form bands
in area 3100-2850 cm™. 840-780 cm™ occupies a band of
average intensity with a complex circuit that has several
peaks (skeletal vibrations of C-C bonds). The synthesized
compounds are also characterized by valence vibrations of
the C=C bond of the aromatic rings at 15631515 cm'’.

In the 'H NMR spectra of compounds (2.2, 2.6, 2.8, 2.19-
2.28) NH proton of the indole ring was seen as singlet at
about 10.88-10.14 ppm. The integral intensity of the mul-
tiplet signals of the phenyl substituent protons, which are
in the range 7.58—6.96 ppm, corresponds to their number in
the proposed structures. The signal due to indol-CH,- methy-
lene protons, present in all compounds, appeared at 3.03—2.09
ppm, as triplet or multiplet. Protons of the S-alkyl fragments
(2.9-2.28) resonate in a strong field as a triplet or multiplet
in area 3.21-0.84 ppm.

In the chromatic mass spectra, individual peaks of quasimo-
lecular ions [M+1] are recorded, which have a high intensity,
which confirms the structure and identity of the compounds
2.7,2.8-2.28.

2-(4-(Indol-3-yl)propyl)-N-pheylhydrazine-1-carbothio-
amide (2.4). Yield 89%, m. p. 132-133 °C; 'H NMR, o
(ppm): 1.09 (t, 3H, CH,), 1.98 (q, 2H, CH,), 2.36 (t, 2H,
CH,), 3.12 (m, 2H, CH,), 3.42 (q, 2H, CH,), 3.55 (s, 2H,
Ar-CH,) , 6.96 (m, 1H, H-5), 7.05 (m, 1H, H-6), 7.21 (d,
1H, CH), 7.32 (d, 1H, H-7), 7.55 (d, 1H, H-4), 7.78 (t, 1H,
NH-NH-CS-NH), 9.08 (d, 1H, NH-NH-CS-NH), 9.62 (d,
1H, NH-NH-CS-NH), 10.88 (s, 1H, NH indole). Anal. calcd.
(%) for C ,H N,OS: C, 59.18; H, 6.62; N, 18.41. Found: C,
59.04; H, 6.63; N, 18.45.

5-(3-(Indol-3-yl)propyl)-4-phenyl-1,2,4-triazole-3-thiol
(2.8). Yield 91%, m. p. 191-192 °C ; 'HNMR, ¢ (ppm): 2.11-
2.14 (m, 2H, CH,-CH,—CH,), 2.39 (t, 2H, CH,-CH -CH,),
2.94-2.97 (m, 2H, CH,-CH,-CH,), 6.98 (t, 1H, H-5 indole),
7.06 (t, 1H, CH indole), 7.09 (t, 1H, H-6), 7.24-7.29 (m,
2H, H-7 CH indole), 7.41-7.45 (dd, 2H, C H,), 9.44 (s, 1H,
NH-NH-CS-NH),9.61 (d, IH, NH-NH-CS-NH ), 9.65 (d,
1H, NH-NH-CS-NH ), 10.55 (s, 1H, NH indole), 13.45 (s,
1H, SH). Anal. caled. (%) for C H N,S: C 68.24; H5.43; N

197718

16.75; 9.59. Found: C 68.08; H 5.42; N 16.71; 9.61.

240

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Haykm Ta npakTvku. — 2019. — T. 12, Ne3(31)

ISSN 2306-8094



Synthesis, structure and properties of some 5-R-4-phenyl-1,2,4-triazole-3-thiol derivatives

3-(Methylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.9). Yield: 71 %; m. p.: 168-171 °C; 'H NMR, ¢ (ppm):
7.87 (dd, J = 6.6, 1.6 Hz, 1H, CH pyrrol), 7.56 — 7.51 (m,
3H, CH,), 7.45 (d, 2H, CH,), 7.41 — 7.35 (m, 2H, C H,),
7.20 (dd, J= 6.7, 3.6 Hz, 1H, CH pyrrol), 6.94 (d, 1H, CH
pyrrol), 2.75 (s, 3H, CH,). Anal. calcd. (%) for C ,H N,S:
C, 60.92; H, 4.72; N, 21.86; S, 12.51. Found: C, 61.07; H,
4.71;N,21.92; S, 12.48.
3-(Ethylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.10). Yield: 74 %; m. p.: 189-191 °C; 'H NMR, ¢ (ppm):
7.92 (dd, J = 6.6, 1.6 Hz, 1H, CH pyrrol), 7.56 — 7.46 (m,
3H, CH,), 7.40 (d, 2H, CH,), 7.20 (dd, /= 6.7, 3.6 Hz, 1H,
CH pyrrol), 6.94 (d, 1H, CH pyrrol), 3.20 (q, J = 5.1 Hz,
2H, CH,), 1.41 (t,J= 5.1 Hz, 3H, CH,). Anal. calcd. (%) for
C H,N,S:C,62.20; H, 5.22; N, 20.72; S, 11.86. Found: C,
62.05; H, 5.21; N, 20.77; S, 11.89.
4-Phenyl-3-(propylthio)-5-(pyrrol-2-yl)-1,2,4-triazole
(2.11). Yield: 83 %; m. p.: 177-179 °C; '"H NMR, ¢ (ppm):
7.92 (dd, J = 6.6, 1.6 Hz, 1H, CH pyrrol), 7.54 — 7.49 (m,
3H,CH,), 7.41(d, 2H, CH,), 7.24 (dd, /= 6.7,3.6 Hz, 1H,
CH pyrrol), 6.93 (d, 1H, CH pyrrol), 3.07 (t, J = 8.1 Hz,
2H, S-CH,-CH,-CH,), 1.73-1.70 (m, 2H, S-CH,-CH,-CH,),
1.04 (t, J= 5.3 Hz, 3H, S-(CH,),-CH,). Anal. calcd. (%) for
CHN,S:C,63.35;H,5.67;N,19.70; S, 11.27. Found: C,
63.19; H, 5.68; N, 19.65; S, 11.30.
3-(Butylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.12). Yield: 76 %; m. p.: 193-195 °C; '"H NMR, J (ppm):
7.92 (dd, J = 6.6, 1.7 Hz, 1H, CH pyrrol), 7.55 — 7.44 (m,
5H,CH,),7.25 (dd, J= 6.6, 3.7 Hz, 1H, CH pyrrol), 6.93 (d,
1H, CH pyrrol), 3.15 (t,J=8.3 Hz, 2H, S-CH ~(CH,),-CH,),
1.71-1.68 (m, 2H, S-CH,-CH,-CH,-CH,), 1.43-1.39 (m, 2H,
S-(CH,),-CH,-CH,), 0.95 (t,J= 5.3 Hz, 3H, S-(CH,),-CH,).
Anal. caled. (%) for C, H (N S: C, 64.40; H, 6.08; N, 18.78;
S, 10.74. Found: C, 64.56; H, 6.09; N, 18.73; S, 10.71.
3-(Pentylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.13). Yield: 71 %; m. p.: 217-219 °C; '"H NMR, ¢ (ppm):
7.98 (dd, J= 6.7, 1.7 Hz, 1H, CH pyrrol), 7.57 — 7.53 (m,
3H,CH,), 747 (d, 2H, CH,), 7.25 (dd, /= 6.6, 3.7 Hz, 1H,
CH pyrrol), 6.91 (d, 1H, CH pyrrol), 3.16 (t, J = 7.4 Hz,
2H, S-CH,~(CH,),-CH,), 1.71-1.68 (m, 2H, S-CH,-CH,-
(CH,),-CH,), 1.42 — 1.37 (m, 4H, S-(CH,),-(CH,),-CH,),
0.90 (t, /= 5.4 Hz, 2H, S-(CH,),-CH,). Anal. calcd. (%) for
C.H,N,S: C, 6535; H, 6.45; N, 17.93; S, 10.26. Found: C,
65.17; H, 6.46; N, 17.88; S, 10.29.
3-(Hexylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole (2.14).
Yield: 75 %; m. p.: 265-268 °C; '"H NMR, d (ppm): 7.95 (dd,
J=6.6,1.7Hz, 1H, CH pyrrol), 7.58 —7.53 (m, 3H, C.H,), 7.46
(d, 2H, CH,), 7.26 (dd, /= 6.7, 3.6 Hz, 1H, CH pyrrol), 6.93
(d, IH, CHpyrrol), 3.17 (t,/J=7.9 Hz, 2H,S-CH -(CH,) -CH,),
1.70-1.67 (m, 2H, S-CH -CH -(CH,),-CH,), 1.35 — 1.28 (m,
6H, S-(CH,),-(CH,),-CH,),0.93-0.87 (m, 3H, S-(CH,)-CH,).
Anal. calcd. (%) for CH,N,S:C,66.22;H,6.79;N,17.16; S,
9.82. Found: C, 66.07; H, 6.78; N, 17.20; S, 9.84.
3-(Heptylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.15). Yield: 71 %; m. p.: 170-172 °C; '"H NMR, 6 (ppm):
7.99 (dd,J=6.7,1.7 Hz, 1H, CH pyrrol), 7.57—7.53 (m, 3H,
CH,),7.49 (d, 2H, CH,), 7.25 (dd, /= 6.6, 3.7 Hz, 1H, CH

pyrrol), 6.94 (d, 1H, CH pyrrol), 3.18 (t, 2H, S-CH -(CH,).-
CH,), 1.73-1.69 (m, 2H, S-CH,-CH,~(CH,),-CH,), 1.37—1.29
(m, 8H, S-(CH,) ,-(CH,),-CH,), 0.94-0.89 (m, 3H, S-(CH,),-
CH,). Anal. calcd. (%) for C H,N,S: C, 67.02; H, 7.11; N,
16.46; S, 9.42. Found: C, 67.19; H, 7.12; N, 16.42; S, 9.39.
3-(Octylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.16). Yield: 71 %; m. p.: 143-145 °C; '"H NMR, ¢ (ppm):
8.02 (dd, J = 6.6, 1.6 Hz, 1H, CH pyrrol), 7.58 — 7.53 (m,
3H,CH,), 7.43 (d, 2H, CH,), 7.24 (dd, /= 6.6, 3.7 Hz, 1H,
CH pyrrol), 6.88 (d, 1H, CH pyrrol), 3.16 (t,J= 7.9 Hz, 2H,
S-CH-(CH,).-CH,), 1.74 -1.69 (m, 2H, S-CH -CH,-(CH).-
CH,), 1.32—1.24 (m, 10H, S-(CH,),-(CH,),-CH,), 0.94 - 0.89
(m, 3H, S-(CH,).-CH,). Anal. calcd. (%) for C, H,N,S: C,
67.76; H, 7.39; N, 15.80; S, 9.04. Found: C, 67.61; H, 7.40;
N, 15.76; S, 9.06.
3-(Nonylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole
(2.17). Yield: 71 %; m. p.: 138-140 °C; '"H NMR, ¢ (ppm):
8.00 (dd, J = 6.8, 1.7 Hz, 1H), 7.57 — 7.53 (m, 3H, C H,),
7.44(d,2H,CH,),7.25(dd, /= 6.7, 3.6 Hz, 1H, CH pyrrol),
6.87 (d, 1H, CH pyrrol), 3.15 (t, J = 7.9 Hz, 2H, S-CH -
(CH,),-CH,), 1.72-1.68 (m, 2H, S-CH,-CH,-(CH,).-CH,),
1.31 - 1.22 (m, 12H, S-(CH,),-(CH,),-CH,), 0.92 — 0.85
(m, 3H, S-(CH,),-CH,). Anal. calcd. (%) for C, H,,N,S C,
68.44; H, 7.66; N, 15.20; S, 8.70. Found: C, 68.61; H, 7.65;
N, 15.24; S, 8.68.
3-(Decylthio)-4-phenyl-5-(pyrrol-2-yl)-1,2,4-triazole (2.18).
Yield: 71 %; m. p.: 168-171 °C; '"H NMR, ¢ (ppm): 8.02 (dd,
J=6.6,1.8 Hz, 1H, CH pyrrol), 7.61 —7.54 (m, 3H, C.H,), 7.40
(d, 2H, C H,), 7.24 (dd, J= 6.7, 3.6 Hz, 1H, CH pyrrol), 6.85
(d, IH, CH pyrrol), 3.15 (t,/=7.9 Hz, 2H, S-CH -(CH,),-CH,),
1.74 — 1.72 (m, 2H, S-CH,-CH,(CH,),-CH,), 1.29 (m, 2H,
S-(CH,),-CH,-(CH,)-CH,), 1.27 — 1.21 (m, 12H, S-(CH,),-
(CH,)-CH,), 0.93 —0.85 (m, 3H, S-(CH,),-CH,). Anal. calcd.

(%) for C,,H, N S: C,69.07, H,7.90; N, 14.65; S, 8.38. Found:
C,68.93; H, 7.92; N, 14.68; S, 8.36.
3-(3-(5-(Methylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)in-
dole (2.19). Yield: 82 %, m. p.:226-228 °C ; 'HNMR, J (ppm):
10.16 (s, 1H, NH indole), 7.45-7.38 (dd, 2H, C.H,), 7.37 (d,
1H, H-7 CH indole), 7.18 (d, 1H, H-2 indole), 7.13 (t, 1H, H-6
indole), 7.01 (t, 1H, H-5 indole), 2.97 (t, 2H, CH -CH -CH,),
2.75 (s, 3H, CH,), 2.34 (t, 2H, CH,-CH,-CH,), 2.09 (m, 2H,
CH,-CH,-CH,). Anal. calcd. for C,,H,N,S: C,68.94; H, 5.79;
N, 16.08; S, 9.20. Found: C, 68.77; H, 5.80; N, 16.04; S, 9.22.
3-(3-(5-(Ethylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.20). Yield: 76 %, m. p.: 231-233 °C ; 'H NMR,
o (ppm): 10.17 (s, 1H, NH indole), 7.57-7.51 (m, 3H, C*H
indole, C H,), 7.48-7.45 (t, 1H, CH,), 7.38-7.33 (m, 3H,
C’H indole, C H,); 7.17 (d, 1H, C°H indole), 7.13 (t, 1H,
CH indole); 7.04 (t, 1H, C°H indole); 3.21-3.19 (m, 2H,
S-CH,-CH,), 3.01 (t, 2H, CH,-CH,-CH,), 2.89 (t, 2H, CH-
CH,-CH,), 2.19-2.17 (m, 2H, CH-CH,-CH,), 1.41 (t, 3H,
S-CH,-CH,). Anal. caled. for C, H, N,S C,69.58; H, 6.12; N,
15.46; S, 8.84. Found: C, 69.73; H, 6.11; N, 15.49; S, 8.82.
3-(3-(4-Phenyl-5-(propylthio)-1,2,4-triazole-3-yl)propyl)
indole (2.21). Yield: 69 %, m. p.: 202-204 °C ; '"H NMR, J
(ppm): 10.15 (s, 1H, NH indole), 7.59-7.52 (m, 3H, C*Hindole,
CH,),7.48(t,1H,CH,),7.37-7.32 (m, 3H, C'H indole, C H.);
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7.20 (d, 1H, C*H indole), 7.14 (t, 1H, C*H indole), 7.06 (t, 1H,
C°H indole), 3.17 (t, 2H, S-CH,- CH,-CH,), 3.03 (t, 2H, CH,-
CH,-CH,),2.87(t,2H, CH,-CH_-CH,), 2.29-2.25 (m, 2H, CH_-
CH,-CH,), 1.76-1.73 (m, 2H, S-CH,-CH,-CH,), 1.07 (t, 3H,
S-(CH,),-CH,). Anal. caled. for C,,H, NS C, 70.18; H, 6.43;
N, 14.88; S, 8.51. Found: C, 70.02; H, 6.42; N, 14.85; S, 8.53.
3-(3-(5-(Butylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.22). Yield: 75 %, m. p.: 286-288 °C ; 'H NMR, ¢
(ppm): 10.19 (s, 1H, NH indole), 7.55-7.49 (m, 3H, C*H in-
dole, C .H,),7.48 (t, 1H,CH,), 7.36-7.31 (m, 3H, C’H indole,
CH,),7.19(d, 1H, C*H indole), 7.12 (t, 1H, C°H indole), 7.05
(t, 1H, C*H indole), 3.19 (t, 2H, S-CH,-(CH,),-CH,), 3.01
(2H,t,CH,-CH -CH,),2.88 (t,2H, CH -CH -CH,), 2.19-2.17
(m, 2H, CH,-CH,-CH,), 1.70-1.67 (m, 2H, S-CH,-CH -CH -
CH,), 1.39-1.36 (m, 2H, S-(CH,),-CH,-CH,), 1.06 (t, 3H,
S-(CH,),-CH,). Anal. calcd. for C H, N S C,70.73; H, 6.71;
N, 14.35; S, 8.21. Found: C, 70.55; H, 6.69; N, 14.39; S, 8.23.
3-(3-(5-(Pentylthio)-4-phenyl-1,2,4-triazole-3-yl) propyl)
indole (2.23). Yield: 78 %, m. p.: 217-219 °C ; '"H NMR, ¢
(ppm): 10.18 (s, 1H, NH indole), 7.55-7.49 (m, 3H, C*H in-
dole, C H,),7.46 (t, 1H, C H,), 7.34-7.29 (m, 3H, C’H indole,
C,H,); 7.19 (d, 1H, C*H indole), 7.13 (t, 1H, C°*H indole),
7.06 (t, 1H, C°H indole); 3.13 (t, 2H, S-CH,-(CH,),-CH,),
3.02 (2H, t, CH,-CH,-CH,), 2.89 (t, 2H, CH-CH,-CH,),
2.19-2.17 (m, 2H, CH,-CH -CH,), 1.69-1.66 (m, 2H, S-CH,-
CH,~(CH,),-CH,), 1.41-1.36 (m, 4H, S-(CH,),-(CH,),-CH,),
0.92 (t, 3H, S-(CH,),-CH,). Anal. calcd. for C, H. .N,S C,
71.25; H, 6.98; N, 13.85; S, 7.92. Found: C, 71.42; H, 7.00;
N, 13.82; S, 7.90.
3-(3-(5-(Hexylthio)-4-phenyl-1,2,4-triazole-3-yl) propyl)
indole (2.24). Yield: 81 %, m. p.: 265-268 °C ; '"H NMR, ¢
(ppm): 10.19 (s, 1H, NH indole); 7.51-7.57 (m, 3H, C*H in-
dole, C H,),7.45(t, 1H, C H,), 7.34-7.29 (m, 3H, C’H indole,
CH,); 7.18 (d, 1H, C*H indole), 7.13 (t, 1H, C°H indole);
7.08 (t, 1H, C°H indole); 3.22 (t, 2H, S-CH,-(CH,),-CH,),
2.99 (t, 2H, CH,-CH,-CH,), 2.88 (t, 2H, CH-CH,-CH,),
2.19-2.17 (m, 2H, CH-CH -CH,), 1.76-1.73 (m, 2H, S-CH, -
CH,-(CH,),-CH,), 1.40-1.36 (m, 2H, S-(CH,),-CH,-(CH,),-
CH,), 1.33-1.27 (m, 4H, S-(CH,),-(CH,),-CH,), 0.94 (t, 3H,
S-(CH,),-CH,). Anal. calcd. for C_H, N, S C,71.73; H, 7.22;
N, 13.38; S, 7.66. Found: 71.57; H, 7.20; N, 13.41; S, 7.68.
3-(3-(5-(Heptylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.25). Yield: 64 %, m. p.: 197-199 °C ; '"H NMR, ¢
(ppm): 10.18 (s, 1H, NH indole); 7.57-7.52 (m, 3H, C*H in-
dole, C,H,), 7.48 (t, 1H, C.H,), 7.37-7.35 (m, 3H, C’H indole,
C.H,);7.18 (d, 1H, C*H indole), 7.12 (t, 1H, C°H indole), 7.06
(t, 1H, C°H indole); 3.17-3.14 (m, 2H, S-CH,-(CH,).-CH,),
3.00 (t, 2H, CH,-CH,-CH,), 2.89 (t, 2H, CH,-CH-CH,),
2.20-2.17 (m, 2H, CH,-CH -CH,), 1.76-1.72 (m, 2H, S-CH,-
CH,-(CH,),-CH,), 1.48-1.45 (m, 2H, S-(CH,),-CH,-(CH,),-
CH,),1.41-1.39 (m, 6H, S-(CH,),-(CH,),-CH,), 0.91 (t, 3H,
S-(CH,),-CH,). Anal. caled. for C, H, N, S C, 72.18; H, 7.46;
N, 12.95;S,7.41. Found: C, 72.36; H, 7.48; N, 12.92; S, 7.39.
3-(3-(5-(Octylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.26). Yield: 76 %, m. p.: 241-243 °C ; '"H NMR, o
(ppm): 10.17 (s, 1H, NH indole), 7.59-7.54 (m, 3H, C*H in-
dole, C.H,),7.48 (t, 1H, CH,), 7.39-7.35 (m, 3H, C’H indole,

CH,), 7.21 (d, 1H, C°H indole), 7.14 (t, 1H, C°H indole);
7.07 (t, 1H, C°H indole); 3.22 (t, 2H, S-CH,-(CH,),-CH,),
2.99 (t, 2H, CH,-CH,-CH,), 2.87 (t, 2H, CH-CH,-CH,),
2.19-2.17 (m,2H, CH -CH -CH,), 1.68-1.71 (m, 2H, S-CH,-
CH -(CH,).-CH,), 1.28-1.45 (m, 10H, S-(CH,),-(CH,)-CH,),
0.84-0.88 (t, 3H, S-(CH,),-CH,). Anal. calcd. for C, H, N,S
C, 72.61; H, 7.67; N, 12.54; S, 7.18. Found: C, 72.44; H,
7.65; N, 12.57; S, 7.20.

3-(3-(5-(Nonylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.27). Yield: 77 %, m. p.: 229-231 °C ; 'H NMR,
0 (ppm): 10.13 (s, 1H, NH indole), 7.56-7.52 (m, 3H, C*H
indole, C H,), 7.45 (t, 1H, CH,), 7.32-7.29 (m, 3H, C'H
indole, C,H,); 7.18 (d, 1H, C*H indole), 7.12 (t, 1H, C°H
indole); 7.07 (t, 1H, C°H indole); 3.19-3.16 (m, 2H, S-CH,-
CH,~(CH,)-CH,), 2.99 (t, 2H, CH,-CH,-CH,), 2.88 (t, 2H,
CH,-CH,-CH,), 2.19-2.16 (m, 2H, CH,-CH,-CH,), 1.70-
1.66 (m, 2H, S-CH,-CH -(CH,),-CH,), 1.48-1.42 (m, 2H,
S-(CH,),-CH,-(CH,),-CH,), 1.38-1.25 (m, 10H, S-(CH,),-
(CH)-CH,), 0.88 (t, 3H, S-(CH,),-CH,). Anal. calcd. for
C,H,N,S C, 73.00; H, 7.88; N, 12.16; S, 6.96. Found: C,
72.83; H, 7.86; N, 12.19; S, 6.98.

3-(3-(5-(Decylthio)-4-phenyl-1,2,4-triazole-3-yl)propyl)
indole (2.28). Yield: 68 %, m. p. 214-216 °C ; '"H NMR,
o (ppm): 10.16 (s, 1H, NH indole), 7.56-7.51 (m, 3H, C*‘H
indole, C H,), 7.48 (t, 1H, CH,), 7.38-7.34 (m, 3H, C'H
indole, C,H,); 7.17 (d, 1H, C*H indole), 7.11-7.09 (t, 1H,
C®H indole); 7.07-7.04 (t, 1H, C°H indole); 3.16-3.12 (m,
2H, S-CH-CH-(CH,),-CH,), 3.01 (2H, t, CH,-CH,-CH,),
2.89-2.87(t,2H, CH,-CH,-CH,), 2.15-2.12 (m, 2H, CH,-CH -
CH,), 1.67-1.63 (m, 2H, S-CH_-CH -(CH,) -CH,), 1.48-1.44
(m, 2H, S-(CH,),-CH,-(CH))-CH,), 1.39-1.31 (m, 12H,
S-(CH),-(CH,).-CH,), 0.92 (t, 3H, S-(CH,),-CH,). Anal.
caled. for C, H, \N,S C, 73.37; H, 8.07; N, 11.80; S, 6.75.
Found: C, 73.52; H, 8.09; N, 11.77; S, 6.73.

Molecular modeling was performed to evaluate in advance
the prospects of further biological testing in vitro for the pres-
ence of antagonistic activity. A series of test compounds
showed binding levels, at the average and below average,
according to scoring functions. Docking experiments of syn-
thesized compounds (2.8, 2.19-2.28) with the 2XP2 (ALK
tyrosine kinase receptor) receptor revealed that compounds
2.8,2.19 and 2.20 are the most active with a calculated bin-
ding energy of 7.6 kcal/mol (7able 1).

Table 1. Energy values of the intermolecular interactions of
the studied compounds with anaplastic lymphoma kinase (2XP2)

_ *E_.» kcal/mol _ *E_.» kcal/mol
2.8 72

-7,6 224
219 -7,6 2.25 -7.3
2.20 -7,6 2.26 -71
221 -7.4 2.27 -71
2.22 -7.4 2.28 -7,2
2.23 7,3 Crizotinib | -9,4

*Emin: the minimum energy of complex formation, kcal/mol.
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R = pyrrol-2-yl (2.7, 2.9-2.18), 3-(indol-3-yl)propyl (1.1-1.3, 2.2, 2.4, 2.6, 2.8, 2.19-2.28); R, = Ak

Fig. 1. The synthetic route of title compounds.

Table 2. Energy values of the intermolecular interactions of
the studied compounds with COX-2 (4Z0L)

-89 3.22 -9,8
317 -9,4 3.23 -9,6
3.18 9,5 3.24 -9,7
3.19 -9,7 3.25 -9,9
3.20 -8.5 3.26 9,8
nido-
3.21 -9,8 dicarbaborate -19,9
indomethacin

*E, .+ the minimum energy of complex formation, kcal/mol.

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

8.7 322 -85
317 -8.5 3.23 -8.5
3.18 -8.5 3.24 -8.5
3.19 -8.5 3.25 1.7
3.20 -7.9 3.26 -8,8
3.21 -8.5 Ketoconazole -10.1

*E, .+ the minimum energy of complex formation, kcal/mol.

In order to investigate the probability of detection of
molecules with anti-inflammatory activity, the interaction
parameters with the active center of cyclooxygenase-2 (COX-
2) were studied (Table 2).

According to the forecast, the strongest complex with COX-
2 forms compounds 3.21, 3.22, 3.25 and 3.26. Tyr 385 and
Ser 530 have been shown to be the most significant amino
acid residues of the ligand binding site. Most ligands interact
with the following aminoacid fragments of the active center
of COX-2: Arg 120, His 90, Glu 524, Phe 518, Pro 528, Ser
353, Tyr 355, Tyr 385 and Val 349.

Docking of 1,2,4-triazole-3-thiol derivatives and reference
compound (ketoconazole) against the generated homology
model for lanosterol-14a-demethylase was carried out (7able
3).

The molecular docking experiment was established that
the synthesized compounds 3.6, 3.17-3.26 exhibit free
energy of binding values from -7.7 to -8.8 kcal/mol. Mole-
cular docking analysis also has shown that the complexes of
the synthesized compounds interact with the 3LD6 protein
with the best rates of change in Gibbs free energy in the Trp
213 region.

Conclusions

1. A universal method for the preparation of alkylderi-
vatives of 5-(3-(indol-3-yl)propyl)-4-phenyl-1,2,4-triazole-
3-thiol and 5-(pyrrol-2-yl)-4-phenyl-1,2,4-triazole-3-thiol
was developed.
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2. The structure and individuality of the synthesized com-
pounds were confirmed by "H NMR, IR and LC-MS spectra,
elemental analysis.

3. Molecular docking has shown the ability of the synthe-
sized compounds to influence the kinase activity of anaplastic
lymphoma, COX-2 and lanosterol-14-a-demethylase.

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