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OpwriHanbHi gocnimxeHHs @ Original research

Synthesis and properties of some S-derivatives of 4-phenyl-5-((5-
phenylamino-1,3,4-thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione

A. S. Hotsulia*AEF S, O. FedotovB?

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

Studies in the field of chemistry and pharmacology of derivatives of thiadiazole and 1,2,4-triazole are promising and relevant, which is
associated with significant success in creating new drugs based on them. The combination of these heterocycles in one molecule makes
it possible to increase the probability of detecting substances with a certain type of biological activity among the synthesized compounds.

The aim of the work was to optimize the synthesis and study of the properties of S-alkyl derivatives of 5-R-4-phenyl-1,2,4-triazole-3-
thione, containing a thiadiazole fragment in their structure, as well as the prediction of possible biological activity to rating the prospects
of further studies in vivo and in vitro.

Materials and methods. As a key starting reagent, 3-amino-1-phenylthiourea was used. Using the reaction between the starting
reagent and carbon disulfide in DMF, thion was obtained, which was further alkylated with isopropyl chloroacetate. The resulting reaction
product was then used for subsequent transformations using hydrazinolysis reactions, nucleophilic addition of phenylisothiocyanate
and intramolecular alkaline heterocyclization. A number of S-derivatives of the obtained 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-
2-ylthio)methyl)-1,2,4-triazole-3-thione were synthesized by the interaction with haloalkanes in the presence of an equivalent amount of
alkali in alcoholic medium. The structure of the obtained compounds was confirmed by elemental analysis, '"H NMR spectroscopy, and
IR-spectrophotometry. The individuality of substances was established by high performance liquid chromatography. For the synthesized
substances, an individual calculated screening was performed using the PASS Online® software product.

Results. The procedure for preparing 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione was optimized.
The optimal synthesis conditions were determined S-alkylderivatives of 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-ylthio)methyl)-
1,2,4-triazole-3-thiol, the structure was established the obtained substances and their physical properties were studied. With the help
of computer-assisted prediction Pass Online®, a promising direction for further studies of the biological activity of the target reaction
products was determined.

Conclusions. A series of S-alkylderivatives of 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione were
obtained, the structure of these compounds was confirmed by physical-chemical methods of analysis. At the next stages of the study, it
would be planned to establish indicators of the antimicrobial activity of the synthesized substances.

CwuHTe3 i BnactmBocTi aeskux S-noxigHux 4-¢enin-5-((5-cheninamino-1,3,4-tiapiazon-2-intio)metun)-1,2,4-tpiazon-3-tioHy
C. O. ®eporos, A. C. louyns

[ocnimkeHHs B ranyasi ximii Ta hbapmakonorii noxigHux Tiagiasony Ta 1,2,4-Tpia3ony — NepCneKTUBHI Ta akTyasbHi, LLO NOB’A3aHO i3 Ynma-
NMK ycrixaMmu CTBOPEHHS HOBUX NikapcbKnx 3acobiB Ha iXHill OCHOBI. MoeAHaHHS LMX reTepOLMKITIB B OZHIA MONEKyni Jae MOXIMBICTb
MiABULLUTW AMOBIPHICTb BUSIBNIEHHS CEpef] CUHTE30BaHX CMOMyK PEYOBWH i3 NEBHUM BMAOM BioNOriYHOT aKTUBHOCTI.

Meta po6oTu — onTuMmisauis yMOB CUHTE3Y Ta AOCHILKEHHS BNAcTMBOCTEN S-ankinnoxigHux 5-R-4-ceHin-1,2,4-tpiason-3-TioHy, Lo
MICTSTb Y CBOIN CTPYKTYpPI Tiagia3onbHWii hparMeHT, a TakoX NPOrHO3yBaHHA MOXMMBOI BIONOriYHOI akKTUBHOCTI ANS OLiHIOBaHHSA nep-
CNEKTVMBHOCTI AanbLlMX AOCNiMKeHb in vivo Ta in vitro.

Matepianu ta metoaum. FK KMOYOBUI BUXIOHWIA peareHT BUKkopucTanm 3-amiHo-1-eHincevoBnHy. 3a JOMOMOrOK0 peakLii B3aemMogii
BUXiQHOTO peareHTy 3 kapboH aucynbdiaom y cepenosuii MDA oTpumani TioH, Skuii Hagani npoasnkinoBaHwWii i30NponinoBuM ecre-
POM KUCNOTU XIopoeTaHoBOI. [poAyKT peakuii BUKOpUCTanu Ans AanbLunX NepeTBOPeHb i3 BUKOPUCTAHHAM peakLuii rigpasuHoniay,
HyKNeo@inbHOro NpueaHaHHs eHinisoTioliaHaTy Ta BHYTPILLHBOMOMNEKYNAPHOI NYyXHOI reTepoumknisadii. Psg S-noxiaHwx ogepxaHoro
4-peHin-5-((5-peHinamino-1,3,4-Tiagiason-2-intio)metnn)-1,2,4-Tpiason-3-TioHy CYHTE3yBanu B3aEMOZIEN 3 raroreHankaHamm 3a Ha-
SBHOCTi €KBiBANEHTHOI KiNbKOCTI yry y cnMpToBoMy cepenoBuLi. CTpyKTypa OTPUMaHUX ComnyK NiATBepmKeHa AaHMM eNeMEHTHOMO
aHaniay, 'H AAMP-cnektpockonii Ta I4-cnektpodoTtomeTpii. IHAMBIAyanbHICTL PEYOBWH BCTAHOBIEHA 3a AOMOMOTOK BUCOKOE(EKTUBHOI
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A. S. Hotsulia, S. O. Fedotov

pianHHOT xpomarorpadii. [Ins CUHTE30BaHWX PEYOBUH 34INCHUN iHOMBIAYaNbHWUIA PO3PaXxyHKOBUIA CKPUHIHT 32 JONOMOrOK0 NPOrpamMmHoro
npogykty PASS On-line®.

Pesynsratn. OnTMMi3yBanu MeToamky oTpumanHs 4-deHin-5-((5-bexinamino-1,3,4-Tiagiazon-2-intio)metun)-1,2,4-Tpiason-3-TioHy.
BusHaunnu onTumManbHi yMoBM CuHTe3y S-ankinnoxiaHux 4-ceHin-5-((5-ceHinamino-1,3,4-Tiagiason-2-inTio)meTtun)-1,2,4-Tpiazon-3-TioHy,
BCTaHOBWNM Gy10BY OTPUMAHWX PEYOBUH i Aocniannm ixHi cisnyHi BnacTusocTi. 3a JOMOMOroK KOMM'0TEPHOTO NporHo3yBaHHs PASS
On-line® BM3HauMIM NepCnekTUBHMIA HANPSIM HACTYMHKX JOCHiLKeHb GIONOrYHOT aKTUBHOCTI LiNbOBMX NPOAYKTIB peakLii.

BucHoskn. CuHtesysanm pag S-ankinnoxigHwx 4-beHin-5-((5-denrinamito-1,3,4-tiagiazon-2-intio)metun)-1,2,4-tpiadon-3-TioHy, CTPyKTypa
AKUX NigTBEPMXEHa (idnKko-XiMiYHUMK MeTogamm aHanisy. Ha HacTynHux eTanax JOoChifdXeHb MnaHyeTbCs BCTAHOBMNEHHS NMOKa3HWKIB
AHTVMIKPOBOHOT aKTWBHOCTI CMHTE30BaHNX PEYOBUH.

Knwovogi cnoga: Tiagiason, 1,2,4-tpiason, isnko-ximMiuHi BNaCTUBOCTI, MPECKPUHIHI'OBI JOCTIIKEHHS.
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CuHTE3 1 CBOWCTBA HEKOTOPbIX S-Npon3BoAHbIX 4-heHunn-5-((5-hpeHnnammuto-1,3,4-tuagnason-2-untuo)meTun)-
1,2,4-Tpnaszon-3-TmoHa

C. O. deporos, A. C. louyns

WccneposaHus B obnactvt xumun 1 hapmMakonoruy Npou3BogHbIX Tuagmasona v 1,2,4-tpuasona SBRSKOTCS NEPCNEeKTUBHBIMU W aKTy-
anbHbIMK, YTO CBA3AHO CO 3HAYNTENMbHLIMU yCrexamn CO34aHNS Ha UX OCHOBE HOBbIX JTEKapCTBEHHbIX cpeacTB. CoveTaHne AaHHbIX
reTepoLVKIIoB B OHOW MONEKYNEe NO3BONSET NOBbLICUTL BEPOSATHOCTb OOHAPYXEHUS CPeay CUHTE3NPOBAHHbLIX COEAMHEHUI BELLECTB C
onpegeneHHbIM BUAOM G1ONOr1ieckon akTUBHOCTU.

Llenk paboThkl — ONTUMU3aLMS YCNOBUIA CUHTE3a U CCNE0BaHNS CBOUCTB S-ankunnponasoaHbix 5-R-4-deHun-1,2,4-tpnason-3-TnoHa,
COAEPXaLLMX B CBOEW CTPYKTYpe TMaauasosbHbI hparMeHT, a Takke NPOrHo3MpoBaHMe BO3MOXHON BMOMOrMiyeckon akTMBHOCTM NS
OLIEHKM NepCneKTUBHOCTYU AaNbHEWLINX UCCNEeRoBaHUiA in vivo v in vitro.

Matepuanbl u meToabl. B ka4ecTBe Kno4EBOro MCXOAHOTO peareHTa Ucnosnb3oBaHa 3-aMnHo-1-heHnnmoyeBmHa. C noMoLLb peakumm
B3aMMOJEVCTBNS UCXOLHOTO peareHTa ¢ kapboH aucynsduaom B cpeae AM®A nonyyeH TWOH, KOTOPbINA B AanbHENLWEM NPOoankuimpoBaH
130MPONUIOBLIM 9CTEPOM KWUCOThI XIIOPO3ITAHOBOW. [0MyY€eHHbIN NPOAYKT peakLmy MCnonb30BaH Ans NoCneayLyx NpeBpaLleHuin ¢
1CMOmnb30BaHWeM peakLMin rapasMHonm3a, HykneoubHOro NpUCoOEaNHEHNsS (PEHUNM30THOLMAHATA U BHYTPUMOIIEKYIISIPHON LLEMNOYHON
reTepoLyknmsaumnn. Psg S-npon3eodHbIX Nony4eHHoro 4-theHunn-5-((5-heHnnammto-1,3,4-tnagumason-2-untmo)metun)-1,2,4-tpuason-3-tu-
OHa CMHTE3NpPOBaH B3aMMOAENCTBMEM C rarnoreHarnikaHamu B NpuUCyTCTBUM SKBMBANEHTHOMO KONWYECTBA LLENOYM B CIMPTOBOW Cpeae.
CTpyKTypa nomnyyveHHbIX COeaNHEHI NOATBEPXAEHA JaHHBIMW 3aNeMEHTHoro aHanmaa, 'H AMP-cnekTpockonum v VIK-cnekTpodoTomeTpum.
WHavBuayanbHOCTb BELLECTB YCTaHOBMEHa C MOMOLLbBIO BbICOKOI(MEKTUBHOM XMOKOCTHON XpoMaTorpadum. [ns CMHTe3NpOBaHHbIX
BeLLECTB NPOBeAEH UHAMBUAYaNbHbIA PACHETHBIA CKPUHUHT C MOMOLLbIO NporpaMmHoro npoaykta PASS On-line®.

Pesynsratel. OnTMmU3MpoBaHa MeToauka nonyyveHus 4-cpenunn-5-((5-(peHmnamuno-1,3,4-tnagnason-2-untuo)meTun)-1,2,4-tpua-
30n-3-TnoHa. OnpeaeneHbl ONTUManbHbIe YCMOBKUS CUHTE3a S-ankunnpon3BoaHbix 4-deHnn-5-((5-(pernnammyo-1,3,4-tnagunason-2-un-
TMo)metnn)-1,2,4-Tpuason-3-TMOHa, yCTaHOBMNEHO CTPOEHMUE NOMYYEHHbIX BELLECTB W MCCrefoBaHbl UX duandeckue cBoncTBa. C nOMOLLb0
KOMIMbIOTEPHOTO NPOrHo3upoBaHus Pass Online® onpeneneHo nepcnekTyBHOE HanpaBneHue AanbHeNLLINX UCCrefoBaHNii B1uomnoryeckon
aKTUBHOCTY LieNeBbIX MPOLAYKTOB peakLum.

BeiBoakl. CuHTE3npoBaH psg S-ankunnpousBogHbix 4-dennn-5-((5-(dheHnnamuHo-1,3,4-tnagnason-2-untuo)meTun)-1,2,4-tpna-
30M-3-TMOHa, CTPYKTYpa KOTOPbIX NOATBEPXAEHA (DU3NKO-XMMUYECKUMU METOAAMI aHanusa. Ha nocnegytowmx atanax uccneaoBaHnii
MNaHNpyeTCcs YCTaHOBMEHWe nokasaTene aHTMMUKPOBHOW akTUBHOCTU CUHTE3MPOBAHHbIX BELLECTB.

KnioueBkle cnoea: Tmaguason, 1,2,4-tpna3sor, pruanKo-XMMUYeckme CBOWCTBA, NMPECKPVHVHIOBBIE NCCIIEA0BaHNS.
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The prospect of pharmaceutical research remains the search for
biologically active substances among molecules that combine
heterocyclic moieties of different nature [ 1-5, 7-9]. Examples
of such fragments are 1,2,4-triazole and thiadiazole, which
have significant synthetic and pharmacological potential [6].

Aim

The aim of the work was the synthesis and study of S-alkylde-
rivatives of 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-
ylthio)methyl)-1,2,4-triazole-3-thione.

Materials and methods

As the starting compound, 4-phenylthiosemicarbazide was
used, which in the DMF medium, it was mixed with carbon

disulfide and formed 5-phenylamino-1,3,4-thiadiazole-2-thi-
one. The resulting reaction product was subjected to alkyla-
tion with prop-2-yl ester of 2-chloroethanoic acid followed by
hydrazinolysis, nucleophilic addition of phenylisothiocyanate
and intramolecular alkaline heterocyclization.

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 Melt-
ing Point Apparatus 100” (SRS, USA). The elemental analysis
(C, H, N, S) were performed using the “Elementar vario EL
cube” analyzer (Elementar Analysensysteme, Germany)
(Table 1).1R spectra (4000400 cm™") were taken off the mod-
ule ALPHA-T of Bruker ALPHA FT-IR spectrometer (Bruker
optics, Germany). 'H NMR spectra (400 MHz) were recorded
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Fig. 1. The synthetic route of title compounds.

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
61207 (method of ionization — electrospray (ESI)).
Alkylderivatives of 4-phenyl-5-((5-(phenylamino-1,3,4-
thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione (Table
1). To a previously obtained solution of 0.005 mol sodium

Table 1. Characterization data of synthesized compounds

QL
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HN

hydroxide and 0.005 mol of 4-phenyl-5-((5-(phenylamino-
1,3,4-thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione
in 30 ml propane-1-ol was added an equivalent amount of
alkylation reagent (iodomethane, bromomethane, 1-bromo-
propane, 1-bromobutane, 1-bromopentane, 1-bromohexane,
1-bromoheptane, 1-bromooctane, 1-bromononane, 1-bromo-
decane), the mixture was boiled for one hour, cooled, white
crystalline substances, crystallized from propan-2-ol (Fig. I).

Molecular

il NN C O CO N CIN O CO
2.1 H 235-237 |79 C,H.NS, |51.37 353 21.15 24.07 51.24 3.54 21.09 2413
22 CH, 220-222 |63 CH NS, |52.28 3.90 20.41 23.24 52.41 3.91 20.37 23.31
23 CH,-CH,- 218-216 |80 CHNS, |53.62 4.24 19.65 22.61 53.50 425 19.70 22.55
24 CH,-(CH,),- 206-208 |81 C,HoNS, | 54.64 4.59 19.11 21.77 54.52 4.58 19.07 21.83
25 CH,-(CH,),- 201-203 |73 C,H,NS, |55.36 4.89 18.54 21.11 55.48 4.88 18.49 21.16
2.6 CH,-(CH,),- 195-197 |66 C,H,NS, |56.52 514 17.89 20.47 56.38 5.16 17.93 20.52
27 CH,-(CH,).- 189-191 76 C,H,NS, |57.37 5.44 17.36 19.88 57.23 543 17.40 19.93
2.8 CH,-(CH,),- 183-185 |86 C,H,NS, |57.88 5.69 16.88 19.40 58.03 5.68 16.92 19.36
29 CH,-(CH,),- 186-187 |73 C,H,NS, 5893 5.93 16.42 18.78 58.79 5.92 16.46 18.83
210 | CH,-(CH,)- 176-178 |74 C,H,NS, |59.36 6.16 16.06 18.28 59.51 6.15 16.02 18.33
2.1 CH,-(CH,),- 183-185 |84 C,H,NS, |60.03 6.34 15.63 17.80 60.19 6.36 15.60 17.85
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Results and discussions

The synthesis of the targeted S-substituted derivatives of
1,2,4-triazole compounds has been carry out. The optimiza-
tion of the reaction conditions was carried out in methanol,
using sodium hydroxide, at different temperatures and times
of reactions. The purity of the new compounds was proved
in acceptable error range by elemental analyses, and their
identities were confirmed by '"H NMR and IR spectra. Sets of
signal protons of the S-alkyl fragment were fixed in the ex-
pected magnetic field, and their parameters correspond to
the literature. For example, methyl group proton signals are
expressed at 2.75 ppm as a singlet (2.2). Increasing the length
of the alkyl chain helps to shift the proton signals toward a
stronger field (+ I- and + M-effects). Thus, the proton sig-
nals of the methyl fragment (2.2-2.11) gradually changed to
0.85 ppm; the proton signals of the methylene moiety were
observed in the strong field in the form of a triplet (3.11—
3.23 ppm) or multiplets (1.22—1.42 ppm, 1.65—1.75 ppm). In
the area of absorption of aromatic protons, there are signals
in the form of multiplets (6.91-7.68 ppm).

The IR spectra of the synthesized compounds (2.1-2.11)
show characteristic absorption bands that reflect the valence or
deformation vibrations of the structural elements of the mol-
ecule: 3473-3419 cm™! (amino groups), 3346-3293 cm’!
(amino groups), 1612-1578 c¢cm™' (amino groups). In
the IR-spectrum of synthesized alkyl derivatives (2.2-2.11)
observe deformation vibrations of alkyl groups in ranges from
645 to 1390 cm™ and H-C-H fragment in a narrow area of
frequency 1485-1360 cm™.

In the mass spectrum, there are molecular ion peaks and
fragment ion peaks that confirm this structure.

4-Phenyl-5-((5-(phenylamine-1,3,4-thiadiazole-2-ylthio)
methyl)-1,2,4-triazole-3-thione (2.1). '"H NMR (400 MHz),
6, ppm: 9.76 (s, 1H, NH), 7.62-7.59 (m, 2H, C.H NH),
7.55-7.48 (m, 5SH, C H,), 7.41-7.36 (m, 2H, C.H NH), 6.99
(t, IH, CHNH).

5-((5-Methylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.2). "H NMR (400
MHz), 6, ppm: 9.64 (s, 1H, NH), 7.68-7.63 (m, 2H, C HNH),
7.55-7.48 (m, SH, C H,), 7.44-7.38 (m, 2H, C HNH), 6.98
(t, 1H, C. HNH), 4.72 (s, 2H, CH,), 2.75 (s, 3H, CH,).

5-((5-Ethylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.3). 'H NMR (400
MHz), 6, ppm: 9.61 (s, 1H, NH), 7.66-7.60 (m, 2H, C H.NH),
7.53-7.45 (m, 5H, CH,), 7.41-7.36 (m, 2H, C HNH), 6.97
(t, 1H, C,HNH), 4.70 (s, 2H, CH,), 3.23 (s, 2H, CH,), 1.40
(s, 3H, CH,).

N-Phenyl-5-((4-phenyl-5-propylthio-1,2,4-triazole-3-yl-
methyl)thio)-1,3,4-thiadiazole-2-amine (2.4). "H NMR (400
MHz), 5, ppm: 9.58 (s, 1H, NH), 7.63-7.59 (m, 2H, C . H.NH),
7.51-7.44 (m, SH, C H,), 7.38-7.33 (m, 2H, C HNH), 6.95
(t, 1IH, CHNH), 3.17 (t, 2H, S-CH,-CH,-CH,), 1.74-1.71
(m, 2H, S-CH,-CH -CH,), 1.07 (t, 3H, S<(CH,),-CH,).

5-((5-Butylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.5). '"H NMR (400
MHz), 6, ppm: 9.31 (s, 1H, NH), 7.62-7.58 (m, 2H, C H NH),

7.49-7.43 (m, 5H, C H,), 7.36-7.33 (m, 2H, C_H{ ,NH), 6.93
(t, 1H, C,HNH), 3.15 (t, 2H, S-CH,~(CH,),-CH,), 1.70-1.67
(m, 2H, S-CH,-CH -CH,-CH,), 1.42-1.38 (m, 2H, S-(CH,) -
CH,-CH,), 0.97 (t, 3H, S-(CH,),-CH,).
5-((5-Pentylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.6). '"H NMR (400
MHz), 5, ppm: 9.29 (s, 1H, NH), 7.61-7.58 (m, 2H, C H.NH),
7.49-7.42 (m, SH, C H,), 7.35-7.32 (m, 2H, C.HNH), 6.91
(t, 1H, CHNH ), 3.11 (t, 2H, S-CH,-(CH,),-CH,), 1.70—
1.66 (m, 2H, S-CH,-CH,-(CH,),-CH,), 1.40-1.35 (m, 4H,
S-(CH,),-(CH,),-CH,), 0.88 (t,/=5.4 Hz, 2H, S-(CH,),,-CH.).
5-((5-Hexylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.7). '"H NMR (400
MHz), 5, ppm: 9.26 (s, 1H, NH), 7.59-7.56 (m, 2H, C ,H.NH),
7.48-7.42 (m, SH, CH,), 7.33-7.29 (m, 2H, C _H.NH),
6.92 (t, IH, CHNH ), 3.16 (t, 2H, S-CH,-(CH,),-CH,),
1.69-1.67 (m, 2H, S-CH -CH ~(CH,),-CH,), 1.33-1.27 (m,
6H, S-(CH,),-(CH,),-CH,), 0.93-0.88 (m, 3H, S-(CH,)-CH,).
5-((5-Heptylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.8). 'H NMR (400
MHz), J, ppm: 9.26 (s, 1H,NH), 7.57-7.54 (m, 2H, C_H NH),
7.48-7.42 (m, 5H, CH,), 7.32-7.27 (m, 2H, C H.NH),
6.92 (t, IH, CHNH ), 3.19 (t, 2H, S-CH,-(CH,),-CH,),
1.72-1.69 (m, 2H, S-CH,-CH ~(CH,),-CH,), 1.35-1.27 (m,
8H, S-(CH,),-(CH,) -CH,), 0.92-0.88 (m, 3H, S-(CH,) -CH,).
5-((5-Octylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.9). '"H NMR (400
MHz), 5, ppm: 9.31 (s, 1H, NH), 7.59-7.56 (m, 2H, C H.NH),
7.49-7.43 (m, SH, C H,), 7.32-7.27 (m, 2H, C.HNH), 6.95
(t, 1H, C HNH),3.19 (t, 2H, S-CH -(CH,) -CH,), 1.71-1.65
(m, 2H, S-CH,-CH,-(CH,),-CH,), 1.31-1.24 (m, 10H,
S-(CH,),~(CH,).-CH,), 0.93-0.89 (m, 3H, S-(CH,),-CH.).
5-((5-Nonylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)thio)-
N-phenyl-1,3,4-thiadiazole-2-amine (2.10). '"H NMR (400
MHz), 5, ppm: 9.31 (s, 1H, NH), 7.57-7.54 (m, 2H, C ,H,NH),
7.49-7.43 (m, 5H, C H,), 7.31-7.25 (m, 2H, C_H NH), 6.94
(t, 1H,C,HNH), 3.14(t, 2H, S-CH -(CH,) -CH,), 1.71-1.67
(m, 2H, S-CH,-CH -(CH,)-CH,), 1.31-1.22 (m, 12H,
S-(CH,),-(CH,),-CH,), 0.91-0.85 (m, 3H, S-(CH,),-CH,).
5-((5-Decylthio-4-phenyl-1,2,4-triazole-3-ylmethyl)
thio)-N-phenyl-1,3,4-thiadiazole-2-amine (2.11). '"H NMR
(400 MHz), 6, ppm: 9.24 (s, 1H, NH), 7.58— 7.55 (m, 2H,
C,HNH), 7.49-7.44 (m, 5H, CH,), 7.33-7.27 (m, 2H,
CHNH), 6.93 (t, IH, C.HNH), 3.13 (t, 2H, S-CH -(CH,), -
CH,), 1.75-1.72 (m, 2H, S-CH,-CH,-(CH,).-CH,), 1.33-1.30
(m, 2H, S-(CH,),-CH,-(CH,)-CH,), 1.26-1.21 (m, 12H,
S-(CH,),-(CH,).-CH,), 0.92-0.85 (m, 3H, S-(CH,),-CH,).
The prediction of biological activity spectra obtained
with the computer PASS program demonstrated that most
synthesized compounds were predicted to have antimicrobial
activity (Pa=50-68 %). It is also noteworthy that for the most
compounds a possible anti-tuberculosis effect is predicted
(Pa=35-45%).

Conclusions

The synthesis and peculiarities of the course of the reactions
of the stepwise production of 4-phenyl-5-((5-phenylamino-
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1,3,4-thiadiazole-2-ylthio)methyl)-1,2,4-triazole-3-thione
were presented in this work. It was optimized S-alkylation
reactions of 4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-
2-ylthio)methyl)-1,2,4-triazole-3-thione. Based on virtual
screening using PASS Online®, the possibility of more in-
depth studies of in vitro and in vivo antimicrobial activity
has been demonstrated.

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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