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1. Cunre3, ¢izuko-xiMiyHi Ta 6i0JI0TiUHI BIACTUBOCTI NOXigHUX 4-ainkin-5-(((3-R-1H-1,2,4-Tpuasosn-5-in)rio)metn)-
4H-1,2,4-Tprason-3-TiomniB

2. Synthesis, physical, chemical and biological properties of 4-alkyl-5-(((3-R-1H-1,2,4-triazole-5-yl)thio)methyl)-
4H-1,2 4-triazole-3-thiols derivatives

Pedepar:

1. Incepraniiina po60Ta NPUCBSYEHA MOMYKY HOBUX 610aKTUBHUX CIIOJYK Y Psifi NOXigHUX 4-ankin-5-(((3-
(mipupuu-4-in)-1H-1,2,4-Tpuason-5-in)rio)mernin)-4H-1,2,4-Tpra3os-3-TiosiB 3 IOTEHLIMHO IPOTUMIKPOOHOIO,
IIPOTUTPUOKOBOIO, AaHTUTIIOKCUYHOIO, aHTUOKCHIJAHTHOIO aKTUBHICTIO, BCTAHOBJIEHHIO TIEBHUX 3aKOHOMiPHOCTEM
«CTPYKTypa-06i0JI0TiyHa Aisi» Ta NOAANbIINM PEKOMEHIALISIM MO0 CIOJYK, SIKi MOKYTb O0YTH KaHIUIATaMU [J1s
CTBOPEHHS JiI0YMX PEYOBMH MOTEHIIHUX [IpEeNapariB. Y paMKax JOCIiIKeHb 0yJI0 CUHTE30BaHO /1Bl BUXiHI
pevyoBuHU - 4-meTui-5-(((3-(mipunnn-4-in)-1H-1,2,4-tpuazosn-5-in)rio)metnn)-4H-1,2,4-Tpuasosn-3-rtios Ta 4-



etui-5-(((3-(mipuguu-4-in)-1H-1,2,4-tpuason-5-in)rio)mernn)-4H-1,2,4-Tpra3oa-3-Tioj 3a JOMOMOTOI0 IMKITi3alLii
BiATOBITHUX TioceMikap6a3uiB B JIy)KHOMY cepefoBulli. ByJa 3arpornoHoBaHa BiporijHa MoOJies1b Mac-
CIIEKTPOMETPUYHOI PpparmenTalii 4-metun-5-(((3-(nipuguu-4-in)-1H-1,2,4-tpuason-5-in)rio)metnn)-4H-1,2,4-
TpHa30Ji-3-TionyB ymoBax aHamnidy [ X-MC. HactynnHuM KpokoM 6yB cuHTe3 4-(5-(((4-ankin-5-(anxinrio)-4H-1,2,4-
Tpuaszo-3-immeruin)rio)-1H-1,2,4-rpuasosn-3-innipuauHis. B nogansmomy BUBYaIach peakuisd-ankin-5-(((3-
(mipupun-4-in)-1H-1,2,4-tpuason-5-in)rio)merun)-4H-1,2,4-Tpuazon-3-Tiosis 3 2-x10paLeTaTOHOIO KUCJIOTOIO IIPU
KUITSITiHHI B METAHOJIi B JIY)KHOMY CEPEIOBUIIi, B pe3yJbTaTi 0ys10 oTpuMano 2-((4-ankin-5-(((3-(nipunun-4-im)-1H-
1,2,4-Tpuason-5-in)rio)mernn)-4H-1,2,4-Tpuasosn-3-in)rio)aueratHi KUCJA0TU. HacTynHUM eTarnom po6oTu 6yJ10
OTPUMAaHHS i30IIPOIIiJIOBUX €CTePiB BiANOBITHUX KUCJIOT ajIKiyBaHHAM 4-asnkin-5-(((3-(nipupun-4-in)-1H-1,2,4-
Tpuasos-5-in)rio)merun)-4H-1,2,4-Tpuazosn-3-Tiosis i30MpONiIOBUM €CTEPOM 2-XJIOPALLETaTHOI KUCJIOTU Y
IIPUCYTHOCTI KaJiio rigpokcupy. lani 6ys0 cuHTe3oBaHo 2-((4-ankin-5-(((3-(nipuaun-4-in)-1H-1,2,4-Tpuason-5-
imrio)metui)-4H-1,2,4-Tpuason-3-in)rio)-1-(apun)etan-1-onu ta 2-((4-anxin-5-(((3-(mipuoun-4-in)-1H-1,2,4-
Tpuasosi-5-in)rio)merun)-4H-1,2,4-Tpuazon-3-in)rio)-1-eTaH-1-0HK METOIOM aJIKilyBaHHS BUXiIHUX TiOJiB
BiAIIOBiTHUMU 2-6poM-1-apuiieTaHOHaMu Ta 1-6pOMIIPOIIaH-2-0HOM Yy CEPELOBUILi IPONaH-2-0J1y B IPUCYTHOCTI
€KBiBaJIEHTHOI KiJIbKOCTI KaJIilo rigpokcupy. [y CUHTe3y MOTEHLIMHUX CIIOJYK-KaHANIATIB, 110 MAIOTh Y CBOEMY
CKJIaJli aCUMeTpUYHUI aTOM KapOoHy, 6yJio obpano 2-((4-ankin-5-(((3-(mipunnn-4-in)-1H-1,2,4-Tpuazon-5-
in)rio)metun)-4H-1,2,4-Tpuazon-3-in)rio)-1-(apumn)eran-1-oHy, sKi BiHOBIIOBAIU [0 Bif[IOBiAHUX CIIUPTIiB IpU
D0JlaBaHHi MMOAABINHOI KiZibKOCTi HaTpito 6oprigpuay. Takox 6ynu orpumadi 2-((4-etun-5-(((3-(nipupun-4-in)-1H-
1,2,4-Tpuason-5-in)rio)metnn)-4H-1,2,4-Tpuason-3-in)rio)eTan-1-011 MIISXOM aJIKiITyBaHHS BUXiJHUX TiOJiB 2-
XJIOPETaHOJIOM Y IIPUCYTHOCTI €KBiBaJIEHTHOI KiJIbKOCTI KaJIilo Trigpokcuny. byso mpoBeeHo NoNIpUMETPUYHI
IOCTiIKEeHHS] CUHTe30BaHux 1-((4-ankin-5-(((3-(nipunnnu-4-in)-1H-1,2,4-tpuason-5-in)rio)mernn)-4H-1,2,4-
TpUa30J1-3-i1)Tio)-2-apuieTan-1-071iB METOIOM BUMipIOBaHHS KyTa 06€pTaHHSI IIJIOLVHY NOJIsipu3aliii ix po3unHiB.
N-3amimeni aneraminu 1,2,4-Tpras3osiiB MOXKYTb ITPOSIBJIATH aHTHUOAKTEPialbHy Ta aHTUOKCUIAHTHY aKTUBHICTb,
TOMY iX CUHTE3 Ma€ BeJIMKe IIPaKTUYHE Ta TeOpeTHUYHe 3HaueHHs1. ClleKTpasibHi Ta Pi3uKo-XiMiyHi napameTpu
HOBUX MOXiIHUX 4-ankin-5-(((3-(nipuaun-4-in)-1H-1,2,4-tpuason-5-im)rio)mernsn)-4H-1,2,4-Tpuasosn-3-Tionis 6ya0
BCTAHOBJIEHO 32 JOIIOMOTr'OI0 CY4aCHOI'0 KOMILJIEKCY METO/IB aHalidy, BKiodadu 1H-SIMP-crnekrpockorito,
eJIeMeHTHUI aHaJli3, ra30By Mac-CIIeKTPOMETPIl0. 3a JOIIOMOrolo Beb cepBiciB 0yJI0 IPOBeIeHO TPOTHO3yBaHHS
TOKCAYHOCTI CUHTE€30BaHUX CIIOJNYK 1,2,4-TpuazosiiB, B pe3yJIbTaTi IKOro HallGe3MeYHIIIO CII0JIYKOIO BUSBUIIACH 2-
((4-etun-5-(((3-(nipunun-4-in)-1H-1,2,4-tpuazon-5-im)rio)mernn)-4H-1,2,4-tpuaszosn-3-in)rio)auerarna Kucaora. B
[10/IA/IbIIOMY OYJI0 BUBYEHO rOCTPY TOKCUYHICTh KUCJIOTH Ta ii Opra’iyHMX i HeopraHiyHUX coJiell Ha rifpobioHTi
Zebrafish (Danio rerio). Pe3yabTaTu 6i0710riYHOr0 CKpMHIHTY Ha IPOTUMIKPOOHY Ta IPOTUTPUOKOBY aKTUBHICTb YCiX
CHHTE30BaHUX NOXiTHUX 4-asnKin-5-(((3-(mipugun-4-in)-1H-1,2,4-Tpuason-5-in)rio)metnn)-4H-1,2,4-Tpuazon-3-
TiOJIIB 3 QJIKIJIBHUMM, alWJI-JIKIZIbBHUMUY, i30MPOIINIBHUX, ALlAJI-aPUJIBHMMU Ta aMiJHMMY 3aIMIIKAMU BKa3ylOTb Ha
IIOMipHe NPUTHiYeHHS POCTy JOCJiKyBaHUX MITaMiB. 3a pe3ysbTaTaMy invivo JociligKeHb croyka 1-((4-etuin-5-
(((3-(nipnpuu-4-in)-1H-1,2,4-Tpuaszon-5-in)tuo)mernin)-4H-1,2,4-tpruasos-3-in)rio)nponaH-2-oH NposBIsIIA
AQHTUTINOKCUYHUI e(eKT, IepeBUlIyI0YM aKTUBHICTb ITpenapary NopiBHsIHHSA Ha 2,4 %. In silico meTogamu 6ys10
IOCITiIKeHO pi3Hi kyacu noxigHux 4-ankin-5-(((3-(mipunnn-4-in)-1H-1,2,4-tpuazon-5-in)rio)mernmn)-4H-1,2,4~
TPHa30J1-3-TioJliB 3 METOIO BUSIBJIEHHSI Hal0i/1bll €PEeKTUBHOI CTPYKTYPH, SIKA 3[JaTHA 3B’13yBaTHCh 3 BiATIOBiTHUMU
6iomilIeHsIMHU, IO BiANOBIAAIOTh 32 aHTUOKCUAAHTHUI 6asiaHc. JJOCiI)KeHHS MOJIEKYJISIPHOTO MOJIE€JIIOBaHHS [1JIs1
CHCTEMH 3 HalKpallUM [TOKa3HUKOM JOKIHT oliHku NO-cuHTasu 3 1-(4-dropdenin)-2-((4-etun-5-(((3-(nipunnn-4-
in)-1H-1,2,4-Tpuazosn-5-in)rio)metnn)-4H-1,2,4-Tprazosn-3-in)Tio)eTaHOHOM NPOJEMOHCTPYBAJIO YTBOPEHHS
CTabiJIbHOTO KOMILIEKCY ITPOTSITOM BCbOTO MOJIEJIIOBaHHS, 1110 CBiIYUTD PO NEPCHEKTUBHICTb [101AJIbIIOTO

IOCJiIXEeHHSI aHTUOKCUIAHTHOI aKTUBHOCTI in Vivo.

2. The thesis is devoted to the search for new bioactive compounds in the series of 4-alkyl-5-(((3-(pyridin-4-yl)-
1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols derivatives with potential antimicrobial, antifungal,
antihypoxic and antioxidant activity, establishing some "structure-activity relationship” patterns, and further
recommendations due to the compounds that can be candidates for the creation of potential drugs’ active
substances. Within the framework of the study, two starting substances 4-methyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-



triazole-5-yl)thio)methyl)-4H-1,2,4-triazol-3-thiol and 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-
ylthio)methyl)-4H-1,2,4-triazole-3-thiol were synthesized by cyclization of the corresponding thiosemicarbazides
in an alkaline environment. A plausible model of mass spectrometric fragmentation of 4-methyl-5-(((3-(pyridin-4-
yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiol under GC-MS analysis conditions was proposed.
The next step was the synthesis of 4-(5-(((4-alkyl-5-(alkylthio)-4H-1,2,4-triazole-3-yl)methyl)thio)-1H-1,2,4-
triazole-3-yl)pyridines. In further studies, the reaction of 4-alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-
ylthio)methyl)-4H-1,2,4-triazole-3-thiols with 2-chloroacetate acid was investigated by boiling in methanol in an
alkaline medium, resulting in the formation of 2-((4-alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-
4H-1,2 4-triazole-3-yl)thio)acetic acids. The next stage of the work was isopropyl esters’ obtaining of the
corresponding acids by 4-alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols
alkylation with isopropyl ester of 2-chloroacetic acid in the presence of potassium hydroxide. Next, the 2-((4-alkyl-
5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)-1-(aryl)etan-1-ones and 2-((4-
alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)-1-ethan-1-ones were
synthesized by the alkylation method of the starting thiols with the corresponding 2-bromo-1-arylethanones and
1-bromopropan-2-one in the medium of propan-2-ols in the presence of an equivalent amount of potassium
hydroxide. For the synthesis of potential candidate compounds containing an asymmetric carbon atom, 2-((4-
alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)-1-(aryl)ethan-1-ones
were selected, which were reduced to the corresponding alcohols by adding a double amount of sodium
borohydride. Additionally, 2-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-
ylithio)ethan-1-ols were obtained by alkylation of the starting thiols with 2-chloroethanol in the presence of an
equivalent amount of potassium hydroxide. Polarimetric studies were conducted on the synthesized 1-((4-alkyl-5-
(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)-2-arylethan-1-ols by measuring
the rotation’s angle of the polarization surface of their solutions. N-substituted acetamides of 1,2,4-triazoles can
exhibit antibacterial and antioxidant activity, so their synthesis is of great practical and theoretical importance.
Spectral and physicochemical parameters of new derivatives 4-alkyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-
ylithio)methyl)-4H-1,2,4-triazole-3-thiols was established using modern complex methods of analysis, including
1H-NMR spectroscopy, elemental analysis, gas mass spectrometry. Using web services, the toxicity of the
synthesized 1,2,4-triazole compounds was predicted, as a result of which the safest compound was 2-((4-ethyl-5-
(((3-(pyridin-4-yl)-1H-1,2 4-triazole-5-yl)thio)methyl-4H-1,2 4-triazole-3-yl)thio)acetic acid. Subsequently, the
acute acid toxicity and its organic and inorganic salts was studied on the hydrobiont Zebrafish (Danio rerio). The
results of the biological screening for antimicrobial and antifungal activity of all synthesized derivatives of 4-alkyl-
5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols with alkyl, acyl-alkyl, isopropyl,
acyl-aryl, and amide residues indicate moderate inhibition of the growth of the tested strains. According to the
results in vivo studies, the compound 1-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-
triazole-3-yl)thio)propan-2-one has showed an antihypoxic effect, exceeding the activity of the reference drug in
2.4%. Molecular modeling study for the system with the best docking score of NO-synthase with 1-(4-
fluorophenyl)-2-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2 4-triazole-3-
yhithio)ethanone has demonstrated the formation of a stable complex throughout the simulation, which indicates
the prospect of further research of antioxidant activity in vivo.
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