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1. TTomyk aHTUOKCUAAHTHUX Ta aHTUTIIIOKCUYHUX areHTiB Ha OCHOBI CUHTE3Y, BUBYEeHHS (i3MKO-XIMIYHUX Ta
6iosioriyHux BiaactuBocreil 3,5-6ic(5-mepkanto-4-R-4H-1,2,4-tpiazon-3-in)penony
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Pedepar/anoTamis:

1. TlpencraBnena gucepraliiHa poboTa CyTTEBO JOIOBHIOE CYyYaCHi HAIIPsSIMU MeINYHOI Ta papmMaleBTUYHOI Ximil,
Oy[lyuy IPUCBSTYEHOIO PO3POOLI I BUBUEHHIO HOBUX 0i0JIOTiYHO aKTUBHUX CIIOJYK, 34AaTHUX NPOSIBJISTU BUPAKEHY
AHTUMOKCUJIAHTHY Ta aHTUTIMOKCUYHY Til0. B po60Ti IpencTaBieHo pe3yabTaTi CUHTE3Y, BUBYUEHHS PiZMKO-XIMIYHUX
rapaMeTpiB, KOMITIOTEPHOI'O IIPOrHO3YBaHHS (PapMaKOKiHETUYHUX XapaKTePUCTHK in silico, po3paxyHKy
IIOKa3HMKIB rOCTPOi TOKCUYHOCTI in silico Ta ii BUBYeHHIO B yMOBax in vivo, a TaKOK eKCIIePUMEHTaIbHOTO
JOCJIiIPKEHHS aHTUOKCUIAHTHO]I Ta aHTUTINIOKCUYHOI aKTUBHOCTI psny 3,5-6ic(5-mepkanto-4-R-4H-1,2,4-Tpiason-
3-inm)eHouiB Ta iX CTPYKTypHUX aHayioriB. OTpUMaHi JaHi JO3BOJSIOTh PO3TJISAATH JOCTIIKYBaHi CIIOJIYKHU K

IIepCIIeKTUBHI cyOCcTaHLii 1715 MoAanbLIoi pO3POOKH JIIKapChbKUX 3aC00iB aHTUOKCUIAHTHOI Ta aHTUTIIIOKCUYHOI [iji.



Y X0[li BUKOHaHHS JUCEPTaLifHOTO JOCiIKEHHSI CHHTE30BaHO, Ta BCEOIYHO 0XapaKTepU30BaHO 3HAYHY KiJIbKiCTb
HOBUX CyJIb(PypOBMiCcHUX NOXinHUX 1,2,4-Tpiazosny Ha ocHOBI 3,5-6ic(5-MepkanTo-4-R-4H-1,2 4-Tpiazon-3-
in)denosy, BKIIOYHO 3 TAKUMU KJIACAMU CIIOJIYK K HITPUJIM, KUCJIOTH, €CTEPH, COJIi Ta iMiHOecTepu. [lj1s1 HUX
BM3HA4Y€HO (Pi3MKO-XiMiuHi mapameTpy, NporHo308aHo ADME-xapakTepucTuKy Ta roCTPy TOKCUYHICTb, LOCIIIPKEHO
AHTHOKCUJAHTHY 11 aHTUTIIIOKCUYHY aKTUBHICTb. Lle mo3Bosniio Buokpemutu gietun-3,3-(((5-rizpokcn-1,3-
deHninen)oic(4-Penin-1,2,4-tpiazosn-5,3-guin))oic(cynpdanauin))oic-(MeTuaeH))qubEH30aT, 10 MOXKe OyTU
PEKOMEH0BaHUM [1J15 [10JAJbIIOTO MOIJIMOJIEHOr0 JOKIiHIYHOrO BUBYEHHSI. [lJ1s1 TaHOI CIIOJIYKU pO3p00JIeHO
npoekrtu TY Ta MKS Ha noTeHLilHy cyOCTaHLi, pO3[104aToO IPOBEAEHHS IEPBUHHOI cTaHAapTu3atii. OTprmaHi
Pe3yJIbTaTU MAIOTh TEOPETUYHE Ta MTPAKTUYHE 3HAYEHHS 715 TIO[1aJIbIIOr0 PO3BUTKY MeIUYHOI Ta ¢papMalieBTUYHOI
XiMii CIpKOBMiCHUX reTepOLMKIIiYHUX CII0JIyK. BusiBieHi 3aKOHOMIPHOCTI «CTPYKTypa — Hisi» MOXYTb OyTH
BMKOPKCTaHI B IOJAJIbIIOMY /11 PalliOHaJIBHOTO AM3aliHY HOBUX aHTUOKCUAAHTHUX Ta aHTUTIIOKCUYHUX areHTiB Ha
OCHOBI noxigHux 1,2,4-tpiasosy. HacTynmHUM eTarnom fOCiI)KeHb CTaJI0 IPOBENEHHS MOJIEKYJISIPHOIO JOKIHTY, 32
pe3yJbTaTaMu SIKOT0 BCTaHOBJIEHO, 10 nieTuin-3,3'-((((5-rizpokcu-1,3-deninen)dic(4-denin-1,2,4-rpiazon-5,3-
nuin))oic(cynbdanauin)bic(MeTueH))In6eH30aT YTBOPIOE CTab/IbHI KOMIIJIEKCU 3 Pi3HUMU CTPYKTYPHUMU
(popMamMM LIUTOXPOMY C IIEPOKCUIA3H, IO CBiIYMTh [IPO BUCOKY IIPOCTOPOBY Ta KOH(POPMaLiliHy BiIIOBiIHICTb
JiraHny QyHKILiOHAJIBHO 3HAUYIIUM [ifsiHKaM gpepmMeHTy. [TokazaHo, 110 eHepris 38'13yBaHHs IOCIIiIKyBaHOI
CIIOJIyKHY € iCTOTHO HI>KYOIO [TOPiBHSIHO 3 pe(epEHTHOIO CIIOJYKOIO — aCKOPOiHOBOIO KMCJIOTOIO, 1110 BKa3dye Ha ii
BUIY aiHHICTb [0 PEPMEHTY Ta NOTEHLiIHO 6i/bII BUPAKXEHUI aHTUOKCUJIAHTHUY MTOTEHLias. AHai3
MIXKMOJIEKYJIIDHUX B3a€MOJiN TO3BOJISIE€ IPUITYCTUTU KJIIOYOBY POJIb apDOMATUYHUX (PPAarMeHTIB y peasisaiii
AHTUPAOVKAJIBHOI Iii noxinHux 1,2,4-tpiasony. OTpuMaHi pe3ysbTaTu MOJIEKYJISIPHOTO AOKIHTY Y3rOIIKYIOTbCS 3
IAHMMU €KCIIEPUMEHTAIbHUX JAOCIiIPKEHb aHTUOKCUAAHTHOI aKTUBHOCTI Ta MiATBEPAXYIOTh AOLIIbHICTD
NOJAJIBIIOrO BUBYEHHS CMHTE30BAHUX NOXigHUX 1,2,4-Tpia30Jly SIK NOTEHLIMHUX aHTUOKCUJAHTHUX areHTIB.
BcraHoBJI€HA 31aTHICTD NOCIIIPKYBaHOI CIIOJIYKH 10 CTabisIbHOI B3aEMOZIi 3 IUTOXPOMOM C IIEPOKCHIa3010 CBiTYUTD
IIPO MOXJIMBUI MOJIEKYJIIPHAY MeXaHi3M peastizallii aHTupaAuKaabHOi Aii Ta 06IPyHTOBYE BUKOPUCTAHHS METOLiB
in silico siKk e(peKTUBHOrO IHCTPYMEHTY 1J1s1 IPOrHO3YBAaHHS 0i0JIOTiYHOI aKTUBHOCTI I palliOHaJIIbLHOTO BiIOOPY
[IepPCIIEKTUBHUX CIIOJIYK IJIs1 MOJAJbIIMX AOKIiHIYHUX JOCiIKeHb. Marepianu guceprauiiiHoi po6oTu
BIIPOBAJI)KEHO B HABYAJILHUI IIPOLIEC Ta HAYKOBO-AOCJIiIHI IpOrpamMy 3aKJIafiB BUIIOi OCBITH YKpaiHy, a TaKOXX BOHU
MOXYTb CTaTA OCHOBOIO [IJIs CTBOPEHHSI BiTUM3HSIHUX JIIKAPCBKUX 3aCO0iB i3 KOMOIHOBaHOI0 aHTMOKCUIAHTHOIO Ta

AHTUTINIOKCUYHOIO JIi€l0.

2. The presented dissertation work significantly complements modern trends in medicinal and pharmaceutical
chemistry, being dedicated to the development and study of new biologically active compounds capable of
exhibiting pronounced antioxidant and antihypoxic effects. The paper presents the results of synthesis, study of
physicochemical parameters, in silico computer prediction of pharmacokinetic characteristics, in silico calculation
of acute toxicity indicators and its in vivo study, as well as an experimental study of the antioxidant and
antihypoxic In the course of the dissertation research, a significant number of new sulfur-containing 1,2,4-triazole
derivatives based on 3,5-bis(5-mercapto-4-R-4H-1,2,4-triazol-3-yl)phenol, including such classes of compounds as
nitriles, acids, esters, salts, and imino esters, were synthesized and comprehensively characterized.
Physicochemical parameters were determined for them, ADME characteristics and acute toxicity were predicted,
and antioxidant and antihypoxic activities were studied. This allowed for the identification of diethyl 3,3'-((((5-
hydroxy-1,3-phenylene)bis(4-phenyl-1,2,4-triazole-5,3-diyl))bis(sulfanediyl))bis(methylene))dibenzoate, which can
be recommended for further in-depth preclinical study. For this compound, draft Technical Specifications (TS) and
Quality Control Methods (QCM) for a potential substance were developed, and primary standardization was
initiated. The results obtained have theoretical and practical significance for the further development of the
medicinal and pharmaceutical chemistry of sulfur-containing heterocyclic compounds. The identified "structure-
activity" regularities can be used in the future for the rational design of new antioxidant and antihypoxic agents
based on 1,2,4-triazole derivatives. The next stage of research was molecular docking, the results of which
established that diethyl 3,3'-((((5-hydroxy-1,3-phenylene)bis(4-phenyl-1,2,4-triazole-5,3-
diyl))bis(sulfanediyl))bis(methylene))dibenzoate forms stable complexes with various structural forms of



cytochrome c peroxidase, indicating high spatial and conformational correspondence of the ligand to functionally
significant areas of the enzyme. It was shown that the binding energy of the studied compound is significantly
lower compared to the reference compound - ascorbic acid, indicating its higher affinity for the enzyme and
potentially more pronounced antioxidant potential. Analysis of intermolecular interactions suggests a key role of
aromatic fragments in the realization of the anti-radical action of 1,2,4-triazole derivatives. The results of
molecular docking are consistent with the data from experimental studies of antioxidant activity and confirm the
feasibility of further study of synthesized 1,2,4-triazole derivatives as potential antioxidant agents. The established
ability of the studied compound for stable interaction with cytochrome c peroxidase indicates a possible molecular
mechanism for the realization of the anti-radical action and justifies the use of in silico methods as an effective
tool for predicting biological activity and the rational selection of promising compounds for further preclinical
research. The materials of the dissertation work have been implemented in the educational process and research
programs of higher education institutions in Ukraine and can serve as a basis for the creation of domestic drugs
with combined antioxidant and antihypoxic effects.
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yHiBEpCUTET

Kopg 3a €IPIIOY: 45030873

Micue3HaxoaKeHHS: 6ynbeap Mapii [Ipumauenko, 3anopixoks, 3anopisbkuii p-H., 69035, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OXOPOHH 3/10POB's YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

Biacue IpizBume Im's [10-6aTbKOBI [Tanacenko Onexcannp [BaHOBMY

rOJIOBH pagu

Biacue IIpizBume Im's [10-6aTbKOBI [Tanacenko Onexcannp [BaHOBMY

rOJIOBYIOYOro0 Ha 3acigaHHi

BiamoBiganbHUH 32 MiZITOTOBKY Pomenko Haranist IlerpisHa

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisiIBHOCTI

FOpuenko TersiHa AHaToJiiBHA



