O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U000331
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 12-01-2024

Craryc: Haka3 npo Bugady gumnioma

PexBizutu Hakasy MOH / Haka3y 3akjazgy: Hakas no JJHY N2173c¢ Big 16.02.2024 p.

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [Tununenko Osena OsekciiBHa

2. Pylypenko Olena O.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa//IOKTOpPaHTypa: Hi

IIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OcCBiTHBO-HAayKOBa porpama 3i creniaJbHOCTI: Ximia

Jara 3axHcTy: 25-01-2024

CrneniasibHICTB 3a OCBITORO: [Tearorika i MeToauKa cepeHLOi 0CBiTH. XiMist
Micue po6oTH 34,00yBava: loHelbKuii HALLiOHAILHWI MEIMYHUI YHIBEPCUTET
Kopg 3a € IPIIOY: 02010698

Micuesnaxo,szeHHa: ByJI. [IpuBOK3anbHa, 6y4. 27, Jluman, Kpamatopcekuii p-H., 84404, Ykpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiIiHHS: MiHiCTEPCTBO 0XOPOHY 340POB's YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOi pagHy (pa30Boi creniaai3oBaHOl BYEHOI pagu). 1O 08.051.055 ID
3469 INununenko O.0.

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIi HAlliOHAbHUI yHiBEpCUTeT imeHi Osecs

['oxnuapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocrekT ['arapina, 6yn. 72, JHinpo, JHIIpoBChKUil p-H., 49045, YkpaiHa
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: J[HINMPOBCLKMIt HAlliOHAIbHUI yHiBEpCUTET iMeHi Osecs
['oHuapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekt l'arapina, 6yz. 72, IHinpo, [JHinpoBcbkuil p-H., 49045, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TemaTuyHHUX pyopHK: 31.21.17, 31.21.01

Tema gucepranii:

1. TayTroMepHi BJaCTUBOCTI, peakiliHa 31aTHICTh Ta 6i0jI0riyHa aKTUBHICTb 2- (3-retapui-1,2,4-Tpruason-5-
inm)aniniHiB. KBaHTOBO-XxiMiuHE MOZEJIOBAHHS.

2. Tautomeric properties, reactivity and biological activity of 2-(3-hetaryl- 1,2,4-triazol-5-yl)anilines. Quantum
chemical modeling.

Pedepar:

1. lucepranis nprucBa4eHa TEOPETUYHOMY JOCIIIPKEHHIO MEXaHI3MiB IIPOTiKaHHS NIeperpynyBaHHs Jlimpora Ta
HyKseodinbHOrO po3ienyieHHs y paay 2-R-[1,2,4]rpuazono[l,5-c]xiHa301iHiB, BUBYEHHIO TayTOMepii, peakniitHoi
3IATHOCTI Ta MeXaHi3MiB 6iosnoriynoi aii cepen 2-(3-retapun-1H- 1,2,4-Tpuazosn-5-in)aHisniHiB 3 BAKOPUCTaHHAM
KBAaHTOBO-XIMIYHOTO MOZEJIOBaHH4. [lepmuii po3nis OCIiIPKeHH IPUCBIYE€HO y3araabHEHHIO Ta KPUTUYHOMY
aHali3y JiTepaTypHUX JAHUX W00 NeperpynyBaHHs [JiMpoTa y psay XiHa30J1iHiB Ta TPHUa30JI0[C|XiHa30J1iHiB,
0CO0JIMBOCTSIM MOTO NPOTiIKaHHS (YMOBU peakliii, XapakTep (PyHKILiOHAJIbHUX IPYII, €JIEKTPOHHI Ta CTEPUYHI

[IepEeLIKO/IN), MOKJIMBOCTSIM MOTO 3aCTOCYBaHHS /ISl CUHTE3y OpUriHajipHuX 2-(3-retapui-1H-1,2,4-Tprasosn-5-



i7)aHiNiHIB Ta aHaJi3y TEOPETUYHUX (KBAHTOBO-XIMiYHNX) JOCJIIKEHD 1010 TTOSICHEHHSI MEXaHi3MiB 10ro
nporikaHHs. [IpoaHanizoBaHO TayTOMEPilo Ta TAyTOMEPHY piBHOBAry cepef 3amimeHux 1,2,4-TprasoJiis, 00roBopeHa
peakuiliHa 30aTHICTb CIIOJNYK 3 1,2,4- TpUa3oJbHMM KapKacoM, BIUJIMB TayTOMEPIl Ta yMOB peaklii Ha yTBOPEHHS
Li7IbOBUX NPOAYKTIB. [IoKa3aHo, 0 MOXifgHi 3a3HaY€HOI FeTePOLMKIIIYHOI CUCTEMU MAIOTh 3HAYHUIN 6i0JIOrTYHUI
NOTeHLas i € I[ikaBUMHU 117151 IOIIYKy Ta CTBOPEHHSI Ha IX OCHOBI HOBUX JIIKapChKUX 3aC00iB. BcTaHOBIIEHO, IO
KBaHTOBO-XIMi4Hi PO3PaxyHKH 1100 [10SICHEHHS TEOPETUYHUX aCIIeKTiB MexaHi3MiB yTBOPEHHS Ta HyK1e0QibHO]
Ierpapauii cepeq, 3amimienux [1,2,4]Tpuasoso[c]xiHa301iHiB He JOCiI)KyBaInCs, SIK i TEOPETUYHi aclieKTn
TayTOMEPHOI PiBHOBAry, peakUiliHOI 3aTHOCTI Ta MEXaHi3MiB IPOTUIIYXJIMHHOI aKTUBHOCTI 2-(3-reTapun-1H-1,2,4-
TPUa30Ji-5-i)aHiNiHiB, 0 i cTajyo NpefMeTOM HalluX MOJAJbIIMX AOCTiIKeHb. Y IPpyroMy po3isii 3MoiesIbOBaHi Ta
TEOPeTUYHO OOI'PYHTOBaHI ME€XaHi3MU ITPOTiKaHHS peakuiil rerepouukiizaunii (3H-xiHazoniH-4-ininenH)rigpasumis
reTapuakapO0HOBUX KUCJIOT Ta HyKJIeo(iNbHOTO po3uensieHHs 2-retapui- [1,2,4]rpuasoso[l,5-c]xiHa30iHiB.
[TokasaHo, 0 BHYTPIIHBOMOJIEKYJISIPHA reTepouukiizanis (3H-xiHazosin-4-inigeH)rinpasumis
reTapuyKapb0HOBUX KUCJIOT BKJIIOYA€E IIePEeHECEHHs ITPOTOHA Bifi atoma HiTporeHy XiHa30 1iHOBOi cucTeMu 10
aroma OxcureHy KapOoHinbHOI rpynu, popMmyBaHHS 2- retapui(l,2,4]rpuasosno[4,3-c]xiHa30/1iHOBOI CUCTEMU Ta
neperpynysaHHs JliMmpoTa 10 BignosigHux [1,5-c]-cepiil. [lannii mpolec BKIIIOYae B cebe CTaIil0 yTBOPEHHSI aIyKTy
IIJIIXOM aTaKy HyKjieodisom (Boza) reTepoLyKIly, CTalilo pO3KPUTTS LUKIY B aOYyKTi 3 IIOJAJIBIINM 0OE€PTaHHSIM
HAaBKOJIO OJMHAPHOTO 3B'13Ky Ta CTalil0 3aMUKaHHs rerepouukiay (ANRORC- mexaHi3m). KBaHTOBO-XiMiUHUMU
PO3paxyHKaMU NiATBEP/AKE€HA BKJIMBA POJIb KUCJIOTHOTO KaTajli3y Ha NEePIINX JBOX CTafisgx: CTabimisanis BUXigHoi
MOJIEKYJIU, IOCUJIEHHS aKLENITOPHUX BIACTUBOCTEN aToMy C-5, 110 CIIpUsie peakLii HyKy1eo(ibHOrO NpUeHAHHS
Ta PO3KPUTTIO [ipUMITMHOBOTO LIMKIy. BcTaHOBEHO, 110 HyKIeoQibHe PO3IeNJIeHHs 2-TeTapul-
[1,2,4]-Tpuasono[l,5-c]xiHa30J1iHiB € KUCJIOTHO-KaTali30BaHUM IIPOLIECOM, SIKMI BKJIIOYA€ CTaJil0 IPOTOHYBAHHS
aTtomy N-6 xiHa30J1iHy, IpUeHAHHS MOJIEKYJIX Boau 10 C-5 aTOMy, PO3KPUTTSI LUKITy, JOJATKOBY HYyK/I1€O(DibHY
aTaKky MOJIEKYJIOI0 BOJIY, €JIIMiHYBaHHSI METAHOBOI KUCJIOTH Ta I€NPOTOHYBaHHS. [IoKka3aHo, 110 reTapuibHi
3amicHuKkY (Pypun-2, nipos-2-in, TiodeHin-2) HeCyTTEBO BIVIMBAIOTh HA €HepreT4Hi 6ap&#39;epu akTUBaLLii
naHoro npouecy. [IpoBefieHo JeTanbHe TEOPeTUYHE IOCTiIpKeHHs TayTomepii 2-(3-retapui- 1,2,4-Tpruaszon-5-
in)aHiniHiB, sIKe BKJII0YaIO ONTHUMI3aliio reomeTpii i o6uncienHs atoMHux 3apsiziB NBO, 1unosbHUX MOMEHTIB Ta
BJIACTMBOCTE! IPaHUYHUX MOJIEKYJISIPHUX opbiTasneil y HabmmxkeHHi SMD /M06-2X /6- 311++G(d,p), po3paxyHKu
CIIEKTPJIbHUX XaPaKTEPUCTUK Y BUAMMOMY Ta yJIbTpadioseTOBOMY Aialla3oHi JOBXUHU XBUJIi Ha PiBHI

SMD /PBEIPBE 3 BUKOpUCTaHHSIM PO3p06J1eHOr0 Hamu 6a30Boro Habopy STO##-3Gel. [JocmimKyio4u CTPYKTypU
TPUA30JIbHUX [TOXIZHMX Ta BPaXxOBYIOUYM Pi3HI MOXJINBI KOHPoOpMalii, SKi BUKIMKaHi 06epTaHHSIM IreTepOaTOMHUX
rpy1l, 6yJI0 BCTAHOBJIEHO, 110 HANOiJIbIl CIPUSTIMBUI €J1IeKTPOHHUM PO3IIOLiI B JAHUX CIIOJIyKaX [IPOXOJUTh 32
PaxyHOK YTBOPEHHSI BHYTPIilIHbOMOJIEKYJISIPHUX BOJHEBUX 3B’13KiB MiX ['igporenom aminorpynu ta HiTporeHom y
I0JIOKEHHSIX 2 Ta 4 TPUA30JIbHOTO KisbLg. CTabinbHICTh KOH(POPMEPIB 3pocTae 3i 361/1bIIE€HHSM MJIOMUHHOCTI
CIIOJIyK, TOOTO 3 HAGIV>KEHHSIM JBOTPAHHUX KyTiB MK TPUA30JI0BUM LIMKJIOM i PEeHiNoM, a TaKOXX MIXX TPHa30JI0BUM

IIMKJIOM i TETE€POLUKIIYHUM 3aMicHUKOM 110 1800 , 1110 MOSICHIOETHCS 30ibIIEHHSIM CIIPSKEHHS.

2. The dissertation is devoted to the theoretical study of the mechanisms of Dimroth rearrangement and
nucleophilic cleavage in the series of 2-R- [1,2,4]triazolo[1,5-c]quinazolines, the study of tautomerism, reactivity
and mechanisms of biological action among 2-(3-hetaryl-1H-1,2,4-triazol-5- yl)anilines using quantum chemical
modeling. The first section of the study is devoted to the generalization and critical analysis of the literature data
on the Dimroth rearrangement in the quinazolines and triazolo[c]quinazolines series, the peculiarities of its course
(reaction conditions, nature of functional groups, electronic and steric hindrances), the possibilities of its
application for the synthesis of original 2- (3-hetaryl-1H-1,2,4-triazol-5-yl)anilines and the analysis of theoretical
(quantum chemical) studies to explain its mechanisms. The tautomerism and tautomeric equilibrium among
substituted 1,2,4-triazoles are analyzed, the reactivity of compounds with a 1,2,4-triazole backbone, the influence
of tautomerism and reaction conditions on the formation of target products are discussed. It has been shown that
the derivatives of this heterocyclic system have significant biological potential and are interesting for the search
and development of new drugs based on them. It was found that quantum chemical calculations regarding the
explanation of the theoretical aspects of the mechanisms of formation and nucleophilic degradation among



substituted [1,2,4]triazolo[c]quinazolines as well as the theoretical aspects of tautomeric equilibrium, reactivity,
and mechanisms of antitumor activity of 2-(3-hetaryl- 1H-1,2,4-triazol-5-yl)anilines have not been studied, that
became the subject of our further research. In the second chapter, the mechanisms of the reactions of
heterocyclization of (3H-quinazolin-4-ylidene)hydrazides of heterocarboxylic acids and nucleophilic cleavage of 2-
hetaryl-[1,2,4]triazolo[1,5-c]quinazolines were modeled and theoretically substantiated. It has been shown that the
intramolecular heterocyclization of (3H-quinazolin-4-ylidene)hydrazides of heterocarboxylic acids involves the
transfer of a proton from the nitrogen atom of the quinazoline system to the oxygen atom of the carbonyl group,
the formation of 2-hetaryl-[1,2,4]triazolo[4,3-c]quinazoline system and the Dimroth rearrangement to the
corresponding [1,5-c]-series. This process includes a step of adduct formation by attacking the heterocycle with a
nucleophile (water), a step of cycle opening in the adduct with subsequent rotation around a single bond, and a
step of heterocycle closure (ANRORC mechanism). Quantum chemical calculations have confirmed the important
role of acid catalysis in the first two steps: stabilization of the starting molecule, enhancement of the acceptor
properties of the C-5 atom, which promotes the nucleophilic addition reaction and the opening of the pyrimidine
cycle. It was found that the nucleophilic cleavage of 2-hetaryl-[1,2,4]triazolo[1,5- c]quinazolines is an acid-
catalyzed process that includes the step of protonation of the N-6 atom of quinazoline, an addition of a water
molecule at the C-5 atom, an opening of the cycle, an additional nucleophilic attack by a water molecule, an
elimination of methane acid and deprotonation. It is shown that heteroaryl substituents (furyl-2, pyrrol-2-yl,
thiophen-2-yl) have a negligible effect on the activation energy barriers of this process. A detailed theoretical
study of the tautomerism of 2-(3-hetaryl-1,2,4-triazol-5-yl)anilines was carried out. It included the geometry
optimization and calculation of NBO atomic charges, dipole moments and properties of the frontier molecular
orbitals at the SMD /M06-2X /6-311++G(d,p) level as well as the calculations of the UV /vis spectral characteristics
at the SMD /PBEIPBE level using the STO##-3Gel basis set developed by us. By studying the structures of triazole
derivatives and taking into account various possible conformations caused by the rotation of heteroatomic groups,
it was found that the most favorable electronic distribution in these compounds is due to the formation of
intramolecular hydrogen bonds between the hydrogen of amino group and the nitrogen at positions 2 and 4 of the
triazole ring. The stability of the conformers increases with increasing planarity of the compounds, that is, with the
approach of the dihedral angles between the triazole ring and phenyl as well as between the triazole ring and the
heterocyclic substituent to 1800, which is explained by the increase in conjugation.
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