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1. TayTOMepHi BIaCTUBOCTI, peaKliiiHa 3aTHICTb Ta 6i0J10TiYHa aKTUBHICTb 2- (3-reTapuin-1,2,4-Tpuason-5-
inm)aninini. KBaHTOBO-XiMiYHE MOJIETIOBAHHSI.

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

Pedepar:

1. luceprauis npucBaYeHa TEOPETUYHOMY JOCIIIPKEHHIO MEXaHI3MiB IIPOTIKaHHS NIeperpynyBaHns JliMpora Ta
HyKJieoQinbHOrO po3ierieHHs y psaay 2-R-[1,2,4]rpuaszono[l,5-c]xiHa301iHiB, BUBYEHHIO TayTOMepii, peakuiitHoi
3/1aTHOCTI Ta MeXaHi3MiB 6iosoriunoi nii cepen 2-(3-retapun-1H- 1,2,4-Tpuazosn-5-i1)aHiniHiB 3 BAKOPUCTaHHSIM

KBaHTOBO-XiMiYHOTO MOOEJIIOBAHHS. Hepumﬁ pOS,ILiJ'I ,ILOCJ]i,[L)I(eHHH IMPUCBAYEHO y3arajbHEHHIO Ta KDUTUYHOMY



aHali3y JliTepaTypHUX JAHMX W00 NeperpynyBaHHs [liMpoTa y psiy XiHa30J1iHiB Ta TPHUa30JI0[ C|XiHa30JIiHiB,
0COOJIMBOCTSIM HOTO NMPOTiKaHHS (YMOBU peaklii, xapakrep QpyHKLiOHAJIbHUX TPYII, €JIEKTPOHHI Ta CTEPUYHI
[IepeLIKOIN), MOKJIMBOCTSIM MOT0O 3aCTOCYBaHHS [IJ1S1 CUHTE3y OpUriHajibHuX 2-(3-retapui-1H-1,2,4-Tpuason-5-
i7)aHiNiHIB Ta aHaJi3y TEOPETUYHUX (KBAHTOBO-XiMiUYHNX) JOCJIIIKEHD 1010 TIOSICHEHHSI MEXaHi3MiB 10ro
nporikaHHs. [IpoaHasnizoBaHO TayTOMEpIilo Ta TAyTOMEPHY PiBHOBAry cepep 3amilieHux 1,2,4-TpuasostiB, 06roBopeHa
peaxuiliHa 30aTHICTb CIIONYK 3 1,2,4- TpUa30JbHMM KapKacoM, BILJIMB TAayTOMEPIl Ta yMOB peakKlii Ha yTBOPEHHS
LIi7IbOBUX NPOAYKTIB. [ToKkazaHo, 110 MOXifgHI 3a3HaY€HOI reTepOLMKIIIYHOI CUCTEMU MAIOTh 3HAYHUIN 6i0JI0rYHUI
NOTEHLiaJl i € LiKaBUMHU [1JIs MOIIYKY Ta CTBOPEHHSI Ha iX OCHOBI HOBHUX JIIKAPCHKUX 3aC00iB. BCTaHOBIIEHO, MO
KBAaHTOBO-XIMi4Hi PO3PaxyHKH II0J0 [10SICHEHHS TEOPEeTUYHUX aCIIeKTiB MexXaHi3MiB yTBOpPEHHS Ta HyK1e0QisIbHO]
Ierpapauii cepeq, 3amimienux [1,2,4]Tpuasosno[c]xiHa301iHiB He JOCiKyBancs, SIK i TEOpeTUYHi acriekTn
TayTOMEPHOI piBHOBAry, peakuUiiiHoi 3IaTHOCTI Ta MEXaHi3MiB IPOTUIIYXJIMHHOI aKTUBHOCTI 2-(3-reTapun-1H-1,2,4-
TPHUasoJi-5-i)aHiniHiB, MO i cTajyo npesMeToOM HallMX MMOJAJIBIINX AOCTIIKEeHb. Y IPYyroMy po3zisii 3Moie1b0BaHi Ta
TEOpPeTUYHO OOI'PYHTOBaHI ME€xaHi3MU ITPOTiKaHHS peakliil retepouukiizauii (3H-xiHazoniH-4-inineH)rigpasumis
reTapuyIKapob0HOBUX KUCJIOT Ta HYKJI€0(iIbHOTO po3lLieneHHs 2-retapui- [1,2,4]rpuasosno[l,5-c]xiHa30JiHiB.
[TokasaHo, 10 BHYTPIIHBOMOJIEKYJISIPHA reTepouukiizanis (3H-xiHasosin-4-inigeH)rinpasumis
reTapuyKapb0HOBUX KUCJIOT BKJIIOYA€E IIepeHECEeHHs ITPOTOHA Bifi aroma HiTporeHy XiHa30 1iHOBOi cucTeMu 10
aroma OxcureHy KapooHinbHOI rpynu, popmyBaHHS 2- retapui(l,2,4]rpuasosno[4,3-c]xiHa30y1iHOBOI cUCTEMU Ta
neperpynyBaHHs JliMmpoTa 0 BignosigHux [1,5-c]-cepiii. [lannii mpoliec BKIIOYae B cebe CTaflilo yTBOPEHHSI afyKTy
LJISIXOM aTakKy HyKj1eodisiom (Boga) reTepoLMKIly, CTalil0 PO3KPUTTS LMKITY B ayKTi 3 MOJAJIbIIMM OO€pTaHHSIM
HAaBKOJIO OJMHAPHOTO 3B'13Ky Ta CTalil0 3aMUKaHHs rerepouukiay (ANRORC- mexaHi3m). KBaHTOBO-XiMiUHUMU
PO3paxyHKaMU NiATBEP/KEHA BaXKJIMBa POJIb KUCJIOTHOTO KaTaslizy Ha NEePIINUX JBOX CTaflisgx: cTabinisanis BUxigHoi
MOJIEKYJIH, IOCUJIEHHS aKLEIITOPHUX BJIACTUBOCTEN aToMy C-5, 110 CrIpusie peakLii HyK1eo(ibHOrO NpUeIHAHHS
Ta PO3KPUTTIO [ipUMITUHOBOTO LMKJY. BcTaHOBIEHO, [0 HyKIeoQisibHE PO3IIEIJIeHHS 2-TeTapuJi-
[1,2,4]-Tpua3zono[l,5-c]xiHa30iHiB € KUCJIOTHO-KaTali30BaHUM IIPOLIECOM, SIKMI BKJIIOYA€ CTAJil0 IPOTOHYBAHHS
aTomy N-6 xiHa30J1iHy, IpUeHAHHS MOJIEKYJIX Boau 110 C-5 aTOMy, PO3KPUTTSI LIUKJTY, TOJATKOBY HYyKJ1€O(DilbHY
aTaky MOJIEKYJIOI0 BOJMY, €JIIMiHYBaHHS METAHOBOI KUCJIOTH Ta IEeNPOTOHYBaHH:. [IokasaHo, 1110 retapuiibHi
3aMicHukY (Pypun-2, nipos-2-in, TiodeHin-2) HeCcyTTEBO BIIMBAIOTh HA €eHepreTU4Hi 6ap&#39;epu akTUBaLLii
naHoro npouecy. [IpoBesieHoO JeTanbHe TeOpeTUYHe OCTiIpKeHHs TayTomepii 2-(3-retapui- 1,2,4-Tpruaszon-5-
iy)aHisniHiB, SKe BKII0YaJIO ONTUMI3allil0 TeoMeTpii i 009McIeHHs aTOMHUX 3apsziB NBO, nunosbHUX MOMEHTIB Ta
BJIACTMBOCTE IPaHUYHUX MOJIEKYJISIPHUX opbitasieil y HabmmxeHHi SMD /M06-2X /6~ 311++G(d,p), po3paxyHKu
CIIEKTPJIbHUX XapaKTEPUCTUK Y BUAMMOMY Ta yJIbTpadioseToBOMY Aiara3oHi JOBXKXUHU XBUJIi Ha PiBHI

SMD /PBEIPBE 3 BUKOpMCTaHHSM PO3p06J1€eHOr0 Hamu 6a30B0ro Habopy STO# #-3Gel. JloCmigKyl09u CTPYKTYpU
TPHUA30JIbHUX MOXiJHUX Ta BPAXOBYI0UU Pi3Hi MOXKJIMBI KOH(pOpMaLii, IKi BUKIMKaHi 06€PTaHHSIM reTepOaTOMHUX
rpy1l, 6yJI0 BCTAHOBJIEHO, 1110 HANOIJIbIIl CIPUSTINBUI €JIeKTPOHHUM PO3IIOZiI B JAHUX CIIOJIyKaX [IPOXOJUTh 32
PaxyHOK YTBOPEHHS BHYTPIIlIHbOMOJIEKYJISIPHUX BOJHEBUX 3B’13KiB MiX ['igporenom aminorpynu ta HitporeHom y
II0JIOKEHHSIX 2 Ta 4 TPUA30JIbHOTO Kisbls. CTabinbHICTh KOH(POPMEPIB 3pocTae 3i 361/1bIEeHHSIM MIOMUHHOCTI
CIIOJIyK, TOOTO 3 HAGIVDKEHHSIM JBOTPAHHUX KyTiB MDK TPHA30JI0BUM IUKJIOM i GEeHINIOM, a TAKOXX MIXX TPHa30JI0BUM

IIUKJIOM i TeTe€POLUKIIYHUM 3aMicHUKOM 110 1800 , 1110 MOSICHIOETHCS 30iIbIIEHHSIM CITPSIKEHHSL.

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 /PBEI1PBE 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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BRXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr 0, CyCIiIbHO-TIOJIiTUYHOTO,
JIIOJICBKOTO MOTEHLiaNy 1715 3a0€e3M1e4eHHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU Y CBiTi Ta CTaJIOrO PO3BUTKY
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