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1. Juceprauia lnmkinoi M. O. «kKBaHTOBO-XiMiYHE MOJEJIIOBAHHS IIPOLECIB OLHO-€JIEKTPOHHOIO IIEPEHOCY 3a
Y4aCTIO YaCTKOBO TiIPOBaHMX HITPOr€HOBMICHUX F€TEPOLMKIIIB» IIPUCBSIYEHA JOCIIIKEHHIO PeaKii
reTepoapoMarusauii 1,4-gurinponipuauna, 1,4-nurigponipuminuHa Ta ix aHeJIbOBAaHUX a30JIbHUMU LIUKJIAMU
MOXiJJHNX, 3 METOIO BCTAHOBJIEHH BIUIMBY a30JIbHOI'O LIMKJIYy HA PEaKUilHY 30aTHICTh AUTiIPOa3nHiB IIPY B3a€MOJIil

3 OKMCHIOBAJIbHUMHA (eJIeKTpOCl)iJ'IbHI/IMI/I) pe€areHTamMuy, mo 4OCATAETHCS IIJIAXOM KBAHTOBO-XiMiYHOTO MOIEJIIIOBAHHSA



CTafill OOHO-€JIEKTPOHHOTO [IEPEHOCY Ta BUBYEHHS OCOOJIMBOCTEN €JIEKTPOHHOI 6YZ0BY OCHOBHUX iHTEPME/IiaTiB.
Y nepiiomMy po3zisi IpoBefeHo aHali3 JiTepaTypHUX JaHUX 010 MOJIEKYJISIPHOI OyZ0BU Ta peakLiliHOI 3IaTHOCTI
IWTiTpOasyHiB Ta JUTip0a30sIoNipUMIifVHIB 3 By3/10BUM aToMoM HitporeHny. BusiBieHo npo6siemMy NOSICHEHHS
IIPUHLMIIOBOTO BIUIMBY aHEJIbOBAHOTO a30JIbHOTO LIMKJIA HA PEAKLifHY 34aTHICTb OUTiAPONOXiTHUX
a30JI0MipUMIAVHIB. Y IpyromMy po3zisi NpoBegeHO BUBYEHHS BIUIMBY METOA PO3PAXyHKY Ha T€OMETPIIO i rpouec
reTepoapoMarusatii 1,4-nurinponipuanua, 1,4-gurinponipumingunaa ta 1,4-gurinponiposo[l,2-ajnipuminuHa.
[NokaszaHo, mo meton B3LYP /cc-pVTZ 3 3actocyBanHsiM PCM Mogesi (pO3YMHHUK — BOJIA) € KOPEKTHUM JJIs1
BHMBUYEHHS IPOLIECY reTepoapoMaTusaliii. Y TpeTboMy po3fisi MpUBeIeHi pe3yibTaTh BUBYEHHS IPOLIECY
reTepoapoMaTusallii gurinpoasoonipuauHis. [IokazaHo, 10 aHEIIOI0YNH a30JIbHUN LIUMKJI BIJIMBAE HA
IUTiTpONipUIMHOBY €JIEKTPOHHY CUCTEMY SIK a30JIi/IbHUI 3aMiCHUK NIpu 0-aToMi KapboHyY B BUXiIHUX MOJIeKyJax
abo $IK a30JIiJIbHUI 3aMiCHUK B 000X TOJIOXKEHHSX IUTITPOLMKILY B paguKaiax. [loTeHuiany ioHisauii BUXinHUX
HEWTPaJIbHUX MOJIEKYJI MAIOTh OislblI BUCOKE 3HAUYEHHS [TOPIBHSHO 3 NOTeHIiaslaMu ioHi3auii paaukany. Mix
noTeH1jiasamu ioHizauii KynmaHnca Ta BepTukajabHUMU i afiiabaTUYHMMU NIOTEHIliaslaMy i0Hi3allii BUSIBIEHO Ay>Ke
XOpolli KopeJislii, 110 BKadye Ha NoAi6HICTb pouecy rerepoapomarusaliii B 1,4-gurigponipyuyvHi ta
IurinpoasosnonipuanHax. YeTBEpTUN PO3[Iijl IPUCBSIYEHO BUBYEHHIO OCOOJIMBOCTEN MPOLIECY TeTepoapoMaTr3alLlii B
IUTiIPOa30J0MipUMIMHAX 3 By3JI0BUM aTOMOM HiTporeHny. A30J1bHMI LIMKJI BIJIMBA€ HA YaCTKOBO TiIpOBAHUN
retTepouuki gk C-a30JIiJIbHAN 3aMiCHUK Y BUXIIHUX HEUTPAJIbHUX MOJIEKYyJIaX. CTYIiHb BIUIMBY aHEJIOI0YOTO
a30JIbHOTO LIUKJIY KOPEJIIOE 3 0ro 3arajabHo0 N-ae@iluTHICTIO 260 M-HaAJIMLIIKOBICTIO. B
IWTiTpOa30JIoNipUMITHAX BUSIBIIEHO [TOMITHE 36JIVDKEHHS a/1iabaTUYHMX [TOTEHLiasliB IBOX CTaZill OgHO-
€JIEKTPOHHOT O IlepeHocy. Lle Moske Bio6paskyBaTUCh B MOSIBi KOHKYPYIOUUX IPYTOMY OJHO-€JIeKTPOHHOMY
[IEPEHOCY HaINPSMKIB B3aeMO/Iii Ta NIOSICHIOE 301/1bLIEHHS BipOTiIHOCTI NPOTiKaHHA peaklii eJ1IeKTpo@iIbHOro
3amimenHs. PopMyBaHHS B AUTiAPOA30JIONIPUMIAMHAX OKPEMOI KOpeLifHOI 3aJ1esKHOCTI MiX MOTeHLiajaMu
KynmaHca Ta afiabaTMiHUMU [TOTEHLialaMy iOHi3alii BKasdye Ha BiIHOCHY BiJOKPEMJIEHICTb I[bOTO KJIACy CIIOJIYK Bif
iHIIKMX JUrigpoasyHiB Ta JUTigpoa3osIoNnipyuavHiB. Y I'STOMY pO3[iiii HaBeneHa iHpopmallisi CTOCOBHO feTasei
KBaHTOBO-XiMiYHMX PO3PaxyHKiB Ta IpOrpam, o BUKOPUCTOBYBaIMCh. HaykoBa HOBM3HA POOOTH NOB’S13aHa, B
nepiry 4epry 3 NOrInOJIeHHSIM Cy4acHUX 3HaHb 070 PeakKiiitHOi 3aTHOCT] YaCTKOBO TifIpOBaHUX
reTEPOLUKIIYHUX CUCTEM. [Ipu [1bOMY BIIEpILIE IPOBEAEHO CUCTEMHE BUBYEHHS BIIJINBY METOJA PO3PAXYHKY,
6a3uCcHOro Habopy Ta MOZEJIi BpaxyBaHHS BILJIMBY NIOJISIPU3YI0OYOr0 OTOYEHHS! Ha [TOTEHLiay i0Hi3allii 4aCTKOBO
rijpOBaHUX HiTPOTr€HOBMICHUX reTEPOLMKIIiB; BUSBJIEHO BILJIMB a30JIbHOTO LIUKJIy HAa €JIEKTPOHHY CTPYKTYPY
IWTiNPOa3NHOBUX CUCTEM, BiATIOBIIHMX KaTiOH-PaJMKaJjiB Ta pafuKaJiB; IPOBEIEHO CUCTEMHE BUBUEHHS BILIUBY
a30JIbHOTO LIMKJIy Ha IOTEHIiajy iOHi3allii 4aCTKOBO ripOBAaHUX HITPOT€HOBMICHUX F€TEPOLMKIIIB; BUSBIEHO
HecUuMOaTHICTb NoTeHLjaniB KynmaHca Ta BepTUKaIbHUX i afjiabaTUYHMX NOTEeHLiaiB ioHi3alii B
IUTiZPOa30sIoNipuMiIMHAX 3 By3JI0BUM aTOMOM HiTporeHny; rokaszaHa NpyuHLMUIIOBA BiIMiHHICTb
IUTiTPOa30JIoNipUMITIMHIB BiJ, HEaHeIbOBAaHUX IUTiTPOA3nHIB Ta AUTiIPOA30JIONIPUIMHIB; 3aIIPOIIOHOBAHO
KpUTepill AJ1s1 OLiHKM BiTHOCHOI 3IaTHOCTI IUTiAPOa3NHOBUX CUCTEM JIO PEaKIliil OKMCHEHHS 260 e1eKTPOPiIbHOTO
3aMimeHHs. [IpakTUyHe 3Ha4€HHSI OTPUMAHUX PE3YJbTATIB MOJISITa€ B HACTYIIHOMY: OOI'PYHTOBaHUI B pOOOTI METOZ,
Ta MOJI€JIb KBAHTOBO-XIMiYHOTO [LOCJIiI)KEHHSI MOKHA BUKOPUCTOBYBATH IIPY BUBUEHHI IPOLIECIB €IEKTPOHHUX
IIEPEHOCIB B MOJIEKYJIaX 6i0JIOriYHOrO CTYIEHS CKJIALHOCTI, SIKi BilirpaloTh BaXKJIMBY POJIb Y 6ioeHepreTulli
opranizmy. Pe3ysibTarty, 10 OTpUMaHO, JO3BOJISIOTh POOUTH NONEPENHIN OOIPYHTOBAHUI BiIOoip 00'€KTIB 1151
ximiuHOi Moanikauii yepes enekTpodisbHe 3aMillleHHS Ta OAAJIbIII IEPETBOPEHHS], B TOMY YUCJIi — AJ1S1 CUHTE3y
CIIOJIyK 3 IPaKTUYHO L[iHHUMU BJIACTMBOCTSIMU (HANpUKJIaf, 3 1OJATKOBUMHU (papMakoDOpHUMU PpparMmeHTamu).
PesynbTat po60TH MalOTh B TOMY YMCJI NlepeAbdadyBaabHUI XapaKTep Ta MOXYTb OyTY BUKOPUCTaHi [IpY BUBYEHHI

PpEaKLifHoOi 31aTHOCTI TUX KJIACIB aHEJILOBAHUX AUTINPOA3UHIB, SIKi Ha L1E€M 4ac 1€ € HEBIIOMUMU.

2. The dissertation of Shyshkina M. O. ‘Quantum-chemical modelling of one-electron transfer processes involving
partially hydrogenated nitrogen-containing heterocycles’ is devoted to the study of the heteroaromatization
reaction of 1,4-dihydropyridine, 1,4-dihydropyrimidine and their azole-anilised derivatives, to determine the
influence of the nitrogen cycle on the reactivity of dihydroazines in interaction with oxidizing (electrophilic)
reagents, which is achieved by quantum chemical modelling of the one-electron transfer stages and studying the



electronic structure of the main intermediates. In the first chapter, the literature data on the molecular structure
and reactivity of dihydroazines and dihydroazolopyrimidines with a nodal N-atom are analyzed. The problem of
explaining the fundamental influence of the azole ring on the reactivity of dihydroazolopyrimidines has been
revealed. In the second chapter, the influence of the calculation method on the geometry and the
heteroaromatization process of 1,4-dihydropyridine, 1,4-dihydropyrimidine and 1,4-dihydropyrrolo[1,2-
a]pyrimidine is studied. It was shown that the B3LYP /cc-pVTZ method using the PCM model (solvent - water) is
correct for studying the heteroaromatization process. The third chapter presents the results of the study of the
dihydroazolopyridines. It is shown that the azole cycle affects the dihydropyridine electronic system as an azolyl
substituent at the o-C atom in the initial molecules or as an azolyl substituent at both nodal C-atoms in the radicals.
The ionization potentials of the initial neutral molecules have a higher value compared to the radical ionization
potentials. Very good correlations were found between the Koopmans and the vertical and adiabatic ionization
potentials, indicating that the heteroaromatization process in 1,4-dihydropyridine and dihydroazolopyridines is
similar. The fourth chapter is devoted to the study of the heteroaromatization process in dihydroazolopyrimidines
with a nodal N-atom. The azole ring acts on the dihydroheterocycle as a C-azolyl substituent in the initial neutral
molecules. The influence degree of the azole ring correlates with its overall n-deficient or n- excessive character.
In dihydroazolopyrimidines, a noticeable convergence of the adiabatic potentials of the two stages of one-electron
transfer was found. This can be reflected in the emergence of interaction directions competing with the second
one-electron transfer and explains the increase in the probability of the electrophilic substitution reaction. The
formation of a separate correlation between the Koopmans and adiabatic ionization potentials in
dihydroazolopyrimidines indicates the relative separation of this class of compounds from other dihydroazines and
dihydroazolopyridines. The fifth section provides information on the details of the quantum chemical calculations
and the programs used. The scientific novelty is as follows: a systematic study of the influence of the calculation
method, the basic set and the model for taking into account the influence of the polarizing environment on the
ionization potentials of partially hydrogenated nitrogen-containing heterocycles was carried out; the influence of
the nitrogen-containing cycle on the electronic structure of dihydroazine systems, corresponding cationic radicals
and radicals was revealed; a systematic study of the influence of the azole cycle on the ionization potentials of
partially hydrogenated nitrogen-containing heterocycles was carried out; the nonsymbatnest of Koopmans
potentials and vertical and adiabatic ionization potentials in dihydroazolopyrimidines with a nodal nitrogen atom
was revealed; the fundamental difference between dihydroazolopyrimidines and non-annulated dihydroazines and
dihydroazolopyridines is shown; a criterion for evaluating the relative ability of dihydroazine systems to oxidation
or electrophilic substitution reactions is proposed. The practical significance is: the method and model of quantum
chemical research substantiated in this work can be used to study the processes of electronic transfers in
molecules of biological complexity, which play an important role in the bioenergy of the organism. The results
obtained allow for a preliminary and reasonable selection of objects for chemical modification through
electrophilic substitution and further transformations, including the synthesis of compounds with practically
valuable properties (e.g., with additional pharmacophore fragments). The results of the work are also predictive in
nature and can be used to study the reactivity of those classes of annulated dihydroazines that are currently
unexplored.
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KOMILIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii HayK YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3HaxoaKeHHs: npocnekt Hayku, 6yz1. 60, XapkiB, XapKiBcbkuil p-H., 61072, Ykpaina
dopma BracHOCTI: JlepxaBHa

Coepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

VIII. 3aKkJIl04Hi BiZoMOCTi
Biacue IpizBume Im's I10-6aTbKOBI Jlincon Bikropis BikropisHa

roJIOBH pagu

Biacue IpizBue Im's [0-6aTbKOBI Jlincon Bikropis BikropisHa

roJIOBYIOYOrO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[ITnpo6okoBa Mapis 'eopriiBHa

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



