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Pedepar:

1. Ha cporogHimHiii eHp TpUBa€ iHTEHCMBHUN MOIIYK aJIbTEPHATUBHUX JyKepesl eHeprii. Tak, CoHsA4YHa eHeprid i ii
BMKOPHMCTAHHS € [IePCIEKTUBHYUM QJIbTEPHATUBHUM HAIPSIMOM AOCIiIpKeHHs. Cepell MOXJINBUX MiTXOMIB, O
BHKOPHUCTOBYIOTh COHSIYHY €Heprii 3HauHi 3yCusuIs HallpaBJjleHi Ha po3po0Ky MPUCTPOiB, 10 6a3yI0ThCS Ha
BMKOPHMCTaHHI OpraHiyHMAxX GApBHUKIB SIK OCHOBHUX (POO0OYMX) KOMIIOHEHTIB IEPETBOPEHHS COHSIYHOI €Heprii B
€JIEKTPUYHY. |1es Takux IpucTpoi 6ysia chopmMyabOoBaHa U eKCIIEPUMEHTAIbHO peasizoBaHa e y 1991 poui
(T'petuens). Taki nepeTBOPIOBayi COHSIYHOI eHeprii 3a3B1yail o3HavaTecs abpesiaryporo DSSC (dye-sensitized
solar cell - constuni KoMipKu ceHcubini3oBaHi 6apBHUKaMM). AHCaAMOJIi IUKJIIB, 1[0 MiCTSITh KyMapUHOBI JIaHKHY,
BUKJIMKAIOTb MiABUIIEHUH iHTepeC NOCiAHMKIB y 3B'S13Ky 3 TUM, IO B TAKMX CUCTEMAaX MOXJIMBUI €(pEKTUBHE
BHYTPIlIHbOMOJIEKYJIIPHE IIEPEHECEHHSI €HEePrii eJIeKTPOHHOTO 30yAKeHHs!. Lle 103BoJIsle BUKOPUCTOBYBATH

aHcaM6J1i IMKJTiB SIK aKTUBHI cepeIoBuIna 1Jjis Jla3epiB Ta GoToceHcubinmi3aTopiB st cCoHAYHUX eneMmeHTiB DSSC.



[Tporeasu SARS-CoV-2 BifjirpaloTb BaKJIMBY POJIb Y )KUTTEBOMY LIMKJIi KOPOHABIPYCY, IO POOUTD iX BasKJIMBOIO
MIIIEHHIO [l pO3pOOKY TPOTUBipyCHUX Npenapatis npotu COVID-19. Po3pobka HOBUX IIPOTUBIPYCHUX
IIpernaparis, 3JlaTHUX BIIJIMBATU Ha KijlbKa Gi/IKiB-MillleHe! BipyCy OJlHOYACHO, € HUHI NPIOPUTETHUM 3aBJAHHSM.
AHaji3 MOJIEKYJISIPHUX MEXaHi3MiB JliraH/i-peLenTOPHOI B3aeMOJl 17151 psiiy HEKOBAJIEHTHUX iHTi6IiTOPiB OCHOBHOI
nporeasu (Mpro) Ta nanain-noai6Hoi (PLpro) npoteasu SARS-CoV-2 BUKOPUCTOBYBABCS 117151 PO3POOKY alrOPUTMY
KOMIT'IOTEPHOTO IIOIIYKY MOJIEKYJI, 1110 MalOTh IIOJBIMHNI MeXaHi3M iHrioyBaHHs1 Mpro Ta PLpro. OTxe, MeTo0
IYcepTalifiHOi po60TH 6YJI0 CUHTE3 Ta CIIEKTPaJIbHE JOCIIiIKEHHS HOBUX MOXiAHUX KYMapyHY K 6apBHUKIB-
ceHcubinizaropiB DSSC, a TakoXX BUSIBJIEHHS Ta CUHTE3 [OXiJHUX XiHOJIiHY, SIK IOTEHLiHUX iHTri6iTOpiB IpoTH
SARS-CoV-2. ¥ pob6oTi HaBeZieHO e(peKTHBHI MeTOAM CUHTe3y noxigHux 3-(1,3,4-okcopiazon-2-in)kymapuHy Ta
deHinzamimeHnx KymapruH-3-KapboHOBUX KUCJIOT Ta ix ecTepis. [IpoBeeHO crieKTpasbHi LOCiI>)KeHHS IPOLYKTiB
Ta KBaHTOBO-XiMi4Hi pO3paxyHKU HaliBeMITipiyHMMU Metogamu, merogamu DET ta TD-DFT. [IpoBeeHO nomyk
aKTMBHUX iHTi6iTOpiB poTu SARS-CoV-2 MeTonamu papMako(OpPHOro CKPUHIHTY Ta JOKiHTYy. Bukopucrano
pO3pobJieHy perpeciiiny Mofesb 115l IIOUyKy MOJIeKYJI-XiTiB IOTeHLiMHKX iHTi6iTOpiB MOABINMHOI Aii NpoTH IpoTeas
Mpro ta PLpro. O6'eKTOM JOCTIiIKEHHS € KyMapUHU 3 OKCaJia30bHUM Ta 1,2,4-Tpia30/bHUM LIUKJIAMU B
I0JIOKEHHI 3, (peHin3amilleHi caniluaoBi albIeriay, KyMapuH-3-KapOOHOBI KUCJIOTU Ta iX eCTepy, SIK IOTeHLiiHi
dyopecueHTHI MaTepianu 1j1s 1a3epHUx OGapBHUKIB, 6apBHUKIB-CEHCHO1/1i3aTOPIB 11711 OIITOEJIEKTPOHIKH,
BipTyasibHUI apMakoPOPHUI CKPUHIHT [J1s [TOIIYKY iHTi6iTOpiB I1poTeas BipycHoi npupogu. [IpenmeTom
IOCJiIKEHHS € ONTUMIi3allil METOJiB CUHTE3Y ITOXiIHNX KyMapUHY, BUBYEHHS iX CIEKTPaJIbHUX BJIACTUBOCTEH, a
TaKOX MOJIEKYJIIPHUI JOKIHT CIOJIYK, 3IaTHUX [10 iHriOyBaHHA 2-X TUIIiB 11poTeas Bipycy SARS-CoV-2. [lng
IIPOBEJIEHHS €KCIIEPUMEHTY Ta 0OPOOKM pe3yJbTaTiB BUKOPUCTAHO HACTYIHI METOIM Ta migxonu: 1.
Cnekrpodorometpist B YO- Ta BUIHUMOMY JlianasoHax, ¢pyyopockornis. 2. KBaHTOBO-xiMiuHi po3paxyHKU MeTOAAMuU
DFT ta TD-DFT. 3. 1H-, 13C-AIMP Ta LC-MS criekrpu AJ1s1 [OBELEHHS CTPYKTYPU CUHTE30BAHUX CIIOJNYK. 4.
dapmMakoJIOTiYHMI CKPUHIHT Ta JOKIHT IJ1s MOIIYKY 6i0JI0TiYHO aKTMBHUX CIIOJyK. HOBM3HA oflepKaHUX
pesyabTartis: 1. JJocyigkeHo Npob6yieMy KBaHTOBO-XiMiYHMX PO3PaXyHKiB CIIEKTPaJIbHUX BJIACTUBOCTEN METOLIOM
DFT. 2. CuHTe30BaHO cepito 6apBHUKIB 3-(1,3,4-0Kcomia30J1-2-17)KyMaprHOBOIO psify, OITUMiI30BaHO METOAUKY
CHUHTE3Y 3a JOIIOMOI0I0 TEPMOrPaBIMETPUYHOTO aHali3y Ta HABELEHO albTEPHATMBHUIM PEAKTOPHUM METO,. 3.
3anponoHoBaHo epeKTUBHUI METOJ, CUHTE3y MOHO- Ta AudeHiIcaliluI0BUX ajlbleriliB 32 peakilieio Kpoc-
crionydyeHHs Cyn3yKi-Misgypu peaKTOPHUM METOIOM 3 NOTPUMAaHHAM IIPMHLUIIB 3€J1€HOi XiMil. 4. [IpoBeneHo
CHHTe3 cepil (PryopeCcleHTHUX MOHO- Ta AU(EHIN3aMillleHnX 3-KyMapUHKapOOHOBUX KMCJIOT Ta IX €TUJIOBUAX
ecTepiB, cepe], IKUX BUSIBJIEHO, 0 7-deHin3amimeni 3-KyMapuHKapOOHOBI KUCJIOTU CTAHOBJISATh IIEPCIIEKTUBHY
niaTdopMy IJ1s1 CTBOPEHHS iHHOBaLiMHUX QJIyOpeCLieHTHUX MaTepiaiiB, 6apBHUKIB-ceHcubinizaTopis DSSC Tomo.
5. BusiBsieHO Ta po3po6JIeHO METO/I CUHTe3y NoxigHux 8-((dpeHinamino)merun)-2,3-gurinpo-[1,4]niokcuHo[2,3-
glxinonin-7(6H)-ony, Ik NoTeHLiHNX iHri6iTOpiB NoABiiHOI Aii mpoTeas Mpro Ta PLpro SARS-COV-2. [IpakTuyHe
BUKOPUCTAHHS OJIepKaHUX pe3y/bTaTiB: 1. Pe3ysibTaTul JOCIiIKEHHS CIIOJIYK KyMapyUHOBOTO PSIy MOXYTb OyTU
BMKOPUCTaHi [1J1s [10Ja7bII0i pO3POOKU ONTOENEKTPUYHUX (PYHKILIOHAJIPHMX MaTepiasiB, 30Kpema Jjisl JJa3epHUX
6apBHUKIB, 6apBHUKIB-CEHCUO1II30TOPIB IJ151 COHSTYHUX KOMIPOK, ONTOEJIEKTPOHIKY Ta iHIMNX ranyseil. 2. HaBeneHi
METO/IY CUHTE3y MOXKYTb OYTY BUKOPUCTAaHI /1J11 OTPMMAHHS SIK (JIyOPECLIEHTHUX, TaK i 61010TYHO aKTUBHUX
CIIOJIyK. 3. Pe3ysnbTaTy BOCHiIKeHHS 6i0J10rYHOI aKTUBHOCTI CIIOJIYK MOXKYTb OYTH BUKOPUCTAHI 11711 pO3pO6KU

(apmaneBTUYHUX Npenaparis 151 6poTbbou npotu COVD-19.

2. Today, an intensive search for alternative energy sources continues. Thus, solar energy and its use are a
promising alternative direction of research. Among the possible approaches that use solar energy, significant
efforts are directed at the development of devices based on the use of organic dyes as the main (working)
components of the conversion of solar energy into electricity. The idea of such devices was formulated and
experimentally implemented back in 1991 (Gretzel). Such solar energy converters are usually denoted by the
abbreviation DSSC (dye-sensitized solar cell). Ensembles of cycles containing coumarin units are of increased
interest to researchers due to the fact that in such systems efficient intramolecular transfer of electronic
excitation energy is possible. This circumstance allows the use of ensembles of cycles as active media for lasers
and photosensitizers for DSSC solar cells. SARS-CoV-2 proteases play an important role in the life cycle of the



coronavirus, which makes them an important target for the development of antiviral drugs against COVID-19. The
development of new antiviral drugs capable of affecting several target proteins of the virus simultaneously is
currently a priority task. Analysis of molecular mechanisms of ligand-receptor interaction for a number of non-
covalent inhibitors of the main protease (Mpro) and papain-like (PLpro) protease of SARS-CoV-2 was used to
develop an algorithm for computer search for molecules with a dual mechanism of inhibition of Mpro and PLpro.
Therefore, the aim of the dissertation work was the synthesis and spectral study of new coumarin derivatives as
dyes-sensitizers of DSSC, as well as the identification and synthesis of quinoline derivatives as potential inhibitors
against SARS-COV-2. The work presents effective methods for the synthesis of 3-(1,3,4-oxodiazol-2-yl)coumarin
derivatives and phenyl-substituted coumarin-3-carboxylic acids and esters. Spectral studies of the products and
quantum-chemical calculations using semi-empirical methods, DFT and TD-DFT methods were performed. Active
inhibitors against SARS-COV-2 were searched for using pharmacophore screening and docking methods. The
developed regression model was used to search for hit molecules of potential dual-action inhibitors against Mpro
and PLpro proteases. The following methods and approaches were used to conduct the experiment and process
the results: 1. Novelty of the obtained results: Spectrophotometry in the UV and visible ranges and fluoroscopy. 2.
Quantum-chemical calculations using DFT and TD-DFT methods. 3. 1H-, 13C-NMR and LC-MS to prove the
structure of the synthesized compounds. 4. Pharmacological screening and docking to search for biologically
active compounds. Novelty of the obtained results: 1. The problem of quantum-chemical calculations of spectral
properties using the DFT method was investigated. 2. A series of dyes of the 3-(1,3,4-oxodiazol-2-yl)coumarin
series was synthesized, the synthesis method was optimized using thermogravimetric analysis, and an alternative
reactor method was presented. 3. An effective method for the synthesis of mono- and diphenylsalicylic aldehydes
by the Suzuki-Miyauri cross-coupling reaction by the reactor method, in compliance with the principles of green
chemistry, is proposed. 4. A series of fluorescent mono- and diphenyl-substituted 3-coumarincarboxylic acids and
their ethyl esters were synthesized, among which it was found that 7-phenyl-substituted 3-coumarincarboxylic
acids constitute a promising platform for the creation of innovative fluorescent materials, dyes-sensitizers for
DSSC, etc. 5. A method for the synthesis of 8-((phenylamino)methyl)-2,3-dihydro-[1,4]dioxino[2,3-g]quinolin-
7(6H)-one derivatives was discovered and developed, as potential dual-action inhibitors of the Mpro and PLpro
proteases of SARS-COV-2. Practical use of the obtained results: 1. The results of the study of coumarin compounds
can be used for the further development of optoelectric functional materials, in particular for laser dyes,
sensitizing dyes for solar cells, optoelectronics and other industries. 2. The above synthesis methods can be used
to obtain both fluorescent and biologically active compounds. 3. The results of the study of the biological activity
of the compounds can be used for the development of pharmaceuticals to combat COVD-19. The dissertation is
presented on 169 pages of typewritten text, consists of 19 tables, 41 figures and has 139 references to literary
sources. Keywords: coumarin, 2-oxoquinoline, organic dyes, dye-sensitized solar cell (DSSC), spectrophotometry,
density functional theory (DFT), pharmacophore, Mpro protease, PLpro protease, SARS-CoV-2, dual inhibitors,
virtual pharmacophore screening, docking, logistic regression.
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rOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigabHUH 32 MiZITOTOBKY llleyenko AHzpiit OneKCaHAPOBUY

00JI1iKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




