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Pedepar:

BUKOPMCTAHHS € NIEPCIIEKTUBHYM aJIbTEPHATUBHUM HAIPSIMOM NOCIIKEeHHS. Cepel, MOXKJIMBUX IITX0IB, 0
BHMKOPHCTOBYIOTb COHSIYHY €HEPrii 3Ha4Hi 3yCUJIIsl HAlIpaBJjleHi Ha po3pO0Ky MPUCTPOIB, 10 6a3yI0ThCS HA
BUKOPUCTAHHI OPTaHiYHMX 6APBHUKIB IK OCHOBHHUX (POO0OYMX) KOMIIOHEHTIB IEPETBOPEHHSI COHSIYHOI €Heprii B
eJIeKTpUYHY. Inest Takux npucTpoi 6ysia copMysibOBaHa U eKCIIEPUMEHTAIbHO peastidoBaHa e y 1991 poui
(T'petuens). Taki nepeTBOPIOBayYi COHSYHOI eHeprii 3a3B1yail no3HavaTbecs abpesiaryporo DSSC (dye-sensitized

solar cell - constuHi KOMipKU ceHcubini30BaHi 6apBHUKaMM). AHCAMOJIi IMKJIIB, [0 MiCTITh KyMapUHOBI JIaHKH,



BUKJIMKAIOTb MiBUIIEHUN iHTepeC NOCIiIHMKIB Y 3B'S13Ky 3 TUM, IO B TAKMX CUCTEMAX MOXJIMBUI €(EKTUBHE
BHYTPIIlIHbOMOJIEKYJIIPHE IIEPEHECEHHSI €HEPrii eJIeKTPOHHOTO 30yAKeHHsI. Lle 103B0JIsse BUKOPUCTOBYBAaTH
aHcaM6J1i UMKJIB SIK aKTUBHI cepenoBuIna 1J1s Ja3epiB Ta GoToceHcubini3aTopiB A1t cCoHAYHUX eneMeHTiB DSSC.
[Tporeasu SARS-CoV-2 BifjirpaloTb BaKJIMBY POJIb Y )KUTTEBOMY LIMKJIi KOPOHABIPYCY, [0 POOUTH iX BasKJIMBOIO
MIIIEHHIO [17151 pO3pO0KY NPOTUBipycHUX npenapariB npotu COVID-19. Po3po6ka HOBUX MPOTUBIPYCHUX
IIpernaparis, 3JlaTHUX BIIJIMBATU Ha Kijlbka 6i/IKiB-MilleHe! BipyCy OJlHOYACHO, € HUHI NPIOPUTETHUM 3aBJAHHSIM.
Anaii3 MOJIEKYJISIPHUX MEXaHi3MiB JliraH/i-peLienTOPHOI B3aeMOJi 17151 psily HEKOBAJIEHTHUX iHTi6iTOPiB OCHOBHO]
nporeasu (Mpro) ta nanain-noni6Hoi (PLpro) nporeasu SARS-CoV-2 BUKOPUCTOBYBABCS 7151 PO3POOKYU aJTOPUTMY
KOMIT'IOTEPHOTO MIOIIYKY MOJIEKYJI, LII0 MalOTh MOJBIMHNI MeXaHi3M iHribyBaHHs Mpro Ta PLpro. OTxe, MeTo0
IyicepTalifiHOi poO6OTH 6YJI0 CUHTE3 Ta CIIEKTpajibHE JOCIIiJKEHHS HOBUX MOXiIHUX KyMapUHY K 6apBHUKIB-
ceHcubinizatopiB DSSC, a TakoXX BUSIBJIEHHS Ta CUHTE3 MOXiJHUX XiHOJIiHY, SIK IOT€HLiHUX iHri6iTOpiB IpOoTH
SARS-CoV-2.V po60Ti HaBe1IeHO e(PEeKTUBHI METOIM CUHTe3y NoxigHux 3-(1,3,4-okcoaia3on-2-in)KymapuHy Ta
deHinzamimeHnx KymapruH-3-KapboOHOBUX KUCJIOT Ta ix ecTepiB. [IpoBeseHO crieKTpasibHi LOCiI)KeHHS IPOYKTiB
Ta KBaHTOBO-XiMi4Hi pO3paxyHKU HalliBeMIIipiYHMMU MeTtogamu, merogamu DET ta TD-DFT. [IpoBeneHoO nomyk
aKTUBHUX iHri6iTopiB npotu SARS-CoV-2 meTomamu ¢papMakoQpOpPHOro CKpUHIHTY Ta AOKIHTY. BUkopucrano
pO3pobJieHy perpeciiiny Mozesb [j1s IIOUTyKy MOJIEKYJI-XiTiB IOTeHLiMHMX iHTi6iTOpiB MOABIMHOI Aii MpoTH IpoTeas
Mpro ta PLpro. O6'eKTOM JOCTIiIKEHHS € KyMapuHU 3 OKCaZia30abHUM Ta 1,2,4-Tpia30/bHUM LIUKJIAMU B
II0JIOKEHHI 3, PeHin3aMilleHi canilnloBi anbIeriny, KyMapuH-3-KapOOHOBI KUCJIOTH Ta iX €CTEPH, K IOTEHLiNHI
(dryopecLieHTHI MaTepianu Ajisl 1a3epHUX 6apBHUKIB, 6apBHUKIB-CEHCUOII3aTOPIB 17151 ONTOENEKTPOHIKH,
BipTyasibHUI papMakoPOPHUI CKPUHIHT AJIs [TOMIYKY iHTi6iTOpPiB IpoTeas BipycHoi npuponu. [IpenmeTom
IOCJTiIKEHHS € ONTUMi3allis METOJiB CUHTE3Y [IOXiTHNX KyMapuHY, BUBYEHHS iX CIIEKTPaJIbHUX BJIACTUBOCTEH, a
TaKOX MOJIEKYJIIPHUI JTOKIHT CIOJIYK, 3IaTHUX [10 iHriOyBaHHS 2-X TUIIB 11poTeas Bipycy SARS-CoV-2. llns
IIPOBEJIEHHS €KCIIEPUMEHTY Ta 0OPOOKM pe3ysbTaTiB BUKOPUCTAHO HACTYIHI METOIM Ta migxonu: 1.
Cnekrpodorometpist B YO- Ta BUIHUMOMY JlianasoHax, ¢psryopockonis. 2. KBaHTOBO-xiMiuHi po3paxyHKy MeTOAaMuU
DFT ta TD-DFT. 3. 1H-, 13C-IMP ta LC-MS cniekTpu AJ1s1 JOBELEHHS CTPYKTYPY CUHTE30BAHUX CIIOJIYK. 4.
dapmakoJIOTiYHMI CKPUHIHT Ta JOKIHT 1J1s1 OIIYKY 6i0JI0TiYHO aKTMBHUX CIIOJyK. HOBM3HA ofepKaHUX
pesyanbTatis: 1. [JocyigkeHo npobyieMy KBaHTOBO-XiMiYHMX PO3PaXyHKiB CIIEKTPaJIbHUX BJIACTUBOCTEN METOLIOM
DFT. 2. CuHTe30BaHO cepito 6apBHUKIB 3-(1,3,4-0Kconia301-2-171)KyMaprHOBOIO psily, OITUMi30BAaHO METOAUKY
CHHTE3Yy 32 JOIIOMOrOI0 TEPMOTPaBiMETPUYHOTrO aHAJIi3y Ta HABEJIEHO aJbT€PHATUBHUI PEAKTOPHUI MeTOoZ, 3.
3anponoHoBaHo epeKTUBHUI METOJ, CUHTE3y MOHO- Ta AuQeHiICcailnI0BUX albeTiliB 32 peakiieo Kpoc-
crionydyeHHs Cyn3yKi-Misgypu peaKTOPHUM METOZIOM 3 NOTPUMAaHHIM IIPUHLUIIB 3eJ1€HOi XiMil. 4. [IpoBeeHO
CHHTe3 cepii PryopecleHTHUX MOHO- Ta AU(eHiN3aMillleHnX 3-KyMapUHKapOOHOBUX KMCJIOT Ta X €TUJIOBUX
ecTepis, cepef, IKUX BUSBIIEHO, 1O 7-(peHin3amimeni 3-KyMapruHKapOOHOBI KUCJIOTH CTAHOBJISITh EPCIEKTUBHY
nnaTdopMy IJ1s1 CTBOPEHHS! iHHOBaLIMHUX (JIyOpeCcLieHTHUX MaTepiasiB, 6apBHUKiB-ceHcubinizaTopis DSSC Too.
5. BusiBsieHO Ta po3po6s1€HO METO/, CUHTE3Y NoXinHuX 8-((dpeninamino)merun)-2,3-nurinpo-[1,4]giokcuno[2,3-
glxiHomiH-7(6H)-0Hy, K IOTEHLINHUX iHTi6iTOPiB MoABiNHOI Aii mpotea3 Mpro ta PLpro SARS-COV-2. [IpaktuyHe
BUKOPUCTAHHS OJlepKaHUX pe3ysbTaTiB: 1. Pe3ysbTaTul JOCIiIKEHHS CIIOJIYK KyMapyUHOBOTO PSIIy MOXYTb OyTU
BMKOPUCTaHI [1J1s [10Ja7bII0i pO3POOKU ONTOENEKTPUYHUX PYHKIIOHAJIPHUX MaTepiasliB, 30Kpema Jjis JJa3epHUX
6apBHUKIB, 6apBHUKIB-CEHCUOIII30TOPIB IJ1s1 COHSTYHUX KOMIPOK, ONTOEJIEKTPOHIKY Ta iHImNX ranyseil. 2. HaBegeHi
METOJIY CUHTE3y MOXKYTb OYTY BUKOPUCTAaHI /1J11 OTPMMAHHS SIK (PJIYyOPECL,EHTHUX, TaK i 61010rYHO aKTUBHUX
CIIOJIyK. 3. PeaysnbTaTy BocaigpKeHHs 6i010riYHO] aKTUBHOCTI CIIOJIYK MOKYTb OYTH BUKOPUCTAHI 11711 pO3pOOKHU

(dapmaneBTUYHUX Npenaparis 15 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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Biacue IpizBume Im's I10-6aTbKOBI Pomany Onexcannp Jlapuzosud

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Pomanb Onexkcannp Jlapusiosud

roJIOBYIOYOTO Ha 3acigaHHi

BiagmoBizasibHU 32 MiATOTOBKY [llepuyenKo AHzpiii OneKkcaHapoBUY

00JIIKOBHX JJOKYMEHTIB

Peectparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




