O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUM 00J1iKOBHI HOMeEP: 0825U001559
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 08-05-2025

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CazoHoB Kupusno JMutposud

2. Kyrylo Sazonov

KBasmigikaris: 102

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis
FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN
OcCBiTHBO-HAayKOBa porpama 3i creniaJbHOCTI: Ximia
JaTa 3axXHCTy: 25-06-2025

CreniaJbHICTh 32 OCBITOIO: Ximis

Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleliaai30BaHOI BYEHOI pazu). PhD 8683
IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOHM: OzechKuil Hal[iOHaIbHUI yHiBepcuTeT imeHi 1. I. Meynukosa
Kopg 3a € IPIIOY: 02071091

Micue3HaxoaKeHHS: BYJ1. JIBOpSIHCBKa, 6yZ. 2, Oneca, 65082, YkpaiHna

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0M: OfechKuil HallioHaIbHKI yHiBepcuTeT iMeHi 1. I. MeyHMKoBa
Kopg 3a €IPIIOY: 02071091

Micue3HaxoaKeHHS: ByJI. [IBOpsiHCBKA, 6Y7. 2, Opneca, 65082, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemMaTHyHHX PyOpHK: 31.21.27, 31.23

Tema gucepranii:
1. CunTe3 Ta 6iosioriyHa aKTUBHICTh HOBUX aMiJJHUX MOXiJHUX iHE€HOXiHOKCaIiHOBOTO PsLy.

2. Synthesis and biological activity of new amide derivatives of the indenoquinoxaline series.

Pedepar:

1. Inceprariiio mpucBsiaeHo po3podiii epeKTUBHOr0 METOAY CUHTE3y aMifHUX MoxigHux 11-okcoingeHo[1,2-
b]xiHokcaniH-6-KapOOHOBOI KUCJIOTH, NOCIiIKEHHIO iX (i3UKO-XiMIYHMX XapaKTepUCTUK, adinitetry go JHK, a
TaKOX JI€SIKMX 6i0JIOTYHUX BJIACTMBOCTEN. Y BCTYII OGIPYHTOBAHO aKTyaJIbHICTh TEMU JMCEPTALilIHOI pO60TH,
cpopMyIbOBaHO METY Ta 3aBIAHHS NOCJiIKeHHS], 3a3Ha4€HO HayKOBY HOBU3HY i IPAaKTUYHY 3HAYMMICTh
OTPUMAHUX PE3YJIbTATIB. Y MEePIIOMY PO3/iJli IPEICTABIEHO OIS JTEPATypPH, B IKOMY CUCTEMATU30BaHO JaHi
JliTepaTypHUX IPKEPeJT 0J0 METOIiB CUHTE3Y iHJI€HOXiHOKCA/IiHOBUX MOXiAHUX Ta aHaji3y ix 6iosioriyHoi
aKTUBHOCTI. OKpeMO yBary NnpupiieHo iHTepKaISLitHOMY CIIOCO0Y B3aeMOJIii CIIOJYK LbOro Kkiaacy i3 JHK.
OxapakTepr30BaHo in silico MeTonu, sKi 3aCTOCOBYBAINCH B POOOTI. Y APYyromMy po3aiji mpeacTaBieHO MeTOIUKY
CHHTE3Y SIK JOCJiJ)KyBaHUX, TaK i BUXiJHUX CIIOJIYK, iX ifeHTudiKaliliHi napameTpu. HaBeeHO MeTOAUKY, YyMOBU 1
OCHOBHi eTanu XiMiYHUX JOCJiIPKEeHb Ta 6i0JI0rYHOrO CKPUHIHTY, OIIMC PEAKTUBIB, XapaKTEPUCTUKN YCTAaTKyBaHHS
Ta 00J1aiHAHHS, SIKi 3aCTOCOBYBaIM y Po6OTi. TpeTiil po3fin NpuCBsiYeHO NPOTrHO3yBaHHI in silico 6io0rivHoi

aKTUBHOCTI aMifiiB, SIKi IJIaHyBasI0Cs! CUHTe3yBaTu. 3a poromorolo nporpamu ADMETIab 2.0. npoananizoBaHo ix



¢isuko-xiMiuHi mapameTpu Ta BCTAHOBJIEHO, 110 3a NpaBusamu JIiMiHCbKOro BOHU MOXYTb OyTH BifHeceHi g0 “drug-
like”. Ouinka papMaKOKiHETUYHUX XapaKTePUCTUK I10Ka3aa, 10 BCi CIIOJIyKU 3 HEBEJIMKOIO 10JIe10 HMOBIPHOCTI
3/1aTHi abcOpOyBaTUCs Y KUIIEYHUKY JIIOOWHHY, a [esKi — 3[aTHI IPOHUKATH Yepe3 reMaTroeHedaniyHuil 6ap'ep.
Maiixe BCi CIIOJIyKU XapaKTePU3YIOTbCSI HU3bKUM 3HAYEHHSIM KJIiPEHCY i BITHOCATHCS 10 IPEnapaTiB 3 KOPOTKUM Ta
HAIKOPOTKUM I1€PiOJ0OM HAIiBBUBENEHHS. 3riHO IIPOrHO3Y BCi CUHTE30BaHi PEYOBUHU € 0BOJII TOKCUYHUMY,
[IPOTE BUCOKi 3HAYEHHS [TapaMeTPiB MyTareHHOro MOTEHIIiaNly Ta TEHOTOKCUYHOCTI OIIOCEPEAKOBAHO MOXKYTh
BKa3yBaTH Ha MO>JIMBICTB ix inTepkanauii no JHK, mo Bkasye Ha iX oTeHLiasl A4 JIiKyBaHHs yXJIMH a60 BipyCHUX
in¢exuiit. CKpuHIHT (papMaKOJIOTIYHUX BJIACTUBOCTEN Be6-cepBepoM PharmMapper nigTBepauB 30aTHICTb aMifiiB
3B'SI3yBaTUCH 3 6i0JIOTIYHUME MillleHSIMHU, IIePeBa’KHA OiIbIIICTb SKUX IPUNAMAaIOTh y4acTs y perutikanii THK ta
IO/IiJIi KJIITUH. 30Kpema repenbdadyeHo, o [esKi i3 CHHTe30BaHUX CIIOJYK MOXKYTb B3a€MOZISITU 3 6iIKaMU YMOBHO-
naToreHHUx Mikpooprasismis E. coli, S. aureus, C. albicans. Maiixe BCi CITOJIyKU 3 BUCOKOIO BipOTiZJHICTIO MOXKYTb
iHribyBaTu rnpoteiHkiHasy, sKi BilirpaloTh KJIIOUOBY POJIb Y NIPOLIECi 3pOCTaHHs Ta Mot KiiTuH. Kpim Toro, neski 3
HUX [IOTEHL{iHO MOXYTh IPUTHIYyBaTHU Jjii0 iHTepdepoH-iHIyKOBaHOI IpOTeiHKiHA3Y, HaIMipHA aKTHUBHICTD SIKOI
IIPU3BOJUTS JI0 3allaJIeHH Ta [OIIKO)KEHHS TKAHUH. MOJIEKYJISIPHUM JOKIHIOM MigTBEPIPKEHO, 110 YCi CIIOIYKU
MO>XYTb YTBOPIOBATH KOMILJIEKCU BKJIIOUEHHS i3 IBOCIIPaIbHUMU TOJIIHYKJIEOTUAAMU, TOOTO € MOTEeHLiIHHUMU
intepkansaropamu no JJHK. ITokazano, mo 11-okcoingeno[1,2-b]xiHokcaniH-6-kap6OHOBa KMCIOTA 3HAYHO
IIOCTYIIAETHCS 32 BUrpalieM B eHeprii 38’13yBaHHs 3 JHK y nopiBHsHHI 3 ii aMifHUMY NOXiZHUMY, 1O NiATBEPAUIO
IOLi/NBHICTB X CUHTE3y Ta NOJAJBIINX JOCIIXeHb. YeTBepTUH PO3[iJ IPUCBSIYEHO CUHTE3Y 6a30B0i criosyku — 11-
okcoinzeHo[1,2-b]xiHokcaniH-6-KapObOHOBOI KUCIOTU Ta PO3POOLIi Ha ii OCHOBI €()EKTUBHOrO Ta YHiBEpCAJIbHOTO
METOJy CUHTEe3Y aMiHUX NoxXigHuX. Bysio moBeeHo periocesieKTUBHICTb peaklii cuHTesy 11-okcoingeHo[1,2-
b]xiHokcaniH-6-KapOOHOBOI KUCIOTU NPU KOHAEHcallii 2,3-1iaMiHO6eH3011HO KUCJIOTH 3 HiHTIIPUHOM i
BCTAHOBJIEHO, 1IJ0 YTBOPIOETHCS KUCJIOTA i3 KApOOKCUIBHOIO TPYIIOI0 B TIOJIOKEHHI 6 iHI€HOXIHOKCaliHOBOTO
Kapkacy. OnucaHo eTanu po3pooku criocoby aminyBaHHs 11-okcoingeHo[1,2-b]xiHokcaniH-6-kKap6OHOBOI KUCJIOTH
Ta BU3HAUYEHUH Halle(PeKTHUBHIINI METO], — IMIJIIXOM aKTHUBallii KApOOKCUJIBHOI IPyIIM €TUJIOBUM €CTEPOM
MOHOXJIOPBYTiZIbHOI KUCJIOTHU. LIUM METOIOM CHHTE30BaHO J€CSITh aMiHUX NOXigHuX 11-okcoinaeHo[1,2-
b]xiHOKcaniH-6-Kap6OHOBOI KMCJIOTH (3 HUX JEB'SITh CIIOJIYK ONMCAHO BIEPIIE) 3 €CTEPAMU aMiHOKUCIIOT, aMiHaMU
pizHOi 6yn0oBU, aMiHOeTaHOJIOM. HOBi OTpMMaHi CIIOJIyKM OXapaKTepU30BaHO eJIeMEHTHUM aHamizom, SIMP
CIIEKTPOCKOIIi€l0, XPOMATO-Mac-CIIEKTPOMETPi€l0. Bu3HaueHo TeMIiepaTypu IJIaBJ€HHS BCiX CUHTE30BaHUX
PEYOBMH Ta KOHCTAHTH iOHi3alii crioJyK, o MaoTb aMiHOTPYIu y CKafi 6i4HOro saHutora. IT'atuit poszin
IIPUCBSIYE€HO BU3HAUYEHHIO adiHiTeTy oTpuManux cronyk 1o JHK, a Takox nocifKeHHI0 aHTHOaKTepialbHOI,
aHTUQYHTAIbHOI Ta aHAJIBT€TUYHOI aKTUBHOCTI. BCTaHOBJIEHO, 1110 BCi CUHTE30BaHi KapboKcaMiay €
BrcokoadinHumu girangamu JHK ta 3a cBoim adiHiTeTOM € a60 6JIM3bKMMU [0 BilOMOTO IIpenapary aMikCUHY, abo
HABITb NIEPEBAXKAIOTH MOT0, 10 NO3BOJISIE IX PO3IJISIATHY SIK TOTEHLIMHI IPOTUBIPYCHI areHTH 3 MOXKJIMBOIO
IMyHOMOZYJIITOPHOIO Ji€lo. 1714 CIIOJIyK 3 aMiHOTPYIIaMU Y CKJIaJli JIIHKEPHOT'O aMiJHOTO JIaHI[I0ra METOLOM
criekTpodoToMeTpii focifkeHo crocio6 ix 38s3yBaHHs 3 [JHK. [TokasaHo, 1m0 B3aemoist N-[3-
(mmmeTnnamino)npomin]-11-okcoingeHno|[ 2,1-b|xiHokcanin-6-kapbokc- aminy 3 JTHK B €J1IeKTpOHHUX CIIEKTPax
BiZOOPaKY€ETHCS SIK 6ATOXPOMHMI 3CYB CMYT TIOTJIMHAHHS 3 OAHOYACHUM TiIIOXPOMI3ZMOM, IO €KCIIEPUMEHTAIbHO

IIOBOJIUTB iX B3a€EMOJI0 LIJISIXOM «YMCTOI» iHTE€pKaJISILi.

2. The dissertation is devoted to the development of an effective method for the synthesis of amide derivatives of
11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid, the study of their physicochemical characteristics, their affinity
for DNA and some biological properties. The introduction substantiates the relevance of the dissertation topic,
formulates the goal and objectives of the research, and indicates the scientific novelty and practical significance of
the results obtained. The first section presents a literature review, which systematizes data from literature sources
on methods for the synthesis of indenoquinoxaline derivatives and the analysis of their biological activity. Special
attention is paid to the intercalation method of interaction of these compounds with DNA. The in silico methods
used in the work are characterized. The second section presents the synthesis methods of both the studied and
the starting compounds and their identification parameters. The methods, conditions and main stages of chemical
research and biological screening, a description of reagents, and characteristics of equipment and instruments



used in the work are presented. The third section is devoted to the in silico prediction of the biological activity of
the amides that were planned to be synthesized. Using the ADMETlab 2.0 program, their physicochemical
parameters were analyzed, and it was established that according to Lipinski's rules, they can be classified as “drug-
like”. The assessment of pharmacokinetic characteristics showed that all compounds are likely to be absorbed in
the human intestine, and some are able to penetrate the blood-brain barrier. Almost all compounds are
characterized by low clearance values and belong to drugs with short and ultra-short half-lives. According to the
prediction, all synthesized substances are quite toxic; however, high values of mutagenic potential and
genotoxicity parameters may indirectly indicate the possibility of their intercalation into DNA, which indicates
their potential for the treatment of tumors or viral infections. Screening of pharmacological properties by the
PharmMapper web server confirmed the ability of amides to bind to biological targets, the vast majority of which
are involved in DNA replication and cell division. In particular, it is predicted that some of the synthesized
compounds can interact with proteins of opportunistic pathogens E. coli, S. aureus, and C. albicans. Almost all
compounds have a high probability of inhibiting protein kinases, which play a key role in cell growth and division.
In addition, some of them have the potential to inhibit the action of interferon-induced protein kinase, the
excessive activity of which leads to inflammation and tissue damage. Molecular docking confirmed that all
compounds can form inclusion complexes with double-stranded polynucleotides, i.e., are potential intercalators to
DNA. It was shown that 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid is significantly inferior in the gain in
binding energy with DNA compared to its amide derivatives, which confirmed the feasibility of their synthesis and
further studies. The fourth section is devoted to the synthesis of the basic compound - 11-oxoindeno[1,2-
b]quinoxaline-6-carboxylic acid and the development of an effective and universal method for the synthesis of
amide derivatives based on it. The regioselectivity of the synthesis reaction of 11-oxoindeno[1,2-b]quinoxaline-6-
carboxylic acid by condensation of 2,3-diaminobenzoic acid with ninhydrin was proven, and it was found that an
acid with a carboxyl group in position 6 of the indenoquinoxaline skeleton is formed. The stages of developing a
method for amidation of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid are described, and the most effective
method is determined - by activating the carboxyl group with an ethyl ester of monochlorocarbonic acid. Ten
amide derivatives of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid (nine of them are described for the first
time) with amino acid esters, amines of various structures, and amino ethanol were synthesized using this method.
The newly obtained compounds were characterized by elemental analysis, NMR spectroscopy, and
chromatography-mass spectrometry. The melting points of all synthesized substances and the ionization
constants of compounds containing amino groups in the side chain were determined. The fifth section is devoted
to determining the affinity of the obtained compounds for DNA, as well as the study of antibacterial, antifungal,
and analgesic activity. It was found that all synthesized carboxamides are high-affinity DNA ligands, and their
affinity is either close to the known drug amixin or even exceeds it, which allows them to be considered as
potential antiviral agents with possible immunomodulatory effects. For compounds with amino groups in the linker
amide chain, the method of their binding to DNA was studied spectrophotometrically.
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