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1. TTomyk 6i0710TiYHO aKTUBHUX CIIOJIYK cepel, IponyKTiB Mmoaudikauii 6-(rasorenoankin)-3-R-2H-
[1,2,4]Tpuasnno[2,3-c]xiHa30/iH-2-0HiB Ta iX CTPYKTYPHUX aHAJIOTiB

2. Search for biologically active compounds among the products of 6-(haloalkyl)-3-R-2H-[1,2,4]triazino[2,3-
c]quinazolin-2-ones modification and their structural analogues

Pedepar:

1. TIpepcraBieHa po60Ta € KOMIVIEKCHUM JOCTiPKEHHSIM, CIIPSIMOBAHMM Ha IMOIIYK 6i0JIOTiYHO aKTUBHUX CIIOJYK
cepep npoaykTiB mogugikauii 6-(ranorenoankin)-3-R-2H-[1,2,4]rpuasuno|2,3-c]xinazonin-2-oHiB. OfepKaHi
Pe3yJIbTaTU NOCIiIKEHb TOKA3aJy, O MepeBa’kHA OiIbIIICTh CUHTE30BAHUX CIIOJIYK HE BOJIOAIIOTh
aHTHPAIVKAJIbHOIO aKTUBHICTIO 200 IPOSBIISIOTH ii B He3HAUHIN Mipi. €IMHOI0 BUCOKOAKTHBHOIO CIIOJIYKOIO
BusgBuiach 2-(((3-(4-isonponindenin)-2-okco-2H-[1,2,4]rpuazuno[2,3-c]xinazoniH-6-i1)MeTu)Tio)Ipona-~HoBa
KUCJIOTA, IO 32 piBHEM aHTUPAOUKAJIBHOI il nepeBuuia pedepeHc-CIONyKy — aCKOPOiHOBY KUCIIOTY.
[IpoBeeHMi aHAI3 B3a€MO3B' 513Ky «Oy10Ba-aHTAPAAMKAbHA Aisd» 0Ka3as, M0 B Psily CUHTE30BAHUX CIOJIYK BUILA

aHTUPAJYKaIbHA aKTUBHICTh BJIACTUBA PEYOBUHAM, 1[0 MIiCTSATh TIOMETUJIbHUI JIIHKEPHUN PparMeHT. AHarti3



oJlep>KaHMX JAHUX I10Ka3aB, 0 OTPUMAHI CIIOJIyKU He € aKTUBHUMU aHTUMIKPOOHUMHU areHTamu. Tak, kojiHa 3
oJlep>KaHUX peYyOBHH He iHribyBasa pict mwramiB Staphylococcus aureus. BisbiicTs CrIosyk He iHri6yBaju picT
wrtamy Escherichia coli. Takox rnepeBaxkHa 6i/bIIiCTh CHHTE30BaHUX CIIOJIYK BUSIBUJIACh HEAKTUBHOIO 200
MaJIOAKTUBHOIO 110 BiJHOIIEHH!O A0 Mycobacterium luteum. BupakeHy aKTUBHICTb IPOSBIISIIN JIMLIE CIIOJIYKU 3-
metuin-6-(1-(4-metunninepigun-1-in)etun)-2H-[1,2,4]rpuasuno[2,3-c]xiHa305iH-2-0H Ta 3-meTun-6-(1-
(peninamino)ernn)-2H-[1,2,4]rpruasuno[2,3-c]xiHa3oiH-2-0H, sIKi iHri6yBaIy PicT LPOTO MITaMy B KOHLIEHTpallii
62.5 MKr/Mr Ta 125.0 MKT/MJ1 BiiTIOBiAHO, @ 6aKTepULUIHY Ail0 y KOHIeHTpalisx 125.0 Mxr/mr ta 250.0 MKr/Mr
BiAnoBigHO. TakoX NnepeBaxkHa Oi/IbIIICTh CUHTE30BAHUX CIIOJIYK HE BUSIBUJINCh BUCOKOAKTUBHUMU
[IPOTUTPUOKOBUMU areHTaMu. Tak, BUpaskeHOI0 IIPOTUIPUOKOBOIO aKTUBHICTIO M0 BifHOIIEHHIO 1o Aspergillus niger
xapakrepusyBascsl 6-(((4-metun-4H-1,2,4-tpuasosn-3-in)rio)mernin)-3-penun-2H-[1,2,4|rpuazuno[ 2,3-c]xiHazomin-
2-oH (MIK = 62.5 mkr/mi, MOK = 125.0 mxr/mi). [TokazaHo, 10 IPOAYKTU B3aeMo[ii 6-(xyopoankin)-3-R-2H-
[1,2,4]TpnasnHo[2,3-c]xiHa301iH-2-0HiB 3 TIOKACJIOTAMU Ta iXHIMU €CTEPaMU SBJISIOTb COOOI0 CTPYKTYPHi aHAJIOTU
CIIOJIYKU 3 JOBEJIEHOIO BUCOKOIO [IPOTH3ANa/IbHOI aKTUBHICTIO Ta HU3bKOIO TOKCUYHICTIO, @ came 3-MeTUJI-2-0KCO-
2H-[1,2,4]Tpuasnno[2,3-c]xiHa30iH-6-1/1)0yTaHOBOI KMCJIOTH, Ta MOXYTb OYTH OJlep>KaHi 3 Hel LIJISIXOM
6ioizocTepuyHoi 3aminu atomy Kap6ony Ha Cysbdyp, 10IATKOBOTO BBEIEHHS 3aMiCHUKIB /10 aJKiNKap6OKCUIBHOTO
¢dparmeHnTa Ta Mmopudikarii MoJIeKyIu 3a MOJI0KEHHSIM 3 3 METOI0 IIoCuiIeHHs JinodinbHocTi. BioizocTepuyna
3aMiHa 3 BKoueHHs Cynbpypy MOXKe [IPUBECTU 10 T10SIBM HOBUX 3B'SI13KiB 3 MOXKJIMBICTIO iCHYBaHHS OiJIbLI
CTabisbHOI KOH(oOpMalii «Jiranz-mileHb» 4yepe3 JoIaTKOBY (piKcallilo ayKilTiokKapOOKCUIIBHOTO (PparMeHTa i, K
HaCJIiIOK, 3MiHM BUOGIPKOBOCTI CIIOJYK 100 6iosoriyHux MimeHed. Hamasi mpoBeeHo TOKIHTOBi JOCTiIKeHHS,
pe3yJIbTaTaMU SIKUX JOBEJEHO BUCOKY BipOTiIHiCTh IPOSBY IIPOTU3aNalbHOI aKTUBHOCTI JOCiIPKyBaHUX JIraH/iB, a
TaKOX OOI'PYHTOBAHO AOLIJIBHICTD 6i0i30CTEpUYHOI 3aMiHU B aJIKiJIKapOOHiIbHOMY (parmeHTi atoma Kapbony Ha
Cynbpdyp. [IpoBegeHi nocigkeHHs IpOoTH3anaabHOi aKTUBHOCTI Ha MOJIeJli KappariHaH-iHIyKOBaHOTO HAOPSKY
nokazany, o 2-((1-(3-metun-2-okco-2H-[1,2,4]Tpuasuno[2,3-c]xiHa301iH-6-1y1)eTri1)Tio)oLTOBa KUCIOTa Ta N~
auetun-S-((3-(4-isonponingeHin)-2-okco-2H-[1,2,4]rpuasuno[2,3-c]xiHazosniH-6-i1)MeTU)1CTeiH TPOsSIBISIOTh
BHpaXXeHy IPOTU3aMaJIbHy [il0 Ha PiBHI Ipenapary nopisHaHH: Hatpito nuknodeHaky. Bonnovac 2-(((3-(4-
izonpomningenin)-2-okco-2H-[1,2,4]TprnaznHo[2,3-c]xiHa301iH-6-11)MeTUI)TiO)IpONIaHOBA KUCJIOTA BUSIBUJIACh
MAaJIOAKTUBHOIO, 10 Y3rOIPKY€EThCA 3 JAHUMU MOJIEKYJISIPHOTO IOKIHTY, aJpKe caMe ISl CIIOJIyKa Ma€ TaKOXK HU3bKY
criopinHeHicTb fo LIOT-1 Ta LIOT'-2. Ha3paHa Bulle criosiyka 0ysia HallakKTUBHIIIOW Mif] Yac AOCiIPKEHHS
AHTUPAJVKAIBHYX BJIACTUBOCTEH, TAKUM YMHOM MOJKHA CTBEPIPKYBATH, 1O B 3a3HAYEHOMY DSy PEYOBMH
IIPOTHU3arajbHa Jiisl He acoliiioBaHa 3 aHTUPAAUKaJIbHUMU BJIACTUBOCTSIMU. BCTaHOBIIEHO, 1110 BBEJIEHHS CIIOJYK 2-
((1-(3-metnn-2-okco-2H-[1,2,4]TpuasnHo[2,3-c]xiHa301iH-6-111)eTr)Tio)oLTOBOI KucaoTy Ta N-auetun-S-((3-(4-
isonponingenin)-2-okco-2H-[1,2,4]rpuasuno|2,3-c|xiHazosniH-6-i1)MeTn)ucTeiny NpUBOAUIIO 4O rajlbMyBaHHS
3anaybHUX NPOLECIB y KPOBI 1ypiB B yMOBaxX KappariHaH-iHIyKOBaHOTO HAOpPsKy. Ha T/1i 3MeHILIeHHs! HaOPSIKY
JIallK1 B €KCIIePMMEHTaJIbHUX TBApPUH JOCTOBIPHO 3HMKYBaJX B KPOBi piBeHb crieuiuHux MapKepiB, 110
XapaKTepU3yloTh He juie npouec 3ananenss (OT-2, IL-1n, C-peaktuBHU 6i/10K), a 1 okcugaTuBHuii ctpec (iNOS,
HiTpoTHpO3uH) Ta aHrioreHe3 (VEGF). 3a pesysbraTamu 6ioxXimMiuHuX fociigxeHs, 2-((1-(3-metun-2-okco-2H-
[1,2,4]Tpuasnno[2,3-c]xiHa30maiH-6-11)eTn)Tio)onToBa KUCI0TA 6ibLI BUpaXkeHO 3HMKYyBajla PiBeHb MeZiaTopiB
3anajieHHs y IOPiBHSHHI 3 IPOAYKTOM S-ajKisyBaHHS LecTeiny. OnepskaHi pe3ysibTaTi GpapMaKkooriyHoro
CKPUHIHTY 103BOJIUIN peKkoMeHayBaTu 2-((1-(3-metun-2-okco-2H-[1,2,4|Tpuasuno[2,3-c]xiHa30iH-6-
i1)eTI1)Tio)OLTOBY KUCJIOTY SIK IEPCIIEKTUBHUI 00'€KT 1715 TOrynb1eHnX (apMaKoJIOTiYHUAX JOCIIiIKEHb.

2. The presented work is a comprehensive study aimed at searching for biologically active compounds among
modification products of 6-(haloalkyl)-3-R-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones. Biological activity studies
revealed that most synthesized compounds lacked significant free radical scavenging activity, with the exception
of 2-(((3-(4-isopropylphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)methyl)thio)propanoic acid, which
exhibited superior antioxidant activity compared to ascorbic acid. The «structure-activity» relationship analysis
indicated that compounds with a thiomethyl linker fragment demonstrated higher radical scavenging activity.
Microbiological screening showed that none of the synthesized compounds inhibited Staphylococcus aureus
growth. Most compounds also lacked activity against Escherichia coli and Mycobacterium luteum, except for 3-



methyl-6-(1-(4-methylpiperidin-1-yl)ethyl)-2H-[1,2,4]triazino[2,3-c]quinazolin-2-one and 3-methyl-6-(1-
(phenylamino)ethyl)-2H-[1,2,4]triazino[2,3-c]quinazolin-2-one, which exhibited inhibitory and bactericidal effects
at 62.5 - 250.0 ug/mL concentrations. Most synthesized compounds also lacked significant antifungal activity,
except for 6-(((4-methyl-4H-1,2,4-triazol-3-yl)thio)methyl)-3-phenyl-2H-[1,2,4]triazino[2,3-c]quinazolin-2-one,
which showed medium activity against Aspergillus niger (MIC = 62.5 ug/mL, MFC = 125.0 ug/mL). The reaction
products of 6-(chloroalkyl)-3-R-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones with thio acids and their esters
represent structural analogs of a compound with proven high anti-inflammatory activity and low toxicity—namely,
3-methyl-2-oxo0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)butanoic acid (MTB). These compounds can be derived
from it via bioisosteric replacement of the carbon atom with sulfur, additional substitution in the alkylcarboxyl
fragment, and molecular modification at position 3 to enhance lipophilicity. The bioisosteric replacement involving
sulfur incorporation may lead to the formation of new interactions, potentially stabilizing the ligand-target
conformation through additional fixation of the alkylthiocarboxyl fragment. This, in turn, could alter the selectivity
of the compounds toward biological targets. Subsequent docking studies confirmed a high likelihood of anti-
inflammatory activity of the investigated ligands and substantiated the rationale for bioisosteric substitution in the
alkylcarbonyl fragment, replacing carbon with sulfur. Experimental evaluation of anti-inflammatory activity using a
carrageenan-induced edema model demonstrated that 2-((1-(3-methyl-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-
6-yl)ethyl)thio)acetic acid and N-acetyl-S-((3-(4-isopropylphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-
yl)methyl)cysteine exhibited pronounced anti-inflammatory effects comparable to the reference drug, sodium
diclofenac. At the same time, 2-(((3-(4-isopropylphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-
ylmethyl)thio)propanoic acid was found to be weakly active, which correlates with molecular docking data, as this
compound demonstrated low affinity for COX-1 and COX-2. Interestingly, this compound exhibited the highest
activity in the study of radical-scavenging properties, suggesting that within this series of compounds, the anti-
inflammatory effect is not associated with antioxidant activity. It was established that the administration of 2-((1-
(3-methyl-2-oxo0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)ethyl)thio)acetic acid and N-acetyl-S-((3-(4-
isopropylphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)methyl)cysteine suppressed inflammatory
processes in the blood of rats with carrageenan-induced edema. In parallel with paw edema reduction in
experimental animals, there was a significant decrease in blood levels of specific inflammation markers (COX-2, IL-
1o, C-reactive protein), oxidative stress (iNOS, nitrotyrosine), and angiogenesis (VEGF). According to biochemical
studies, 2-((1-(3-methyl-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)ethyl)thio)acetic acid significantly reduced
inflammation mediators compared to the S-alkylated cysteine derivative. The results of pharmacological screening
suggest that 2-((1-(3-methyl-2-oxo0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)ethyl)thio)acetic acid is a promising
candidate for further in-depth pharmacological studies.
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Micue3HaxoaKeHHS: np-T MasikoBCbKOTO, 6y 26, 3anopixoks, 3anopisbkuii p-H., 69035, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpassriHHS:

InenTudikarop ROR:

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im's I10-6aTbKOBI:

1. Ilepexopa Jlina OsekciiBHa

2. Lina O. Perekhoda

KBasidikanis: n. dapman. 1., npodecop, 15.00.02

InenTudgikarop ORCID ID: 0000-0002-8498-331X

JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil papMaleBTUYHMI YHIBEPCUTET
Kopg 3a €IPIIOY: 02010936

Micue3HaxoaKeHHS: By [Tymkincebka, 6yz. 53, Xapkis, XapkiBcbKuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHiCcTepPCTBO OXOPOHH 3710POB ' YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JloguHCchkui AHIpiK BoionuMuposuy

2. Andrii V. Lozynskyi

KBasidikamis: 1. dapmar, 1., gouent, 15.00.02
InenTudikarop ORCID ID: 0000-0001-7151-2159
JoparkoBa indpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: JIbBIiBCHKMI HALIOHAJIBHUI MENVUYHWI YHIBEPCUTET iMEHi

Hanwumna l'anuubKoro



Kopg 3a €IPIIOY: 02010793

Micue3HaxoaKeHH: ByJI. [lekapchka, 6yn. 69, JIbsiB, 79010, YkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: MiHiCTepCTBO OXOPOHH 3/10POB's YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:

1. CadoHoB AHppiit AHLpifioBUY

2. Andrii A. Safonov

KBasigikanis: 1. dbapmau. u., gouenrt, 15.00.02

Imentudikarop ORCID ID: 0000-0003-2861-1826

JopaTrkoBa indpopmamnist:

IToBHe HafIMeHyBaHHS[ IOPUIHUYHOL 0COOH: 3anopisbkuii ilepKaBHUI MEIUYHMIA YHIBEPCUTET
Kopg, 3a €IPIIOY: 02010741

Micue3HaxoaKeHHS: npocnekT MasKkoBCbKoro, 6y/1. 26, 3anopixoks, 3anopispkuii p-H., 69035, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepPCTBO OXOPOHH 3710POB's YKpaiHu

ImenTudikarop ROR: He zacrocosyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Touynsa Auppin CepriioBud

2. Andrii S. Hotsulia

KBasidikanis: g.papm.u., gor., 15.00.02
Imentudikarop ORCID ID: 0000-0001-9696-221X
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: 3anopisbKuii mep>kaBHUIl MEIUKO-(papMaleBTUHUIA

yHiBEpCHUTET

Kopg 3a €IPIIOY: 45030873

Micue3HaxoaKeHHS: np-T MaskoBcbKoro, 6y, 26, 3anopixoks, 3anopisbkuii p-H., 69035, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpasiiHHS:

Inentudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IpizBume Im'st Ilo-6aThKOBI Opuuiosa Bipa MukonaisHa
TOJIOBH pagu

BaacHe IlpizBume Im'a ITo-6aTbKOBI Ognunuosa Bipa MukosaisHa
rOJIOBYIOYOrO Ha 3acCimaHHi

BignmoBimasbHUI 3a IIi,Z;I‘OTOBKy TxkayeHko OkcaHa BonogumupisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




