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2. Synthesis and biological activity of some nitrogen-containing heterocycles with a dichloroacetate fragment in
molecules.

Pedepar:

1. lnceprauist IpUCBA4Y€HA CTBOPEHHIO HOBUX HITPOr€HOBMICHUX r€T€POLMKIIIYHUX CIIOJIYK 3 MOHO- Ta
IVXJI0POALleTaTHUMU (PPAarMEeHTaMU SIK TIOTEHLiHUX NPOTUITYXJIMHHUX areHTiB. JIoCiI)KeHHs! BUKOHAHO y
2021-2025 pokax Ha 6a3i kadeap ximii, papmMareBTUYHOro aHasi3y Ta MiCISAUIIOMHOI OCBiTH IBaHO-
dpaHKiBCbKOTO HalLlIOHAJILHOTO MEIMYHOr0 YHiBepCUTETY; Kadenp papMaleBTUYHOI, OpraHiuHoi Ta 6i00praHiqHoOl
Ximii JIbBiBCHKOTO HalliOHAJBHOTO MEIUYHOTO yHiBepcuTeTy iMmeHi Januna [anunpkoro; IHcTUTYyTY 6iosorii KiiTuHu
HAH Vkpainu. MapKkeTUHroBe AOCJiIPKEHHS JTiKapchbKUX 3aco6iB Temo3osoMiny (LOIAX03) Ta nakap6asuny
(LO1AX04) rpynin LO1AX «IHmi ankinyioyi areHTH» B YKpaiHi Busiuio 100% iMIopTo3aiesxHicTb. 3apeeCTpOBaHO



Jiyiie 5 TOProBux HalMeHyBaHb TEMO30JIOMify i 2 — makap6asuHy, 3 SIKUX peasbHO npexcTasieHi 3 (27,59%):
Temomenak, Temopain (kancysu), Jlakap6asun Meak (IIOPOIIOK [jis iH eKiyii1). [Ipenapary 4aCTKOBO [OCTYITHI Yyepes
[Tporpamy MeAMYHUX rapaHTii i LleHTpasli3oBaHi 3aKyImiBili, 0 IiKpecsoe NOTpeby B pO3po0OLLi BITYUMBHIHUX
QHAJIOTIB i3 IPOTUIYXJIMHHOIO aKTUBHICTIO. AHAJII3 JIiTEPATyPH 3aCBif4MB, 110 HATpill auxsiopoaueTtat (HIXA)
BUBYAETHCS MIOHAJ, 45 POKIB SIK aKTUBATOP MipyBaTAETiAPOr€Ha3HOr0 KOMILJIEKCY 3 IUTONIPOTEKTOPHUMU
BJIACTUBOCTSMU. [oro eeKTU JOCiIKYIOTbCS IIPU OHKOJIOTIYHUX, METa0OJIIYHUX i CepLeBO-CyIUHHUX
3aXBOPIOBAHHSX, Y TOMY YMCJIi B KOMOiHAII 3 iHIIMMUY METOaMU Tepaii. Y po60Ti po3p0o61eHO METOIY CUHTE3Y
cepin 2-x710po- Ta 2,2-AUxJI0OpoaLleTaMifIiB IIISIXOM allUJIIOBaHHS MOXiTHUX €TUJIaMiHiB, aMiHOOEH30MHUX KUCJIOT,
Tia30JIiB i AUTiZPONiPa30JIiB i3 BUKOPUCTAHHIM METUIIIUXJIOPOALIETATY, XJIOPOALETUIIXKJIOPULY Ta
IuxyiopoaueTunxiaopuny. CTpyKTypy NiATBEPAKEHO 32 JOIIOMOIOI0 €JIeMEHTHOTOo aHaizy, ciekrpis SIMP (*H, 13C) i
PigVHHOI XpOMaTO-Mac-CIIEKTPOMETPIi. 3aCTOCOBAHO MIKAVCLMIUIIHAPHUN MIJXIiM, W0 BKIOYA€E CIIPSIMOBAaHUNI
OpraHiyHMii CUHTE3, papMalleBTUYHUI aHali3, in silico mporHo3yBaHHs (MOJEKYJISIPHE MOJEIIOBAHHS, JOKIHT,
ADMET), kBanToBO-XiMiuHi po3paxyHku (DFT B3LYP /6-311G++(d,p)), SAR-aHai3 i CKpUHIHT UTOTOKCUYHOCTI in
vitro (MTT-TecT). TeopeTUYHO OOI'PYHTOBAHO Ta €KCIIEPUMEHTAJIBHO MiJTBEPIKEHO 3B'SI30K «CTPYKTypa —
aKTUBHICTB». BCTaHOBJIEHO, 0 2-XJI0poaleTaMiny Tiazouy, GeHinTtiazosny Ta 6€H30Tia30J1y MAIOTh HAUBUILY
LIMTOTOKCUYHICTb W0A0 JiHiit Jurkat, MDA-MB-231, Ba/F3CALRins5, Ba/F3CALRdel52. luxnopoaneraMminu
BUSIBAJIA HYDKYY aKTUBHICTB, 10 [TOSICHIOETHCS FEOMETPIEI0 NEPEXITHOrO CTaHY Ta TiAPOJIITUYHOK HECTINKICTIO
YTBOPEHUX KOH'IOTaTiB. MoJIeKyJIsipHe MOZE/IIOBAaHHS M0KA3aJIo, 10 KOH'IOTAaTH «IJIyTaTiOH — XJI0poaLeTaMin»
MAaIOTh MiIBULIEHY CIIOPiIHEHICTb O IIyTaTiOH-S-TpaHc(epasy NOPiBHIHO 3 pepepEeHTHUM KOH'IOraTOM
«[JIyTATiOH — €TaKPMHOBA KUCJIOTa», IO CBiAYNTD PO MOXKJIMBUY MEXaHi3M MIPOTUIIYXJIMHHOI Aii. BussieHo
CTaTMCTUYHO 3HAUyLIUI KOPEJISILiHUI 3B’130K MK peaysibTaTamu in silico Ta in vitro ouinku. IneHTH(ikoBaHO
«CIIOJIYyKU-XIiTU» cepej, OXiAHMX Tia30Jy Ta AUTiAponipa3osy, peKOMEHI0BaHi 111 IOAabIIOr0 BUBYEHHS SIK
MOTEHIIiMHI aKTHBHI (papMaleBTUYHI iHTPEIi€HTH 3 TPOTHUPAKOBOIO Ii€l0 TA HU3bKUM TOKCUKOMETPUYHUM PU3UKOM.
KrrouoBi cyioBa: xyiopoaneraMiiv, JUXa0poaleTamingm, Tia3onu, JUrigponipa3osny, CKpUHIHT UTOTOKCUYHOCTI,
IIPOTUIYXJIMHHA aKTHBHICTh, MOJIEKYJIIPHUI JIOKIHT, iHTiOyBaHHS I1yTaTioH-S-TpaHcdepasy, SAR-aHanis,
KBaHTOBO-XiMiuHi DFT-pospaxynku, ADMET-1IporH0o3yBaHHS, TEMO30JIOMiT, fakap6a3uH, papMaleBTUYHNUN PUHOK
Ykpainu, LO1AX.

2. The dissertation is devoted to the development of novel nitrogen-containing heterocyclic compounds bearing
mono- and dichloroacetate fragments as potential antitumor agents. The research was conducted between 2021
and 2025 at the Departments of Chemistry, Pharmaceutical Analysis, and Postgraduate Education of Ivano-
Frankivsk National Medical University; Departments of Pharmaceutical, Organic, and Bioorganic Chemistry of
Danylo Halytsky Lviv National Medical University; and the Institute of Cell Biology of the NAS of Ukraine. A
marketing study of temozolomide (LO1AX03) and dacarbazine (LO1AX04) drugs in the LOIAX group (“Other
alkylating agents”) revealed 100% import dependence in Ukraine. Only five trade names for temozolomide and two
for dacarbazine were registered, with just three being available on the market (27.59%): Temomedac and Temodal
(capsules) and Dacarbazine Medac (powder for injection). These drugs are partially accessible via the Medical
Guarantees Program and centralized healthcare programs, highlighting the urgent need to develop affordable
domestic alternatives. Based on literature analysis, the biological activity of sodium dichloroacetate (DCA) has been
investigated for over 45 years. DCA activates the pyruvate dehydrogenase complex, reducing local and systemic
lactate levels, which classifies it as a metabolic cytoprotectant. Its anticancer properties, both alone and in
combination with other therapies, have been studied for multiple diseases, including cancer, cardiovascular and
metabolic disorders. Within this work, synthetic strategies for a series of 2-chloro- and 2,2-dichloroacetamides
were developed through acylation reactions of ethylamine derivatives, aminobenzoic acids, thiazole-based amines,
and dihydropyrazoles using methyl dichloroacetate, chloroacetyl chloride, and dichloroacetyl chloride. Structures
were confirmed by elemental analysis, NMR (*H, *C), and liquid chromatography-mass spectrometry. A
comprehensive interdisciplinary methodology was applied, combining rational drug design, directed synthesis,
structure confirmation, quantum chemical DFT calculations (B3LYP /6-311G++(d,p)), *in silico* ADMET prediction,
molecular modeling and docking, SAR analysis, and *in vitro* cytotoxicity screening via MTT assay.



Structure-activity relationships (SAR) were theoretically justified and experimentally validated. A correlation was
identified between electronic structure and cytotoxicity, with 2-chloroacetamides of thiazole, phenylthiazole, and
benzothiazole showing the highest cytotoxic effects on Jurkat, MDA-MB-231, Ba/F3CALRins5, and
Ba/F3CALRdel52 cell lines. Dichloroacetamides demonstrated lower activity, potentially due to unfavorable
transition-state geometries and susceptibility of their conjugates to hydrolysis. Molecular docking showed that
glutathione conjugates of the synthesized chloroacetamides exhibited improved binding affinity to glutathione S-
transferase compared to the native glutathione-ethacrynic acid complex, indicating a probable mechanism of
antitumor activity. A significant correlation was found between *in silico* predictions and *in vitro* experimental
data. Several “hit compounds” from thiazole and dihydropyrazole series were identified for further development as
potential active pharmaceutical ingredients in oncology. Their structure enables optimization to improve
selectivity and reduce toxicity risks. Keywords: synthesis of chloroacetamides and dichloroacetamides, thiazoles,
dihydropyrazoles, cytotoxicity screening, anticancer activity, molecular docking, glutathione S-transferase
inhibition, SAR analysis, DFT calculations, ADMET prediction, temozolomide, dacarbazine, pharmaceutical market
of Ukraine, LO1AX.
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