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Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€HA PO3po0Li pallioHaIbHUX METO/IB LiiJIeCIIPSIMOBaHOI (QyHKIiOHai3awii
TPUBUMIpHUX I1aT(GOPM aMiHOKasiKcapeHiB Ta amiHOTiakasikcapeHiB 6i0pesleBaHTHUMU IPyHaMHU, JOCTiIKEHHIO
IIPOCTOPOBOi 6y0BY, (iBUKO-XiMIYHUX BJIACTUBOCTE! i BUBUEHHIO 06i0JIOTiYHOI aKTUBHOCTI CUHTE30BaHUX CIIOJYK. B
Pe3yJbTaTi AYCcepTaLilfiHOTO NOCiI)KeHHs Oy po3po0bJleHi IpenapaTuBHi METOY CUHTE3Y [li-, TPU- Ta TETpa-
3aMillleHX Ha BEPXHbOMY BiHIli aMiHOKaJliKCcapeHiB i aMiHOTiaKaliKCapeHiB i3 riIPOKCUILHUMU Ta aJIKOKCUJIbHUMU
rpyliaMu Ha HIDKHBOMY BiHIi MAKPOLMKILY, SIKi OyJ11 BUKOPUCTAHI SIK BUXIi[IHi CIIOJIyKM [ OTPUMaHHS
6iopesieBaHTHUX a30TOBMiCHUX MOXiTHUX. METOM CHHTE3Y IO0JISIraloTh y iCO-HITPyBaHHI TPeT-0yTUJIKalikCapeHiB
a30THOIO KMCJIOTOIO Ta HITPYBaHHI TiaKayliKcapeHy AiOKCHIOM a30Ty 3 [OAaJIbIIMM BilHOBJIEHHIM OTPUMAaHUX
HiTponponoxigHux. Po3po6JieHi HOBi METOIM CUHTE3Y Ta CTBOPEHO MiHibibi0TeKY MoliamifoKamiKcapeHiB iis

BM3HAYEHHS B3a€MO3B’SI3KiB CTPYKTypa — aKTUBHICTb. [TojyliamifgokanikcapeHy 0yl CHHTE30BaHi B OIHY CTaJlil0



AlMIIOBAHHSIM aMiHOKaJliKCapeHiB KapOOHOBMMU KMCJIOTaMU 32 HasIBHOCTI KOHJ€HCYIOUMX areHTiB: Kapboaiiminis Ta
KapO6oHingiimMinasosny. Bsaemopieto amiHo(Tia)kasikcapeHiB 3 aHTinpugamMu oL TOBOI Ta TPU(PTOPOOLTOBOI KUCIIOT
0yJI0 CUHTE30BaHO Psif, CTPYKTYPHUX aHAJIOTIB I1apaleTramoity. Po3pobsieHi MeToy CHHTe3y KajikcapeH-0ic-
apuii(retapui)aMiHOPOCHOHOBUX KUCIIOT Ta iX MOHOETUJIOBUX eCTepiB. METOAM 3aCHOBAaHI Ha B3aEMOJIii
imiHOKaJsiKCcapeHiB i3 HaTpieBolo cimmo gietundocdity a6o GpochopuIIOIU0I0 CUCTEMOIO
nietundocdit/niizonponiseTniamii / TpPUMETUIXJIOPOCUIIAH Ta HACTYIIHOMY BUIQJIEHH] €TUJIbHUX [Pyl Y
dochoHaTHOMY pparmeHTi 6POMIZIOM JIiTiI0 260 CUCTEMOIO OPOMOTPUMETUIICUIIaH /METAHOJI. B oTpuMaHOMy psiny
CIIOJIYK BapiloBajy IPUPOAY apOMATUYHOTO 3aMiCHHMKA, KiJIbKICTh Ta B3a€EMHE PO3TallyBaHHS aMiHO(POCHOHOBUX
rpy1 i ninoginbHO-rinpodinpHu 6asaHC MOJeKyau. Peakiiiero amiHOKamikcapeHiB Ta amiHOTiakasikcapeHiB i3 N-
cysb(POHINIMILOIN-XTI0pUIaMy CUHTE30BaHi NOXi[Hi, IKi MICTATb Bifi JBOX 10 YOTUPbOX CYJIbPOHINAMIINHOBUX
IPyIl Ha BEPXHbOMY BiHIi MaKpOLMKIIY i KOMOiHAL{I FiJPOKCUJIBHUX Ta AJIKOKCUJIbHUX 3aMiCHUKIB Ha HISKHbOMY
BiHIIi. AMJTIOBAaHHSM aMiHOKaJlikCcapeHiB auusi- Ta cy/1bQOHini3oLiaHaTaMy B OIHY CTaJlilo 3 JOOPUMU BUXOaMU
OTpUMaHi KOHyCOMOofiOHI Makpolukiu, Mogudikosani N-auns(cynbpoHin)-kapbaMigHUMU TpyllaMU Ha BEPXHbOMY
BiHLj. 3rigHo 3 janumMu cnexTpis SIMP, Bci cMHTe30BaHi MaKpOLMKIIY I€peOyBaOTh y pO3YMHaxX Y KOHpopMallii
KOHYC i3 Syn-opieHTOBaHMMU (papMaKO(POPHUMHU IrpyllaMy Ha BEPXHbOMY BiHIIi Makpouukiy. Po3pobsieHi metonu
CHHTe3Yy N0JIiKaTiOHHUX aMPidinbHUX KaJikcapeHiB, sKi MiCTSITbh Ha BEPXHbOMY BiHIIi KOHYCOIIOZiGHOTO
MakKkpoOLUKIly pi3HOMaHIiTHI 3a npuponoo ¢yHkuioHansHi rpynu (OH, NH2, CH=0, CH2CoCH), B ToMy 4MCJIi 31aTHi 10
KJIiK-peakuii. MeToy NoJISIraloTh y peaklii KOHyCOMOAIOHMX TETPAKIC-XJIOPOMETUITETPAAIKOKCUKAIIKCAPEHIB i3
3aMilleHMMU MeTuifiaKinamiHamy Ta N-3amilleHumu iMifazonamu. 3 BUKOPUCTAHHSAM (PJIyOPECLEHTHUX 30HIiB
Ta KoMILIeKcy ¢iznko-ximiynux meTtoais (JIKC, TEM Ta inuri) gocnimxkeHa camoacoujanis amdidinbHux
KaJliKCapeHiB y BOOHUX PO3UYMHAX i BCTAHOBJIEHO, 1110 3 POCTOM JIOBXMHU ajKinbHUX rpyn (C3-C16) 3MeHIIyeTbCs
KpUATHAYHA KOHLEHTPALisl MilleJIOyTBOPEHHS, sIKa JOcAra€e 3Ha4eHb, MeHIIMX 1 MKM. TakoXX IoKas3aHo, 10 B
3aJIEXKHOCTI Bifl JOBKUHU aJIKiJIbHUX TPYIl HUKHBOTO BiHIIS YTBOPIOIOTHCS Millesu (4-8 HM) Ta,/ab0 BE3UKYJIN.
Po3pobseHo meToau CUHTE3y (PJIyopeCcLeHTHUX OPTaHiYHUX HAaHOYACTHHOK, SIKi [10JISITaloTh Y KIIiK-peakxiisix
Iia3nno-1iaHiHOBUX OapBHUKIB i3 KajliKCapEHOBMMU MilleJIaMy, 1[0 MiCTSITh HA IIOBEPXHIi alleTUJIEHOBI IPYIIN.
CuHTe30BaHi HAHOYACTMHKU MAIOTh AiaMeTp 7 HM Ta € B [jBa Pa3u SICKPaBilIMMU 38 KOMEPLiMHI KaJMiii-CceleHOBi
HaHo4acTUHKY QD-585, sIKi BUKOPUCTOBYIOTH SIK 6iomapKepu. Pe3ysipTaTi NpoBeieHuX 6i0JI0riYHUX NOCiIKeHb
CHHTE30BaHUX a30TOBMICHMX KaJliKCapEHiB CBif4YaTh IIPO iXx BUCOKY aKTUBHICTS in vitro Ta in vivo. 3okpemMa
IIOKa3aHo, 10 MPH B3aeMO/Iii 3 KaTioOHHUX KajsikcapeHiB 3 THK iepapXiuHO yTBOPIOIOTLCS CTabi/IbHI YACTUHKU 3
IiameTpoM B Mexxax 50-65 HM. Li HaHOYaCTHMHKY TPOHMKAIOTh BCEPEMHY KIIITHH Ta y KoMIiekci 3 DOPE
I€MOHCTPYIOTh TpaHcdeKLio 83% KIITHH, 10 BUlIE, HDK Y KOMEPLiHUX areHTiB. [IpoleMOHCTPOBaHO 3[1aTHICTh
(JIyOpeCLIEHTHYX KalikCapeHOBUX HAHOYACTMHOK IIPOHUKATH BCEPEJIMHY KIIITHUH i MapKyBaTU (BUGIPKOBO
3abapsJiitoBaTH) ii KoMnapTMeHTU. [ToKa3aHo, 10 TETPAKATIOHHI TETPANIPOIIOKCUKAJIIKCAPEHU € e(PEKTUBHUMU
aHTubakTepianbHUMU criosykamu 3 MIK 9-45 MxM. 3rifgHo in vivo mociifkeHb, alumia- Ta
cysb(poHiNKap6aMifoKanikcapeH BOJIOL{I0Th riNoraikeMiYHUM €(EKTOM i BHIKYIOTh KOHLEHTPALLilo IJII0KO3H 10
40-55% BiJ 10YaTKOBOTO PiBHS. BCTAaHOBJIEHO 3a/1€XKHOCTI MiXX CTPYKTYPOIO CyJIb(OHIaMiINHOKATIKCAPEHiB i
KaslikcapeHaMiHOOCPOHOBUX KUCIIOT Ta ix iHribyBaHHAM Ha Ca2+ Mg2+-AT®- i Na+ K+-AT(O-3anesxHux nomii
nja3MajieMu MioMeTpilo i MokasaHo, 110 TeTpacyibdoHiNnamMinnHoTIakanikcapeH € edpekTuBHUM iHribitopom Ca,Mg-
AT®-a3y, a gioktunokcukanikcapeH-1,3-giaminopocdonoBa kucoTa iHrioye Na,K-ATda3y y 500 pa3 epexTupHire
3a Kappiorsiko3up Yabaid. BctaHOBJIEHO, mo 6ic-TpudropoaneramizokanikcapeH 3MeHIye Haobpsk Ha 94% i
nepesullye pedpepeHc-ripenapar gukjaodpeHak HaTpilo.

2. The development of rational methods for the targeted functionalization of aminocalixarene and
aminothiacalixarene three-dimensional molecular platforms with biorelevant groups, investigation of the spatial
structure, physicochemical properties and evaluation of biological activity of the synthesized compounds are
considered in the Doctoral thesis. The preparative synthetic methods for di-, tri- and tetra-substituted
aminocalixarenes and aminothiacalixarenes with hydroxyl and alkoxyl groups on the lower rim of the macrocycle
were developed as part of the dissertation project. These macrocycles were used as starting compounds for
obtaining of biorelevant nitrogen-containing derivatives. The methods of synthesis involve ipso-nitration of tert-



butylcalixarenes with nitric /acetic acids mixture and nitration of thiacalixarenes with nitrogen dioxide. The
following step is reduction of the obtained nitro derivatives. New preparative synthetic methods were developed
and a library of polyamido-calixarenes was produced for biological investigations. Latter were synthesized in one
step by acylation of aminocalixarenes with carboxylic acids in the presence of condensing agents: carbodiimides
and carbonyldiimidazole. Structural analogues of paracetamol were synthesized by treatment of
amino(thia)calixarenes with (trifluoro)acetic anhydrides. The methods of synthesis of calixarene bis-
aryl(hetaryl)aminophosphonic acids and their monoethyl esters have been developed. They are based on the
interaction of iminocalixarenes with sodium diethyl phosphite or the phosphorylating system diethyl

phosphite /diisopropylethylamine /chlorotrimethylsilane and the subsequent removal of the phosphonate
fragments ethyl groups with LiBr or by treatment of (CH3)3SiBr/CH3OH. (Thia)calixarenes containing
sulfonylamidine groups on the macrocycle’s upper rim and various combinations of hydroxyl and alkyl substituents
on the lower rim were synthesized through the reaction of amino(thia)calixarenes with N-sulfonylimidoyl
chlorides. Calixarenes, modified with N-acyl(sulfonyljurea groups on the upper rim and hydroxyl or alkyl (C3-C16)
groups on the lower rim, were obtained in one stage through the acylation of aminocalixarenes with
sulfonyl(acyl)isocyanates. According to the NMR spectra, the macrocycles adopt a cone-like conformation with
syn-oriented pharmacophoric groups. The methods were developed for synthesizing cone-shaped polycationic
amphiphilic calixarenes, which contain functional groups (OH, NH2, CH=0, CH2CoCH) on the macrocycle’s upper
rim, including those amenable to click reactions. They consist in the reaction of conical tetrakis-
chloromethyltetraalkoxycalixarenes with substituted methyldialkylamines and N-substituted imidazoles. The self-
association of amphiphilic calixarenes in aqueous solutions was investigated using a complex of physicochemical
methods. It was determined that the critical micelle concentration decreases with increasing length of alkyl groups
and reaches values of less than 1 uM. It was observed that, depending on the length of the lower rim alkyl groups,
micelles (4-8 nm) and /or vesicles form in water solutions. Methods were developed for synthesizing fluorescent
organic nanoparticles, involving click reactions of diazido-cyanines with calixarene micelles, containing acetylene
groups. The synthesized nanoparticles with Cy3-groups have a diameter of 7 nm and are twice as bright as
commercial cadmium-selenium nanoparticles QD-585. The results of biological evaluations of synthesized
calixarenes indicate their high activity in vitro and in vivo. Thus, it was shown that stable positively charged
particles with 50-65 nm size are hierarchically formed due to the interaction of calixarene micelles with DNA.
These nanoparticles penetrate cells and show efficient transfection (83%) in complex with DOPE. This is much
better compared to commercial agents. The synthesized fluorescent nanoparticles can penetrate membranes and
selectively mark cell compartments. These nanoparticles can be used for bioimaging in cytology and vectors in
theranostics. Tetracationic tetrapropoxycalixarenes have demonstrated high antibacterial properies, with MICs of
9-45 uM. In vivo investigations have established that sulfonyl(acyl)carbamidocalixarenes exhibit a hypoglycemic
effect and reduce the glucose concentration in blood to 40-55% of the initial level. The relationships between
structure of sulfonylamidinothiacalixarenes and calixarene aminophosphonic acids and their inhibitory effect on
the Ca2+Mg2+-ATP- and Na+,K+-ATP-dependent pumps of smooth muscle cells were studied. The
tetrasulfonylamidinothiacalixarene is an effective inhibitor of Ca,Mg-ATP-ase. Dioctyloxycalixarene-
diaminophosphonic acid is the best found inhibitor Na,K-ATP-ase which is 500 times more effective than the
cardioglycoside Ouabain.

Jep>kaBHHHM peecTpaniliHuii Homep JiP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHM. OyHIaMeHTasbHI HAyKOBI HOCIIIIKEHHS 3 HANGLIbII
Ba)KJIMBYX IPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOIO, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO IIOTEHIiay 1715 3a6e3re4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY
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