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Pedepar:

1. Incepranifina po60Ta IpUCBIYeHa po3po0Li IpenapaTuBHUX METOMIB (PyHKLiOHAi3allii BEpXHbOTO BiHIS
Kasikc[4]apeHiB Ta Tiakasikc[4]apeHiB ¢pparMeHTamMu rigpokcumeTunpocPpoHoBux, MeTueH6icPocPoHOBUXK, O-
KeToPoc(dOHOBUX Ta TiApoKcUMeTUIeH-6icHOCPOHOBUX KUCTIOT, LOCIIIKEHHIO CTPYKTYPHU, 3IaTHOCTI 10
KOMIIJIEKCOYTBOPEHHSI Ta 610JI0TiYHOI aKTMBHOCTI OTPMMAHUX CIIOJNYK. PeakiisiMu MoHODOPMIT- Ta
IV(pOPMINITPONOKCUKAIIKCAPEHIB i3 TpuaskispocdiTtamu 3a HasIBHOCTI 6€3BOIHOTO XJIOPOBOLHIO, HATPiEBUMU
comnsiMu giankingocditi, cUiOBUMEU ecTepaMy KUCJIOT TPUBAJIEHTHOTO PocdOpy OTPUMAaHO aJIKiJIOBi Ta CUITiIOBI
€CTepH Bif[TOBIIHUX NI1-, TPU- Ta T€TPaNPOINOKCUKaTiKCapeH-TiTpoKCUMeTUIHOCHOHOBUX KUCIOT 3
[IpenapaTMBHUMM BUXOJAMU. BCTAaHOBJIEHO 3aJIEXKHICTh CTEPEOXIMIUHOTO pe3yJbTaTy peakuiil pocPpopuitoBaHHs
Bif CTYIIEHS aJIKiNIOBaHHS HYDKHBOTO BiHIS AudopMisnKasikcapeHiB. Ha OCHOBI OTpUMaHUX €CTepiB CUHTE30BaHi

BiANOBiHI KasikcapeH-TigpokcuMeTunPocdOoHOBI KUCTIOTU. Peakieto TeTparigpokcudopmin(Tia)kasikcapeHis Ta



Iiankokcru@opmis-(Tia)kamikcapeHiB i3 HaAJIMIIKOM HATPieBUX COJe Hiankindoc@iTiB 6y CUHTE30BaHi aJIKioBi
ecTepu BifnoBinHUX (Tia)kasikcapeH-MeTuaeH6ichocPoHOBUX KUCIIOT. BCTaHOB/IEHO, 10 peakllis poTikae yepes
cTagii yTBOpeHHs KajlikcapeH-rinpokcumeTtuindocdoHaTiB Ta pochopuaboBaHUX XIHOHMETHUIB. Peaxkiieto
OTPUMAaHUX CIIOJIYK 3 OPOMOTPUMETUIICUIAHOM Ta METAaHOJIOM CUHTE30BaHi KajlikCapeH! Ta TiaKaylikcapeHH, SIKi
MICTSITh Ha BEDXHbOMY BiHIli MaKPOLIUKJYy OJJMH, [Ba Ta YOTUPU PParMeHTH METUIEH6iCPOCHOHOBUX KUCIIOT.
B3aeMoqiero XJIOpaHTiAPUIIB iaIKOKCHU- Ta T€TPAAJIKOKCHUKaJIIKCapeH-KapObOHOBUX KUCIIOT i3 Tpuaskindocditamu
OTPUMaHi ecTepu KajikcapeH-0-KeTo(poCcPOHOBUX KUCJIOT Ta AOCJiIKeHa ixHs 6yZ0Ba CTPYKTypa B PO34YMHAX i
KPUCTaJiYHOMY CTaHi. [IoCifoBHOIO B3aEMOJIi€I0 yTBOPpEHUX KETOPOCHOHATIB i3 6POMOTPUMETUIICUIIAHOM Ta
METaHOJIOM CHHTEe30BaHi KasikcapeH-0-keTodpocPOoHOBI KUCI0TH. PO3p0biieHO IpenapaTUBHUN 0JHOPEAKTOPHUIA
METO/, BBeJIeHHsI Ha BEpXHill BiHellb KajikcapeHiB dparMeHTiB rifpokcumeTuneH6icdocdOHOBUX KUCTOT, IKUI
MOJIATa€ B MIOCJiOBHIN 06pOo0Li KasikcapeH-aluaXIopuiB TpUC(TpuMeTuICuiin)docdiToM Ta METAHOJIOM.
Po3pob6sieHo npenapaTuBHI METOIM PerioceseKTUBHOTO aJIKiJIIOBaHHS aJIKiJIOBUX €CTepiB
TeTparigpokcrkanikcapeH-pocPoHOBUX KUCIIOT CIIMPTaMU B YMOBax peakuii MilyHoOy. Lle nano 3mory orpumaru
OTPUMaHO O0iyYHKILIIOHAJIbHI Ka/liKCapEH! 3 PELEITOPHUMU YIPYNOBaHHIMU (POCHOHOBUX KUCJIOT HA BEPXHBOMY
BiHIli, 31aTHMMHU 3B’513yBaTH aMiHOKUCJIOTH, Ta 3 (METWIITIO)[IPOINIOKCU I'PylIaMy Ha HWKHbOMY BiHIIi, 3IaTHUMU 10
anresii 10 30J10TOI MOBEPXHI MIKPOUUIIiB KOHAYKTOMETPUYHUX CEHCOPiB. Po3pobieHo npenapaTuBHi MeTonu
BBEJIEHHS Ha BEPXHill BiHEllb TeTPaIlPONIOKCHKAIIKCApPEHY eJIeKTPOHOAePIUTHUX NTeHTadTOPOPEHIIbHUX Ta Mapa-
TpeT-0yTunTeTpapTOpoPEHiNBHUX (PParMeHTIB, 3IaTHUX 4O YTBOPEHHS CEHBIYE€BUX KOMILJIIEKCIB 3 aHIOHaMU Ta
€JIEKTPOHO30arau€HMMU apOMaTUYHUMU MOJIeKyIamu. Ha ix ocHOBI oTpumaHi nosipTopoapusibHi NoxigHi
KamikcapeH-audocdoHoBoi Ta KaynikcapeH-6ic-rinrpokcumeTtundocdoHoBoi kucaoTu. Metromom OO BEPX
BM3HAUY€HO KOHCTAHTHU CTiKOCTi KOMIIJIEKCIB KaJlikcapeH-TiipOKCUMETUI(OCPOHOBUX Ta KalikCapeH-
MeTueH6icpocPOHOBUX KUCIJIOT 3 aMiHOKMCJIOTaMU Pi3HOI NPUPOAU Y BOJHOMY po34uHi. Ha ocHoBi nu((3
METWJITia)[IPOIIOKCH)KaJliKcapeH-MeTrJIeH6icHocPOHOBOI KUCIOTH CTBOPEHO Ta NOCIiIKEHO KOHAYKTOMEeTPUIHUI
CEHCOp [J1s1 BUSIBJIEHHS apriHiHy y BOAHUX po3urHax. Metogom O® BEPX BcTaHOBIIEHO, 110 KajlikcapeH-TeTpakic-
MeTuneH6icpocdoHoBa KMcIoTa €(PEKTUBHO 3Bs13ye TeTpanentut Gly-Pro-Arg-Pro, 3agisHuil y npoueci
nosimMepusauii ¢pibprHy. Meguko-6i010TiuHiI ZOCHIIKEHHs] CHHTEe30BaHUX KajlikcapeHPOCPOHOBUX KUCIIOT
3aCBiAUMIY IXHi HU3bKY TOKCUYHICTD i pi3HOIJIaHOBY 6i0JIOTIYHY aKTUBHICTh: KajlikcapeH- Ta TiakajikcapeH-
TeTpaKic-MeTU1eH6icPoCcOHOBI KUCTIOTU € e(PeKTUBHUMHU iHribiTopamu nojimepusanii GpidopuHy; KajikcapeH-
MeTuIeH6icPocOHOBA KMCIIOTA Ta KajlikcapeH-6ic-riipokcumeTnnpochHoHOBa KUCIIOTA € NOTY>KHUMU Ta
ceJIeKTUBHMMU iHribitopamu Na+,K+-AT®-a3H0i oMy riageHbKOM SI30BUX KIIITHH; KajlikcapeH-0-KeToPpocdOHOBI,
KasikcapeH-MeTuneH6icpocdoHoBi Ta KanikcapeH-TigpokcumeTnndocdHOoHOBI KUCIOTU € eDEKTUBHUMU
iHriitopamu nporeintTuposnH@ocdaras Ta rayTation S-tpancepas. Minenu ampidinbHUX KajikcapeH-
rizpokcumeTusieH-6icpocPOHOBUX KUCIIOT YTBOPIOIOTh CYIPAMOJIEKYJIISIPHI KOMILIEKCH 3 (PIyOPECLIEHTHO

MiYeHMMH MOJIIIIBMHOM Ta HyKJleoKarcuaom BLJI-1 i nepeHocsTs ix Kpi3b 6i0J10riuHi MeMOpaHu.

2. The dissertation focuses on the development of preparative methods of functionalization of the upper rim of
calix[4]arenes and thiacalix[4]arenes with fragments of hydroxymethylphosphonic, methylenebisphosphonic, o-
ketophosphonic and hydroxymethylene-bisphosphonic acids, study of the structure, complex-formation
properties and biological activity of the obtained compounds. A preparative methods for the synthesis of
formylcalixarenes - building blocks for phosphorylation - have been developed. They have a different number and
position of reactive aldehyde groups on the upper rim of the macrocycle, and a different number, position and
length of alkyl groups on the lower rim. Reactions of monoformyl and diformylcalixarenes with trialkylphosphites
in the presence of anhydrous hydrogen chloride, sodium salts of dialkylphosphites, and silyl esters of trivalent
phosphorus acids afforded alkyl and silyl esters of the corresponding di-, tri-, and tetrapropoxycalixarene-
hydroxymethylphosphonic acids with preparative yields. The degree of alkylation of the lower rim of
diformylcalixarenes was found to affect significantly the stereochemical result of phosphorylation reactions.
Respective calixarene-hydroxymethylphosphonic acids were synthesized from of the obtained esters. Alkyl esters
of (thia)calixarene-methylenebisphosphonic acids were synthesized by reaction of
tetrahydroxyformyl(thia)calixarenes and dialxoxyformyl-(thia)calixarenes with large excesses of sodium salts of



dialkylphosphites. It was established that the reaction proceeds through the stages of formation of calixarene-
hydroxymethylphosphonates and phosphorylated quinonemethides. (Thia)calixarenes containing one, two, and
four fragments of methylenebisphosphonic acids on the upper rim of the macrocycle were obtained via treatment
of the obtained compounds with bromotrimethylsilane and methanol. Esters of calixarene-o-ketophosphonic acids
were obtained by reaction of chloride anhydrides of di- and tetra-alkylcalixarene carboxylic acids with
trialkylphosphites. Their structure in solutions and in the crystalline state was determined. Calixarene-o-
ketophosphonic acids were synthesized by sequential treatment of the calixarene ketophosphonates with
bromotrimethylsilane and methanol. A preparative one-pot method for introducing fragments of
hydroxymethylene-bisphosphonic acids to the upper rim of calixarenes has been developed. It is based on the
sequential treatment of calixarene acyl chlorides with tris(trimethylsilyl) phosphite and wet methanol. Preparative
methods of regioselective alkylation of alkyl esters of tetrahydroxy-calixarene-phosphonic acids with alcohols
under the Mitsunobu reaction conditions were developed. As a result, bifunctional calixarenes with receptor
groups of phosphonic acids on the upper rim, capable of binding amino acids, and 3 (methylthio)propoxy groups
on the lower rim, capable of adhesion on the gold surface of microchips of conductometric sensors were obtained.
Preparative methods of introducing electron-deficient pentafluorophenyl and para-tert-butyltetrafluorophenyl
fragments onto the upper rim of the cone-shaped tetrapropoxycalixarene have been developed. These fragments
are capable of forming sandwich complexes with anions and electron-rich aromatic molecules. Polyfluoroaryl
derivatives of calixarene-diphosphonic acid and calixarene-bishydroxymethylphosphonic acid were further
obtained. Stability constants of complexes of bis((3-methylthio)propoxy)calixarene-methylenebisphosphonic acid
with seventeen amino acids of different nature in aqueous solution were determined by using HPLC. A
conductometric sensor for the determination of arginine in aqueous solutions was created by applying the
synthesized acid to the gold surface of a microchip. Using the HPLC method, it was found that calixarene-tetrakis-
methylene-bisphosphonic acid effectively binds the tetrapeptide Gly-Pro-Arg-Pro, which is involved in the
process of fibrin polymerization. It was shown that calixarene and thiacalixarene-tetrakis-
methylenebisphosphonic acids are effective inhibitors of fibrin polymerization and can be used as basic structures
for the development of a new class of antithrombotic agents. Medical and biological studies of synthesized
calixarene-phosphonic acids proved their low toxicity and diverse biological activity: calixarene-
methylenebisphosphonic acid and calixarene-di-hydroxymethylphosphonic acid are potent and selective
inhibitors of the Na+K+-ATPase pump of smooth muscle cells; calixarene-o-ketophosphonic, calixarene-
methylenebisphosphonic and calixarene-hydroxymethylphosphonic acids are effective inhibitors of protein
tyrosine phosphatases and glutathione S-transferases. Micelles of amphiphilic calixarene-
hydroxymethylenebisphosphonic acids form supramolecular complexes with fluorescent-labeled polylysine and
HIV-1 nucleocapsid and transport them throught biological membranes.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHH HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOT0, CyCIiIbHO-TIOJITUYHOTO,
JIIOJICBKOTO NIOTEHLjaly 17151 3a0e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
CyCIIiJIbCTBA i Jep>kaBu

CrpareriyHuii npiopUTETHUH HaNPSIM iHHOBALLiMHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIIA

BMPOOHMLITBA MaTepiaJiB, ix 0OpobieHHs! i 3'efHaHHS, CTBOPEHHS iHIyCTpil HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN
ITiZCcyMKH BOCIiIKEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS
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