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Pedepar:

1. Inceprauiiina po60Ta NIpUCBSYEHA PO3pOoOLi IpenapaTuBHUX METOAiB (QyHKIiOHANi3allii BEpXHBOTO BiHIIS

Kamikc[4]apeHiB Ta Tiakanikc[4]apeHiB dparmeHTamu rizpokcumetundpocPoHoBUx, MeTuneHbicpocdoHoBuUX, O-

KeTOPOC(OHOBHUX Ta TiAPOKCUMETUIEH-0iCHOCPOHOBUX KUCIIOT, LOCIIIKEHHIO CTPYKTYPH, 30aTHOCTI 10
KOMIIJIEKCOYTBOPEHHSI Ta 6i0JIOTiYHOI aKTMBHOCTI OTPUMAHUX CIIOJNYK. PeakuisiMu MOHOMOPMIs- Ta

nrOpPMINIIPONIOKCUKATIKCAPEeHiB i3 Tpuankindocditamu 3a HAIBHOCTI 6€3BOIHOTO XJIOPOBOIHIO, HATPiEBUMU

cossIMU AiankingocgitiB, CUIIIOBUMHU €CTepaMU KUCJIOT TPUBAJIEHTHOTO PocdOpy OTPUMAaHO aJIKiJIOBi Ta CUJIiIOBI

€CTepH BifIOBiIHUX I1-, TPU- Ta TETPAIPONIOKCUKAJIKCAPEH-TiTPOKCUMETUI(HOCPOHOBUX KUCIIOT 3



[IpenapaTMBHUMM BUXOJAMU. BCTaHOBJIEHO 3aJIEXKHICTh CTEPEOXIMIYHOTO pe3yJbTaTy peakuiil GocHopuIoBaHHsS
BifI, CTyIIeHs aJIKiIOBaHHS HMXKHBOTO BiHIS AudopMinkasikcapeHis. Ha 0CHOBi OTprMaHUX ecTepiB CHHTe30BaHi
BiAITIOBiJHI KajliKcapeH-TigpokcuMeTunPocdOHOBI KUCIOTU. Peakiieto TeTparigpokcudopmMisn(Tia)kansikcapeHis Ta
Iiankokcru@opmis-(Tia)kasikcapeHis i3 HaAJIMIIKOM HATPieBUX COJel fiankingoc@iTiB 6y CUHTE30BaHi aJIKioBi
ecTepu BiJIOBigHUX (Tia)KajiKcapeH-MeTueH6icpocPOHOBUX KUCIIOT. BCTaHOBIIEHO, IO PeaKlisl IPOTiKae yepes
cTagii yrBopeHHs KajikcapeH-rinpokcumerusndocdoHaTiB Ta pochopuaboBaHUX XiIHOHMETHIB. Peakiieto
OTPUMAaHUX CIIOJIYK 3 OPOMOTPUMETUIICUIAHOM Ta METAaHOJIOM CUHTE30BaHi KajlikCapeH! Ta TiakajlikcapeHH, SIKi
MICTSITh Ha BEDXHbOMY BiHIli MaKPOLIUKIIYy OJJUH, [iBa Ta YOTUPU PParMeHTH MeTUIeH6icPOCHOHOBUX KUCIIOT.
B3aeMoiero XJIOPaHTIAPUIIB AiaIKOKCHU- Ta TETPAAJIKOKCHUKAJIIKCapeH-KapObOHOBUX KUCJIOT i3 Tpuaskindocditamu
OTpUMaHi ecTepu KajikcapeH-0-KeTo(pocPOHOBUX KMCJIOT Ta AOCIiIKeHa ixHs 6yZ0Ba CTPYKTypa B PO34YMHAX i
KpUCTaIiYHOMY CTaHi. [ToC/IiI0BHOIO B3aeMOJIi€l0 YTBOPEHUX KETOPOCPOHATIB i3 GpOMOTPUMETUIICUIAHOM Ta
METaHOJIOM CMHTE30BaHi KajikcapeH-0-KeTopoc(HOHOBI KUCIOTU. PO3p06IIeHO NpenapaTuBHUI OGHOPEAKTOPHUIA
METO/I BBe[IeHHS Ha BepxHill BiHellb KasikcapeHiB ¢dparMeHTiB rizpokcuMmeTunieH6icdhochoHOBUX KUCIIOT, IKUM
MOJIAra€ B MOCJiAOBHIN 06p0o6Li KasikcapeH-aluaxaopuiB Tpuc(TpumeTuacumin)docdiTom Ta METaHOIOM.
Po3po6s1eHO TTpenapaTuBHI METOIU PErioCeNeKTUBHOTO aJIKiIOBAHHS aJKiJIOBUX €CTEPIB
TeTparigpokcrkanikcapeH-$pocPoHOBUX KUCIIOT CIIMPTaMU B YMOBax peakuii MilyHoOy. Lle nano 3mory orpumaru
OTPUMaHO GiYHKIIIOHAJIbHI Ka/likCapeH! 3 PeLeITOPHUMHU YIPyNOBaHHIMU POCHOHOBUX KUCJIOT HA BEPXHbOMY
BiHIJi, 3IaTHUMU 3B’SI3yBaTU aMiHOKUCJIOTH, Ta 3 (METUJITIO)IPONOKCY IPyNIaMy Ha HUKHbOMY BiHIIi, 3aTHUMU 1,0
azresii 10 30J10TOI TIOBEPXHi MIKPOUUIIB KOHAYKTOMETPUYHUX CEHCOPiB. PO3p06s1€HO IpenapaTruBHi METOOU
BBEJIEHHS Ha BEPXHill BiHellb TeTPallpONOKCHKaIiKCapeHY eJIeKTPOHOoAeiUTHUX NTeHTadpTOPOPEeHITbHUX Ta Iapa-
TpeT-0yTunreTpadpTopodeHiNbHUX GparMeHTiB, 31aTHUX 4O YTBOPEHHS CEHABIUYE€BUX KOMILJIEKCIB 3 aHiOHaMu Ta
€JIEKTPOHO30ara4eHMMY apOMaTUYHUMU MOJIeKy1aMy. Ha ix OCHOBI OTprMMaHi noipTOpoapuibHi NOXifHi
KamnikcapeH-gudocdoHoBOi Ta KasmikcapeH-6ic-rimpokcumeTundocdoroBoi kucaotu. Metromom OO BEPX
BM3HAaY€HO KOHCTAHTHU CTIMKOCTi KOMIIJIEKCIiB KajlikcapeH-TiIpoKCUMeTunIPocPoHOBUX Ta KajliKCapeH-
MeTUJ1eH6icPOCPHOHOBUX KUCJIOT 3 aMiHOKUCIOTaMU Pi3HOI PUpPOAX Y BOOZHOMY po3uuHi. Ha ocHoBi nu((3
METHUJITia)[IPONOKCH)KaTiKCapeH-MeTUIEeH6icHOCHOHOBOI KUCTIOTH CTBOPEHO Ta JOCJIIPKEHO KOHIYKTOMETPUYHUI
CEHCOp [J1s1 BUSIBJIEHHS apriHiHy y BoAHUX po3urHax. Metonom O® BEPX BcTaHOBIIEHO, 110 KajlikcapeH-TeTpakic-
MmeTueH6icpochoHoBa KrcioTa €PEeKTUBHO 3Bs13ye TeTpanentut Gly-Pro-Arg-Pro, 3agisHuil y npoueci
nosnimepusauii GiopuHy. Menko-6i010TiuHI OCTiI)KEHHS CUHTEe30BaHUX KajlikcapeH(POCHOHOBUX KUCIJIOT
3aCBigunIY IXHi HU3bKY TOKCUYHICTD i pi3HOIJIAHOBY 6i0JIOTIYHY aKTUBHICTh: KajlikcapeH- Ta TiakajikcapeH-
TeTpaKic-MeTu1eH6icPocdOHOBI KUCTIOTU € ePEeKTUBHMUMU iHribiTopamu nosjimepusanii GpidbpuHy; KajikcapeH-
MeTuIeH6icPocOHOBA KUCIIOTA Ta KajlikcapeH-6ic-rinpokcumeTnndochoHOBa KUCIIOTA € NOTY>KHUMU Ta
CeJIeKTUBHMMU iHribiTopamu Na+ K+-AT®-a3H0i oMy riageHbKOM SI30BUX KIIITHH; KajlikcapeH-0-KeTodpocdOHOBI,
KamikcapeH-meTunaeH6icpocdoHoBi Ta KanikcapeH-TigpokcumMeTnahochHOHOBI KUCTOTU € eDEKTUBHUMU
iHribitopamu nporeintuposundocdaras Ta IJ1yTaTioH S-TpaHcdepas. Minenn aMPidinbHUX KasikcapeH-
rifpoKCUMeTUIEH-6icPOCHOHOBUX KUCIIOT YTBOPIOIOTh CYIIPAMOJIEKYJISIPHI KOMIIEKCH 3 (PITyOPECLI€HTHO

MiYeHUMH MOJIiII3MHOM Ta HyKJieokaricugom BlJI-1i nepeHocsTs ix Kpi3b 6i0oriuHi Mem6paHu.

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-1nucleocapsid and transport them throught biological membranes.
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