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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€HA PO3po0Li 3pYyYHUX METOIB (PyHKIiOHAI3allii BEPXHBOTO Ta HUKHBOTO BiHIIiB
KaJslikcapeHy Ta Tiakajikcapeny ¢pparmentamu ¢pocdopuux a6o pochoHOBUX KUCIOT 3 METOIO HaJlaHHS KOPUCHUX
6iosioriyHuX Ta Pi3NKO-XiMIYHUX BlIacCTUBOCTEN. PO3p06IeHO 3pyyHi MeToM periocesieKTUBHOI PyHKLioHami3aLL i
HYDKHBOTO BiHIIS TeTparigpoKcuTiakasikcapeHis AiankokcudochopuabHUMU YrpynoBaHHsIMU. OTpUMaHi ecTepu
IIOCJIiIOBHOIO OOPOOKOIO TPMMETUIOPOM-CUJIAHOM Ta METaHOJIOM (MeTol MakKeHHN) 6ysin feasKiiboBaHi 1o
BiZIMOBiTHUX TiakamikcapeH-MoHOPocdopHUX Ta -audocdopHUx KucaoT. Merogom PCA BcTaHOBIIEHA
KOHYCOIIOJibHa IPOCTOpPOBa 6y[0Ba CUHTE30BaHUX CIIOJIyK. [IoKasaHo, 1110 CUHTE30BaHi TiakanikcapeH-¢$ocopHi
KUCJIOTU € e(PEeKTUBHUMM iHTibiTOpamu riyTation-S-tpancdepasu 3 KOHCTaHTOIo iHribyBanHs IC50 B aianasoni 0.2
- 11.7 MKM. Po3pob6sieno meTof, GyHKLiOHai3alil BepXHbOro BiHLs KasikcapeHy N,N nioktunaminocynbGoHiIbBHUMU

3amicHuKamu. Bzaemogiero terpakic-N,N-niokTunaminocynbpoHin-reTparigpokcu-KaaikcapeHy 3



nietTuixnop@ocdaTom B IPUCYTHOCTI TpUETUIAMIHY 260 KapOOHATY KaJlilo SIK OCHOBU CUHTE€30BaHO OKTAE€TUJIOBUM
ectep tetpakic-N,N-nioktunaminocynbonin-kanikcapeH-retpa-gocdopHoi kucaotu B KoHdopmauii 1,3
asibTepHaT. 3HaIeHo, 110 IIPU 3aCTOCYBaHHI KApOOHATY JITil0 SIK OCHOBU YTBOPIOETHCS TETPAETUJIOBUIL €CTED
teTpakic-N,N-miokTunaamigocynbgoHin-kanikcapeH-audocPopHOi KUCIOTH B KOHPOpMallii KOHyC. 32 METOOM
MaxKennu otrpumanuii ectep 1udocdopHoOi KUCI0TU OyB epeTBopeHuil B amdidinbHy KasikcapeH-1u@pochopHy
KUCJIOTYy. BCTaHOBJIEHO, 110 KpUTUYHA KOHIIEHTpalis minenoyrBopeHHs am@idinbHoi N,N miokTunaMinocyabdoHin-
KanikcapeH-audocdopHoi KUCTOTH CTaHOBUTH 8.24 MKM. Peaxkiiieto aiankokcuaudopminkanikcapeHis 3
HATPOBUMHU COJISIMU AiasnKindocdiTiB CHHTE30BaHi ayKisoBi ecTepu KajikcapeH-aumeTuseH-6icpocdoHoBoi
KUCJIOTU. 32 MeTogoM MakKeHHY BOHM Oyiu iepeTBopeHi B aMPidinpHi KanikcapeH-gumeTnieH-6ichocPoHoBi
KUCJIOTH 3 Pi3HOIO JOBXMHOIO aJIKIJIbBHUX 3aMiCHUKIB Ha HMDKHbOMY BiHIII MaKPOLIMKJIY. BcTaHOBIEHO
comobinisyrounii epexTt amdpidinbHOI TogenuKanikcapeH-IuMeTUIeH-6icOC(HOHOBOI KUCIOTHU IO BiJHOIEHHIO
10 c71ab0 PO3YMHHUX Y BOJi aKTUBHUX (PapMalieBTUYHUX iHrpeieHTiB (ADI) jikapCchKuX Npenaparis, TAKUX K
I6ynpoden Ta HarnpokceH. Po3pobsieHo MeTo[; BBE€IeHHS IPOIaprijibHYX 3a/IMLIKIB Ha BEPXHIiil BiHellb
KaJlikcapeHiB, sKi 30aTHI BCTYNaTU B KJIK-peakuii asug-ajiKiHOBOro UMKJIONPUEIHAHHA. Peakuieo nunonenenokcu-
Ir@opMisn-KajikcapeHy 3 IUnponaprindocgitom B IPUCYTHOCTI TPUETUIIaMiHy OYB OTPUMaHUN
OKTAITPOIIAPTiJIOBUN eCTep KaJlikcapeH-MeTueH-6ichocPOHOBOI KUCIOTH, IKUU IIPU B3AEMOZ] 3 6POMiTOM JIiTii0
OyB nnepeTBopeHuil B amQiisnbHy TETPaliTieBY Cisib TETPANIPONAPTriIOBOrO €CTepy KaylikcapeH-AUMeTHUIIeH-
6ichocdoHoBoi KUcaoTU. [ToCcaiToBHOI0 06POOKOI0 XJIOPAHTINPUIIB AiaTIKOKCU-KalikcapeH-KapOOHOBUX KUCJIOT
TPUC-TPUMETUIICUIINPOCPITOM Ta METAHOJIOM CUHTE30BaHO aMQidisbHi AiaTKOKCU-KalikCapeH-
rigpokcumeTusieH-6icocdoHOBi KUCIOTU. 3a peaklieto ApOoy30Ba, IPU B3a€MOJIil XJIOPaHTigPUAIB IiaKoKCH -
KaJlikcapeH-KapOOHOBUX KUCJIOT 3 TpUaJIKisipocdiTaMy OTpUMaHi ecTepu KajikcapeH-0-KeTo(pOoCHOHOBUX KUCIIOT.
HacTtynHuM peasnkinyBaHHSM (32 MmeTogoM MakKeHHM) yTBOpeHux KeTodoc@oHaTiB, CUHTE30BaHi aMPidinbHi
KaJslikcapeH-0-keTodoCcPOHOBI KUCJIOTH 3 Pi3HOIO JOBXKUHOIO aJIKiJIbHUX 3aMiCHUKIB Ha HUKHbOMY BiHIIi
Makpouukiy. BcraHoBneHo, mo am@idinbHi KanikcapeH-0-keTodpocdoHOoBi kucaoTu nif giero YO onpomiHeHHs
eeKTUBHO iHri0y10Th ryTaTioH-S-Tpancdepasu (IC50 gocsaraoTts 0.12 MkM). Po3pobsieno metog,
perioceseKTUBHOIO AUCTAIBHOTO aJIKiTyBaHHS HUKHBOTO BiHLlS KaslikcapeH-MeTusieH-6icdocdonaris 3
MeTWICy1bQifo-TIPONOKCUIPHUMU 3aMiCHUKaMU 32 peakuieto MinyHo6y. Ha ocHOBI KasikcapeH-TeTpaMeTuIeH-
6icdocdoHary (3a meTogom MakKeHHn) 6yB oTpumaHuil 6ipyHKIiOHAIbHUM KajliKCapeH 3 PELeITOPHUMU
yIPyNOBaHHSIMU MeTuIeH-6icpocHOHOBOI KUCIOTH Ha BEPXHbOMY BiHIIi, 31aTHUMH 3B’13yBaTU aMiHOKUCJIOTH, Ta 3
MeTWICYIbQiTONPOIOKCUIBHUME IPyIIaMy Ha HIDKHBOMY BiHLIi, 3IaTHUMHU [10 aaresii Ha 30JI0Til MOBEepxHi
MIKPOUIIliB KOHTYKTOMETPUYHUX CEHCOPiB. MeTonoM BEPX BHM3Ha4€HO KOHCTAaHTH CTiMKOCTI KOMILJIEKCIB 3
METWICYIbifoNpONOKCU-KaliKCapeH-MeTuIeH-6icpocPOHOBOI KUCIOTH 3 CIMHAALSATbMA aMiHOKUCIOTaMU Pi3HO]
npuponu (KA = 10221 - 41504 M-1). Ha ocHOBi OTpMMaHOTrO KajliKCapeHy po3po0JIeHNii €JIEKTPOXiMiUHUI CEHCOP,

3[,ATHUY BU3HAYATU apTiHiH y BOOHUX PO3YMHAX.

2. The thesis is devoted to the development of methods for functionalization of calix[4]arene and thiacalix[4]arene
at the upper and lower rim with phosphoric or phosphonic acid fragments in order to provide useful biological and
physicochemical properties. Convenient methods for regioselective functionalization of the lower rim of
tetrahydroxythiacalix[4]arenes with dialkoxylphosphoryl groups have been developed. The obtained esters were
converted with quantitative yields into the corresponding thiacalix[4]arene-monophosphonic and diphosphonic
acids by sequentially treated with trimethylbromosilane and methanol (the method put forward by McKenna et al.).
The cone-shaped spatial structure of the synthesized compounds was determined by NMR spectroscopy and X-
ray structure analysis. Recent studies have demonstrated the efficacy of thiacalixaren-phosphoric acids as potent
inhibitors of glutathione-S-transferase, exhibiting an IC50 range of 0.2 - 11.7 uM. A method for functionalization of
the upper rim of calixarene with N,N-di(octylsulfonamide) substituents has been developed. By interaction of
tetra-N,N-di(octylsulfonamide)-tetrahydroxycalix[4]arene with diethylchlorophosphate in the presence of
triethylamine or potassium carbonate as a base leads to formation octaethyl ester of tetra-N,N-
di(octylsulfonamide)-calix[4]arene-tetraphosphonic acid in the 1,3-alternate conformation. In the case of using
lithium carbonate as a base, the tetraethyl ether of tetra-N,N-di(octylsulfonamide)-calix[4]arene-diphosphonic



acid was formed in the cone conformation. The obtained ester of diphosphonic acid was converted into an
amphiphilic calixarene-diphosphonic acid using the McKenna method. The critical aggregation concentration
(CAC) of the amphiphilic N,N-di(octylsulfonamide)-calixarene-diphosphonic acid determination by using the ANS
fluorescence in water and phosphate-based saline was 8.24 uM at 25 °C. Interaction of di-O-alkylated
calix[4]arenes-1,3-dialdehyde with sodium salts of dialkylphosphites leads to formation of alkyl esters of
calixarene-dimethylene-bisphosphonic acid which were transformed into amphiphilic calix[4]arene-di(methylene-
bisphosphonic acids) with different alkyl substituents on the lower rim of the macrocycle. The solubilizing effect of
the amphiphilic di(dodecyloxy)-calix[4]arene-di(methylene-bisphosphonic acid) was established for the poorly
water-soluble active pharmaceutical ingredients of Ibuprofen, Naproxen. A method for introducing propargylic
residues onto the upper rim of calixarenes was developed to give calixarenes the ability to enter into click
reactions of azide-alkyne cycloaddition. The octapropargyl ester of calix[4]arene-di(methylene-bisphosphonic
acid) was obtained through the reaction of di(dodecyloxy)-calix[4]arene-1,3-dialdehyde with dipropargyl phosphite
in the presence of triethylamine. By subsequent interaction with lithium bromide, the corresponding ester was
transformed into an amphiphilic tetralithium salt of tetrapropargyl ester calixarene-di(methylene-bisphosphonic
acid). Amphiphilic dialkoxy-calixarene-di(hydroxymethylene-bisphosphonic acids) were obtained from
chloranhydrides of dialkoxy-calix[4]arene-carboxylic acid by sequentially treated with tris(trimethylsilyl)phosphite
and methanol. Amphiphilic calixarene-n-ketophosphonic acids with different lengths of alkyl substituents on the
lower rim of the macrocycle were synthesized through the Arbuzov reaction of chloroanhydride of dialkoxy-
calixarene-1,3-di(carboxylic acids) with trialkylphosphites and following dealkylation by the McKenna method.
Studies of the properties of a series of amphiphilic calixarene-no-ketophosphonic acids show that they can
effectively inhibit glutathione-S-transferases with the action of UV-irradiation (wavelength 365 nm) with IC50
values up to 0.12 uM. A method of regioselective distal alkylation of the lower rim of tetrahydroxy-calixarene-
methylene-bisphosphonates with 3-methylsulfidopropoxy substituents by the Mitsunobu reaction has been
developed. A bifunctional calixarene with 3-methylsulfidopropoxy groups on the lower rim capable of adhesion to
the gold surface of conductometric sensor microchips and with receptor groups of methylene bisphosphonic acid
on the upper rim capable of binding amino acids was obtained. The stability constants of the complexes of 3
methylsulfidopropoxy-calixarene-methylene-bisphosphonic acid with seventeen amino acids of different nature
(Ko = 10221 - 41504 M-1) were determined by HPLC. Based on the obtained calixarene developed an electrochemical

sensor capable of determining arginine in aqueous solutions.
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