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1. locnimpKeHHs CyrpaMoJIeKyJIsIPHUX KOMILJIEKCIB TUITY “TiCTh xa3siH” Ha OCHOBI LIMKJIOEKCTPUHIB Ta
KyKypOiT[n]ypumuis

2. Study of host guest supramolecular complexes based on cyclodextrins and cucurbit[n]urils

Pedepar:

1. Inceprarist npucBgYeHa BCTAHOBJIEHHIO 3aKOHOMIpPHOCTEN 3B'13yBaHHSI MOXiIHUX AiiHposinmerany (DIM) i
TpuasoJiinTioonToBux kucuot (TTK) 3 MakpouukiivHUME pelentopamu (Kykypoit[n]ypunamu (CBn) i
nukiogexkcrpuHamu (CD)), a TakoxK po3poOLii METOZiB KijIbKiCHOrO BU3HAY€HHs 1-MeTunuukionponeny (1-MLIT) y
KOMILJIEKCaX Ta Y Ta30MOBITPSAHUX CyMillax. Y IIepUIOMY PO31iji y3araabHEHO JIiTepaTypHi BiIOMOCTI, 10
CTOCYIOTbCS XapaKTePUCTHK 00'eKTiB mocinkeHHs i cdep ix BukopuctanHs. O6paHi MOJIeKyu rocTel xova i
BiJHOCSITbCS [0 Pi3HUX KJIACiB OPraHiuHUX CIIOJYK, YCi € rifpodoOHNMU MOJIeKyIaMU i MaloTh IOBe/ieHe IIPaKTU4YHe
3HAYEHHS B arpONIPOMUCIIOBOCTI, BeTeprHapii Ta ¢papmaliii, 1110 Aa€ MOXIUBICTb JOCIIAUTH Pi3HOMAHITHICTb
BUKOPUCTaHHS CyIPaMOJIEKYJISIPHUX CUCTEM Ta PO3MUPUTH PYHIAMEHTAbHI 3HAHHS 1O/I0 YMOB YTBOPEHHS

CyIpaMoJIeKyJISIpHUX KoMIIeKciB Ha ocHOBI CD Ta CBn, ix cTabinpHOCTI i BiacTuBocTeil. Y npyromy posmini



OIKCAHO PO3POOKY HOBOTO aHAJIITUYHOTO METOly BU3HaYeHHs KisibkocTi 1 MIIIT y cynpaMoseKkysspHIX
KOMIIJIEKCAX, 10 BKJII0Yae BUBibHEHHS 1 MU 3 KOMIIJIEKCY, OTO €KCTPAKIiIo y BillIOBiTHUI OpraHiYHUN
PO3YMHHUK, XiMiYHe IepeTBOPEHHSI B OiJIblll CTabiIbHY MOXiHY, BUAiJIEHHS Ta NoAaIbmNi aHani3 metogom HPLC.
Po3pob6seHnii MmeToy, 03B0JIsI€ Ha/liliHO BU3HAYaTH KinbKicHu BMmicT 1 MLITT y komniekcax 3 CB6 i o CD misaxom
BiZJHOCHO IIPOCTOI NPOLIEAYPU CUHTE3Y 3 BUKOPUCTAHHAM KOMEPLINHO JOCTYNHUX peareHTis i nomansmoro HPLC
aHalizy MoXifHoi, sIKa € HeJIeTKOIO i CTabibHOO MPOTIroM 1oHaliMenIe 10 AHIB 32 HOPMaJIbHUX YMOB 30€piraHHs.
s xoHTposo BMmicty 1 MIIIT y noBiTpi s1671yKOCXOBHUII, aJalITOBAHO 3 JIiTepaTypy ra3o-XxpoMaTorpadiyHuil MeTor,
aHasli3y KisnbKicHOro Bu3HayeHHs 1 MLUII B ra3onoBiTpsHUX cyMilax. bysio gociifisKeHo Ta IMOPiBHAHO TPU Pi3Hi
Ipernaparu: cyrnpamoJiekysspHi kommiekcu 1 MUTI 3 CB6, o CD, a TakoX eKCIIepUMEeHTaIbHUM 6araTOKOMIIOHEHTHUN
Ipernapar Ha OCHOBI cynpamosiekysigpHoro kommsekcy 1 MIIIT 3 o CD. Po3po6sieHo KOMILJIEKCHY IIPOLieaypy, sKa
BKJIIOYA€ NPOOOBiAOIp ra3onoBiTpSHUX CyMilllel, X TpaHCIIOPTYBaHHS Ta aHaJli3, 1o 3abe3evuye HaJiliHe KiJbKicHe
Bu3HadeHHs 1 MUII B nosiTpi cxosul,. [IpenapaTtu okasaayu NOPiBHSHY e(EeKTUBHICTb, OJHAK HOBUM
06araTOKOMIIOHEHTHUI NpenapaT Ha OCHOBI cynpamoJieKkyJsisipHoro kommekey 0-CD 3 1-MUTI BinpizHsieTbcs
IIPOCTOTOI0 BUKOPUCTAHHS B YMOBaX CXOBHINA, TaK K He NO0Tpedye HasIBHOCTI CIIeljiali3oBaHOro obJafjHaHHA i €
PO34YMHHUM Y BoJi. TpeTiii po31in MPUCBSIYE€HO BUBYEHHIO KOMIIJIEKCOYTBOPEHHS NOoxXigHUx DIM 3
MaKpOLMKIIIYHUMU PELENTOPaMU. 3 BUKOPUCTAHHSIM MOJIEKYJISIPHOTO TOKIHTY IOKa3aHO, IO 3B'SI3yBaHHS
BigbyBaeTbcs 3 0 CD y Horo BigKpuTiii KoHpopmaii 3 adpiHHICTIO 3B's13yBaHHS B [lianla3oHi 7,7... 7,6 KKaj/MoJb.
3B'a3yBaHH4 3 0 CD y 10ro 3aKpUTHX KOHPOPMaLisiX €eHepreTU4HO MEHII BUTiIHE Ha ~2 KKaJl/MOJIb i BilOyBa€TbCs
0€3 rJIM60KOro MPOHUKHEHHS JIIraHIiB Y IOPOKHMHY Xa3siHa 3 MEHII CTEPUYHO HABAHTAKEHUMU NoXigHUMU DIM.
Bukopucranns cykynHocTi metois (Y® cnekrpomerpruyHe TUTpyBaHHS, 1H SIMP cniektpockomnisi, SEM
(ckanyBasIpHA €JIEKTPOHA MiKPOCKOIIis)) JO3BOJIMIIO BCTAaHOBUTHU (PaKT KOMIIEKCOYyTBOpeHHs DIM Ta fioro noxigHux
3 peuentopamu (o CD, o CD, rinpokcunpormnin o yuknogekctpu (HP o CD), CB6). KoHCTaHTH yTBOPEHHSI KOMILJIEKCIB,
po3paxoBaHi 3a piBHIHHIM beHeci l'inbae6paHa, BapiroioTees B gianazoni 10 1400 M 1, o MmoxkHa
OXapaKTepU3yBaTH SIK IOMipHe 3B’s13yBaHHs. [1pu nociigkenHi ctabisbHocTi DIM 3 0 CD y po3unHax, Mu
BCcTaHOBUIY, o Y JIMCO crnocTtepiraloTbCsl IOMITHI 3MiHM IIpY 30€piraHHi (Yepes micslp), KOHTPOJIbHUI PO3UMH
HaOyBae 6isblI SICKPABOro 3a0apBJI€HHS BHACILOK OKUCHeHHs DIM, B npucyTHOcTi 0 CD npolec OKMCHEHHS
CIIOBiJIbHIOETHCS, 1110 IMOBIPHO BiZI0yBaeThCsl 32 paxyHOK cTabinizauii DIM npu 3B’13yBanHi 3 0 CD. Y yeTBepTOMy
PO31isi, BAKOPUCTOBYIOUM KOMOiHALIil0 MOJIEKYJIIPHOIO AOKIHTY, HalliBeMIIIpPUYHUX KBAaHTOBO xiMiuyHuX (PM6, PM7) i
BUCOKOpiBHEBUX po3paxyHKiB DFT (density functional theory) pazom i3 mosnexysnsipHo suHamivHUM (M]I)
MOJEJIIOBAaHHSIM OYJI0 0XapaKTepU30BaHO KOMIJIEKCOYTBOPEHHS THUITy Xa3siiH rictb Mix CBn (n=6 8) 3 noxinHumu
TTK (PTTA (2 [[5 (4 pyridinyl) 4H 1,2,4 triazol 3 yl]thio]acetic acid Ta MTTA (2 [[5 (4 methyl) 4H 1,2,4 triazol 3
yl]thio]acetic acid). Pe3ynpTaTi nokasasnu, mo cTabiibHiCTb KOMILIEKCY BKIto4eHHsI PTTA 3 CBn 3MeHIyeTbCS B
psiny CB6>CB7>CB8, Haii6inbl cTabisbHi CTPYKTYpU YTBOPIOIOTHCS ITPU BXOIKEHHI TIOOLITOBOTO (PParMeHTy y
NIOPOXHUHY peuentopis. st MTTA, 3a pesynbraTamu DFT po3paxyHKiB, 38’93yBaHHs € HalicuibHimum 3 CB7.
MTTA yTBOpIO€ cTabinbHi Komiiekcu 3 CB6 i CB7, B Toi yac gk 3 CB8 MoxXyTh icHyBaTH cj1a60 3B's13aHi CTPYKTypHU
BUILOTO NMOPSIKY. YTBOPEHHSI CTabiIbHUX KoMILIeKCiB 3 CB6 i CB7 060x kucsoT 3 CB6 i CB7 migTBEpAXKEHO 3
BUKOPUCTAHHSM Pi3HMX €KCIIEPMMEHTANIbHUX METOZiB, TakuX sIK TGA, nudepeHLianbHa CKaHyBaJIbHA KaJlOPUMETPis
(DSC), SIMP cniextpockomnis Ta SEM. IT'aTuit po3zin MiCTUTh METOAMKYM CUHTE3Y Ta (Pi3NKO-XiMiuHI XapaKTepUCTUKU

IOCiI)KYBaHUX CIIOJYK.

2. The dissertation is dedicated to establishing the laws governing the binding of diindolylmethane (DIM) and
triazolylthioacetic acid (TTA) derivatives to macrocyclic receptors (cucurbit[n]urils (CBn) and cyclodextrins (CD))
as well as the development of methods for the quantitative determination of 1-methylcyclopropene (1-MCP) in
complexes and in gas-air mixtures. The first chapter summarizes the literature on the properties of the objects of
study and their areas of application. Although the selected guest molecules belong to different classes of organic
compounds, they are all hydrophobic molecules and have proven to be of practical importance in the agricultural
industry, veterinary medicine and pharmacy. This makes it possible to explore the diversity of applications of
supramolecular systems and to extend the fundamental knowledge of the conditions for the formation of
supramolecular complexes based on CD and CBn, their stability and their properties. The second chapter



describes the development of a new analytical method for the determination of the amount of 1-MCP in
supramolecular complexes, which includes the release of 1 MCP from the complex, its extraction into a suitable
organic solvent, chemical conversion into a more stable derivative, isolation and subsequent analysis by HPLC. The
developed method enables the reliable quantitative determination of the content of 1-MCP in complexes with CB6
and o-CD by a relatively simple synthesis procedure using commercially available reagents and subsequent HPLC
analysis of the derivative, which is non-volatile and stable for at least 10 days under normal storage conditions. In
order to control the content of 1-MCP in the air of apple storage facilities, a gas chromatographic analysis method
for the quantitative determination of 1-MCP in gas-air mixtures was adapted from the literature. Three different
preparations were investigated and compared: supramolecular complexes of 1-MCP with CB6, o-CD and an
experimental multicomponent preparation based on the supramolecular complex of 1-MCP with o-CD. A
comprehensive procedure was developed that includes the sampling of gas-air mixtures, their transportation and
analysis and ensures a reliable quantitative determination of 1-MCP in the air of storages. The preparations showed
comparable efficiency, but the new multicomponent preparation based on the supramolecular complex o-CD with
1-MCP is characterized by its ease of use under storage conditions, as it does not require special equipment and is
water-soluble. The third chapter is dedicated to the study of the complex formation of DIM derivatives with
macrocyclic receptors. Using molecular docking, it is shown that binding with o CD occurs in its open conformation
with a binding affinity in the range of 7.7...7.6 kcal /mol. Binding with o-CD in its closed conformation is
energetically less favorable by ~2 kcal /mol and occurs without deep penetration of the ligands into the host cavity
with less sterically loaded DIM derivatives. By using a combination of methods (UV spectrometric titration, 1H
NMR spectroscopy, SEM (scanning electron microscopy)), we were able to demonstrate the fact of complex
formation of DIM and its derivatives with receptors (o-CD, o-CD, hydroxypropyl-o-cyclodextrin (HP o-CD), CB6). The
complexation constants calculated with the Benesi-Hildebrand equation vary in the range of 10-1400 M-1, which
can be characterized as moderate binding. When studying the stability of DIM with o-CD in solutions, we found that
noticeable changes occur in DMSO during storage (after one month). The control solution acquires a bright yellow
color due to the oxidation of DIM,; in the presence of o-CD, the oxidation process slows down, which is probably
due to the stabilization of DIM upon binding to o-CD. In the fourth chapter, using a combination of molecular
docking, semi-empirical quantum chemical (PM6, PM7) and high-level DFT (density functional theory) calculations
together with molecular dynamics (MD) simulations, the host-guest complexation between CBn (n=6 8) with TTA
derivatives (PTTA (2 [[5 (4 pyridinyl) 4H 1,2,4 triazol 3 yl]thio]acetic acid and MTTA (2 [[5 (4 methyl) 4H 1,2,4 triazol 3
yl]thio]acetic acid)) was characterized. The results showed that the stability of the inclusion complex of PTTA with
CBn decreases in the order CB6>CB7>CB8, with the most stable structures being formed when the thioacetic
fragment enters the receptor cavity. For MTTA, the binding is strongest with CB7, as shown by the results of the
DFT calculations. MTTA forms stable complexes with CB6 and CB7, while only weakly bound higher order
structures can exist with CB8. The formation of stable complexes of both acids with CB6 and CB7 was confirmed
by various experimental methods such as TGA, differential scanning calorimetry (DSC), NMR spectroscopy and
SEM. The fifth chapter contains the synthesis methods and physicochemical properties of the studied compounds.
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VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. ®apadonos Bonogumup CeprifioBuy

2. Volodymyr S. Farafonov

KBasigikamis: k. x. ., 02.00.04

InenTudikarop ORCID ID: He 3acrocosyetses

JopaTrkoBa inpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBepcUuTeT imeni B. H. Kapasina
Kog, 3a €IPIIOY: 02071205

Micqesnaxo,szeunaz MangaH CBo6ony, 4, XapkiB, XapKiBCbKUil p-H., 61022, YkpaiHa

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Komapos Irop Bonogumuposuy

2. Thor Komarov

KBasigikanis: n.x.n., npodecop, 02.00.03
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBchkuil HalioHaIbHMI yHIBEpCHUTET iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bosmogumupceska, 6yg. 60, Kuis, 01033, YkpaiHa
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKy YKpaiHu

Imentudikarop ROR: He zacrocosyerbcs

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:



1. benikoB KocTSHTUH MUKOJIalioBUY

2. Kostiantyn Belikov

KBasigikanis: k. x. u., c.i., 02.00.02
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

TloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: [lepkaBHA HayKOBa yCTaHOBa HayKOBO-TEXHOJIOTYHMIA

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Kynuk Onecs I'enHagiiBHa

2. Olesia Kulyk

KBasigikamis: k. x. ., gou., 02.00.03
InenTudikarop ORCID ID: He 3acrocosyetses
HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: Jlep>kaBHa HayKoBa ycTaHOBa HayKOBO-TEXHOJIOTYHMIA

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Hecenko Cepriii MuxainoBuy
rOJIOBH paau

BaacHe IlpizBume Im's I10-6aTbKOBI Hecenko Cepriit MuxainoBuy
TOJIOBYIOYOTO Ha 3acCifiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY IllnpoGokosa Mapis I'eopriisHa

00JIiKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




