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1. TETEPOLIMKJIIYHI EJIEKTPOH-3BAI'AYEHI PENOKC-AKTHMBHI CAMOS3BIPHI KATICYJIV

2. Conception of organic capsules by self-organization of functionalized heterocycles

Pedepar:

1. luceprarifina po60oTa MpucBsAYe€Ha CTBOPEHHIO HOBUX €JIeKTPOHO36arayeHux peloKC-aKTUBHUX
reTepOLUKIIIYHUX CIIOJIYK Ha 6a3i CTPYKTYpHUX (PparMeHTiB TeTpariopynbsaneny (TTO), nutiopynssaneny (ITO),
n-posmupeHoro terpariopyibsaneny (pTTO), BuB4eHHIO iX €1eKTPOXiMIYHUX BIACTUBOCTEMH, AU3aliHy CaMO36ipHUX
CTPYKTYp Ha iX OCHOBI Ta JOCJIIIPKEHHIO 0COOINBOCTEN B3a€MOJIii OZlep>KaHUX KaICyJl 3 MOJIeKyJIaMU-TOCTSIMU. B
pOOOTi MPOBEIEHO NU3aMH Ta CUHTE30BaHO 5 HOBUX €JIEKTPOHO30araueHux peJoKC-akKTUBHUX e TEPOLIUKIIIYHUX
CIIOJIYK, $IKi IPUIATHI [JIS1 CTBOPEHHS CaMO30ipHUX KaIlCyJl, Ta OXapaKTEPU30BaHO iX €JIEKTPOXiMiUYHYy IOBELIHKY.
JlocigskeHO MOXJIMBICTb 3aMiHM aHTPaxiHOHOBOro )parMeHTy Ha 6eH30[1,2-b:4,5-b"|nuTiopeHoBuii Ta nokasaHo
CyTTEeBY poJib 1,5-S-+S B3aemogiit Mixk aTomamu Cynbdypy 1,3-guTiosnbHUX Ta TIOPEHOBUX LIMKJIIB, iX BIJIUB HA
KOHQoOpMaliilo Ta eJIeKTPOHHi BiacTuBOCTi MosieKynu S-pTT®. Otpumani noxinzi Ha 6azi TTO, ITO, pTT® 6yio
BUKOPUCTAHO 17151 CTBOPEHHSI 16 HOBUX reTEPOLUKIIIYHUX €JIEKTPOHO30arau€H1X PeJOKC-aKTUBHUX CaMO30ipHUX
Karicy’, 6yoBy sIkux BcTaHossieHo Metogamu 1H, DOSY, 13C, COSY, NOESY, ROESY SIMP, nuksiuyHoi BosibTaMeTpii,
CIIEKTPOEJIEKTPOXiMii, MaC-CIIEKTPOMETPIi, €JIEMEHTHOIO aHaJi3y, KBAHTOBO-XiMiYHUX PO3PaxXyHKIB, a AJ1s1 6 3 HUX —
3a gonnomoro PCJI. TTokasaHOo e(peKTUBHY B3a€MOIil0 OTPMMAHMX KAIICYJI SIK 3 IIJIaHAPHUMU, TaK i 3 cOepUYHIMU
MoOJIeKyJIaMU-ToCTIMU. OCOOIMBY yBary 6yJ10 NPUIiNEHO HOCTIIKEHHIO €JIEKTPOXiMIiYHOI TOBEIiHKY OflepKaHUX
reTepoLMKIIiB Ta BiJIIOBIAHMX CaMO30ipHUX KaIlCyJl METOIOM LIMKJIiYHOI BoJIbTaMeTpii. B po6oTi Briepiie nokazaHo
IIpUKJIaT, TpaHchopMalii [UCKPETHOI Kalcyay B CylIpaMosieKyasipHuil 3D nosiMep [py OKMCHEHHi (pparMeHTy
pTTO.

2. Current work “Heterocyclic electron-rich redox-active self-assembly cages” is devoted to the developing of new
organic electron-rich redox-active ligands based on the tetrathiafulvalene (TTF), dithiafulvalene (DTF) and mn-
extended tetrathiafulvalene scaffolds, as well as their application in construction of new self-assembly cages.
Within the work, 5 new electron-rich redox-active ligands were synthesized on the basis of TTF and DTF scaffold
and fully characterized with a particular emphasis on their structural and redox properties. Electrochemical
behavior of the TTF ligands demonstrates two characteristic reversible oxidation process with formation of radical
cation and dication respectively. DTF ligands possess on oxidation process with formation of a radical cation,
changing from irreversible in DMF to fully reversible in the mixture dichloromethane /acetonitrile. The usage of
coordination-driven self-assembly strategy allowed to obtain with high yields 16 new self-assembly cages in
combination with Palladium, Ruthenium and Silver acceptors. Formation and structure of corresponding cages
were confirmed by 1H, DOSY, 13C, COSY, NOESY, ROESY NMR, cyclic voltammetry, high resolution mass-
spectrometry, for 6 of them x-ray data was obtained. M8L2 cages using TTF side walls first demonstrated close
distance between TTF subunits within the cage, which was confirmed by cyclic voltammetry,
spectroelectrochemistry and x-ray data. Ligands based on the DTF scaffold were first used for obtaining redox-
active cages in combination with Palladium (resulting in M2L4 and M2L2 self-assemblies) or Ruthenium complexes
(resulting in M4L2 self-assemblies). M2L2 Palladium showed effective encapsulation of both large neutral (fullerene
and its derivatives) or smaller electron-poor planar molecules. M4L2 Ruthenium-based cages demonstrate
dimerization upon increasing the size of bis-ruthenium fragment. Association constant for the corresponding
dimer was evaluated using 1TH NMR data. Introduction of the electron-poor guest molecules also leads to the
formation of a monomer*guest complex and complete dissociation of a dimer. Special attention was focused on
the electrochemical behavior of obtained cages. TTF-based cages exhibit formation of a mix-valence species upon
first oxidation to the radical-cation, which correlates well with close distance between TTF panels. Increasing the
size of ruthenium sub-unit eliminates this effect. M2L4 lantern-shaped cages using DTF ligands in combination
with square-planar palladium retain one distinct oxidation wave to the radical-cation, as well as changing the
reversibility of oxidation depending on the solvent. Same behavior is shown for M2L2 cages. In addition, ferrocene
sub-unit in M2L2 cages can be used as internal electrochemical reference to further study their behavior. In some
M2L2 and in M4L2 formation of a mix-valence species is observed due to the closer distance between the DTF



panels. Moreover, cyclic voltammetry using different concentrations allows to attribute it to either inter- or
intramolecular processes depending on the structure, as well as to investigate influence of guest molecules.
Continuation of the exTTF ligand led to the new extra-large M12L6 cages in combination with linear acceptors
based on the trans-palladium and silver. Theoretical calculations shown both cages possessing big internal cavities
of approximately 3658 A3 and 3954 A3 respectively. Electrochemical behaviour suggests that palladium-based self-
assembly retains its structure upon oxidation, while silver-based cage reversibly disassembles. The latter cage was
used to show first transformation from a discrete cage into supramolecular polymer upon oxidation of the ligand.
X-ray analysis also showed important role of the side chains in both oxidation mechanisms and the final structure.
Further research into exTTF-based ligands led to the new compounds using benzo[1,2-b:4,5-b"]dithiophene central
fragment. It allowed fine control over the general geometry of the ligand, what was demonstrated by cyclic
voltammetry and x-ray studies of both neutral and oxidized forms. Obtained data was supported by the theoretical
calculations on the B3LYP-D3 /6-31G** level.
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