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SUMMARY 

Selin R.O. Synthesis, structure and properties of the tris-dioximate asymmetric 

and fluorescently tagged iron(II) clathrochelate complexes. - Qualifying scientific 

work on the rights of the manuscript.  

Thesis for the academic degree of the Doctor of Philosophy, speciality 102 

chemistry.  Vernadsky Institute of General and Inorganic Chemistry of the NAS of 

Ukraine, Kyiv, 2020.  

Iron(II) clathrochelate complexes are prospective molecular platforms for the 

synthesis of allosteric drugs  their three-dimensional molecule has eight potentially 

non-equivalent positions, modification of which leads to a change in their both 

physicochemical and biological properties. Some clathrochelate have been shown to 

inhibit T7 RNA polymerase transcription and to exhibit antifibrillogenic and cytotoxic 

activity. In this work, attention was focused on cytotoxic macrobicycles. The results of 

research of foreign and ukrainian scientists are showing that the synthesis of 

fluorescently tagged analogues of active complexes and the study of their localization 

in the biological objects are prospective direction for establishing the mechanism of 

biological activity of clathrochelates. 

The PhD thesis is devoted to the development of methods of the synthesis and 

directed functionalization of mono-ribbed substituted tris- -dioximate iron (II) 

clathrochelate complexes with fluorescent groups and studying of their properties. This 

will expand the available methods for the synthesis of macrobicyclic iron(II) complexes 

and will open the possibility of studying the mechanism of their biological activity by 

the method of molecular imagining. The comparative analysis and testing of most of 

the described synthetic approaches for the direct synthesis and modification of 

asymmetric monoribbed-substituted tris- -dioximate iron(II) clathrochelate complexes 

was performed. 

The possibility of synthesis of iron(II) clathrochelate complexes with conjugated 
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rib groups by the template method has been investigated. Conjugated diketonates were 

obtained and it was found that during their modification into dioximes containing 

conjugated groups a series of by-products of the reaction is formed instead of the target 

compounds. Thus, depending on the reaction conditions, isoxazoline cycles or 

intramolecular condensation products are formed, which makes it impossible to use 

template synthesis in order to directly obtain iron (II) clathrochelate complexes with 

conjugated rib substituents. 

The nucleophilic substitution reaction of iron(II) dichloroclathrochelate 

complexes by aliphatic thiols revealed an inversion of the reactivity of monomodified 

by aliphatic thiols complexes in comparison with aromatic ones. During the 

nucleophilic substitution of dichloroclathrochelate with aromatic thiols in the reaction 

medium, a mono-substitution product with minor impurities of bis-products can be 

obtained. In case of an aliphatic thiols in the identical conditions after the formation of 

mono-substituted complexes increases the reactivity of the second chlorine atom, wich 

leads to the formation of bis-substituted complexes as the main reaction products. The 

methods of nucleophilic substitution of chlorine-containing iron(II) clathrochelate 

complexes by aliphatic S-nucleophiles for the directed synthesis of monochlorine 

macrobicyclic complexes with terminal reactive hydroxyl groups were modified. 

Methods for direct rib modification of iron(II) clathrochelate complexes by the 

metal-promoted Sonogashiro reaction of C C bond formation have been developed. A 

method for the synthesis of ethinyl-containing benzo-9-crown-3 esters was also 

developed, which were used to obtain the first hybrid crown-clathrochelate iron(II) 

complexes. It was found that, as in the case of other described Pd-catalyzed reactions 

of clathrochelates, it proceeds with the formation of a number of by-products, the main 

of which is the product of reductive hydrodehalogenation, as well as minor amounts of 

bis-clathrochelate complexes, triphenylphosphine-clathrochelate complexes etc. Thus, 

as a result of this work, it was shown that Pd-catalyzed reactions of C C bond formation 

are unpromising for the use in multistage reactions of the synthesis of modified 
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clathrochelate complexes due to the low yields of the target reaction products.  

For the first time, asymmetric monoribbed-modified tris- -dioximate iron (II) 

clathrochelate complexes with terminal reactive ethinyl groups were synthesized, was 

studied their chemical stability, were registered their voltammograms, and the 

structures of two propargylamide clathrochelate complexes was registated by the x-ray. 

Clathrochelate complexes tagged with fluorescent cyanine dye were synthesized 

for the first time by esterification reactions. The structure of the obtained products was 

confirmed through the analysis of fragmentations of their mass spectra. 

The method of modification of the ethinyl-containing iron (II) clathrochelate 

complexes by fluorescent tagged using Cu-promoted cycloaddition click-reaction 

through a triazole linker has been developed. Coumarin and fluorescein containing iron 

(II) clathrochelate complexes were synthesized for the first time. Hydroxyl groups of 

the fluorescein have been shown to inhibit the click reaction. A method for the synthesis 

of modified fluoresceins for use in click-reactions was developed and the 

diacetylfluorescein clathrochelate complex was obtained. For the first time, enzymatic 

hydrolysis of acetyl groups of diacetylfluorescein clathrochelate complex was used for 

iron (II) clathrochelates. 

For the synthesized mono-substituted cyanine, coumarin and fluorescein 

containing iron (II) clathrochelate complexes, absorbtion and fluorescence spectra in 

Tris-HCl buffer and methanol were registrated, and the effect of the clathrochelate 

framework on the fluorescence intensity of the fluorescent taggs was demonstrated. It 

was found that the clathrochelate framework is able to significantly inhibit the 

fluorescence in the system, regardless of the position of the fluorescence maximum of 

the tag. It is shown that the fluorescence intensity of the tagged complexes is reduced 

by 64-99%. The largest decrease in fluorescence intensity was registered for the iron 

(II) clathrochelate complex modified with cyanine fluorescent tag  98-99%. A 

decrease in fluorescence intensity by 64% in Tris-HCl buffer and 74% in methanol was 

reported for coumarin-tagged clathrochelate. However, under the conditions of an 
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experiment of molecular imaging in cancer cells of the A2780 series for this complex, 

such a decrease in the fluorescence intensity led to the absence of a fluorescent response 

in the system. This is result was obtain due to the initially low quantum yield of the 

coumarin fragment. For the fluorescein-tagged complex, a 91% decrease in quantum 

yield was recorded. However, due to the high quantum yields of the fluorescein 

fragment, it was possible to perform molecular imagining of the localization of the 

complex in A2780 series cancer cells. This compound has been shown to penetrate cells 

and accumulate in the cytoplasm. 

For fluorescein-tagged clathrochelate complexes, their interaction with globular 

proteins such as BSA, HSA and BLG was studied. The formation of supramolecular 

adducts was registrated, which was additionally confirmed by the fluorescence 

emission anisotropy spectra. 

The scientific novelty of the obtained results lies in the development of methods 

and techniques for the synthesis and modification of asymmetric tris- -dioxymate iron 

(II) clathrochelates and obtaining fluorescently tagged complexes, namely for the 

first time: 

- Modified the reaction of nucleophilic substitution of chlorine atoms of iron 

(II) dichloroclathrochelate by aliphatic S-nucleophiles for directed synthesis of mono-

substituted complexes. 

- The directed rib functionalization reaction of halogen-substituted iron (II) 

clathrochelate was performed with palladium/copper-promoted C C bond formation 

reaction (Sonogashira reaction) and hybrid iron (II) crown-clathrochelate complexes 

were obtained. 

- Asymmetric propargylamine-containing iron (II) clathrochelate 

complexes were synthesized, their structure, electrochemical properties and stability in 

media close to biological were studied. 

- A method of modification of iron (II) clathrochelate complexes with 

terminal reactive ethynyl groups by azide-containing fluorescent markers by Cu-
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promoted "click" cycloaddition reaction has been developed. 

- Symmetric and asymmetric fluorescently tagged iron (II) clathrochelate 

complexes were synthesized. The influence of the clathrochelate framework on the 

fluorescent properties of tags of different structure, which differ significantly in their 

spectral characteristics, has been studied. For the most promising complexes, their 

interaction with globular proteins and localization in A2780 series cancer cells were 

studied. 

The practical significance of the obtained results: developed and improved 

methods of the synthesis of iron (II) clathrochelates will allow to selectively 

functionalize and obtain new asymmetric clathrochelate complexes. The developed 

methods of the synthesis and obtained asymmetric ethinyl-containing iron (II) 

clathrochelate complexes are promising compounds for the functionalization of both 

fluorescent and biologically active groups, which allows to significantly expand the 

range of clathrochelates with potential pharmacophore properties. Developed methods 

of functionalization of iron (II) clathrochelates by fluorophore groups, as well as 

synthesized fluorescently tagged complexes are promising for the study of localization 

of clathrochelates in cancer cells, which will detail the mechanism of their biological 

activity. 

Key words: iron (II) clathrochelate complexes, click reactions, fluorescence, 

fluorescent tags. 
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