8. Abstract

A typical way of bonding metal ions by porphyrins and heteroporphyrins is through
coordination in the central cavity of the macrocycle, resulting in the formation
of metalloporphyrins (e.g., heme and chlorophyll). Alternatively, metal ions can be
attached outside the cavity, laterally or at the periphery of the macrocycle. A completely
different way of metal bonding involves replacing the heteroatom of the macrocycle core
with a metal atom. The products of such substitution — metallaporphyrins — are an emerging
class of organometallic compounds containing metallacyclopentadiene rings in the
aromatic macrocyclic skeleton. Until now, only a few metallaporphyrins containing
metallic elements such as palladium, platinum and rhodium have been known. Thus, the
aim of the study was to introduce ruthenium atom into the porphyrin skeleton in place
of the heteroatom. In other words, it was the first time that pyrrole in porphyrin was
replaced by a ruthenacyclopentadiene ring. In addition, due to ruthenium's ability to form
clusters, systems combining these two types of coordination have been created, constituting
hybrids of porphyrins and metallic clusters.

The project involved the development and optimisation of ruthenaporphyrinoid
synthesis based on a previously known tellurium—metal exchange method. In the reaction
of  ruthenaporphyrinoid formation, appropriate precursors were used —
telluraporphyrinoids, i.e., 21,23-ditelluraporphyrin and 21-oxa-23-telluraporphyrin, with
different numbers of tellurium atoms, different skeleton sizes and different aromaticity.
The third precursor used was the novel tetratellura[36]octaphyrin, which was formed as
a by-product of the synthesis of 21,23-ditelluraporphyrin.

As a result of tellurium—ruthenium exchange, 21-ruthena-23-telluraporphyrin and
21,23-diruthenaporphyrin derivatives were obtained, which additionally bound ruthenium
atoms above and below the macrocycle plane in numbers from 1 to 5.

The reactivity of 21-oxa-23-telluraporphyrin to the ruthenium(Il) complex was
concentrated on the furan ring rather than the tellurophen ring. The coordination of the
ruthenium atom to this macrocycle was accompanied by the opening of the furan ring.
In the reaction of the resulting compound with platinum(Il) ions, the furan ring was
reconstituted, and the tellurium atom was replaced by a platinum atom, resulting in the
formation of 21-oxa-23-platinaporphyrin.

In addition, the largest porphyrinoid with four tellurophene rings,
tetratellura[36]octaphyrin, was obtained, which exhibits complex dynamic behavior
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in solution. In reaction with ruthenium(0), this porphyrinoid formed an organometallic
complex with two ruthenium(II) ions, which caused the tellurium-carbon bonds to break
and form two six-membered rings — 1-ruthena-2-telluracyclohexadiene. The attachment
of two ruthenium atoms increased conformational stability, allowing the separation of

enantiomers.
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