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Summary

The presented dissertation concerns the issue of inducing controlled changes in the
aromaticity and delocalization of hybrids consisting of m-electron rich (hetero)acenes and
a macrocyclic scaffold of oxatriphyrin(2.1.1).

The introduction (Chapter 1) elucidates the motives for the investigations, as well as key
definitions — aromaticity, delocalization and delocalization path, and Clar’s aromatic m-sextet
rule. The three following chapters include a literature review on recent advances in the chemistry
of acenes (Chapter 2), aromatic macrocycles (Chapter 3) and porphyrin-acene hybrids (Chapter
4).

Due to their poor stability derived from the extension of m-delocalization path, a specific
approach is required for a successful synthesis of acenes. Merging small aromatic molecules as
building blocks that contribute a certain amount of 7 electrons into a complex structure is
a noteworthy tactic towards structural stabilization of global delocalization. Porphyrinoids
represent a class of aromatic macrocyclic compounds particularly effective as building blocks for
such hybrids, owing to the plentiful ways of attaching them to the (hetero)acene unit. The choice
of oxatriphyrin(2.1.1) scaffold was dictated by the possibility of switching from aromatic to
antiaromatic character by means of redox chemistry, as well as its effortless synthesis.

The aim of the research (Chapter 5) was to synthesize several hybrids involving
atriphyrin core, a (hetero)acene unit (benzo[b]furan, benzo[b]thiophene, naphthalene,
anthracene, quinoxaline, benzo[b]quinoxaline) and a benzene or naphthalene bridge connecting
the two macrocyclic segments, and to investigate the interactions between 1t electrons originating
from both parts.

The result section was divided in two parts: experimental (Chapter 6) and discussion,
which was further split into the following chapters: a brief preface (Chapter 7), the synthesis of
bipyrrole (hetero)acene precursors and furan-based diols (Chapter 8), and the synthesis of target
molecules (Chapter 9). The benzo[b]furan and benzo[b]thiophene hybrids are globally aromatic,

while the products of the reduction exhibit a separation of two delocalization paths: a 167



macrocyclic circuit and a 6m peripheral benzene ring. Thus, a coexistence of aromatic and
antiaromatic delocalizations is observed within one molecule and is amplified by the insertion of
boron(IIl) into the cavity of the macrocycle. Switching from sulfur to oxygen has a destabilizing
effect, which is derived from the differences in geometries of the hybrids.

Naphthalene and anthracene-based derivatives remain globally aromatic, however the
quality of diatropic ring current decreases with the extension of the acene part, as its local
delocalization dominates over the extended path involving the macrocycle perimeter. Upon
reduction, both compounds reveal fluorescence, which signalizes the interruption of global
delocalization path on behalf of localized effects, the acene in particular. Insertion of boron(III)
into the triphyrin cavity stabilizes its geometry and therefore enables the induction of weak
paratropic ring current.

The introduction of nitrogen in quinoxaline and benzo[b]quinoxaline fragments enhances
the effects described for naphthalene an anthracene derivatives — both the global aromaticity and
the local delocalization of acene. Nitrogen atoms were found to stabilize each effect.

A combination of two coordination centers bridged by an acene unit revealed global
aromaticity with a path fully involving arene’s m cloud. Reduction of such extended systems,
together with theoretical analysis indicates that a separation of © clouds of both macrocyclic
rings is possible, but the investigation of the contribution of an acene fragment requires more
sophisticated methods.

Results analysis supported by DFT calculations (AICD and NICS(1)) led to
determination of structural modifications useful to modulate & clouds behaviour, e.g. presence of
different size heteroatoms, extension of (hetero)acene, introduction of acene as a bridge between
two macrocyclic systems. As these molecules are sensitive to redox or pH change, it is possible
to separate two independent, aromatic and antiaromatic, delocalizations path within one

molecule.



