Abstract

Copper is one of the most prevalent biogenic metals. It can be found in
virtually all living organisms, fulfilling many roles critical for the functions of
life. Many proteins, that utilize copper cations for their function, bear clusters
of two or more metal ions. These active copper sites can be simulated and
even exploited by synthesizing their artificial analogues where the structure
of protein with coordinating amino acids is replaced with nitrogen containing
macrocycles or multipodal ligands. In presented work, two bis(macrocyclic)
ligands with two cyclam units connected by p-cresol or p-nitrophenol spacers
were synthesized. From these, mono- and dicopper(II) complexes were prepared
and studied by combination of spectral, diffraction and electrochemical methods,
revealing that the phenolate (regardless of para substituent on the aromatic ring)
coordinates central Cu' only weakly or not at all. Although all obtained crystal
structures show cyclam-Cu'' subunits in trans-II1T geometry, HPLC-MS, UV-Vis,
polarography (DCP) and cyclic voltammetry (CV) indicate presence of more
than one isomer in solutions with their relative abundances dependent on pH.
Electrochemical behaviour shows irreversible 2 electron reduction of Cu'' cations
which are decoordinated and amalgamated during reduction. During anodic
CV scan, copper is re-oxidized and re-coordinated. Rate of this coordination
is dependent on pH and can be observed during subsequent steps of CV as

I cations and complex. Different ratio of isomers of

a ratio between free Cu
complexes was also observed during subsequent cycles of CV, as they are formed
at different reaction rates, and show different thermodynamic stabilities. The
ligand containing nitro group shows 4 electron irreversible reduction that overlaps
with irreversible reduction of Cu' cations. Weak reversible oxidation-reduction
couple was revealed in free form of p-cresol variant of free ligand, that disappears
upon coordination to Cu". The ligands and complexes also slowly degrade when
incubated in aqueous solution. This degradation progresses more rapidly in heated
samples and composition of degradation products depends on the pH of the
aqueous solution. These degradations processes are complex, but mostly follow
'retro-Mannich" mechanism, where methylene bridge between phenol moiety and
cyclam breaks, resulting in either formation of aldehyde or alcohol, or release of
formaldehyde and formation of aminal from cyclam subunits.
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