
Abstract 
The aim of the research work was the synthesis and characterization of d- and f-block metal 

complexes of chiral 3+3 amine macrocycles. A series of new polynuclear complexes of the 

macrocycle containing 2,6-diformyl-4-methylphenol fragments and fragments of chiral trans-

(1S,2S)- or trans-(1R,2R)-1,2-diaminocyclohexane, was obtained. The resulting set of 

coordination compounds includes 6 complexes with lanthanide(III) ions and 16 complexes with 

cobalt(II), cobalt(III), and zinc(II) ions. 

The initial phase of the research work was focused on complexes of discussed 

macrocycle with lanthanide(III) (LnIII) and nitrate(V) ions. The second enantiomer of the 

known europium(III) complex of the type Ln₃L was obtained by using less than stoichiometric 

amount of the metal ions in the complexation reaction, thus confirming the preference of the 

macrocycle towards this type of complexes. In the case of LaIII and CeIII ions, a detailed 

characterization in solution was performed using nuclear magnetic resonance (NMR) 

techniques for three known trinuclear complexes of the type Ln₃L₂ which incorporate two 

macrocycle units. 

In the next stage of the research, a new series of carbonate macrocyclic complexes with 

lanthanide(III) (LnIII = SmIII, EuIII or GdIII) ions of the type Ln₄L₂ was obtained and 

characterized. The determined crystal structures revealed that the obtained tetranuclear 

complexes consist of a nearly planar [LnIII
4(CO3)2]

8+ cluster incorporated between two 

macrocyclic units. In solution, the obtained complexes are in equilibrium with generated 

dinuclear forms of the type Ln2L, as confirmed by the mass spectrometry (ESI MS) and NMR 

techniques. Upon dilution, the position of the equilibrium shifts toward the generated dinuclear 

forms. 

A series of 16 new polynuclear complexes with Co(II), Co(III) and Zn(II) ions was 

obtained using the macrocycle derived from 2,6-diformyl-4-methylphenol. These complexes 

differ in protonation state of the ligand, its conformation as well as in the set of coordinating 

anions and solvent molecules. The two obtained complexes are dimers, in which two dinuclear 

macrocyclic units are connected by different bridging ligands. The group of obtained 

compounds also includes two complexes with cobalt ions in mixed oxidation states (II)/(III) 

and enantiomers of the heteronuclear complex with Co(III) and Zn(II) ions. In the formed 

complexes the Co(II) and Zn(II) ions show a preference towards different coordination 

numbers. Preliminary magnetic studies were carried out for selected complexes containing 



Co(II) ions, revealing the antiferromagnetic nature of the magnetic interactions between the 

metal centers and substantial influence of the zero-field splitting (ZFS) on the magnetic 

properties of these compounds. Based on the crystal structures of all 50 d- and f-block metal 

complexes of the discussed macrocycle described so far, eight characteristic conformational 

types of this ligand have been identified and discussed. 


