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In this thesis, novel macrocyclic multinuclear Ni(ll) and Zn(ll) complexes for catalytic CO, conversions are
presented. Synthesis of metal catalysts for effective CO, fixations is an exciting research area. Especially, the
development of a multitask metal catalyst for CO, fixations is a challenging theme. The macrocyclic multinuclear Ni(ll)
and Zn(11) complexes presented here are rare examples of multitask catalysts for different CO, fixations. The initial
target of this research was to successfully synthesize several multinuclear metal complexes and to characterize their
structural features.

With this target, unique macrocyclic multinuclear Ni(I1) and Zn(11) complexes were synthesized by the self-assembly
of binaphthyl-bipyridyl ligands (L) and metal acetate hydrates. The novel macrocyclic complexes possess interesting
structural features, and they showed different static and dynamic structures in the solid state and in solution, respectively,
which were confirmed by X-ray analysis, COSY, NOESY, VT 'H NMR, **C NMR, MALDI-TOF-MS, UV-Vis, and
CD spectra. DFT calculations were also carried out. X-ray analysis revealed that these complexes consisted of an outer
ring (ZnsLs or NisLs3) and an inner core (Zn, or Ni). In the Zn(Il) complex, the inner Zn, part rotated rapidly inside the
outer ring in solution on an NMR time scale. On the other hand, a unique polymorphism was observed for Ni(ll)
complexes.

The second purpose of this work was to explore the catalytic activity of the metal complexes for CO; fixations. The
multinuclear Ni(Il) and Zn(11) complexes were tested for the conversions of epoxides and CO; into cyclic carbonates in
the presence or absence of a co-catalyst. Both Ni(ll) and Zn(1l1) complexes exhibited appreciable catalytic activity, and
the Ni(ll) and Zn(11) complexes (0.1 mol%) provided a product in 97% and 70% isolated yields, respectively. The
catalytic activity of the Ni(ll) complex was higher than that of the Zn(Il) complex, and the former showed a modest
enantioselectivity as well.

Temperature-switched N-formylation/N-methylation of amines with CO, and hydrosilane was also studied. The Zn(Il)
complex showed excellent catalytic activity and selectivity for the N-formylation/N-methylation of amines with CO; in
the presence of PhSiH3; under solvent-free conditions. The reaction of N-methylaniline with CO, and PhSiH;3 in the
presence of only 0.5 mol % catalyst at 30 °C provided the N-formylated product in 99% yield, while the reaction at

100 °C gave the N-methylated product predominantly.
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