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There has been much interest in the activation and fixation of carbon dioxide promoted by
transition-metal complexes, especially in the view of solar energy conversion and storage. Al-
though much effort have been devoted to the design of artificial systems of photosynthesis, to
date, only modest success has been achieved.

In the current effort to combine macrocyclic tetraamine, cyclam (cyclam=1,4811-
tetraazacyclotetradecane), with other functional molecules, we have reported’ the synthesis, X-ray
crystal structure, and multi-redox properties of Ru(bpy)s{(bpy-cyclam-Ni)** (1, bpy =2,2"-bipyrid-
ine), in which the CO, reduction site Ni{cyclam)®* is covalently attached to a photosensitizer Ru
(bpy)2*. Our aim was to improve the catalytic efficiency by combining the two different functions
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into one molecule. However, 1 does not exhibit much catalytic activity in photochemical CQO,
reduction mainly due to the unusual configuration of the Nilcyclam)?®* subunit and to the
instability of the Ru(bpy)i* subunit on irradiation.

Accordingly, we have redesigned a novel supramolecular RuNi complex 2 (M=Ni". 2 was
found to be photochemically much more stable than Ru(phen)® (phen=1,10-phenanthroline)
complex on irradiation, exhibiting improved photocatalytic activity {more CO) and selectivity
({COJ>{H.)) in the reduction of CO; over 1 and the intermolecular combination of Ru(phen)i* /Ni-
{cyclam)®*,

We have also demonstrated that newly synthesized Ni'"-cyclams bearing a pyridinium pendant
(3-6) can photochemically {in the presence of Ru(bpy)i*) reduce CO, much more effectively than
unsubstituted Ni"-cyelam. The role of the pyridinium unit as the electron acceptor was well
evidenced by the relationship between the catalytic activities of 3-8 and the redox potential of
each pyridinium unit. A hybrid RuNi complex 7 linked by a pyridinium spacer was also
synthesized and found to work as a multi-functionalized photocatalyst for CO, reduction.

Cyclam catalysts attached to a photosensitizer such as Ru(bpy)i* or Ru(phen)3* may have a
good prospect in another application for biochemistry or medicinal chemistry. The present new
complex 2 is of interest, because Ru{phen)3* subunit may bind intercalatively to a DNA major
groove, and also the pendant Ni{cyclam)** may play as a reactant to modify DNA in that region.
In a preliminary study, we found much faster circular dichroic spectral changes of DNA upon
mixing with 2 compared with Ru(phen)§* or the separate systems, suggesting a new interaction
between DNA and 2,

Finally, we have found that a series of binuclear Ru-metal complexes (2, M=Ni", Cu", Fe' Zn!,
Co"™) strongly inhibit the human immnodeficiency virus type I (HIV-1)-induced cytopathic effect
and viral antigen expression. These activities are stronger than the corresponding no-pendant



cyclam complexes. Giant cell formation and a time-of-addition studies showed that 2 exerts its

effect on a process, most probably virus-cell fusion or uncoating,

tion.

immediately after virus adsorp-

Combining two or more functionalities on one molecule is one of most promising methods to

develop a new type of supracatalysts.
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