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L3R CREHE  Study on catalysis of synthesis of cyclopentadienones via
[2+2+1] carbonylative cycloaddition by rhodium complex
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In the general introduction, the usefulness of cyclopentadienones (CPDs) as a potent
synthetic intermediate in a wide range of fields is described. Then, the problems and
limitations of the conventional synthetic methods of CPDs is presented. Finally, the novel
catalytic [2+2+1] carbonylative cycloaddition of diynes (two alkynes) with carbon
monoxide (CO) using a transition-metal complex is proposed as the synthetic method that
could solve the problems and remove the limitations. It is based on the means of releasing
the formed CPD from the metal center and securing a coordination site where the alkyne
substrate is possible to coordinate.

In the chapter 1, the catalysts based on a cationic rhodium(I) complexes, which have
larger number of coordination sites than the previous neutral rhodium(T) complexes, are
studied. Although neutral rhodium(T) complexes, such as [RhCl(cod)]: gave no formation
of CPD, it was succeeded that the desired CPD is catalytically synthesized in high yield
using a cationic rhodium(I) complexes, such as [Rh(cod)z]BFa. This finding is explained
in the terms of above design strategy. It was also clarified that the cationic character is
critically effective both in: i) providing an additional coordination field on rhodium, ii)
releasing the coordinated CPD from the rhodium center.

In the chapter 2, effect of photoirradiation on the [2+2+1] carbonylative cycloaddition
reaction has been investigated. Irradiation of 5W blue LED (480 nm) to the reaction of
diynes and CO derived efficient catalytic reaction. It has been disclosed that the

photoirradiation promotes the release of CPD, which coordinates much strongly to a



transition-metal center than the diyne, from the rhodium center providing the vacant site
for unreacted diynes.

Chapter 3 described a CO gas-free [2+2+1] carbonylative cycloaddition of diynes by
utilizing a new CO source, antracene o-diketone, which is easily decarbonylated under
irradiation of visible light to release two molecules of CO. Photoirradiation promotes both
the CO liberation process of antracene a-diketone and the dissociation of product CPD
from the metal center, leading the efficient, accessible catalysis of [2+2+1] transformation
without the direct use of CO.

Finally, the present research has been concluded. The outlook and perspective
concerning the synthesis and application of CPDs and the novel strategy of the

photoirradiation of transition-metal catalysis are described.
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