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The transition metal-catalyzed carboxylation of organic halides with CO, has attracted considerable attention and several
reactions have been developed using Pd and Ni catalysts. However, these reactions usually necessitate the use of an excess
amount of metallic reductants such as ZnEt, and Mn powder. In the first chapter of this thesis, the Pd catalyzed carboxylation
of aryl halides without using an excess amount of metallic reductants was realized. Furthermore, its detailed mechanism was
also investigated.

It was found that the carboxylation of aryl bromides proceeded smoothly by using the Xphos type ligand and Ir catalyst as a
photoredox catalyst under visible-light irradiation. A wide range of functionalized aryl bromides and sterically hindered aryl
bromides gave the corresponding carboxylic acids in good yield. Moreover, by the appropriate choice of the phosphine
ligand and the additive, the carboxylation of various functionalized aryl chlorides and triflates also proceeded without
problem.

As the resting state of this reaction, ArPdBr(Xphos) was observed by a *'P-NMR spectrum. The first reduction potential of
the isolated PhPdBr(Xphos) was quite high and this complex could not be reduced by the reduced form of Ir catalyst under
argon. However, CV measurement of this complex under CO, showed a new species which can be reduced by the Ir catalyst.
Furthermore, the computational study of this carboxylation suggested that LUMO level of a CO,-coordinated Pd complex
was lower than that of ArPdBr(Xphos) itself. A CO,-coordinated Pd complex would be able to undergo one-electron
reduction by Ir catalyst in this carboxylation reaction.

In the second chapter, the total synthesis of Integrifolin was achieved for the first time through sequential introduction of
three exo-methylene moieties by 4-methylenation based on 1,4-reduction of enone moiety, the dehydration of 10-hydroxyl
group and o-methylenation of the lactone moiety.

In summary, the visible-light driven carboxylation of aryl halides by the combined use of Pd and photoredox catalysts with

amine as a reductant was developed and the total synthesis of integrifolin was achieved.
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