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It is imperative for "sustainable society" to convert carbon dioxide into useful materials, because carbon dioxide is a
key pollutant concerning global warming as well as a renewable carbon resources. Nonetheless, effective technologies
remain scarce. It is eagerly anticipated to develop new technologies.

The social demands on utilization of carbon dioxide have led synthetic chemists to develop new synthetic
transformations of carbon dioxide. Various reactions of carbon dioxide have emerged over the last decade, and most of
them routinely utilize carbon dioxide as an electrophile. If carbon dioxide is utilized as a nucleophile, it offers a totally
different chemical space. Our efforts had been devoted to such an "Umpolung" approach of carbon dioxide, which led to
the development of a palladium-catalyzed alkoxycarbonylation reaction of bromobenzenes using carbon dioxide-derived
benzilic acid as a formal nucleophile.

It is known that benzilic acid can be prepared by reductive coupling of carbon dioxide and benzophenone. The ester
can be readily synthesized by esterification of the acid. We found that benzilic esters reacted with aryl bromides in the
presence of a palladium catalyst to give aromatic carboxylic esters. A carbon derived from carbon dioxide serves as a
nucleophile to couple with an electrophilic ipso carbon of the aryl bromides.

Furthermore, we developed an improved method of synthesizing benzilic acid from ketones and carbon dioxide.
Photo-induced reductive coupling of ketones and carbon dioxide inevitably generates undesired diols as well as benzilic
acid products, and thus, the yield of benzilic acids is generally low. We found that the diol byproducts readily react with
carbon dioxide by the action of carboxylate salts to give benzilic acids. This discovery has led to the development of an
improved method for reductive coupling of ketones and carbon dioxide that produces benzilic acids in high yield.




