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Intermolecular cycloaddition reactions are powerful methods for the convergent construction of cyclic
materials from relatively simple organic fragments, and achieving such transformations by the use of
transition-metal catalysts is highly desirable in view of efficiency of the process and mildness of the
reaction conditions. For the construction of 6-membered cyclic compounds, [4 + 2] cycloadditions (e.g.,
the Diels—Alder reactions) are most widely used in the literature. An alternative approach is the use of [2 +
2 + 2] cycloaddition reactions as often used in the preparation of aromatic ring systems. Although a [3 + 3]
cycloaddition strategy is another legitimate approach toward the formation of 6-membered rings, it has
been much less studied. In this context, we have succeeded in the development of a new
palladium-catalyzed [3 + 3] cycloaddition of trimethylenemethane (TMM) with 1,3-dipoles to produce highly
functionalized 6-membered heterocycles under simple and mild conditions.

To expand the utility of palladium-catalyzed cycloaddition strategy, we have also developed
y-methylidene-6-valerolactones as a new class of reagents for cycloaddition reactions. These reagents act
as a four-carbon unit in a cyclic framework by forming 1,4-zwitterionic species through oxidative addition
to palladium(0) followed by decarboxylation, and they smoothly undergo stereoselective [4 + 3]
cycloaddition with nitrones to give highly functionalized 1,2-oxazepines. They can also serve as effective
precursors for the synthesis of various useful cyclic compounds such as nipecotic acid derivatives and
spirooxindoles.




