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Ring-Opening Cyclizations of Highly Reactive Spirocyclo-
propanes for the Syntheses of Heterocyclic Compounds

and Their Applications
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Cyclopropanes serve as valuable building blocks in organic synthesis because of their high reactivity

based on their strong ring strain. On the other hand, spirocyclopropanes have rarely been utilized in

synthetic organic chemistry despite their high potential because of their low availability. This review

describes our research on the development of efficient methods for the synthesis of heterocyclic

compounds, such as indoles, benzofurans, and chromanes, employing ring-opening cyclization of

cyclohexane-1,3-dione-2-spirocyclopropanes, which were prepared by the reaction of

1,3-cyclohexanediones with sulfonium salts. The key reaction was regioselective ring-opening

cyclization of spirocyclopropanes with amine, acid, iodide, and sulfur ylides. The ring-opening

cyclization of spirocyclopropanes with amine was applied to the synthesis of highly substituted

indoles and Aspidosperma alkaloids. Furthermore, the synthesis of 1-azaazulenes employing ring-

opening cyclization of cycloheptane-1,3-dione-2-spirocyclopropane with 2,4-dimethoxybenzylamine

was also achieved.

Key words: spirocyclopropane, cyclization, heterocycle, alkaloid, ylide
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