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Biomimetic synthesis is one of the challenging subjects in organic chemistry. Nature creates many
complicated compounds in a particularly simple process. It is really the "ideal synthesis." In this
study, we aimed to establish a concise total synthesis of polycyclic natural product aquatolide. A
biogenetic study indicated that aquatolide is derived from an intramolecular [2+2] cycloaddition. We
investigated photocycloaddition reactions for constructing the complex tetracyclic skeleton of
aquatolide.
To realize a biomimetic [2+2] cycloaddition, an efficient method for synthesizing the substrate is
needed. The substrate for cycloaddition consists of an 11-membered carbocycle containing a
butenolide skeleton. We used the ring-rearrangement metathesis developed by our group to
construct the butenolide structure. The 11-membered carbocycle was formed by an intramolecular
Nozaki-Hiyama-Takai-Kishi reaction. However, an intramolecular [2+2] photocycloaddition of the
synthesized substrate was unsuccessful. After some examinations, the reaction using the modified
substrate proceeded, giving the desired tetracyclic skeleton. Finally, the total synthesis of
aquatolide was completed.
Although two total syntheses of aquatolide have been reported, our synthesis is the first example
of a successful transannular [2+2] cycloaddition approach. This study provided a new method for
constructing a complex polycyclic structure.
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Biomimetic Synthesis of Polycyclic Natural Product
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Biomimetic synthesis is one of the challenging subjects in organic chemistry. Nature creates many complicated compounds in a
particularly simple process. It is really the “ideal synthesis.” In this study, we aimed to establish a concise total synthesis of
polycyclic natural product aquatolide. A biogenetic study indicated that aquatolide is derived from an intramolecular [2+2]
cycloaddition. We investigated photocycloaddition reactions for constructing the complex tetracyclic skeleton of aquatolide.

To realize a biomimetic [2+2] cycloaddition, an efficient method for synthesizing the substrate is needed. The substrate for
cycloaddition consists of an 11-membered carbocycle containing a butenolide skeleton. We used the ring-rearrangement metathesis
developed by our group to construct the butenolide structure. The 11-membered carbocycle was formed by an intramolecular
Nozaki—Hiyama—Takai—Kishi reaction. However, an intramolecular [2+2] photocycloaddition of the synthesized substrate was
unsuccessful. After some examinations, the reaction using the modified substrate proceeded, giving the desired tetracyclic skeleton.
Finally, the total synthesis of aquatolide was completed.

Although two total syntheses of aquatolide have been reported, our synthesis is the first example of a successful transannular [2+2]
cycloaddition approach. This study provided a new method for constructing a complex polycyclic structure.
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