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Quinones are widely distributed in nature as pigments in various living organisms. Reversible redox
processes of quinone-hydroquinone couples play a key role in metabolisms. Recently, we came across an
interesting phot-induced oxy-cyclization, that is, an intramolecular redox reaction of quinone to
hydroquinone. In this “photoredox reaction” , the quinone is reduced, while the proximal C-H bond is
oxidized. Moreover, the stereogenic information at the C-H bond was retained into the newly formed C-0
bond with retentive manner. Based on this intriguing photoreaction, the substrate scope and application
to the total syntheses of complex natural products were investigated

Spiroxins share a unique naphthoquinone dimer structure, differing in the oxygenation and halogenaltion
levels. For constructing such a challenging structure, we recently reported a viable access via
photoredox reaction of naphthoquinone. Utility of this reaction has been demonstrated by the first
enantioselective total synthesis of (-)—spiroxin C. Next, we focused onto the representative congener
spiroxin A by using a bisquinone as key intermediate. Irradiation of the bisquinone underwent domino
redox reaction to give an oxabicyclic structure. Furthermore, at this stage, the oxabicyclic formation
proceeded even under the dark with acid/base conditions. Surprisingly, this dark reaction gave the
enantiomer of the product, which came from the photoreaction. After conventional transformation, the
first total synthesis of both enantiomers of spiroxin A has been accomplished.

Next, we became interested in whether or not this photoredox reaction is applicable to the corresponding
orthoquinones. As a result, photoredox reaction of orthoquinones occurred successfully, despite some
substrates and/or products were labile under the standard conditions. In addition, this reaction was
applicable to the chromane-type substrate, whose C-H bond participating in the photoreaction is not
at the benzylic position but at the next to the oxygen. Furthermore, the reaction proceeded with stereo
retentive manner, which enabled enantioselective synthesis of spiroacetal having the only
stereogenicity at the spiroacetal center. This result opened an access to the enantioselective total
synthesis of rubromycins.




