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chiral vanadium catalyst

1) Oxidative coupling
2) Intramolecular cyclization
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Vanadium is attractive as a base metal catalyst in organic synthesis because of its abundant in nature as well as its
relatively low toxicity and moisture sensitivty compared with other metals. Inspired by the activation of substrates in
nature (e.g. bromoperoxidase, nitrogenase, etc), herein efficient multifunctional and dinuclear vanadium catalysts
have been designed for facile enantioselective syntheses of novel heterohelicenes containing multiple aromatic
heterocycles.

Optically active helicenes and other related helical molecules have received considerable attention due to their
high potential as catalysts, liquid crystals and molecular devices. However, efficient enantioselective synthetic
method of helicenes, heterohelicenes in particular, is rather limited. So far, we have developed a dinuclear
vanadium(V) complex (RaS,S)-1, which can catalyze the oxidative coupling of 2-naphthols to give the
corresponding 1,1°-bi-2-naphthol (BINOL) derivatives through a dual activation mechanism; the two vanadium
metals in the chiral complex activate two molecules of 2-naphthol simultaneously achieving a high reaction rate with
high enantiocontrol (up to 97% ee). Recently, we also reported that the chiral vanadium complex promotes
enantioselective domino reaction of polycyclic phenols to give oxahelicenes. We initially examined the reaction of
pyrrole ring-containing polycyclic phenol derivative 2a (X = NR) using (RaS,S)-1. As a result, the desired
heterohelicene 3a (X = NR) possessing two pyrrole rings and one furan ring was obtained. In this reaction, chiral
vanadium complex worked as a redox and acid hybrid-catalyst to promote an oxidative coupling followed by
acid-mediated intramolecular cyclization sequence of 2a to furnish heterohelicene 3a in a single operation. In
addition, when 2b (X = S) having thiophene ring was employed as a staring material in the present sequential
reaction, the corresponding heterohelicene 3b (X = S) was successfully provided. The structure and characteristic
features of synthesized heterohelicenes were confirmed by X-ray crystallographic analysis and a series of
spectroscopies.




