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Introduction

“Auto-tandem catalysis” is a process in which one catalyst promotes multiple, mechanistically distinct
processes in a single reactor. The catalysis is a powerful approach towards organic synthesis and has been utilized
to construct important structural motifs, including heterocycles and carbocycles. In particular, the auto-tandem
catalysis with a Brensted base catalyst is attractive because the operationally simple protocols enable the synthesis
of complex molecules, which are otherwise difficult to access, under mild reaction conditions. However, most of
the hitherto reported reactions involve the transformation of highly acidic substrates with the catalysts having low
basicity, limiting the accessible structural motifs and preventing the wide use of the methodology in organic
synthesis. In this context, I envisioned exploring the application of a strong Brensted base in auto-tandem
catalysis. In recent years, much attention has been paid to the application of a strong Brensted base as a catalyst in
nucleophilic addition reactions because it expands the scope of pronucleophiles and facilitates the direct
functionalization of less acidic compounds in an atom-economical fashion. Thus I expected that the establishment
of an auto-tandem Brensted base catalysis with less acidic compounds by using a strong Brensted base would
expand the scope of its application and extend its utility in organic synthesis through providing efficient access to
valuable structurally complex molecules.

As a proof of concept study of auto-tandem catalysis with a strong Brensted base, I envisioned the development
of catalytic reactions consisting of an intramolecular cyclization of less acidic pronucleophiles and the following
intermolecular addition. Specifically, I designed a reaction of ortho-alkynylaryl benzyl ethers 1 with activated
alkenes 3 to afford diarylalkanes 4 as an immediate goal (Scheme 1). The first catalytic process involves the
formation of 3-benzylbenzofurans 2 through the intramolecular cyclization of ortho-alkynylaryl benzyl ethers
having an aryl group at the alkyne terminus and the following aromatization. In the second catalytic process,
3-benzylbenzofurans 2, which are members of diarylmethanes and formed by the first catalytic process, serve as
the pronucleophile, and their catalytic addition to activated alkenes provides desired diarylalkanes 4.
Diarylalkanes are valuable compounds found in a variety of bioactive natural products and synthetic molecules for
pharmaceuticals and materials. Although the alkylation of diarylmethanes is one of the straightforward methods
for the synthesis of diarylalkanes, the reactions with a catalytic amount of a Brensted base are rarely reported due
to the low acidity of diarylmethanes. In addition, all precedents require the pre-synthesis of diarylmethanes.
Therefore, 1 expected that the development of the intended reaction would be suitable to demonstrate the high

potential of auto-tandem catalysis with a strong Brensted base as a new methodology for organic synthesis.
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Scheme 1. Reaction design
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Result

To evaluate the viability of the designed reaction, the reaction of ortho-alkynylphenyl benzyl ether 1a with
styrene (3a) was initially investigated (Scheme 2).*> As a result, the treatment of 1a and 3a with 20 mol% ‘BuOK
in DMSO at 40 °C efficiently promoted the tandem reaction to provide 4aa in high yield. The screening of
Bronsted bases having different basicity revealed that the high basicity of the catalyst is essential to promote the
designed tandem reaction. Besides, the solvent effect was also significant, and the use of aprotic polar solvents,
particularly DMSO, was crucial. As a control experiment, non-alkylated product 2a was treated with styrene (3a)
under the optimized conditions, providing 4aa in good yield and hence it was confirmed that 2a served as an
intermediate for the formation of 4aa from 1a and 3a. On the other hand, the reaction of 2a with 3a did not
proceed with less basic Bransted bases, suggesting that the high basicity of the catalyst is responsible for both the
first intramolecular cyclization and the second intermolecular addition. In this reaction, various substrates with
different substituents as well as styrene derivatives were applicable to provide a series of diarylalkanes containing
a benzofuran moiety. Thus, this study has demonstrated the high potential of the auto-tandem catalysis with a

strong Brensted base as a methodology for organic synthesis.

Scheme 2. Auto — Tandem catalysis with strong Brensted base
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