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Catalytic Reductive Ring Opening of Epoxides Enabled by
Zirconocene and Photoredox Catalysis

Chem 2022, 8, 1762-1774

The epoxide ring is a key structural motif frequently found in
biologically active compounds, natural feedstocks, and vari-
ous synthetic intermediates. Generally, epoxides act as elec-
trophiles, but C-O bond homolysis furnishes a nucleophilic
carbon radical that can subsequently undergo a variety of
functionalizations (Scheme 1).

“The most common catalyst for transformations related to
epoxide C-0 bond homolysis is titanocene(IIT) which has been
exclusively exploited over the past 30 years by synthetic che-
mists,” said Professor Junichiro Yamaguchi, from Waseda Uni-
versity (Tokyo, Japan), who added: “The mildness of the reac-
tion conditions has enabled this transformation to be involved
in numerous natural product syntheses. With titanocene ca-
talysis, homolysis preferably occurs at the C-O bond to give
a more stable radical.” Considering the Bell-Evans-Polanyi

principle, activation energy decreases if the ring-opening
step becomes more exothermic. Likewise, the transition state
would shift earlier and become more similar to the starting
material. According to the Hammond postulate, in an earlier
transition state the contribution of the stability of the result-
ing radicals to regioselectivity would diminish. Intrigued by
the higher oxophilicity of zirconium compared to titanium,
Professor Yamaguchi’'s group became interested in using zir-
conocene for the ring opening of epoxides (Scheme 2). Assis-
tant Professor Eisuke Ota, a co-author on the paper, said: “We
reasoned that the stronger oxophilicity of zirconium relative
to titanium should render the ring opening exothermic. On
this basis, we envisioned that the use of zirconocene would
impact the conventional regioselectivity in the ring opening
of epoxides.”
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Scheme 2 Titanocene-catalyzed ring opening of epoxides and shifting transition state using zirconocene

© 2022. Thieme. All rights reserved. Synform 2022/11, A175-A178 « Published online: October 18, 2022 « DOI: 10.1055/5-0040-1720576

v


https://doi.org/10.1016/j.chempr.2022.04.010

A176

Literature Coverage

alcohol

Reductive Ring Opening of Epoxides

q_<OH Titanocene 0] Zirconocene HO

= Secoistes e R —_—

RR R R R R2 R
Less-substituted Epoxide More-substituted

O =HorR

alcohol

Scheme 3 Complementary regioselectivity in the reductive ring opening of epoxide between titanocene and zirconocene catalysis

Professor Ota remarked: “Fortunately, we succeeded
in developing a catalytic protocol for the ring opening of
epoxides using zirconocene and photocatalysis, even though
zirconocene(Il) has been scarcely utilized in organic synthesis.
Compared to the well-established ring opening methods with
titanocene, the present protocol exhibited reversed regio-
selectivity to afford the more-substituted alcohols (Scheme
3).” He continued: “This reaction is remarkably general, as it
smoothly cleaves C-0O bonds of epoxides in the presence of
a variety of functional groups (Scheme 4). Natural-product-
derived epoxides are also tolerated. Not only hydrogenation,
but also radical cyclization was achieved with electron-defi-
cient alkenes. Furthermore, the ring opening of benzyl ethers
afforded a series of benzylidene acetals.”

Professor Ota concluded: “The contrasting regioselectivity
renders our catalytic protocol complementary to conventional
methods using titanocene. We believe that this method for re-
ductive opening will become a strategically important trans-
formation of epoxides in synthetic chemistry, that may lead to
revisiting the potential of zirconocene chemistry.”
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Scheme 4 Selected examples of reductive ring opening
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