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Synthesis of meta-Substituted Arene Bioisosteres from

[3.1.1]Propellane

Nature 2022, 611, 721-726

Bicyclo[1.1.1]pentanes (BCPs) have emerged as important
structures in drug development as bioisosteres for para-sub-
stituted benzene rings. The group of Professor Ed Anderson
at the University of Oxford (UK) has had a long-standing in-
terest in the molecule [1.1.1]propellane, the usual precursor
to a BCP, from both synthetic and mechanistic perspectives.
“BCPs display increased solubility and metabolic stability
compared to their aromatic parents, while retaining the 180°
substitution geometry and, often, bioactivity (Scheme 1A),""
said Professor Anderson, adding: “BCPs have spearheaded
an armada of small-ring cage hydrocarbons that ‘escape the
aromatic flatland’ through their three-dimensionality, which
has been linked to higher clinical success rates of drug can-
didates.>* However, a bioisostere for meta-substituted arenes
that accurately mimics their 120° substitution geometry has,
to date, been absent from this collection (Scheme 1B).”

Prof. Anderson stated that an obvious extension of his
group’s research into ring-opening reactions of [1.1.1]propel-
lane was to explore its next stable higher congener, namely
[3.1.1]propellane, which they recognised could lead to a bicy-
clo[3.1.1]heptane product, that perfectly mimics the geometry
of a meta-substituted benzene (Scheme 1C). The group faced
two questions: whether [3.1.1]propellane could indeed serve
as a versatile precursor to bicyclo[3.1.1]heptanes (BCHeps),
and whether BCHeps would bestow equivalent property be-
nefits as BCPs in drug candidates. Before these questions could
be addressed, the first challenge was to prepare [3.1.1]propel-
lane on a synthetically useful scale, as previous approaches
from the 1980s and 1990s delivered only milligram quantities,
hindering synthetic explorations.>®

A scalable synthesis of [3.1.1]propellane was first devel-
oped by the group (Scheme 1D). Masters student Nils Frank
commented: “We were inspired by the tetrahalide propellane
synthesis strategy established by Szeimies, and were able to
replace a number of awkward synthetic steps in the known
approaches to [3.1.1]propellane by employing a Kulinkovich
cyclopropanation/rearrangement sequence. This streamlined
the chemistry and offered easy access to the required tetra-
halide precursor, with only one column purification required.”

By overcoming this synthetic bottleneck, the door was
opened to explore the reactivity of [3.1.1]propellane. Nils
Frank and postdoc Dr Jeremy Nugent trialled a range of me-

thodologies applicable to [1.1.1]propellane ring-opening on
[3.1.1]propellane. “Our group’s own methodology was easily
translated onto [3.1.1]propellane, such as the photoredox-
catalyzed addition of organic halides,” Nils explained (Scheme
1E). He continued: “We were fortunate that even a complex
three-component metallaphotoredox reaction reported by
the MacMillan group for [1.1.1]propellane proved possible to
carry out on [3.1.1]propellane without much modification.
However, many reactions failed - especially anionic method-
ologies that are successful on the smaller [1.1.1] system.” Prof.
Anderson added: “Our long-standing collaboration with com-
putational chemists Alistair Stirling and Prof. Fernanda Duarte
revealed the source of this reactivity difference. We believe
this derives from the unique abilities of three-membered rings
to stabilise electron density; as [3.1.1]propellane features one
less cyclopropane than [1.1.1]propellane, this disfavours reac-
tions with anions.””

The ring-opening reactions of [3.1.1]propllane delivered a
wide variety of BCHep products (Scheme 1E), several of which
proved suitable for X-ray crystallography. This enabled DPhil
student Helena Pickford to confirm the predicted 120° angle
between the bridgehead substituents (Scheme 1F). DPhil
student Bethany Shire then found that iodo-BCHeps can be
cross-coupled with aryl Grignards in excellent yields using an
iron-catalysed Kumada cross-coupling developed previously
in the group.® “Derivatising the BCHep iodides was signifi-
cant, as this opened up the rapid synthesis of BCHep pharma-
ceutical analogues,” said Prof. Anderson. The group was thus
able to prepare analogues of the anti-cancer drug Sonidegib
(Scheme 1G) and the anti-seizure drug URB597. Collabora-
tion with Prof. Paul Brennan enabled evaluation of a range of
physicochemical and pharmacokinetic properties, which in-
deed revealed increased resistance towards metabolic degrad-
ation - one of the main hoped-for benefits of the BCHep. Pro-
mising data on improved membrane permeability were also
observed. Prof. Anderson concluded: “These measurements
were crucial to validate the design principle of the BCHep, and
we hope will inspire medicinal chemists to test this structure
in drug design settings.”
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Scheme 1 Synthesis of meta-substituted arene bioisosteres from [3.1.1]propellane
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