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Bicyclo[1.1.1]pentanes (BCPs) have become highly attractive 
bioisosteres for para-substituted arenes and tert-butyl groups 
in medicinal chemistry, due to their advantageous pharmaco-
kinetic properties.1 However, the synthesis of BCPs featuring 
adjacent stereocentres has remained a significant  challenge –  
these motifs would correspond to α-stereogenic benzyl 
groups, which are again of high importance in drug design. 
The group of Professor Edward A. Anderson at the Universi-
ty of Oxford (UK) has been studying this area for some time. 
“At the start ing point of our work, just two catalytic meth-
ods2,3 had been reported to install an α-stereocentre on a 
pre- formed BCP,” said Professor Anderson. The group realised 
that an alterna tive and very attractive approach to this pro-
blem would be the direct formation of a stereogenic centre 
upon ring-opening of [1.1.1]propellane, the smallest tricyclic 
hydro carbon and the ubiquitous precursor to BCPs. “De spite 
de cades of work on ring-opening reactions of [1.1.1]pro-
pellane, no such direct asymmetric addition process had been 
 described. The symmetry of this fascinating cage molecule 
renders an asymme tric ring opening all the more challen-
ging,” explained Professor Anderson. He went on: “From our 
previous work, we knew that radical-based additions proceed 
in high yields and under mild conditions;4,5 however, the field 
of catalytic asymmetric radical reactions as a whole is rather 
underdeveloped and in early studies, PhD student Marie Wong 
indeed found that  previous asymmetric radical chemistries 
failed when faced with [1.1.1]propellane. Nonetheless, we 
were aware of the pioneering work of the MacMillan group on 
asymmetric alkylations of aldehydes with styrenes as radical 
acceptors,6 which used a three-component catalytic system 
comprising an organocatalyst (typically a Hayashi–Jørgensen 
diarylpro linol derivative), a photoredox catalyst (an iridium 
complex), and a hydrogen-atom-transfer catalyst (HAT catal-
yst, typically a thiol). The key question for Marie,” continued 
Professor  Anderson, “was whether these three catalysts could 
successfully operate on [1.1.1]propellane, as a number of side 
reactions could be envisaged, such as polymerization of the 
propellane, or its direct reaction with the thiol HAT catalyst.”

Marie undertook a comprehensive screen of reaction con-
ditions, including variations of all three catalysts, reactant 
equivalents, solvent and concentration, temperature and re-
action time, and even LED lamp. Professor Anderson revealed 

that Marie made some curious discoveries: the enantioselec-
tivity of the reaction appeared critically dependent not only 
on the nature of the chiral organocatalyst, but also, surprising-
ly, on the photocatalyst and the HAT catalyst. “As we initially 
believed the latter two would not be directly involved in the 
enantiodetermining step – namely, the ring opening of [1.1.1]
propellane – we were intrigued to understand more about the 
origin (or origins) of stereoinduction,” Professor Anderson re-
marked. He went on: “Irrespective of this, we were delighted 
to find that the reaction could be applied to a wide range of 
aldehydes, tolerating many functional groups and significant 
steric hindrance adjacent to the alkylation site. These pro-
ducts are easily transformed into other useful BCP-containing 
building blocks.”

Working with Professor Fernanda Duarte (University of 
Oxford, UK), PhD student Alistair Sterling had already been 
 establishing a theoretical reaction pathway for this asymme-
tric bicyclopentylation chemistry, and now took on the chal-
lenge to explain these phenomena. Professor Fernanda Duarte 
explained: “Alistair uncovered several key findings: firstly, 
that the enantioselectivity of the reaction derives not only 
from steric blocking of one face of the intermediate iminyl ra-
dical cation A (see Scheme 1) by the organocatalyst sidechain, 
but also from stabilizing non-covalent interactions between 
its trifluoromethyl groups and the aldehyde sidechain (B). 
This explained the importance of the organocatalyst substi-
tuents (C); and secondly, that the interconversion of the E and 
Z iminyl radical cations A, formed from oxidation of the cor-
responding enamines, had a higher energy barrier than their 
addition to propellane. Therefore, the population of these 
diastereomeric radical cations could also influence enantio-
selectivity. As this population is decided by the relative rates 
of oxidation of the enamine precursors, this explains why the 
photoredox catalyst could influence enantioselectivity, as the 
enamine stereoisomers could certainly possess different oxi-
dation potentials.”

Professor Anderson concluded: “Overall, this chemistry 
should provide an efficient and general way to synthesize 
 valuable α-chiral bicyclopentanes for medicinal chemistry re-
search. Our groups are keen to continue exploring both the ex-
perimental and theoretical consequences of the concepts we 
have developed, which we hope should extend beyond BCPs.”
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Scheme 1  Multicatalytic synthesis of α-chiral bicyclo[1.1.1]pentanes by asymmetric addition of aldehydes to [1.1.1]propellane
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