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Bicyclo[1.1.1]pentane cores in pharmaceuticals
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Goal: copper-enabled three-component coupling reaction
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Elusive approach: one-step
transition metal-mediated
multicomponent radical coupling
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Fig.1|Direct three-component coupling of [1.1.1]propellane. a, Examples
ofthe BCP core appearinginbioactive compounds. b, Typical approaches

to BCPstructures require stepwise synthetic sequences. Incontrast, a
multicomponent approach might enable single-step access tocomplex BCP
molecules. ¢, Athree-component coupling enabled by asequence of radical

4 | Nature | www.nature.com

V: S G@ 7%

x—Ph
N
Ph Ph
Ac propellane OW
; oligomerization Br

additionand BCP radical capture could be synthetically powerfulif selectivity
over two-component coupling and oligomerization could be achieved.

d, Aphotoredox-copper platform enables single-step access to an array of
diverse products. Ph, phenyl; Et, ethyl; (pin), pinacolato; Boc, tert-
butoxycarbonyl; Ac, acetyl; L, ligand; Me, methyl.
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via iodonium activation : two-component coupling

copper . a two-component three-component
source? ligand coupling® product®
CuTC BPhen 10% 8%
Cu(OAc), BPhen 10% 10%
Cu(acac)z BPhen trace 58%
Cu(acac), none trace 64%
Cu(OAc), acetylacetone trace 56%
Cu(acac),® none trace 80%
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coupling
effect of radical s-character of intermediate radical
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reaction outcome two-component coupling yield

Fig.2|Plausible mechanismand catalyst evaluation for three-component
coupling.a, Reductive radical generation gives an alkyl radical (4) which canbe
intercepted by [1.1.1]propellane (5) togive BCP radical 6. Trapping by an
appropriate copper species, suchas 7, followed by reductive elimination would
give the desired three-component BCP product 9.b, Evaluation of copper salts
andligands to achieve the desired reactivity revealed that copper (II)
acetoacetonate (acac) is the optimal catalyst. ¢, Studies on the effect of radical
s-character reveal that selectivity trends with this characteristic.*30 mol% of
each coppersaltand ligand was used unless otherwise specified.®'H-NMR
yields. 60 mol% Cu(acac),used. SET, single-electron transfer; Nu,
N-nucleophile; TC, thiophene-2-carboxylate; BPhen, bathophenanthroline.
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Fig.3|Radical precursorscope for three-component coupling. Numerous
radical precursors can beutilized inthis transformation. All yields are isolated
unless otherwise noted. Experiments typically run with1eq. of nucleophile,
1.5eq.of [1.1.1]propellane, and 2 eq. of iodonium dicarboxylate; however,
alternative stoichiometryis optimal in some cases. See Supplementary
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Information for exact experimental conditions.*Conditions vary slightly for
each classofradical precursor. See Supplementary Information for exact
reaction conditions.°'H-NMR yield. 30 mol% Cu(acac),, no light (see SI). “THF
assolvent.NR,, 6-bromo-4-azaindole; Mes, mesityl; BTMG, 2-tert-butyl-1,1,3,3-
tetramethylguanidine; ‘Bu, tert-butyl.






