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Palladium-Catalyzed Direct Cyclopropylation of Heterocycles

Angew. Chem. Int. Ed. 2015, 54, 9601-9605

In 2014, Professor Jianrong (Steve) Zhou's group at the Nan-
yang Technical University in Singapore reported a palladium-
catalyzed process for the alkylation of unsaturated hetero-
cycles (Angew. Chem. Int. Ed. 2014, 53, 13573). The chemistry
capitalized on Osborn’s initial discovery in the 1970s that
phosphine complexes of Pd(0) react with alkyl halides to
produce alkyl radicals via single-electron-transfer processes
(J. Am. Chem. Soc. 1974, 96, 7145). Professor Zhou explained:
“Under our conditions, the alkyl radicals that were involved
in the catalytic bond formation can be trapped by TEMPO.
The key step of direct radical addition to heteroarenes with-
out intervention by metal catalysts was further supported
by DFT calculations. Suitable substrates included many elec-
tron-deficient thiophenes, furans, pyrroles, indoles and
pyridines. About 90% of these alkylation products were
new entities although they had simple structures. In many
cases, good conjugate selectivity of addition was observed.
That work was conducted in collaboration with Professor
Hajime Hirao on DFT calculations and Professor Jean-Cyrille
Hierso in France.”

Next, Professor Zhou and co-workers decided to investi-
gate whether a similar radical process was possible by using
cyclopropyl iodides together with heterocycles. “Compared
with common cycloalkyl analogues, cyclopropyl radicals are

known to be less nucleophilic and they added more slowly
to electron-poor heteroarenes,” said Professor Zhou. “Cyclo-
propyl rings are useful pharmacophores, since cyclopropyl
rings are small and rigid and their ring substituents have spe-
cific orientations in space. They also have high built-in ring
strains, which may prompt ring rupture. In the literature, very
few methods existed that allowed incorporation of heteroaryl
groups directly onto the three-membered rings when we
initiated our study.”

Professor Zhou continued: “Our new method allowed
an efficient cyclopropylation of various heterocycles such as
oxazoles, thiazoles and caffeine. Our H/D exchange studies
pointed to reversible deprotonation of heterocycles, such as
oxazoles, by a base like NaOMe, even in the absence of a pal-
ladium catalyst. This finding led us to explore couplings of
some electron-poor thiophenes, which have relatively acidic
CH bonds with pK, values less than 30 in DMSO. Indeed, the
reactions proceeded as we anticipated.”

However, to their surprise, when the Singapore-based re-
searchers tested pure cis-2-phenylcyclopropyl iodide under
the catalytic conditions at the end of the project, it led al-
most exclusively to a cis-coupling product. This result argued
strongly against a radical pathway, as cyclopropyl radicals can
undergo inversion of configuration with very low barriers
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(3-4 kcal/mol). Professor Zhou said: “Now, we believe that the
catalytic cycle starts with a concerted oxidative addition of
cyclopropyl iodides which is followed by fast transmetalation
with anions of heterocycles formed in situ.” Suzuki reaction
of cyclopropyl halides was previously reported by Charette to
proceed with conservation of the configuration on the three-
membered ring.
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Professor Zhou concluded: “In retrospect, the main chal-
lenge in realizing this transformation was the side reactions
lying outside the catalytic cycle, rather than a difficult step in
the catalytic cycle. In fact, when the transmetalation step was
slow, we found that the oxidative adduct, a cyclopropylpalla-
dium complex, was prone to two side reactions, elimination
to form 1,3-dienes and ring opening of cyclopropyl groups to
form allylic radicals.”
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