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Copper-Catalysed Perarylation of Cyclopentadiene: Synthesis of

Hexaarylcyclopentadienes

Chem. Sci. 2024, 15,9127-9137

Silacyclopentadienes (siloles) have attracted the attention of
the scientific community for decades, for their remarkable
electronic properties coupled with excellent photo- and elec-
troluminescence. In particular, in line with their propeller
shape, polyarylsilacyclopentadienes exhibit Aggregation-
Induced Emission (AIE) leading to widespread applications
as materials in high-performance OLEDs, chemosensors for
analyte detection, biological probes, and smart materials.
The parent hydrocarbon-based polyarylcyclopentadienes
Ar,H(s_,)Cp also display AIE activity up to pentasubstituted
derivatives (n = 3-5), but, strikingly, hexaarylcyclopenta-
dienes (n = 6) had not been investigated until now, despite
their structural similarity with the archetypal AIE luminogen
hexaphenylsilole.

In a recent article in Chemical Science, the group of Prof. G.
Rapenne and Dr. C. Kammerer at the University of Toulouse
and CEMES-CNRS (France) introduced a groundbreaking
method for the synthesis of hexaarylcyclopentadienes in a
single step, relying on the copper-catalyzed direct peraryla-
tion of cyclopentadiene (Scheme 1, right). “The synthesis of
hexaarylcyclopentadienes poses significant challenges and
only the hexaphenyl derivative had been reported once in the
early 1940s by Allen and VanAllan (J. Am. Chem. Soc. 1943,
65, 1384-1389), with a revision of the mechanism 30 years
later by Youssef and Ogliaruso (J. Org. Chem. 1972, 37, 2601~
2604),” explained Dr. Kammerer, adding: “Besides, this early

synthetic route appeared both lengthy (four steps from te-
traphenylcyclopentadienone) and tedious, with limited func-
tional group compatibility and a low modularity.”

Dr. C. Kammerer went on by explaining how this pro-
ject started: “In the frame of our research aiming at the de-
sign, synthesis and single-molecule investigations of rotary
molecular machines based on pentaarylcyclopentadienyl
ruthenium(Il) complexes as core scaffold (Nat. Commun.
2019, 10, 3742; Chem. Sci. 2021, 12, 4709-4721; Chem. Eur. |.
2021, 27, 16242-16249), we became interested in the devel-
opment of more straightforward methods for the synthesis of
pentaarylcyclopentadienes. Indeed, the ‘classical’ tetracyclone
route is a multistep process, displaying limited modularity.
We came across the work by Dyker and co-workers (Chem.
Commun. 1998, 1889-1890) reporting the direct arylation
of cyclopentadiene to yield pentaarylcyclopentadienes in a
single step upon palladium catalysis (Scheme 1, left). In an
attempt to transpose this reaction to the use of a cheaper,
abundant and environmentally benign catalyst, we serendi-
pitously discovered that copper(I) mediates not just five, but
six consecutive arylations when cyclopentadiene reacts with
iodobenzene. The resulting hexaphenylcyclopentadiene was
not interesting as such for the elaboration of organometallic
molecular machines, but its similarity with the AIE luminogen
hexaphenylsilole associated to its straightforward synthetic
accessibility drove our scientific curiosity. We thus initiated
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Scheme 1 Synthesis of polyarylcyclopentadienes upon direct arylation of cyclopentadiene: the palladium-catalyzed reaction under
conventional heating affords pentaarylcyclopentadienes (left), whereas the copper-catalyzed microwave-activated process results in
the formation of six new C-C bonds in a single synthetic operation to yield unprecedented hexaarylcyclopentadienes (right)
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a project aiming at the development of the copper(I)-catal-
yzed six-fold arylation of a single cyclopentadiene moiety as
a streamlined and unprecedented process to obtain variously
substituted hexaarylcyclopentadienes.”

The targeted transformation involves six sequential cop-
per-catalyzed cross-couplings in a single synthetic opera-
tion, which are reminiscent of the Hurtley reaction: each new
C-C bond results from the coupling of an aryl halide with a
cyclopentadienide species acting as stabilized nucleophile.
Interestingly, the freshly distilled cyclopentadiene obviously
used as a source of cyclopentadienide in the initial catalytic
cycle can be advantageously replaced with the easy-to-handle
zirconocene dichloride. “Preliminary investigations revealed
that the use of aryl iodides as coupling partners and micro-
wave irradiation as thermal activation mode are crucial for
the success of the cyclopentadiene perarylation,” said Dr.
Kammerer. “Further optimization highlighted that maximal
yield and purity of hexaarylcyclopentadienes are reached
with copper(I) iodide and trans-1,2-cyclohexanediamine as
catalytic system, cesium carbonate as base and THF as solvent
(Scheme 2). Finally, an assessment of the scope showed that
a variety of aryl iodides, including relatively bulky ones, are
tolerated in this cross-coupling reaction, resulting in a series
of hexaarylcyclopentadienes bearing diverse substitution pat-
terns,” she added.

“With our method, the synthesis of hexaarylcyclopenta-
dienes gains in simplicity and efficiency compared to the pre-
vious multi-step approach, with a straightforward access to
structural diversity, making this family of compounds readily
accessible for further research and application,” explained Dr.
Kammerer.

Literature Coverage

After in-depth structural characterization confirming their
propeller shape, optical investigations of hexaarylcyclopenta-
dienes revealed that these compounds are virtually non-emis-
sive in solution but intense photoluminescence is observed
upon aggregation (Figure 1), as anticipated. “Hexaarylcyclo-
pentadienes thus appear as promising AIE luminogens for the
fabrication of high-performance optoelectronic devices,” said
Dr. Kammerer, adding: “We also demonstrated that the nature
of the aryl substituents directly impacts the emission spectra,
thus emphasizing the potential of the copper-catalyzed per-
arylation as a straightforward synthetic route to a variety of
AIE luminogens with tailored properties.”

Inspired by further possible applications for luminescent
materials, Dr. Y. Gisbert envisioned to exploit hexaarylcyclo-
pentadienes as direct precursors of extended m-conjugated
polycyclic compounds (Scheme 2). He explained: “In an
attempt to decrease the degrees of freedom in such mole-
cules and possibly increase their luminescence properties in
solutions, we performed Scholl-type oxidative cyclization on
hexaarylcyclopentadienes. Upon cyclodehydrogenation, the
propeller-shaped scaffolds underwent planarization to yield
helicenic 17,17-diarylcyclopenta[l,l'|/diphenanthrenes, dis-
playing restored photoluminescence in solution. These struc-
turally complex polyannelated fluorene derivatives are now
readily prepared in only two synthetic steps from cyclopen-
tadiene, and hold great promise for applications as organic
semiconductors or fluorophores.”

Looking ahead, the team plans to extend the copper-catal-
yzed perarylation methodology so as to build higher molecular
complexity in cyclopentadiene derivatives. “On the one hand,
in line with the preliminary result obtained in this work, the
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Scheme 2 Synthetic sequence involving the copper-catalyzed perarylation of cyclopentadiene in the presence of 4-iodotolue-
ne to give the corresponding propeller-shaped hexaarylcyclopentadiene, and subsequent Scholl reaction yielding a helicenic
17,17-diarylcyclopenta[l,I'ldiphenanthrene. The products of both steps are depicted using their X-ray crystal structure to highlight

their 3D-shape (hydrogen atoms are omitted for clarity).
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Figure 1 Aggregation-induced emission properties of two hexaarylcyclopentadienes displaying different substitution patterns. (a)
Structure of hexaphenylcyclopentadiene (in blue) and hexa(4-methoxyphenyl)cyclopentadiene (in orange). (b) Picture of hexa-
phenylcyclopentadiene solutions with varying H,O/THF ratios. (c) Normalized photoluminescence spectra of hexaphenylcyclopen-
tadiene (in blue) and hexa(4-methoxyphenyl)cyclopentadiene (in orange) in pure H,0 (107 M, A, = 350 nm), and corresponding

spectra after successive additions of small aliquots (20 pL) of THF.

direct synthesis of spirofluorenes using dihalogenobiphenyls
as coupling partners will be further investigated. On the other
hand, strategies to sequentially introduce different aryl sub-
stituents on one cyclopentadiene core will be explored,” said
Dr. Kammerer. She concluded: “Indeed, the ability to syn-
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