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Synthesis and structure of [2.2]paracyclophanes
incorporating alkyne units in the extended linear chain
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Abstract—The novel [2.2]paracyclophanes 4–7 with an extended p-conjugation due to the presence of a linear arylethynyl chain have
been synthesized by the Pd-catalyzed Sonogashira coupling reaction.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
As a continuation of our interest in [2.2]paracyclophane
chemistry,1 we have undertaken a research project on
the synthesis of new cyclophane derivatives containing
ethynyl groups. Linear arylethynyl molecules with
extended p-conjugation are of considerable interest
due to their potential applications in electrolumines-
cence,2 liquid crystallinity,3 optoelectronics,4 and
organic semiconductors.5 The aim of the project is that
of using [2.2]paracyclophane (PCP), which has a unique
structure with two strained and facing benzene rings, as
building block for the construction of extended
p-systems containing three-dimensional (PCP)-, linear
(acetylene triple bond)-, and planar (benzene rings)-p-
electron systems. The triple bonds are employed as
conjugation bridges, and phenyl groups and [2.2]para-
cyclophane as p-centers.

In this article, we report the preliminary results of a
study on the synthesis of [2.2]paracyclophane derivatives
containing one or two para-connected carbon–carbon
triple bonds. These molecules have a three-dimensional
p-system comparable to that of fullerene.

4-Ethynyl-[2.2]paracyclophane (3) was the starting
material used to synthesize the target compounds 4–7.
It was prepared by coupling trimethylsilylacetylene with
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4-bromo[2.2]paracyclophane (1) followed by the re-
moval of the alkyne-protecting group6a (TMS) (Scheme
1). Compound 3 had been previously prepared by Hopf
and co-workers6b by another route starting from 4-for-
myl[2.2]paracyclophane. Compounds 4–7 were obtained
by Pd-catalyzed Sonogashira8 reaction between the
commercially available aryliodides 8 and 9 and the
diaryliodides9 12 and 13 (Scheme 2).

Whereas the couplings of 3 with aryliodides 8 and 9 were
carried out12 at 75 �C for 20 h, the reactions between 3
and diaryliodides 12 and 13 occurred under milder con-
ditions,12 at 25 �C for 18 h. All attempts to carry out the
Sonogashira reaction of 4-bromo[2.2]paracyclophane
(1) with p-ethynylaniline (10) and p-ethynylanisole (11)
gave worse results: only a 37% yield was obtained in
the former case and no reaction occurred in the latter.
The well-known relative reactivity of aryl halides,
Ar-I� Ar-Br > Ar-Cl, might explain these results. The
structures of the [2.2]paracyclophanes 4–7 were proved
unambiguously by analysis of their NMR spectra (1H
and 13C) and elemental analysis.
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In conclusion, a synthetic route to prepare a new series
of molecules based on [2.2]paracyclophane moiety as the
key building block and containing an extended p-delo-
calization has been established. The synthesis of new lin-
early functionalized [2.2]paracyclophanes containing
aromatic carbocycles and/or heterocycles as p-centers
connected by acetylenic triple bonds, as well as the study
of their properties, is currently in progress.
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