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Abstract—A new approach to the synthesis of substituted biaryls, via Diels–Alder reaction between cyclopentadienones and
arylacetylenes, is described.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Biaryls are important subunits in a broad range of
natural product molecules,1 as well as ligands used in
asymmetric catalysis,2,3 and materials structures.3

Numerous methods have been developed for the con-
struction of these molecules, mostly by direct coupling
of two suitably activated aromatic moieties.1,4 Nonethe-
less, alternative approaches to these structures that
allow introduction of dense functionality, as well as the
potential for generating chiral biaryl structures, repre-
sent useful additions to the currently available method-
ology. One such approach might be the reaction of a
cyclopentadienone derivative with a suitably functional-
ized alkyne, which is known5 to generate aromatic
molecules by a Diels–Alder cycloaddition followed by
cheletropic extrusion of carbon monoxide. While this
reaction has been reported for alkynes such as dimethyl
acetylenedicarboxylate, as far as we are aware there
have been no reports of its application to biaryl synthe-
sis, wherein an arylalkyne is used as the dienophile.
This paper reports our initial investigations into this
reaction, which appears to provide a potentially useful
alternative approach to biaryl synthesis.

We recently reported a method for preparing unsym-
metrically substituted cyclopentadienones by a silicon
tethered [2+2+1] cyclocarbonylation reaction of two
alkynes promoted by pentacarbonyliron.6 This reaction
has the potential to afford a broad range of cyclopenta-

dienones that are versatile intermediates for organic
synthesis, because the silicon tether can be removed
under conditions that are non-invasive toward the reac-
tive cyclopentadienone. The symmetrically substituted
compound 1 was chosen as a substrate for the present
study in order to circumnavigate regiochemical issues in
the synthesis of the target biaryl structures.

2. Results and discussion

In order to ensure that 1 is a suitable substrate for
Diels–Alder reaction/CO extrusion to afford aromatic
molecules, we examined its reaction with dimethyl
acetylenedicarboxylate, which proceeded smoothly in
toluene at 110°C to afford the hexasubstituted benzene
derivative 2. It should be mentioned that, since we have
access to a wide range of cyclopentadienone structures
using the aforementioned cyclocoupling methodology,
this procedure could in principle afford numerous hexa-
substituted aromatic compounds. Moreover, the known
chemistry of arylsilanes,7 such as ipso electrophilic sub-
stitution, is expected to generate a rich chemistry for
these products.

Our first attempt to utilize 1 as a precursor to biaryls
examined its reaction with the simple methyl phenyl-
propiolate (3), a known compound that was prepared
by esterification of the corresponding acid. No reaction
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was observed in toluene at 110°C, or in mesitylene at
140°C, but higher temperature (decalin, 210°C, 8 h)
promoted the formation of biaryl 4, in low yield (25%).
Owing to its less electron deficient nature, alkyne 3 is a
less effective dienophile than dimethyl acetylenedicar-
boxylate, and we therefore investigated activating
groups other than ester in an effort to generate biaryls
in good yield under somewhat milder reaction condi-
tions. Compounds 58 and 69 were prepared by pub-
lished procedures and subjected to Diels–Alder reaction
with 1: 5 in mesitylene for 8 h at 140°C afforded biaryl
7 in 40% yield, while 6 under identical conditions
produced 8 in 75% yield.

Of greater interest is the construction of biaryls con-
taining substituents on both aromatic rings, especially
at the o and o � positions, for which purpose the reac-
tion between 1 and substituted phenylacetylenes was
studied. Two dienophiles, 12a and 12b, were prepared
via the Sonagashira procedure reported by Thorand
and Krause10 to access the intermediates 10a and 10b.
The TMS group was removed from each intermediate
by stirring with K2CO3 in methanol,11 and the resulting
arylacetylenes were converted to the nitriles using the
electrophilic cyanation method described by Wu et al.
(Scheme 1).12

Reaction of 1 with 12a and 12b afforded similar yields
of biaryl products 13 and 14 as observed for the
unsubstituted phenylpropiolonitrile, indicating that the
presence of an electron withdrawing group on the aro-
matic ring does not have a significant effect on the
electronic nature of the dienophile, and that the pres-
ence of one ortho substituent does not lead to signifi-
cant steric retardation of the cycloaddition reaction.

3. Conclusions

In summary, we have demonstrated that cyclopenta-
dienones are potentially useful intermediates for the
construction of multi-substituted biaryl structures.
Clearly there is much to be done in further develop-
ment of this protocol, which will form the basis for
future studies in our laboratory.

4. Supplementary material

Spectroscopic characterization data for all new com-
pounds, and copies of their 1H and 13C NMR spectra.

Scheme 1.
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