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Abstract: Fumaric and maleic acid esters are functionalised with propargylamine. A subsequent Pd/Cu-
catalysed oxidative homo-coupling of two alkyne moieties yields the corresponding dimers. Hence, a model of
an unsaturated polyester chain is cross-linked in a well-defined, metal-mediated reaction in a very high yield.
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INTRODUCTION

Unsaturated polyester resins are heterochain polymers,
containing repeating ester groups and aliphatic double bonds
in the backbone [1]. These chains are generally co-
polymerised in a free-radical chain-growth process, with a
vinyl monomer, usually styrene, to yield the final product, a
three-dimensional cross-linked network [1, 2]. Since
environmental legislation becomes more and more stringent
constantly reducing the amount of monomeric components,
which can be used in unsaturated polyester products, the
development of alternative cross-linking methods, reducing
or completely avoiding possible emissions of harmful,
volatile compounds, e.g. of styrene, is of particular interest.

Radical cross-linking processes do not yield very well
defined products, instead they give rise to different chain
lengths of the linkages, irregular, incomplete consumption
of the double bonds of the polyester heterochain and direct
linking of the latter. In addition, side-reactions such as
homopolymerisation of styrene occur [3]. So, we opted for a
well-defined metal-mediated reaction that could circumvent
these problems. Further considering an unsaturation in the
linkage a desirable feature, since it provides the possibility
for additional cross-linking if demanded to alter the
properties of the final product, the metal-catalysed coupling
of alkynes is highly attractive for its wide scope [4]. Here we
report a model reaction for an alternative cross-linking of
unsaturated polyesters v i a  functionalisation of
maleic/fumaric diesters and subsequent oxidative homo-
coupling of the introduced alkyne moieties.

RESULTS AND DISCUSSION

Nucleophilic addition of propargylamine to maleic acid
esters (1a, 1b) or fumaric acid esters 2a-c respectively,
yielded 3a-c [5], bearing the desired alkyne function. The
reactions were performed at RT, using neat compounds, and
proceeded quantitatively [6], making further purification
essentially superfluous. The reaction of maleic anhydride and
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2-methoxyethanol [7] produced a 3:1 mixture of maleic (cis)
1b and fumaric (trans) 2b diester [8], an isomerisation well-
documented for the preparation of unsaturated polyester
chains from maleic anhydride and diols [1, 2a, 9].
Subsequent radical cross-linking using styrene favours the
trans-type of unsaturation, thus introducing a source of
inhomogeneity in the cured product [2a, 10]. This
complication is eliminated here, since the addition of the
propargylamine to the esters yields the racemats 3a-c
quantitatively, if somewhat slower for the trans-species 2a-
2c. All the double bonds are consumed, and can potentially
contribute to the cross-linking via the introduced alkyne
functionality. Using the amine in any sub-stoichiometric
amount would allow a defined degree of unsaturation in the
heterochain backbone to be retained. It is noteworthy that in
the course of the addition reaction, the propargylamine
catalyses an isomerisation of the maleic diester to the
fumaric diester, which can easily be followed by nmr
spectroscopy and by the visible temporary formation of
fumaric diester crystals in the reaction mixture. However,
this does not constitute an obstacle since the addition of the
amine proceeds to completion. Various mechanisms have
been proposed for this isomerisation [11].

Attempts to dimerise 3 under standard Hay conditions [4]
or with Cu(OAc)2/MeCN [12] failed. However, in presence
of air, the PdCl2(PPh3)2/CuI/amine mixture is a very
effective system for the catalytic oxidative homo-coupling of
terminal alkynes to the corresponding diynes [13] and thus,
the target compounds 4 were obtained in very high yields
(94-96%) [14]. Control runs confirmed that the combination
of Pd, Cu and O2 is crucial for the success of the coupling
reaction. Recently an anaerobic variant of this reaction has
been reported, but it fails when acetyl or phenylsulphonyl
groups are present [15].

The reaction is easily monitored by proton nmr
spectroscopy, the terminal alkyne hydrogen disappearing and
the doublet of the corresponding methylene group collapsing
being the obvious features. The carbon nmr spectra
unambiguously confirm the structure of the target
compounds 4, revealing a characteristic shift and loss of
multiplicity for the signals of the alkyne carbons as well as
the loss of a long range coupling for the adjacent methylene
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group in comparison to the corresponding spectra of
compounds 3.

In summary, we demonstrated that a Pd/Cu catalysed
oxidative coupling of alkynes provides a potential alternative
for the cross-linking of unsaturated polyester chains, once
the latter have been functionalised quantitatively by facile
nucleophilic addition of propargylamine to the
maleic/fumaric ester units. The procedure presents a
synthesis of structurally well-defined products in high yield
in a one-pot reaction. Various disadvantages of radical co-
polymerisation pathways that introduce inhomogeneities
into the cured product are thus avoided and emission of
vinyl monomer is eliminated altogether, a distinctive plus in
times of environmental awareness and legislative
restrictions.
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