Unsaturated dicarboxylic acids from unsaturated cyclic hydrocarbons and acrylic acid by
way of metathesis, the use thereof as monomers for polyamides, polyesters and

polyurethanes, and subsequent reaction to diols and diamines

a,B-Unsaturated dicarboxylic acids can be prepared from cyclic hydrocarbons such as
cyclooctadiene (COD), cyclododecene (CDEN), cyclododecatriene (CDT), cycloheptene,

cyclohexene and cyclopentene by means of a metathesis reaction using a suitable catalyst

(Scheme 1).
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Scheme 1: General reaction for preparing unsaturated dicarboxylic acids (2) from cyclic

unsaturated hydrocarbons (1) by metathesis with acrylic acid.

Polyamides or polyesters can be obtained from the resﬁlting a,B-unsaturated dicarboxylic acids
by polycondensation with diamines or diols. A particular feature of these plastics is the
possibility of crosslinking via the double bonds. The corresponding saturated dicarboxylic acids
can be obtained in one step by hydrogenation. Furthermore, these compounds can be converted
without a great outlay into the corresponding diols and diamines. Apart from polyesters, the diols

can also be used for preparing polyurethanes.
Prior art:

The process described here represents a considerable improvement on conventional processes.
(Morgan, John, P., Morrill, Christie; Grubbs, Robert, H.; Choi, Tae-Lim WO 02/079127 Al.
Choi, T-L.; Lee, C. W.; Chatterjee, A. K.; Grubbs, R. H. J. Am. Chem. Soc. 2001, 123, 10417-
10418.

Randl, S.; Connon, S. J.; Blechert, S. J. Chem. Soc., Chem. Commun. 2001, 1796-1797.)



Hitherto, the above-described reaction had to be carried out in high dilution in order to suppress
oligomerization or polymerization as competitive reaction. In addition, dichloromethane is
predominantly used as solvent, which is disadvantageous for an industrial reaction because of its
health hazard potential. A chlorine comprising solvent is a solvent which is not covered by the

invention.

It has now surprisingly been found that a process according to the claims makes it possible to
shift the equilibrium completely in the direction of the desired product without having to work in
high dilution. In addition, the process described makes effective recycling of the catalyst
possible. This is achieved by, in contrast to previous practice, working at high substrate
concentrations up to reactions in bulk. During the reaction, the «,8-unsaturated dicarboxylic acid
precipitates when the solubility product is exceeded and is thus withdrawn from the equilibrium

(in the homogeneous phase}.

A decisive advantage of the invention described here is thus the fact that the product precipitates
as solid during the reaction. Since ring-opening cross-metathesis is an equilibrium reaction, there
is the possibility, in addition to the liberation of ethylene, to shift the equilibrium to the side of
the desired product. Even when the conversion is not complete at a point in time x or part of the
product remains in solution, complete conversion of starting material can ultimately be achieved

in a continuous mode of operation.

Apart from the effective influencing of the reaction equilibrium in favor of the product, the ease
of separating off the products and, associated therewith, recovering the catalyst makes carrying

out the process much easier. The catalyst used remains in solution and can be recycled.

In previous processes, the reaction mixture has to be worked up as a whole, This is effected by
distilling off the solvent and purifying the residue by chromatography. The chromatographic
purification of the crude product, in particular, requires the use of large amounts of solvent and

energy to remove the latter, which is impractical for an industrial reaction.



The reaction described is carried out at temperatures of from 10 to 100°C, preferably from 20 to

80°C and particularly preferably from 20 to 60°C.

The reaction described can be carried out both in bulk and using a solvent. Suitable solvents are
acyclic and cyclic hydrocarbons. Aromatic halogenated hydrocarbons are particularly suitable

and aromatics bearing alkyl groups are very particularly suitable.

When the reaction is carried out in solution, cycloalkene concentrations of > 1 M are preferred.
Particular preference is given to concentrations of from 1 to 2 M and very particular preference is

given to cycloalkene concentrations of from 2 to 4 M, based on the solvent.

In the process described, the catalyst is used in amounts of from 5 to 0.0001 mol%, based on the
amount of unsaturated cycloalkene. Preference is given to amounts of from 2 to 0.001 mol% and

particular preference is given to from 1 to 0.5 mol% of catalyst, based on the molar amount of

unsaturated cycloalkene used.

To obtain the o,B-unsaturated dicarboxylic acid in polymer grade quality, purification by means

of crystallization, distillation or a combination of the two is possible.

Suitable catalysts are ruthenium-carbene complexes which, as one of the characteristic features,
bear an N-heterocyclic carbene ligand. Examples of preferred catalysts are shown in Figure 1.
Particular preference is here given to catalysts of type 7 having an electron-pulling group R’ on

the benzylidene ligand.
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Figure 1: Examples of ruthenium catalysts used



Examples:

1.

1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[ 2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenylJmethyleneruthenium(II) dichloride (1 mol% based on the
cycloalkene) is placed together with toluene (2.25 ml) under argon in a Schlenk vessel. A
solution of cyclopentene (0.3 g, 4.4 mmol) and acrylic acid (0.79 g, 11 mmol) in toluene
(2.25 ml) is added dropwise to the catalyst solution. The reaction mixture is stirred at 60°C
for one hour and subsequently cooled to room temperature. The solid which precipitates is
filtered off, washed with a little cold toluene and dried under reduced pressure. The product

was obtained as a white solid (0.128 g, 16%). A purity of 98.9% was determined by NMR

analysis.

1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[ 2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenyl jmethyleneruthenium(II) dichloride (1 mol% based on the
cycloalkene) is placed together with toluene (1.75 ml) under argon in a Schlenk vessel. A
solution of cyclohexene (0.3 g, 3.65 mmol) and acrylic acid (0.66 g, 9.13 mmol) in toluene
(1.75 ml) is added dropwise to the catalyst solution. The reaction mixture is stirred for one
hour at 60°C and subsequently cooled to room temperature. The solid which precipitates is
filtered off, washed with a little cold toluene and dried under reduced pressure. The product
was obtained as a white solid (0.272 g, 38%). A purity of 99.2% was determined by NMR

analysis.

1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenylJmethyleneruthenium(Il) dichloride (1 mol% based on the
cycloalkene) is placed together with toluene (1.50 ml) under argon in a Schlenk vessel. A
solution of cycloheptene (0.3 g, 3.12 mmol) and acrylic acid (0.56 g, 7.80 mmol) in toluene
(1.50 ml) is added dropwise to the catalyst solution. The reaction mixture is stirred for one
hour at 60°C and subsequently cooled to room temperature. The solid which precipitates is

filtered off, washed with a little cold toluene and dried under reduced pressure. The product



was obtained as a white solid (0.223 g, 14%). A purity of 91% was determined by NMR

analysis.

1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[ 2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenylJmethyleneruthenium(Il) dichloride (1 mol% based on the
cycloalkene) is placed together with toluene (1.80 ml) under argon in a Schlenk vessel. A
solution of cyclooctadiene (0.4 g, 3.70 mmol) and acrylic acid (1.33 g, 18.49 mmol) in
toluene (1.80 ml) is added dropwise to the catalyst solution. The reaction mixture is stirred
for one hour at 60°C and subsequently cooled to room temperature. The solid which
precipitates is filtered off, washed with a little cold toluene and dried under reduced pressure.
The product was obtained as a white solid (0.158 g, 25%). A purity of 98% was determined
by HPLC analysis.

1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[2-(i-propoxy)-5-(N,N-
dimethylaminosulfonyl)phenyl |methyleneruthenium(Il) dichloride (1 mol% based on the
cycloalkene) is placed together with toluene (1.50 ml) under argon in a Schlenk vessel. A
solution of cycloheptene (0.3 g, 3.12 mmol) and acrylic acid (0.56 g, 7.80 mmol) in toluene
(1.50 ml) is added dropwise to the catalyst solution. The reaction mixture is stirred at 60°C
for one hour and subsequently cooled to room temperature. The solid which precipitates is
filtered off, washed with a little cold toluene and dried under reduced pressure. The product
was obtained as a white solid (0.223 g, 14%). A purity of 91% was determined by NMR

analysis.



Claims:

. A process for preparing unsaturated dicarboxylic acids,

characterized in that

unsaturated cyclic hydrocarbons and acrylic acid are reacted by means of a
metathesis reaction in solution, wherein the unsaturated cyclic hydrocarbon is
present in concentrations of > 1 mol/], in the presence of a ruthenium catalyst,
with the dicarboxylic acid formed precipitating when the solubility product is
exceeded,

wherein cyclooctadiene, cyclododecene, cyclododecatriene, or cycloheptene,

are used as unsaturated cyclic hydrocarbons.

. The process as claimed in claim 1,
characterized in that,
the unsaturated cyclic hydrocarbon is present in concentrations of from 2 to 4

mol/l.

. The process as claimed in any of the preceding claims,
characterized in that
ruthenjum-carbene complexes which bear an N-heterocyclic ligand are used as

catalysts.

The process as claimed in any of the preceding claims,
characterized in that
the ruthenium catalysts are used in amounts of from 5 to 0.0001 mol%, based

on the molar amount of unsaturated cyclic hydrocarbon.

. The process as claimed in any of the preceding claims,

characterized in that
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the ruthenium catalysts are used in amounts of from 2 to 0.001 mol%, based on

the molar amount of unsaturated cyclic hydrocarbon.

. The process as claimed in any of the preceding claims,
characterized in that
the ruthenium catalysts are used in amounts of from 1 to 0.5 moi%, based on

the molar amount of unsaturated cyclic hydrocarbon.

. The process as claimed in any of the preceding claims,
characterized in that

acyclic or cyclic hydrocarbons used as solvents.

The process as claimed in any of the preceding claims,
characterized in that

aromatic halogenated hydrocarbons are used as solvents.

The process as claimed in any of the preceding claims,
characterized in that
the unsaturated dicarboxylic acid obtained is purified by crystallization,

distillation or a combination of the two.
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