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HYDROCARBONS AND ACRYLI C ACI D BY WAY OF METATHESI S,

THE USE THEREOF OF AS MONOVERS FOR POLYAM DES,

POLYESTERS AND POLYURETHANES, AND SUBSEQUENT REACTI ON
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by polycondensatlon 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.
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It has now surprisingly been found that a process

according to the clains nmakes it possible to shift the

equi libriumconpletely in the direction of the desired

product w thout having to work in high dilution. In

addi tion, the process described nmakes effective

recycling of the catal yst possible. This is achieved

by, in contrast to previous practice, working at high

substrate concentrations up to reactions in bulKk.

During the reaction, the a,fl-unsaturated di carboxylic
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to catalysts of type 7 having an el ectron-pulling
group R on the benzylidene |igand.
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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 a,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



Exanpl es: 1.
1,3-Bis(2,4,6-trinmethyl phenyl)-4, 5-di hydroi m dazol - 2-y
| i dene[ 2- (i - propoxy) - 54N, Ndi et hyl am nosul f onyl ) phenyl
| met hyl enerut heni un(11) dichloride (1 nol % based on
the cycl oal kene) is placed together with toluene (2.25
m ) under argon in a Schlenk vessel. A solution of

cycl opentene (0.3 g, 4.4 mmol) and acrylic acid (0.79
g, 11 mmol) in toluene (2.25 M) is added dropwi se to
the catal yst solution. The reaction mxture is stirred

Examples60C f or one hour and subsequently cooled to room
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tenperature. The solid which precipitates is filtered
of f; washed with a little cold toluene and dried under
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characterized in that unsaturated, cyclic hydrocarbons
and acrylic acid are reacted by neans of a netathesis
reaction at high substrate concentrations through to
reactions in bulk in the presence of a ruthenium
catal yst, wth the dicarboxylic acid fornmed
precipitating. 2. The process as clained in claiml1,
characterized in that cycl ooctadi ene, cycl ododecene,
cycl ododecatri ene, cycl oheptene, cycl ohexene or
cycl opentene are used as unsaturated cyclic
wasyoBtaiosl dsanghiteXolid (@.2p3 gebEs). dspwitgiofi® t Wnasaiemmmﬂe,d by NMR
characterized in that when the reaction is carried out
anplysiso| ytion, the unsaturated cyclic hydrocarbon is
present in concentrations of > 1 nol/1. 4. The process
as claimed in claiml1, characterized in that when the
1,3-Bax(2,# oririnetindphengl-4odihydraoidazolelrylidéns| 216 saopmad-0e(N,N-

dil%l%/tglxiagmilg difowaia enyl met%l%fcigrﬂ elnflllm(?ls1 Shcﬂ orlacle ( mol&o 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)phenylJmethyleneruthenium(II) 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.



5. The process as clainmed in any of the preceding
cl aims, characterized in that ruthenium carbene
conpl exes whi ch bear an N-heterocyclic |ligand are used
as catalysts. 6. The process as clainmed in any of the
precedi ng clains, characterized in that the ruthenium
catal ysts are used in anbunts of from5 to 0.0001
nol % based on the nolar anbunt of unsaturated cyclic
hydrocarbon. 7. The process as clained in any of the
precedi ng clains, characterized in that the ruthenium
Claithét al ysts are used in anmounts of from2 to 0.001 nol %
based on the nolar anobunt of unsaturated cyclic
hydrocarbon. 8. The process as clained in any of the

N Er%ggsls 5k pc%clapaalrirrgg 'unsaturated dicarboxylic acids,

characterized in that
unsaturated, cyclic hydrocarbons and acrylic acid are reacted by means of a metathesis
reaction at high substrate concentrations through to reactions in bulk in the presence of a

ruthenium catalyst, with the dicarboxylic acid formed precipitating.

2. The process as claimed in claim 1,
characterized in that
cyclooctadiene, cyclododecene, cyclododecatriene, cycloheptene, cyclohexene or

cyclopentene are used as unsaturated cyclic hydrocarbons.

3. The process as claimed in claim 1,
characterized in that
when the reaction is carried out in solution, the unsaturated cyclic hydrocarbon is present in

concentrations of > 1 mol/l.

4. The process as claimed in claim 1,
characterized in that
when the reaction is carried out in solution, the unsaturated cyclic hydrocarbon is present in

concentrations of from 2 to 4 mol/l.

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

ruthenium-carbene complexes which bear an N-heterocyclic ligand are used as catalysts.



10.

11.

12.

characterized in that the rutheniumcatal ysts are used
in amounts of from1 to 0.5 nol% based on the nol ar
anmount of unsaturated cyclic hydrocarbon. 9. The
process as clainmed in any of the preceding cl aimns,
characterized in that acyclic or cyclic hydrocarbons
used as solvents. 10. The process as clainmed in any of
the preceding clainms, characterized in that aromatic
hal ogenat ed hydrocarbons are used as solvents. 11. The
process as clainmed in any of the precedi ng cl ai s,

Ghar ' I3 di car boxylic
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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 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 mol%, 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 hydrogenated in a second step.

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

the ruthenium catalysts dissolved in the filtrate are recycled.



13.

13. The process as clained in any of the preceding
claims, characterized in that the unsaturated

di carboxylic acid obtained is purified by
crystallization, distillation or a conbination of the
two.

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.



