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a,B-unsaturated dicarboxylic acids in one step from cycloalkenes and acrylic acid using suitable

precatalysts. If cyclooctene (1) as starting material is reacted with acrylic acid (2), dodecane-
2,10-diene-1,12-dicarboxylic acid (3) is obtained (scheme 1). The combination of the two

reaction steps is also referred to as ROCM (ring-opening cross metathesis) or ROX metathesis.
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Scheme 1: Reaction of COE with acrylic acid to form compound 3.

The a,B-unsaturated dicarboxylic acid obtained can be hydrogenated in a second step to give the
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Schene 2: Hydrogenation of

dodeca- 2, 10-di ene- 1, 12-di carboxylic acid to DDA
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The pol yners obtained in this way can subsequently be

. GF | Nk . Whi | S.: intere for many

desmgp}gﬁ@é{é f:ag%gl.c%% g[‘%écéﬁ?g“)r(gcggf'}e? s are equilibrium

reactions giving a correspondi ng product distribution.

The above-descri bed reaction can take various reaction

pat hs. Thus, e cygloal kene can react_in a

ri ng- openi %gg?s p6RGHMES Hzat i SPm

pol yol ef i n. rmore, formation

tel echel i ¢ otTgone€8:Htan occur. These condasgty

reacti ons havwe an adverse effect on the yield of

desi red product and al so nake work-up of the reaction

m diA fi ) ' fi 1ot - W

B R S
in a shift of the equilibriumin the direction of the

roduct. Howeve this effect i not. sufficient to
Moreogarp prisalo sencshigalafo %%Wi%ﬁ%“@?gﬂ?%b%éfllﬂj Agfias mopgper for the

SITPb BlrBAtYratdd ¢ i . TRE palynerQoti@héd in thi
prepar( I\/br%an, Jgﬁn,ﬁdg’{’%lﬁﬁ/gsr éﬁo}i\}&t&g{ irIgt ng;yhle u%bs, Rlélbtelrstvtlay oan

subseqdentlyOmogrosstiaked, iwhiahOs OF lroqrest £ by applications.

Metathesis reactions are equilibrium reactions giving a corresponding product distribution. The
above-described reaction can take various reaction paths. Thus, the cycloalkene can react in a
ring-opening metathesis polymerization to form a polyolefin. Furthermore, formation of various
telechelic oligomers can occur. These secondary reactions have an adverse effect on the yield of
desired product and also make work-up of the reaction mixture difficult. The formation of
ethylene, which can be taken off as gas from the liquid phase, results in a shift of the equilibrium
in the direction of the product. However, this effect is not sufficient to suppress secondary

reactions such as polymerization completely.

Prior art
In the prior art to date,
(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),
the reaction is carried out in dilute solutions (¢ ~ 0.2 M) in order to push the reaction in the
direction of the low molecular weight products. Column chromatography using silica gel is
predominantly employed for working up the reaction mixture and separating off the catalyst.

Furthermore, dichloromethane, which is considered to be problematical for an industrial
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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 given to catalysts of the type 7, with an electron-withdrawing 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-(IN,N-
dimethylaminosulphonyl)phenyl Jmethyleneruthenium(Il) dichloride (0.333 g, 0.45 mmol) is
placed together with acrylic acid (13.09 g, 0.182 mol) under argon in a three-necked flask
provided with reflux condenser‘ and the mixture is heated to 60°C. Cyclooctene (10 g,

0.091 mol) is added dropwise over a period of 20 minutes. After 1.5 hours, the reaction
mixture is allowed to cool to room temperature and is admixed with toluene (200 ml). It is
briefly heated to boiling and subsequently cooled slowly while stirring. The solid which has
precipitated is filtered off and washed with cold toluene (3 x 10 ml). After drying under
reduced pressure, the prodlict is obtained as a white solid (10.2 g, 50%). According to



NMR anal ysis, the product has a purity of > 99% 2. A
m xture of cyclooctene (10 g, 0.091 nol) and acrylic
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obt ai ned i s hydrogenated to 1, 12- dodecanedi car boxylic
acid in a second step. 3. Process according to Caim
-1, characterized in that cyclooctene is present in
concentrations of > 1 npl/1 when the reaction is
carried out in solution. 4. Process according to Claim
1,



characterized in that cyclooctene is present in
concentrations of from2 to 4 nol/1 when the reaction
is carried out in solution. 5. Process according to
any of the preceding clains, characterized in that
rut heni um car bene conpl exes whi ch bear an
N-heterocyclic |ligand are used .as catal ysts. 6.
Process according to any of the preceding clains,
Claimc_haracterized in that the rutheniumcatal ysts are used
Ph amounts of from5 to 0.0001 nol % based on the nol ar
anount of cycl ooctene. 7. Process according to any of
the preceding clainms, characterized in that the
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dicarboxylic acid formed precipitating.

2. Process according to Claim 1,
characterized in that

the unsaturated dodeca-2,10-diene-1,12-dicarboxylic acid obtained is hydrogenated to

1,12-dodecanedicarboxylic acid in a second step.

3.  Process according to Claim 1,

characterized in that

cyclooctene is present in concentrations of > 1 mol/l when the reaction is carried out in

solution.

4.  Process according to Claim 1,

characterized in that

cyclooctene is present in concentrations of from 2 to 4 mol/l when the reaction is carried

out in solution.

5.  Process according to any of the preceding claims,

characterized in that

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

6. Process according to 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 cyclooctene.



10.

11.

12.

9. Process according to any of the preceding clains,
characterized in that acyclic or cyclic hydrocarbons
are used as solvents. 10. Process according to any of
the preceding clainms, characterized in that aromatic
hal ogenat ed hydrocarbons are used as solvents. 11.
Process according to any of the precedi ng clains,
characterized in that the ruthenium catalysts
gissol%eddintthe f%{trage are.recycled. 12. Process
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chat@siediizadti n that the unsaturated dicarboxylic
acid obtained is purified by crystallization,
theguthenan eptalpsts areasadbinaaoumts off frampd te 01 mol% based on the molar

amount of cyclooctene.

Process according to 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 cyclooctene.

Process according to any of the preceding claims,
characterized in that

acyclic or cyclic hydrocarbons are used as solvents.

Process according to any of the preceding claims,
characterized in that

aromatic halogenated hydrocarbons are used as solvents.

Process according to any of the preceding claims,
characterized in that

the ruthenium catalysts dissolved in the filtrate are recycled.

Process according to any of the preceding claims,
characterized in that

the unsaturated dicarboxylic acid obtained is purified by crystallization, distillation or a

combination Aof the two.



