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Ruthenium Based Catalysts for the metathesis of nitrile rubbers 

The present invention relates to a process for the metathesis of nitrile rubbers in the presence of a 

specific catalyst for the metathetic degradation of nitrile rubber. The present invention further relates 

5 to specific novel metathesis catalysts. 

The term nitrile rubber, also referred to as "NBR" for short, refers to rubbers which are copolymers 

or terpolymers of at least one a, 13-unsaturated nitrile, at least one conjugated diene and, if desired, 

one or more further copolymerizable monomers. 

10 

Hydrogenated nitrile rubber, also referred to as "HNBR" for short, is produced by hydrogenation of 

nitrile rubber. Accordingly, the C=C double bonds of the copolymerized diene units have been 

completely or partly hydrogenated in HNBR. The degree of hydrogenation of the copolymerized 

diene units is usually in the range from 50 to 100%. 

15 

Hydrogenated nitrile rubber is a specialty rubber which has very good heat resistance, an excellent 

resistance to ozone and chemicals and also an excellent oil resistance. 

The abovementioned physical and chemical properties of HNBR are associated with very good 

20 mechanical properties, in particular a high abrasion resistance. For this reason, HNBR has found 

wide use in a variety of applications. HNBR is used, for example, for seals, hoses, belts and 

clamping elements in the automobile sector, also for stators, oil well seals and valve seals in the field 

of oil extraction and also for numerous parts in the aircraft industry, the electronics industry, 

mechanical engineering and shipbuilding. 

25 

Commercially available HNBR grades usually have a Mooney viscosity (ML 1+4 at 100°C) in the 

range from 39 to 130, which corresponds to a weight average molecular weight M, (method of 

determination: gel permeation chromatography (GPC) against polystyrene equivalents) in the range 

from about 150 000 to 500 000. The polydispersity index PDI (PDI = Mw/Mi„ where M, is the 

30 weight average molecular weight and Mii  is the number average molecular weight), which gives 

information about the width of the molecular weight distribution, measured here between 2 and 5. 

The residual double bond content is usually in the range from 1 to 18% (determined by IR 

spectroscopy). 

35 The processability of HNBR is subject to severe restrictions as a result of the relatively high Mooney 

viscosity. For many applications, it would be desirable to have an HNBR grade which has a lower 
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molecular weight and thus a lower Mooney viscosity. This would decisively improve the 

processability. 

Numerous attempts have been made in the past to shorten the chain length of HNBR by degradation. 

5 For example, the molecular weight can be decreased by thermomechanical treatment (mastication), 

e.g. on a roll mill or in a screw apparatus (EP-A-0 419 952). However, this thermomechanical 

degradation has the disadvantage that functional groups such as hydroxyl, keto, carboxyl and ester 

groups, are incorporated into the molecule as a result of partial oxidation and, in addition, the 

microstructure of the polymer is substantially altered. 

10 

The preparation of HNBR having low molar masses corresponding to a Mooney viscosity (ML 1+4 

at 	100°C) 	in 	the 	range 	below 	55 	or 	a 	number 	average 	molecular 	weight 	of about 

15 

Mii  < 200 000 g/mol was for a long time not possible by means of established production processes 

since, firstly, a steep increase in the Mooney viscosity occurs in the hydrogenation of NBR and, 

secondly, the molar mass of the NBR feedstock used for the hydrogenation cannot be reduced at will 

since otherwise the work-up can no longer be carried out in the industrial plants available because 

the product is too sticky. The lowest Mooney viscosity of an NBR feedstock which can be processed 

without difficulties in an established industrial plant is about 30 Mooney units (ML 1+4 at 100°C). 

The Mooney viscosity of the hydrogenated nitrile rubber obtained using such an NBR feedstock is in 

20 the order of 55 Mooney units (ML 1+4 at 100°C). 

In the more recent prior art, this problem is solved by reducing the molecular weight of the nitrile 

rubber prior to hydrogenation by degradation to a Mooney viscosity (ML 1+4 at 100°C) of less than 

30 Mooney units or a number average molecular weight of Mii  < 70 000 g/mol. The decrease in the 

25 molecular weight is achieved here by metathesis in which low molecular weight 1-olefins are usually 

added. The metathesis reaction is advantageously carried out in the same solvent as the 

hydrogenation reaction (in situ) so that the degraded NBR feedstock does not have to be isolated 

from the solvent after the degradation reaction is complete before it is subjected to the subsequent 

hydrogenation. Metathesis catalysts which have a tolerance towards polar groups, in particular 

30 towards nitrile groups, are used for catalysing the metathetic degradation reaction. 

Metathesis catalysts are known, inter alia, from WO-A-96/04289 and WO-A-97/06185. They have 

the following in-principle structure: 
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X,, L 

X 1 1 
L1 	R1  

where M is osmium or ruthenium, R and R1  are organic radicals having a wide range of structural 

variation, X and X1  are anionic ligands and L and L1  are uncharged electron donors. The customary 

term "anionic ligands" is used in the literature regarding such metathesis catalysts to describe ligands 

5 	which are always negatively charged with a closed electron shell when regarded separately from the 

metal centre. Such catalysts are suitable for ring-closing metatheses (RCM), cross-metatheses (CM) 

and ring-opening metatheses (ROMP). 

Furthermore, WO-A-00/71554 discloses a group of catalysts which are known in the technical field 

10 	as "Grubbs (II) catalysts". Said catalysts comprise an imidazolidine-based ligand and are suitable 

for ring-closing metathesis (RCM), cross-metathesis (CM), reactions of acyclic olefins and ring- 

opening metathesis polymerization (ROMP). 

Further, in WO-A1-2008/034552 a metathesis catalyst of formula (1) is disclosed 

L 	R
3 

XI,,, 	I 
'R _ 

X 

2 
10b RO (I) 

15 
1 

R 0 d 

wherein 

X and X' 	are anionic ligands, prfereably halogen, more preferably Cl or Br; 

L 	 is a neutral ligand; 

a, b, c, d 	are independently H, -NO2, C1_12 alkyl, C1_12 alkoxy or phenyl, wherein phenyl may 

20 	 be substituted with a residue selected from the group C1 _6  alkyl and C1 _6  alkoxy; 

R1 	 is C1_12 alkyl, C5_6 cycloalkyl, C7_18 aralkyl, aryl; 

R2 	 is H, C1_12 alkyl, C5_6 cycloalkyl, C7_18 aralkyl, aryl; 

R3 	 is H, C1_12 alkyl, C5_6 cycloalkyl, C7_18 aralkyl, aryl. 

25 	The catalyst of formula (1) is used in metathesis reactions in a process wherein two compounds are 

reacted each having one olefinic double bond or one of the compounds comprises at least two olefinic 

double bonds, in ring-closing metathesis (RCM) or cross-metathesis (CM). 
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In US 2002/0107138 Al transition metal based metathesis catalysts and their organometallic 

complexes including dendrimeric complexes are disclosed, for example a Ru complex bearing a 1,3- 

dimesityl-4,5-dihydroimidazole-2-ylidene and styryl ether ligand. The catalyst can be used to 

5 catalyze ring-closing metathesis (RCM), cross metathesis (CM), ring-opening polymerization 

metathesis (ROMP) and acyclic diene metathesis (ADMET). 

However, the catalysts mentioned above are not necessarily suitable for carrying out the degradation 

of nitrile rubber. 

10 

WO-A-02/100905 and WO-A-02/100941 describe a process which comprises degradation of nitrile 

rubber starting polymers by olefin metathesis and subsequent hydrogenation. Here, a nitrile rubber is 

reacted in a first step in the presence of a coolefin and a specific catalyst based on osmium, 

ruthenium, molybdenum or tungsten complexes and hydrogenated in a second step. Hydrogenated 

15 nitrile rubbers having a weight average molecular weight (M,) in the range from 30 000 to 250 000, 

a Mooney viscosity (ML 1+4 at 100°C) in the range from 3 to 50 and a polydispersity index PDI of 

less than 2.5 can be obtained by this route according to WO-A-02/100941. 

Further, the metathesis of nitrile rubber can be successfully carried out using some catalysts from the 

20 group of "Grubbs (I) catalysts" (WO-A-02/100941, WO-A 03/002613, US 2004/0127647). A 

suitable catalyst is, for example, a ruthenium catalyst having particular substitution patterns, e.g. the 

catalyst bis(tricyclohexylphosphine)benzylideneruthenium dichloride shown below. 

PCy3  
CI,,, 

u_ 

Cl
/ I 

PCy3  .1 

Grubbs (I) catalyst 

25 After metathesis and hydrogenation, the nitrile rubbers have a lower molecular weight and also a 

narrower molecular weight distribution than the hydrogenated nitrile rubbers which have hitherto 

been able to be prepared according to the prior art. 

However, the amounts of Grubbs (I) catalyst employed for carrying out the metathesis are large. In 

30 the experiments in WO-A-03/002613, they are, for example, 307 ppm and 61 ppm of Ru based on 

the nitrile rubber used. The reaction times necessary are also long and the molecular weights after 
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the 	degradation 	are 	still 	relatively 	high 	(see 	Example 3 	of WO-A-03/002613, 	in which 

Ma, = 180 000 g/mol and Mii  = 71 000 g/mol). 

US 2004/0127647 Al describes blends based on low molecular weight HNBR rubbers having a 

5 bimodal or multimodal molecular weight distribution and also vulcanisates of these rubbers. To 

carry out the metathesis, 0.5 phr of Grubbs I catalyst, corresponding to 614 ppm of ruthenium based 

on the nitrile rubber used, is used according to the examples. 

If a "Grubbs (II) catalyst" mentioned in WO-A-00/71554, e.g. 1,3-bis(2,4,6-trimethylpheny1)-2- 

10 (imidazolidenylidene) (tricyclohexylphosphine)ruthenium(phenylmethylene) dichloride, is used for 

the NBR metathesis, this also succeeds without use of a coolefin (US-A-2004/0132891). After the 

subsequent hydrogenation, which is preferably carried out in situ, the hydrogenated nitrile rubber has 

lower molecular weights and a narrower molecular weight distribution (PDI) than when using 

catalysts of the Grubbs (I) type. In terms of the molecular weight and the molecular weight 

15 distribution, the metathetic degradation thus proceeds more efficiently when using catalysts of the 

Grubbs II type than when using catalysts of the Grubbs I type. However, the amounts of ruthenium 

necessary for this efficient metathetic degradation are still relatively high. Long reaction times are 

also still required for carrying out the metathesis using the Grubbs II catalyst. 

Mes—N 	N—Mes 

CI iii ' Ru_ 
CI#  I 

PCy3  

20 Grubbs (II) catalyst 

In all the abovementioned processes for the metathetic degradation of nitrile rubber, relatively large 

amounts of catalyst have to be used and long reaction times are required in order to produce the 

desired low molecular weight nitrile rubbers. 

25 

It is therefore an object of the invention to provide a catalyst which makes metathetic degradation of 

nitrile rubber without gelling possible and makes possible the setting of lower molecular weights of 

the degraded nitrile rubber at a comparable noble metal content. 



WO 2011/023674 
	

PCT/EP2010/062296 
6 

It is a further object of 

rubbers. 

the present invention to provide novel catalysts for the metathesis of nitrile 

These objects have been surprisingly achieved by the novel and inventive process and catalysts. 

5 

The invention provides for a process for the metathesis of nitrile rubbers in the presence of at least 

one catalyst of the general formula (I) , 

L 
R1  

Xi ,,,,,, ,,, 

x1T 

I m  

R Y (I) Rs 

e_....
s 

..
..... 

0 
R

6 
	R5 	R4  

where 

10 M is ruthenium or osmium, preferably ruthenium, 

Y is oxygen (0), sulphur (S), an N radical or a P radical, preferably oxygen 

(0) or an N radical, 

X1  and X2  are identical or different ligands, 

R1  is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical, 

15 R2, R3, R4  and R5  are identical or different and are each hydrogen, organic or inorganic 

radicals, 

R6  is an 	alkyl, 	cycloalkyl, 	alkenyl, 	alkynyl, 	aryl, 	alkoxy, 	alkenyloxy, 

alkynyloxy, 	aryloxy, 	alkoxycarbonyl, 	alkylamino, 	alkylthio, 	arylthio, 

alkylsulphonyl or alkylsulphinyl radical, each of which may optionally be 

20 substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 

radicals, 

R7  is hydrogen or an 	alkyl, 	cycloalkyl, 	alkenyl, 	alkynyl, 	aryl, 	alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, 

arylthio, alkylsulphonyl or alkylsulphinyl radical, each of which may 

25 optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or 

heteroaryl radicals; and 

L is a ligand. 
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The catalysts of the general formula (I) are known in principle. Representatives of this class of 

compounds are the catalysts described by Arlt et al. in WO-A1-2008/034552. The catalysts are 

commercially available or can be prepared as described in the references cited. 

5 It is surprisingly possible to carry out the metathetic degradation of nitrile rubber without gel 

formation using the catalysts having the structural features of the general formula (I), with such 

catalysts, whereby it is additionally possible to obtain lower molecular weights of the degraded 

nitrile rubber at a comparable noble metal content than when Grubbs II catalysts are employed. 

10 The present invention further relates to catalysts of formulae (Ia) and (Ib) 

L 

X% ,,,,
j'''  
, I 
/ Os—  

X'  i 

RY (Ia)  
R3 

 

R
6 0 	

R5 	R4  

L 
R1  

2 I X,  ,,,,,, ,,, m  

xii4 
7 

R 11'.  (Ib) 

R6  

where 

. 

0 	
R5 	 R4 

M in formula (Ib) is ruthenium or osmium, 

15 Y in formula (Ia) is oxygen (0), sulphur (S), an N radical or a P radical, 

Y' in formula (Ib) is sulphur (S), an N radical or a P radical, 

X1  and X2  are identical or different ligands, 

R1  is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical 
R2, R3, R4, Rs are identical or different and are each hydrogen, organic or inorganic 

20 radicals, 
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R6 	 i s an 	alkyl, 	cycloalkyl, 	alkenyl, 	alkynyl, 	aryl, 	alkoxy, 	alkenyloxy, 

alkynyloxy, 	aryloxy, 	alkoxycarbonyl, 	alkylamino, 	alkylthio, 	arylthio, 

alkylsulphonyl or alkylsulphinyl radical, each of which may optionally be 

substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 

5 radicals, 

R7 

	

	 is hydrogen or an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, 

arylthio, alkylsulphonyl or alkylsulphinyl radical, each of which may 

optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or 

10 heteroaryl radicals, and 

L 	 is a ligand. 

15 

The term "substituted" used for the purposes of the present patent application means that a hydrogen 

atom on an indicated radical or atom has been replaced by one of the groups indicated in each case, 

with the proviso that the valency of the atom indicated is not exceeded and the substitution leads to a 

stable compound. 

For the purposes of the present patent application and invention, all the definitions of radicals, 

parameters or explanations given above or below in general terms or in preferred ranges can be 

20 combined with one another in any way, i.e. including combinations of the respective ranges and 

preferred ranges. 

In the catalysts of the general formula (I) as well as in the novel catalysts of the general formulae 

(Ia) and (Ib), L is a ligand, usually a ligand having an electron donor function. L can be a P(X3)3  

25 radical, where the radicals X3  are each, independently of one another, Ci-C6-alkyl, C3-Cg-cycloalkyl 

or aryl or L is a substituted or unsubstituted imidazolidine radical ("Im"). 

Ci-C6-Alkyl is, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 

n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 1-ethylpropyl or n-hexyl. 

30 

C3-C8-Cycloalkyl encompasses cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 

cyclooctyl. 
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Aryl encompasses an aromatic radical having from 6 to 24 skeletal carbon atoms. Preferred 

monocyclic, bicyclic or tricyclic carbocyclic aromatic radicals having from 6 to 10 skeletal carbon 

atoms are, for example, phenyl, biphenyl, naphthyl, phenanthrenyl and anthracenyl. 

5 The imidazolidine radical (Im) usually has a structure of the general formula (Ha) or (Hb), 

R$ 	R9 	R8 
 

rR
9 

R
ii NTN Rio 

R
ii...---NTN Rio 

where 

(11a) (11b) 

R8, R9, R10, R11 are identical or different and are each hydrogen, straight-chain or branched C1-C3o- 

alkyl, preferably Ci-C20-alkyl, C3-C20-cycloalkyl, preferably C3-Cio-cycloalkyl, C2- 

10 C20-alkenyl, preferably C2-Cio-alkenyl, C2-C20-alkynyl, preferably C2-Cio-alkynyl, 

C6-C24-aryl, 	preferably 	C6-C i4-aryl, 	C 1  -C20-carb oxylate, 	preferably 	C 1 -C io- 

carboxylate, Ci-C20-alkoxy, preferably Ci-Cio-alkoxy, C2-C20-alkenyloxy, preferably 

C2-Cio-alkenyloxy, 	C2-C2o-alkynyloxy, 	preferably 	C2-Cio-alkynyloxy, 	C6-C2o- 

aryloxy, 	preferably 	C6-Ci4-aryloxy, 	C2-C20-alkoxycarbonyl, 	preferably 	C2-Cio- 

15 alkoxycarbonyl, 	Ci-C20-alkylthio, 	preferably 	Ci-Cio-alkylthio, 	C6-C20-arylthio, 

preferably C6-Ci4-arylthio, C 1  -C20-alkylsulphonyl, preferably C 1  -C io-alkylsulphonyl, 

Ci-C20-alkylsulphonate, preferably Ci-Cio-alkylsulphonate, C6-C20-arylsulphonate, 

preferably 	C6-Ci4-arylsulphonate, 	or 	Ci-C20-alkylsulphinyl, 	preferably 	C1-Cio- 

alkylsulphinyl. 

20 

One or more of the radicals R8, R9,  RioR11  may, independently of one another, optionally be , 

substituted by one or more substituents, preferably straight-chain or branched Ci-Cio-alkyl, C3-C8- 

cycloalkyl, Ci-Cio-alkoxy or C6-C24-aryl, where these abovementioned substituents may in turn be 

substituted by one or more radicals, preferably selected from the group consisting of halogen, in 

25 particular chlorine or bromine, Ci-05-alkyl, Ci-05-alkoxy and phenyl. 

In a preferred embodiment of the catalysts of the general formula (I) as well as in a preferred 

embodiment of the novel catalysts of the general formulae (Ia) and (Ib), R8  and R9  are each, 

independently of one another, hydrogen, C6-C24-aryl, particularly preferably phenyl, straight-chain or 

30 branched Ci-Cio-alkyl, particularly preferably propyl or butyl, or together form, with inclusion of the 

carbon atoms to which they are bound, a cycloalkyl or aryl radical, where all the abovementioned 
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radicals may in turn be substituted by one or more further radicals selected from the group consisting 

of straight-chain or branched Ci-Cio-alkyl, Ci-Cio-alkoxy, C6-C24-aryl and functional groups selected 

from the group consisting of hydroxy, thiol, thioether, ketone, aldehyde, ester, ether, amine, imine, 

5 

amide, nitro, carboxyl, disulphide, carbonate, isocyanate, carbodiimide, 

halogen. 

carboalkoxy, carbamate and 

In a preferred embodiment of the catalysts of the general formula (I) as well as in a preferred 

embodiment of the novel catalysts of the general formulae (Ia) and (Ib), the radicals R1°  and R11 are 

identical or different and are each straight-chain or branched C1-C1°-alkyl, particularly preferably i- 

10 propyl or neopentyl, C3-Cio-cycloalkyl, preferably adamantyl, C6-C24-aryl, particularly preferably 

phenyl, C1-C1°-alkylsulphonate, particularly preferably methanesulphonate, C6-C1°-arylsulphonate, 

particularly preferably p-toluenesulphonate. 

These radicals Rio  and R11  which are mentioned above as being preferred may optionally be 

15 substituted by one or more further radicals selected from the group consisting of straight-chain or 

branched C1-05-alkyl, in particular methyl, C1-05-alkoxy, aryl and functional groups selected from 

the group consisting of hydroxy, thiol, thioether, ketone, aldehyde, ester, ether, amine, imine, amide, 

nitro, carboxyl, disulphide, carbonate, isocyanate, carbodiimide, 

halogen. 

carboalkoxy, carbamate and 

20 

In particular, the radicals Rio  and R11  are identical or different and are each i-propyl, neopentyl, 

adamantyl or mesityl. 

25 

Particularly preferred imidazolidine radicals (Im) have the structures (IIIa-f), where Mes is in each 

caes a 2,4,6-trimethylphenyl radical. 

N N 
Mes y 	Mes 	Mes

NyN
Mes 

(111a) 	 (111b) 
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Mes 	y Mes 	Mes 	y Mes 

(111c) (111d) 

Bu\ 	 Bu
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	(Bu 

(

Bu 

1 
N 	N 	 N 	N 

Mes T Mes 	Mes 	T Mes 

(111e) 	 (111f) 

In the catalysts of the general formula (I) as well as in the novel catalysts of the general formulae 

(Ia) and (Ib), Xi  and X2  are identical or different ligands and can be, for example, hydrogen, 

5 	halogen, pseudohalogen, straight-chain or branched Ci-C3o-alkyl, C6-C24-aryl, Ci-C2o-alkoxy, C6- 

C24-aryloxy, 	C3-C20-alkyldiketonate, 	C6-C24-aryldiketonate, 	Ci-C20-carboxylate, 	CI-Car 

alkylsulphonate, C6-C24-arylsulphonate, C1-C2o-alkylthiol, C6-C24-arylthiol, Ci-C20-alkylsulphonyl or 

C 1  -C20- alkylsulphinyl. 

10 	The abovementioned radicals X1  and X2  can also be substituted by one or more further radicals, for 

example by halogen, preferably fluorine, Ci-Cio-alkyl, Ci-Cio-alkoxy or C6-C24-aryl radicals, where 

the latter radicals may optionally also in turn be substituted by one or more substituents selected 

from the group consisting of halogen, preferably fluorine, C1-05-alkyl, C1-05-alkoxy and phenyl. 

15 	In a preferred embodiment, X1  and X2  are identical or different and are each halogen, in particular 

fluorine, chlorine or bromine, benzoate, Ci-05-carboxylate, C1-05-alkyl, phenoxy, C1-05-alkoxy, CI- 

C5-alkylthiol, C6-C24-arylthiol, C6-C24-aryl or C1-05-alkylsulphonate. 

In a particularly preferred embodiment, X1  and X2  are identical and are each halogen, in particular 

20 	chlorine, CF3C00, CH3C00, CFH2C00, (CH3)3CO3  (CF3)2(CH3)CO, (CF3)(CH3)2CO, PhO 

(phenoxy), MeO 	(methoxy), 	EtO 	(ethoxy), 	tosylate 	(p-CH3-C6H4-S03), 	mesylate 	(2,4,6- 

trimethylphenyl) or CF3SO3  (trifluoromethanesulphonate). 

In the general formula (I) as well as in the general formulae (Ia) and (Ib), the radicals R6  and R7  are 

25 	an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 

alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl radical, each of which may 

optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl radicals. 
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The radicals R6  and R7  are usually a Ci-C3o-alkyl, C3-C20-cycloalkyl, C2-C20-alkenyl, C2-C20-alkynyl, 

C6-C24-aryl, 	Ci-C20-alkoxy, 	C2-C20-alkenyloxy, 	C2-C20-alkynyloxy, 	C6-C24-aryloxy, 	C2-C2o- 

alkoxycarbonyl, Ci-C20-alkylamino, Ci-C20-alkylthio, C6-C24-arylthio, Ci-C20-alkylsulphonyl or CI- 

5 

C20-alkylsulphinyl radical, each of which may optionally be substituted by one or more alkyl, alkoxy, 

aryl or heteroaryl radicals. 

The radical R7  can also be hydrogen. 

R6  and R7  are preferably a C3-C20-cycloalkyl radical, a C6-C24-aryl radical or a straight-chain or 

10 branched Ci-C3o-alkyl radical, with the latter optionally being able to be interrupted by one or more 

double or triple bonds or one or more heteroatoms, preferably oxygen or nitrogen. 

The C3-C20-cycloalkyl radical encompasses, for example, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, cycloheptyl and cyclooctyl. 

15 

The Ci-C12-alkyl radical can be, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 

tert-butyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 1-ethylpropyl, n-hexyl, 

n-heptyl, n-octyl, n-decyl or n-dodecyl. In particular, R1  is methyl or isopropyl. 

20 The C6-C24-aryl radical is an aromatic radical having from 6 to 24 skeletal carbon atoms. As 

particularly preferred monocyclic, bicyclic or tricyclic carbocyclic aromatic radicals having from 6 

to 10 skeletal carbon atoms, mention may be made by way of example of phenyl, biphenyl, naphthyl, 

phenanthrenyl or anthracenyl. 

25 In the general formula (I) as well as in the general formulae (Ia) and (Ib), the radicals R2, R3, R4  and 

R5  are identical or different and can be hydrogen, organic or inorganic radicals. 

30 

In a preferred embodiment, R2, R3, R4, R5  are identical or different and are each hydrogen, halogen, 

nitro, CF3, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, alkynyloxy, aryloxy, 

alkoxycarbonyl, alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl, each of which may 

optionally be substituted by one or more alkyl, alkoxy, halogen, aryl or heteroaryl radicals. 

35 

R2, R3, R4, R5  are usually identical or different and are each hydrogen, halogen, preferably chlorine 

or bromine, nitro, CF3, Ci-C30-alkyl, C3-C20-cycloalkyl, C2-C20-alkenyl, C2-C20-alkynyl, C6-C24-aryl, 

Ci-C20-alkoxy, C2-C20-alkenyloxy, C2-C20-alkynyloxy, C6-C24-aryloxy, C2-C20-alkoxycarbonyl, CI- 
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C20-alkylamino, Ci-C20-alkylthio, C6-C24-arylthio, Ci-C20-alkylsulphonyl or Ci-C20-alkylsulphinyl, 

each of which may optionally be substituted by one or more Ci-C3o-alkyl, Ci-C20-alkoxy, halogen, 

C6-C24-aryl or heteroaryl radicals. 

5 In a particularly useful embodiment, R2, R3, R4, R5  are identical or different and are each nitro, a 

straight-chain or branched Ci-C3o-alkyl or C6-C20-cycloalkyl radical, a straight-chain or branched 

Ci-C20-alkoxy radical or a C6-C24—aryl radical, preferably phenyl or naphthyl. The Ci-C3o-alkyl 

radicals and Ci-C20-alkoxy radicals may optionally be interrupted by one or more double or triple 

bonds or one or more heteroatoms, preferably oxygen or nitrogen. 

10 

Furthermore, two or more of the radicals R2, R3, R4  or R5  can be bridged via aliphatic or aromatic 

structures. For example, R3  and R4  can, with inclusion of the carbon atoms to which they are bound 

in the phenyl ring of the formula (I), form a fused-on phenyl ring so that overall a naphthyl structure 

results. 

15 

In the general formula (I) as well as in the general formulae (Ia) and (Ib), RI  is hydrogen or an alkyl, 

alkenyl, alkynyl or aryl radical. RI  is preferably hydrogen or a Ci-C30-alkyl radical, a C2-C20-alkenyl 

radical, a C2-C20-alkynyl radical or a C6-C24-aryl radical. RI  is particularly preferably hydrogen. 

20 Particularly suitable catalysts for use in the process according to the invention are catalysts of the 

general formula (IV) 

L 

X i,„„ , ,,, — I 	Rz i\A  

X1 T 

46/
R 

 (IV) 

___ 
0 

R6 	R5 	R4  

where 

M, L, XI, X2, R1, R2, R3, R4, R5, R6  and R7  have the meanings given for the general formula (I). 

25 

Some of the catalysts of formula (I) are known in principle, for example from WO 2008/034552 Al 

(Anit et al.), and can be obtained by preparative methods or in analogy to the preparative methods 

indicated there. 



5 

10 

15 

20 

25 
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Particular preference is given to catalysts of the general formula (IV) in which 

M 	 is ruthenium, 

X1  and X2 	are both halogen, in particular, both chlorine, 

R1 	 is hydrogen, 

R2, R3, R4, R5 	have the meanings given for the general formula (I), 

R6, R7 	has the meanings given for the general formula (I) and 

L 	 has the meanings given for the general formula (I). 

Very particular preference is given to catalysts of the general formula (IV) in which 

M 	 is ruthenium, 

X1  and X2 	are both chlorine, 

R1 	 is hydrogen, 

R2, R3, R4, R5 	are all hydrogen, 

R6 	 is methyl 

R7 	 is methyl and 

L 	 is a substituted or unsubstituted imidazolidine radical of the formula (Ha) or (Hb), 

8 R 	R9 	R8 
 (R9 

R
it.--NTN...Rio 

R
ii NTN Rio 

where 

(11a) (11b) 

Rs, R9, RR)
, 
 — 11 K 	are identical or different and are each hydrogen, straight-chain or branched C1-C3o- 

alkyl, 	C3-C20-cycloalkyl, 	C2-C20-alkenyl, 	C2-C20-alkynyl, 	C6-C24-aryl, 	CI-Car 

carb oxylate, C 1  -C20- alkoxy, C2-C20- alkenyloxy, C2-C20-alkynyloxy, C6-C24-aryloxy, 

C2-C20-allcoxycarbonyl, Ci-C20-alkylthio, C6-C24-arylthio, Ci-C20-alkylsulphonyl, C1- 

C20-alkylsulphonate, C6-C24-arylsulphonate or Ci-C20-alkylsulphinyl. 

A very particularly preferred catalyst which comes under the general structural formula (IV) is that 

of the formula (V) 
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/ 	\ 
Mes—N Nv N—Mes 

H 3c 

Ciull„„ it 

I
CI 

(V) 
 . 

H,C
/4:::------ 0 

which is also referred to herein as "Arlt catalyst". 

Further suitable catalysts which come under the general structural formula (IV) are those of the 

5 	formulae (VI), (VII), (VIII), (IX), (X), (XI), (XII) and (X11), where Mes is in each case a 2,4,6- 

trimethylphenyl radical. 

/ 	\ 
Mes —N Nz N—Mes 	 / 	\ 

	

Mes—N 	N—Mes Nz 

F3Cs03non... 
IU  — F3cc02nOnns - it 

F3CS01'  
F3CCO1 

H3C H3C 

............,:,.... ..... ......%. .... 0 0H3C H3C 
(VI) (VII) 

/ 	\ / \ 
Mes —NNz  N—Mes 	 Mes —NNz  N—Mes 

cIno,, ,,, I  — Clo,,''' I R u— 
C114  CI (CH3)N 

H3C 	do H3c46, 
NO2  St

0  

0 

,,...... 
o .,..... 

.
... 	.......,,. o H3C 	 H3C 

10 	 (VIII) 	 (IX) 
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/ 
Mes—N Nz 

in C. -NbIll 

\ 
N— M es 

I — R  
/ 	\ 	 Cli Mes —N N  

0 1 /huh  ff f  

zN—Mes 
H3C 

Iu  - R   
• 

Cl/
O  

I4  

H3C161 

HC 3  
,c,....... 

0 

(X) 

/ 

(xi) 

\ 
/ 

Mes —NN,N—Mes 
\ 	 Mes—N Nz 

ICluebh,Ru— 	
clullo, 

CI 

N—Mes 

I 
R  

cil 

H 

H3C 

5 

Preferred 

(Iaa): 

,,,.... 
..
.. 

0 

(XII) 

novel catalysts of the general 

L 

xi ,,,,,, " 
X1  

formulae (Ia) and (Ib) 

I Os 

O 
 

(xiii) 

are catalysts of the following structure 

,,7
R3

6 (Iaa) 

R6 .-------- 

where 

10 	X1  and X2 	 are identical 

R5 	R4  

or different ligands, 
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RI 	 is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical 

5 

10 

R2, R3, R4, R5 	are identical or different and are each hydrogen, organic or inorganic 

radicals, 

R6 	 is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, 

alkynyloxy, 	aryloxy, 	alkoxycarbonyl, 	alkylamino, 	alkylthio, 	arylthio, 

alkylsulphonyl or alkylsulphinyl radical, each of which may optionally be 

substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 

radicals, 

R7 	 is hydrogen or an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, 

arylthio, alkylsulphonyl or alkylsulphinyl radical, each of which may 

optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or 

heteroaryl radicals, and 

L 	 is a ligand. 

15 The catalysts of formulae (Ia) and (Ib), especially the catalysts of formula (Iaa) can be obtained by 

in analogy to the preparative methods indicated for example in WO 2008/034552 Al (Anil et al.). 

In an alternative embodiment, it is also possible to use dendritic catalysts of the general formula 

(XIV) in the process of the present invention, 

D1  

D4 	S i — D2 	(XIV) 

20 3  D 

where DI, D2, D3  and D4  each have a structure of the general formula (XV) which is bound via the 

methylene group to the silicon of the formula (XIV), 
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L 

X%,,,,,,,,, I — 	R 	R2  
X1'1'  

IR Y 
CH 

3  I 
0.........,....„,..--.....

„......„
Ii 	 CH„

..,..„.„
,..".........

„. 
	2  

R6 	 ° 	
RS 

O 	
CH3 

where 

(XV) 

M, L, X1, X2, Ri, R2, R3, R5, R6  and R7  have the meanings given for the general formula (I) or can 

have the meanings given for all the abovementioned 

preferred or particularly preferred embodiments. 

Such catalysts of the similar formula (XV) are known from US 2002/0107138 Al and can be 

prepared according to the information given there. 

All the abovementioned catalysts of the formulae (I), (Ia), (IB), (W)-(XIII), (XIV), (Iaa) and (XV) 

can either be used as such for the NBR metathesis or can be applied to and immobilized on a solid 

support. As solid phases or supports, it is possible to use materials which firstly are inert towards 

the reaction mixture of the metathesis and secondly do not impair the activity of the catalyst. It is 

possible to use, for example, metals, glass, polymers, ceramic, organic polymer spheres or inorganic 

sol-gels for immobilizing the catalyst. 

The catalysts of all the abovementioned general and specific formulae (I), (Ia), (IB), (IV)-(XIII), 

(XIV), (Iaa) and (XV) are highly suitable for the metathetic degradation of nitrile rubber. 

In the process according to the invention, a nitrile rubber is subjected to a metathesis reaction in the 

presence of a catalyst of the general formula (I) or in the presence of a catalyst of one of the 

formulae (Ia) or (Ib). 

The weight amount of the catalyst used according to the invention for the metathesis depends on the 

nature and the catalytic activity of the specific catalyst. The amount of catalyst used is from 1 to 

1000 ppm of noble metal, preferably from 5 to 500 ppm, in particular from 5 to 250 ppm, based on 

the nitrile rubber used. It has surprisingly been found by the inventors of the present invention that 



WO 2011/023674 
	

PCT/EP2010/062296 
- 19 - 

with the same amount of the catalyst of formula (I) or of the formulae (Ia) or (Ib) according to the 

present invention NBR with lower molecular weight is obtained compared with the use of a catalyst 

known in the art as useful for the metathesis of nitrile rubbers, for example the Grubb's II catalyst. 

5 

10 

The NBR metathesis can be carried out without a coolefin or in the presence of a coolefin. This is 

preferably a straight-chain or branched C2-C16-olefin. Suitable coolefins are, for example, ethylene, 

propylene, isobutene, styrene, 1-hexene and 1-octene. Preference is given to using 1-hexene or 1-

octene. If the coolefin is liquid (as in the case of, for example, 1-hexene), the amount of coolefin is 

preferably in the range 0.2-20% by weight based on the nitrile rubber used. If the coolefin is a gas, 

as in the case of, for example, ethylene, the amount of coolefin is selected so that a pressure in the 

range 1 x 105  Pa — 1 x 107  Pa, preferably a pressure in the range from 5.2 x 105  Pa to 4 x 106  Pa, is 

established in the reaction vessel at room temperature. 

The metathesis reaction is carried out in a suitable solvent, 	preferably a solvent which does not 

15 deactivate the catalyst used and also does not adversely affect the reaction in any other way. 

Preferred solvents are organic solvents and include but are not restricted to dichloromethane, 

benzene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran, tetrahydropyran, dioxane and 

cyclohexane. The particularly preferred solvent is chlorobenzene. In some cases, when the coolefin 

itself can function as solvent, e.g. in the case of 1-hexene, the addition of a further additional solvent 

20 can also be omitted. 

The concentration of the nitrile rubber used in the reaction mixture of the metathesis is not critical, 

but care naturally has to be taken to ensure that the reaction is not adversely affected by an 

excessively high viscosity of the reaction mixture and the mixing problems associated therewith. The 

25 concentration of NBR in the reaction mixture is preferably in the range from 1 to 20% by weight, 

particularly preferably in the range from 5 to 15% by weight, based on the total reaction mixture. 

The metathetic degradation is usually carried out at a temperature in the range from 10°C to 150°C, 

preferably in the range from 20°C to 100°C. 

30 

The reaction time depends on a number of factors, for example, on the type of NBR, the type of 

catalyst, the catalyst concentration used and the reaction temperature. The reaction is typically 

complete within three hours under normal conditions. The progress of the metathesis can be 

monitored by standard analytical methods, e.g. by GPC measurement or by determination of the 

35 	viscosity. 
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As nitrile rubbers ("NBR"), it is possible to use copolymers or terpolymers which comprise 

repeating units of at least one conjugated diene, at least one 4-unsaturated nitrite and, if desired, 

one or more further copolymerizable monomers in the metathesis reaction. 

5 

The conjugated diene can be of any nature. Preference is given to using (C4-C6) conjugated dienes. 

Particular preference is given to 1,3-butadiene, isoprene, 2,3-dimethylbutadiene, piperylene or 

mixtures thereof. Very particular preference is given to 1,3-butadiene and isoprene or mixtures 

thereof Especial preference is given to 1,3-butadiene. 

10 

As 4-unsaturated nitrile, it is possible to use any known 4-unsaturated nitrile, preferably a (C3- 

C5) 4-unsaturated nitrile such as acrylonitrile, methacrylonitrile, ethacrylonitrile or mixtures 

thereof Particular preference is given to acrylonitrile. 

15 A particularly preferred nitrite rubber is thus a copolymer of acrylonitrile and 1,3-butadiene. 

Apart from the conjugated diene and the 4-unsaturated nitrile, it is possible to use one or more 

further copolymerizable monomers known to those skilled in the art, 	e.g. 	4-unsaturated 

monocarboxylic or dicarboxylic acids, their esters or amides. As 4-unsaturated monocarboxylic or 

20 dicarboxylic acids, preference is given to fumaric acid, maleic acid, acrylic acid and methacrylic 

acid. As esters of 4-unsaturated carboxylic acids, preference is given to using their alkyl esters and 

alkoxyalkyl esters. Particularly preferred alkyl esters of 4-unsaturated carboxylic acids are methyl 

acrylate, ethyl acrylate, butyl acrylate, butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl 

methacrylate and octyl acrylate. Particularly preferred alkoxyalkyl esters of 4-unsaturated 

25 carboxylic acids are methoxyethyl (meth)acrylate, ethoxyethyl (meth)acrylate and methoxyethyl 

(meth)acrylate. It is also possible to use mixtures of alkyl esters, e.g. those mentioned above, with 

alkoxyalkyl esters, e.g. in the form of those mentioned above. 

The proportions of conjugated diene and 4-unsaturated nitrite in the NBR polymers to be used can 

30 vary within wide ranges. The proportion of or of the sum of the conjugated dienes is usually in the 

range from 40 to 90% by weight, preferably in the range from 55 to 75% by weight, based on the 

total polymer. The proportion of or of the sum of the 4-unsaturated nitriles is usually from 10 to 

60% by weight, preferably from 25 to 45% by weight, based on the total polymer. The proportions 

of the monomers in each case add up to 100% by weight. The additional monomers can be present in 

35 amounts of from 0 to 40% by weight, preferably from 0.1 to 40% by weight, particularly preferably 
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from 1 to 30% by weight, based on the total polymer. In this case, corresponding proportions of the 

conjugated diene or dienes and/or of the 4-unsaturated nitrile or nitriles are replaced by the 

proportions of the additional monomers, with the proportions of all monomers in each case adding up 

to 100% by weight. 

5 

The preparation of nitrile rubbers by polymerization of the abovementioned monomers is adequately 

known to those skilled in the art and is comprehensively described in the polymer literature. 

10 

Nitrile rubbers which can be used for the purposes of the invention are also commercially available, 

e.g. as products from the product range of the trade names Perbunan®  and Krynac®  from Lanxess 

Deutschland GmbH. 

15 

The nitrile rubbers used for the metathesis have a Mooney viscosity (ML 1+4 at 100°C) in the range 

from 24 to 70, preferably from 28 to 40. This corresponds to a weight average molecular weight M, 

in the range 200 000 — 500 000, preferably in the range 200 000 — 400 000. The nitrile rubbers used 

also have a polydispersity PDI = Mw/Mii, where M, is the weight average molecular weight and Mii  

is the number average molecular weight, in the range 2.0 — 6.0 and preferably in the range 2.0 — 4.0. 

The determination of the Mooney viscosity is carried out in accordance with ASTM standard 

20 D 1646. 

The nitrile rubbers obtained by the metathesis process according to the invention have a Mooney 

viscosity (ML 1+4 at 100°C) in the range 1 to 30, preferably 10 to 20. This corresponds to a weight 

average molecular weight M, in the range 10 000 — 250 000, preferably in the range 20 000 — 

25 150 000. The nitrile rubbers obtained also have a polydispersity PDI = Mw/Mii, where Mii  is the 

number average molecular weight, in the range 1.5 — 4.0, preferably in the range 1.7 — 3. 

The metathetic degradation process according to the invention can be followed by a hydrogenation of 

the degraded nitrile rubbers obtained. This can be carried out in the manner known to those skilled in 

30 the art. 

It is possible to carry out the hydrogenation with use of homogeneous or heterogeneous 

hydrogenation catalysts. It is also possible to carry out the hydrogenation in situ, i.e. in the same 

reaction vessel in which the metathetic degradation has previously also been carried out and without 
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the necessity of isolating the degraded nitrile rubber. The hydrogenation catalyst is simply added to 

the reaction vessel. 

The catalysts used are usually based on rhodium, ruthenium or titanium, but it is also possible to use 

5 platinum, iridium, palladium, rhenium, osmium, cobalt or copper either as metal or preferably in the 

form of metal compounds (cf., for example, US-A-3,700,637, DE-A-25 39 132, EP-A-0 134 023, 

DE-A-35 41 6 8 9 , D E-A-35 40 918, 	EP-A-0 298 386, 	DE-A-35 29 2 5 2 , DE-A-34 33 392, 

US-A-4,464,515 and US-A-4,503,196). 

10 Suitable catalysts and solvents for a hydrogenation in the homogeneous phase are described below 

and are also known from DE-A-25 39 132 and EP-A-0 471 250. The selective hydrogenation can be 

achieved, for example, in the presence of a rhodium- or ruthenium-containing catalyst. It is possible 

to use, for example, a catalyst of the general formula 

15 

20 

(Ri'mB)1 M' X'ii , 

where M' is ruthenium or rhodium, the radicals R1' are identical or different and are each a Ci-C8-

alkyl group, a C4-Cg-cycloalkyl group, a C6-C15-aryl group or a C7-C15-aralkyl group. B is 

phosphorus, arsenic, sulphur or a sulphoxide group S=O, X' is hydrogen or an anion, preferably 

halogen and particularly preferably chlorine or bromine, 1 is 2, 3 or 4, m is 2 or 3 and n is 1, 2 or 3, 

preferably 1 or 3. Preferred catalysts are tris(triphenylphosphine)rhodium(I) chloride, 

tris(triphenylphosphine)rhodium(III) chloride and tris(dimethyl sulphoxide)rhodium(III) chloride and 

also 	tetrakis(triphenylphosphine)rhodium 	hydride 	of 	the 	formula 	(C6H5)3P)4RhH and the 

corresponding compounds in which the triphenylphosphine has been completely or partly replaced by 

tricyclohexylphosphine. The catalyst can be utilized in small amounts. An amount in the range 

0.01-1% by weight, preferably in the range 0.03-0.5% by weight and particularly preferably in the 

25 range 0.1-0.3% by weight, based on the weight of the polymer, is suitable. 

It is usually appropriate to use the catalyst together with a cocatalyst which is a ligand of the 

formula RI:11,B, where R1', m and B have the meanings given above for the catalyst. Preferably, m is 

30 

3, B is phosphorus and the radicals R1' can be identical or different. Preference is given to 

cocatalysts having trialkyl, tricycloalkyl, triaryl, triaralkyl, diaryl-monoalkyl, diaryl-monocycloalkyl, 

dialkyl-monoaryl, dialkyl-monocycloalkyl, dicycloalkyl-monoaryl or dicycloalkyl-monoaryl radicals. 

Examples of cocatalysts may be found in, for example, US-A-4,631,315. A preferred cocatalyst is 

triphenylphosphine. The cocatalyst is preferably used in amounts in the range 0.3-5% by weight, 

preferably in the range 0.5-4% by weight, based on the weight of the nitrile rubber to be 

35 hydrogenated. Furthermore, the weight ratio of the rhodium-containing catalyst to the cocatalyst is 
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preferably in the range from 1:3 to 1:55, more preferably in the range from 1:5 to 1:45. Based on 

100 parts by weight of the nitrile rubber to be hydrogenated, it is appropriate to use from 0.1 to 33 

parts by weight of the cocatalyst, preferably from 0.5 to 20 parts by weight and very particularly 

preferably from 1 to 5 parts by weight, in particular more than 2 but less than 5 parts by weight, of 

5 cocatalyst per 100 parts by weight of the nitrile rubber to be hydrogenated. 

The practical implementation of this hydrogenation is adequately known to those skilled in the art 

from US-A-6,683,136. It is usually carried out by treating the nitrile rubber to be hydrogenated in a 

solvent such as toluene or monochlorobenzene with hydrogen at a temperature in the range from 100 

10 to 150°C and a pressure in the range from 50 to 150 bar for from 2 to 10 hours. 

For the purposes of the present invention, hydrogenation is a reaction of the double bonds present in 

the starting nitrile rubber to an extent of at least 50%, preferably 70-100%, particularly preferably 

80-100%. 

15 

When heterogeneous catalysts are used, these are usually supported catalysts based on palladium 

which are, for example, supported on carbon, silica, calcium carbonate or barium sulphate. 

After conclusion of the hydrogenation, a hydrogenated nitrile rubber having a Mooney viscosity 

20 (ML 1+4 at 100°C), measured in accordance with ASTM standard D 1646, in the range from 1 to 

50, preferably from 10 to 40, is obtained. This corresponds to a weight average molecular weight 

M, in the range 2000-400 000 g/mol, preferably in the range 20 000-200 000. The hydrogenated 

nitrile rubbers obtained also have a polydispersity PDI = Mw/Mi„ where M, is the weight average 

molecular weight and Mii  is the number average molecular weight, in the range 1-5 and preferably in 

25 the range 1.5-3. 
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EXAMPLES 

Metathetic degradation of nitrile rubber in the presence of various Ru catalysts 

In the following examples, it is shown that, in each case at the same amount of ruthenium, the 

5 metathesis activity of the catalysts of the general structural formula (I) is higher than when the 

Grubbs II catalyst is used. 

The following catalysts were used: 

"Arlt catalyst" (according to the invention): 

I--\ 
Mes —N NzN—Mes 

Ci IH,C 

Clan ., I 
Ru— 

.„:......7........... 
0 H 3C 10 

The Arlt catalyst was procured from Umicore AG & Co. 

Grubbs II catalyst (comparison): 

1 	1 
Mes—N N—Mes 

CI ,,,,,,,,,,, 

CI  1 
PCy3  

15 The Grubbs II catalyst was procured from Materia (Pasadena/California). 

The degradation reactions described below were carried out using the nitrile rubber Perbunan®  

NT 3429 from Lanxess Deutschland GmbH which had the following characteristic properties: 

20 Acrylonitrile content: 	 34% by weight 

Mooney viscosity (ML 1+4 @100°C): 	27 Mooney units 

Residual moisture content: 	 <0,5% by weight 

Mw: 	 255,000 g/mol 

Mil: 	 76,000 g/mol 
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PDI (Mw/M„): 	 3,36 

In the text that follows, this nitrile rubber is referred to as NBR for short. 

General description of the metathesis reactions carried out 

5 The metathetic degradation was in each case carried out using 500 g of chlorobenzene (hereinafter 

referred to as "MCB" which can be purchased from Aldrich). 75g of NBR were dissolved therein at 

room temperature over a period of 10 hours. 3.0 g (4 phr) of 1-hexene was in each case added to the 

NBR-containing solution and the mixture was stirred for 120 minutes to homogenize it. 

10 The metathesis reactions were carried out using the amounts of starting materials indicated in the 

following tables at room temperature. 

The Ru-containing catalysts were in each case dissolved in 20 g of MCB at room temperature. The 

addition of the catalyst solutions to the NBR solutions in MCB was carried out immediately after the 

15 preparation of the catalyst solutions. After the reaction times indicated below in the tables, the 

polymer solution was coagulated using methods standard to those in the art such as through steam 

coagulation or alcohol precipitation. Once the solid polymer was isolated, the polymer was thermally 

dried with temperatures ranging from 20 to 140°C, preferably ranging from 40 to 100°C, until the 

volatile material content was less than 2%, preferably less than 1%. 

20 

GPC measurements were carried out according to DIN 55672-1 version 2007. 

Following characteristic properties were determined by means of GPC analysis both for the original 

NBR rubber (before degradation) and for the degraded nitrile rubbers: 

25 

M, [kg/mol]: 	weight average molar mass 

Mii  [kg/mol]: 	number average molar mass 

PDI: 	width of the molar mass distribution (Mw/M„) 



WO 2011/023674 
	

PCT/EP2010/062296 
- 26 - 

Example 1.1  

"Arlt catalyst" 

Example 

using 0.003 phr of catalyst and 4.0 phr of 1-hexene 

and the 

catalyst 

NBR "Arlt catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0023 0.003 3.0 4.0 23 

Analytical data "Arlt catalyst" 

Brookfield Viscosity (cP) 912 

Mooney Viscosity* 16,5 

M, [kg/mol] 195143 

Mii  [kg/mol] 66484 

PDI 2.94 

1.2 (comparison) 

*ML 1+4 @ 100 °C 

of catalyst and 4.0 phr of 1-hexene "Grubbs 

In comparison 

molecular 

of 0.003phr 

II catalyst" using 0.003phr 

NBR "Grubbs II catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0023 0.003 3.0 4.0 23 

to 

weight 

viscosity 

of 

Analytical data "Grubbs II catalyst" 

Brookfield Viscosity 915 

Mooney Viscosity* 16,8 

M, [kg/mol] 220324 

Mii  [kg/mol] 75000 

PDI 2.94 

the activity 

*ML 1+4 @ 100 °C 

the original Perbunan NT 3429, the decrease in the Mooney 

properties M, and Mii  in Examples 1.1 and 1.2 shows that at an amount 

of the "Arlt catalyst" is higher than that of the "Grubbs II catalyst". 
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Example 2.1  

"Arlt catalyst" 

Example 

using 0.007 phr of catalyst and 4.0 phr of 1-hexene 

and the 

catalyst 

NBR "Arlt catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0053 0.007 3.0 4.0 23 

Analytical data "Umicore catalyst" 

Brookfield Viscosity 456 

Mooney Viscosity* 9,5 

M, [kg/mol] 144590 

Mii  [kg/mol] 57681 

PDI 2.51 

2.2 (comparison) 

*ML 1+4 @ 100 °C 

of catalyst and 4.0 phr of 1-hexene "Grubbs 

In comparison 

molecular 

of 0.007phr 

II catalyst" using 0.007phr 

NBR "Grubbs II catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0053 0.007 3.0 4.0 23 

to 

weight 

viscosity 

of 

Analytical data "Grubbs II catalyst" 

Brookfield Viscosity 508 

Mooney Viscosity* 10,9 

M, [kg/mol] 168364 

Mii  [kg/mol] 65028 

PDI 2.59 

the activity 

*ML 1+4 @ 100 °C 

the original Perbunan NT 3429, the decrease in the Mooney 

properties M, and Mii  in Examples 2.1 and 2.2 shows that at an amount 

of the "Arlt catalyst" is higher than that of the "Grubbs II catalyst". 
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5 

10 

15 

Exam s le 3.1 

0.015 phr of catalyst and 4.0 phr of using 1-hexene 

and the 

catalyst 

II 

"Arlt catalyst" 

Example 

NBR "Arlt catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0113 0.015 3.0 4.0 23 

Analytical data "Arlt catalyst" 

Brookfield Viscosity 175 

M, [kg/mol] 108946 

Mii  [kg/mol] 47888 

PDI 2.28 

3.2 (comparison) 

*ML 1+4 @ 100 °C 

of catalyst and 4.0 phr of 1-hexene "Grubbs 

In comparison 

molecular 

of 0.015pin-  

catalyst". 

II catalyst" using 0.015phr 

NBR "Grubbs II catalyst" 1-Hexene Temperature 

Amount 

[g] 

Amount 

[g] 

Amount 

[phr] 

[g] [Phr] [°C] 

75 0.0113 0.015 3.0 4.0 23 

to 

weight 

the 

viscosity 

of 

the "Grubbs 

Analytical data "Grubbs II catalyst" 

Brookfield Viscosity 199 

M, [kg/mol] 116546 

Mii  [kg/mol] 51084 

PDI 2.28 

*ML 1+4 @ 100 °C 

the original Perbunan NT 3429, the decrease in the Mooney 

properties M, and Mii  in Examples 3.1 and 3.2 shows that at an amount 

activity of the "Arlt catalyst" is significantly higher than that of 
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The nitrile 

"Grubbs II 

rubbers 

catalyst" 

degraded in the 

were gel-free. 

examples outlined above using both the "Arlt catalyst" and 
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WHAT IS CLAIMED IS: 

1. A process for the metathesis 

general formula (I) 

of nitrile rubbers in the presence of at least one catalyst of the 

L 

)(31 ,,,,, ,,, m  

X1 14  

IR
Rs 

Y (I) 

5 

where 

M 	 is ruthenium or osmium, 

Y 	 is oxygen (0), sulphur (S), an N radical or a P radical, 

X1  and X2 	are identical or different ligands, 

10 R1 	 is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical 

R2, R3, R4, R5 	are identical or different and are each hydrogen, organic or inorganic 

radicals, 

R6 	 is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, 

alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, arylthio, 

15 alkylsulphonyl or alkylsulphinyl radical, each of which may optionally 

be substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 

radicals, 

R7 	 is hydrogen or an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, 

20 alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl radical, each of 

which may optionally be substituted by one or more alkyl, halogen, 

alkoxy, aryl or heteroaryl radicals, and 

L 	 is a ligand. 

25 2. Process according to Claim 1, wherein L in the general formula (I) is a P(X3
)3 radical, where 

the radicals X3  are each, independently of one another, Ci-C6-alkyl, C3-Cg-cycloalkyl or aryl 

or L is a substituted or unsubstituted imidazolidine radical ("Im"). 

3. Process according to Claim 2, wherein the imidazolidine radical (Im) has a structure of the 

30 general formula (Ha) or (Hb), 
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R8 	/R9 8 R \ /R9 

1 	i 1 	i 

Rii...--.NTN-..Rio Rii.,--N--T--N-.Rio 

where 

(11a) (11b) 

Rs
,  R9, Rio R11  are identical or different and are each hydrogen, straight-chain or branched 

Ci-C30-alkyl, C3-C20-cycloalkyl, C2-C20-alkenyl, C2-C20-alkynyl, C6-C24-aryl, 

Ci-C20-carboxylate, Ci-C20-alkoxy, C2-C20-alkenyloxy, C2-C20-alkynyloxy, 

C6-C20-aryloxy, 	C2-C20-alkoxycarbonyl, 	Ci-C20-alkylthio, 	C6-C20-arylthio, 

Ci-C20-alkylsulphonyl, Ci-C20-alkylsulphonate, C6-C20-arylsulphonate or CI- 

C20-alkylsulphinyl. 

4.  Process according to Claim 3, wherein the imidazolidine radical (Im) has the structure (IIIa), 

(IIIb), (IIIc), (IIId), (IIIe) or (III0, 

N 	N N 	N 
Mes" T Mes Mes" y Mes 

(111a) (111b) 

Ph) 

	

Ph Ph\  

(

Ph 

( 
N 	N 

1 
N 	N 

Mes y Mes M es 	y Mes 

(111c) (111d) 

Bu (Bu Bu

`I 

 

(

Bu 

)  
N 	N N N 

Mes T Mes Mess  T Mes 

(111e) (111f) 

where Mes is in each case a 2,4,6-trimethylphenyl radical. 

5.  Process according to Claim 1, wherein the process is carried out in the presence of a catalyst 

of the general formula (IV) 
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L 
R1  

xingsh I ### — ivi  

X1 1‘  

R7  
(IV) 

........... 

R60 
	
R5 	R4  

where 

M, L, X1, X2, Ri, R2, R3, R4, R5, R6, R7  have the meanings given for the general formula (I) 

in Claim 1. 

5 

6. 	Process according to Claim 5, wherein, in the general formula (W), 

M is ruthenium, 

X1  and X2  are both chlorine, 

R1  is hydrogen, 

10 	R2, R3, R4, R5 	are all hydrogen, 

R6  is methyl, 

R7  is methyl and 

L is a substituted or unsubstituted imidazolidine radical of the formula (Ha) or 

(Hb), 

R$ 	R9 	R8 
 

r
R

9 

R
ii NTN Rio 

R
ii NTN Rio 

15 (11a) (11b) 

where 

Rs, R9
, 

 RR), R11 are identical or different and are each hydrogen, straight-chain or branched 

Ci-C30-alkyl, C3-C20-cycloalkyl, C2-C20-alkenyl, C2-C20-alkynyl, C6-C24-aryl, 

Ci-C20-carboxylate, Ci-C20-alkoxy, C2-C20-alkenyloxy, C2-C20-alkynyloxy, 

20 C6-C24-aryloxy, 	C2-C20-alkoxycarbonyl, 	Ci-C20-alkylthio, 	C6-C24-arylthio, 

Ci-C20-alkylsulphonyl, Ci-C20-alkylsulphonate, C6-C24-arylsulphonate or C1- 

C20-alkylsulphinyl. 

7. 	Process according to Claim 1, wherein a catalyst of the formula (VI), (VII), (VIII), (IX), 

25 	(X), (XI), (XII) and (X11), where Mes is in each case a 2,4,6-trimethylphenyl radical. 
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/ 

F3cso3un0,,,L_ 

Mes—NN,N—Mes 
\ 	 / 

Mes—NNz  

F3cc02„„„„.! 

\ 
N— Mes 

_ 
F3cs0 F3ccoil 

H3C H3C 

H3C 
‘,...... ........:,,. 0 

H3C 
(VI) 

..... 	.. 	...... 
0 

(VII) 

/ 	\ 

CI Non.. 

Mes—N N,N— Mes / 

MesI 

Nz1—Mes 

RI  U— 	 0111114,,, R  

\ 

C11 (CH3)2N C11 
H3C 

Fl3C 

,.( 
'7 NO2  

H3C 

,........
*...,:,.....

. .
....... 
	

.t.....
. 

0 
H3C 

(VIII) 

Mes—N 

.
.. 	

.
..,....,

.... 

/ 

Ciun, ft'IRu— 

Nz 

0 

(IX) 

\ 
N— Mes 

I 
/ 	\ 	 CI I  

cIllon,,,it 

Mes—NN,N—Mes H3c 

Cl/ 
— 

H3C 

(XI) 

H3C 
‘,...... .. 0 

on 

0 
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/ 	\ 	 / 	\ 
Mes —NNZ  N—Mes 	 M es —N NZ  N— Mes 

Club, 
"" 

H 

 I 
I — 	

CI 

CI 

I Nu, 
''"R I — 

Cl/  
R 

....„... O 

H3C 
0 

(XII) 	 (XIII) 

8.  Process according to Claim 1, wherein the process is carried out in the presence of a catalyst 

of the general formula (XIV), 

D1  

D4  Si-D2  (XIV) 

D
3 

5 

where DI, D2, D3  and D4  each have a structure of the general formula (XV) which is bound 

via the methylene group to the silicon of the formula (XIV), 

L 

xi,,,,,, 	I 	Rz — ''' m  

„1.1,  
127 Y 

CH3  

I 

R6  5  O 	

Oli 	 CH 2  

O 	
CH3 

(XV) 

where 

10 M, L, XI, X2, R1, R2, R3, R5, R6  and R7  have the meanings given for the general formula (I) 

in Claim 1. 

9.  Process according to any one of Claims 1 to 8, wherein the amount of catalyst used is from 1 

to 1000 ppm of noble metal, preferably from 5 to 500 ppm, in particular from 5 to 250 ppm, 

15 based on the nitrile rubber used. 
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10. Process according to any one of Claims 1 to 9, wherein the nitrile rubbers used have a 

Mooney viscosity (ML 1+4 at 100°C) in the range from 24 to 70, preferably from 30 to 50. 

11. Process according to any one of claims 1 to 10, wherein the metathesized nitrile rubber is 

5 subsequently hydrogenated. 

12. A catalyst of formula(Ia) or (Ib) 

L 
R1 	 L 

7 
R 

X21, ,,,, 
"'" 

X1 	416,  

IR1  — 2 

i, 
— 

Os 	 X,,,,,,,,,, 

Xi 

M 

Y 	 oa) 	IR7 y,  R3  (Ib) 

t.......
-................... 

R6  
0 	 0 	R5 	R4  

10 where 

M in formula (Ib) 	is ruthenium or osmium, 

Y in formula (Ia) 	is oxygen (0), sulphur (S), an N radical or a P radical, 

Y' in formula (Ib) 	is sulphur (S), an N radical or a P radical, 

X1  and X2 	are identical or different ligands, 

15 R1 	 is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical 

R2, R3, R4, Rs 	are identical or different and are each hydrogen, organic or inorganic 

radicals, 

R6 	 is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, 

alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, arylthio, 

20 alkylsulphonyl or alkylsulphinyl radical, each of which may optionally 

be substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 

radicals, 

R7 	 is hydrogen or an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, 

25 alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl radical, each of 

which may optionally be substituted by one or more alkyl, halogen, 

alkoxy, aryl or heteroaryl radicals, and 

L 	 is a ligand. 
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13.  The catalyst according to Claim 12, wherein L in the general formula (Ia) and the general 

formula (Ib) is a P(X3)3  radical, where the radicals X3  are each, independently of one another, 

Ci-C6-alkyl, C3-Cg-cycloalkyl or aryl or L is a substituted or unsubstituted imidazolidine 

radical ("Im"). 

5 

14.  The catalyst according to any of Claims 12 or 13, having the general formula (Iaa) 

L 

Xi ,,,,,,," I 
O S— 

X1  

IR7 (Iaa) 
R3 

R
64----....' 

where 

-----0 
R5 	R4  

X1  and X2 	 are identical or different ligands, 

10 R1 	 is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical 

R2, R3, R4, R5 	are identical or different and are each hydrogen, 	organic or 

inorganic radicals, 

R6 	 is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, 

alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio, 

15 arylthio, alkylsulphonyl or alkylsulphinyl radical, each of which 

may optionally be substituted by one or more alkyl, halogen, 

alkoxy, aryl or heteroaryl radicals, 

R7 	 is hydrogen or an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, 

20 alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl radical, each of 

which may optionally be substituted by one or more alkyl, halogen, 

alkoxy, aryl or heteroaryl radicals, and 

L 	 is a ligand. 

25 	15. Use of a catalyst as defined in any one of claims 1 to 8 or of a catalyst as defined in any one 

of claims 12 to 14 for the metathesis of nitrile rubbers. 


