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(57) ABSTRACT 

This invention relates to novel catalyst compositions based on 
Ruthenium- or Osmium-based complex catalysts of the 
Grubbs-Hoveyda, Grela or Zhan type and specific co-cata 
lysts comprising at least one vinyl group, pref. ethyl vinyl 
ether, and to a process for selectively hydrogenating nitrile 
rubbers in the presence of Such catalyst compositions, pref 
erably with a preceding metathesis step using the same com 
plex catalyst as in the hydrogenation step. 
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Figure (10: FT-ER spectra of (H)NBR samples before and during hydrogenation in Ex.1 
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Figure 2/10; FT-R spectra of (H)NBR samples before and during hydrogenation in Ex.2 
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Figure 3/10; FT-IR spectra of (H)NBR samples before and during the hydrogenation in 
Ex. 3 
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Figure 4/10: The hydrogenation degree of (H)NBR samples before and during the 
hydrogenation process in Examples i-3. 
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Figure 5/10: FT-R spectra of (H)N BR samples hefore and during hydrogenation in 
EX, 5. 
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Figure 6/10; The hydrogenation degree of (HONBR samples during the hydrogenation in 
Ex. 5 
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Figure 7/10; FT-IR spectra of (H)NBR samples before and after hydrogenation in Ex. 6 

Krynac 333OF 

Example 6 

. . . . . . . .anpur-Hof T 
AOOO 3800 32O 230 24OO 2000 OO 1200 800 400 

- WaVenumbersicm 

Figure 8/10: FT-R spectra of (H)NBR samples before and after hydrogenation in Ex. 7 
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Figure 910: FT-ER spectra of (HONBR samplics before and after hydrogenation in Ex. 8 
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Figure 1010: Hydrogenation degree of (H)NBR samples during the hydrogenation in 
Ex. 8 
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CATALYST COMPOSITIONS AND THEIR USE 
FOR HYDROGENATION OF NITRILE 

RUBBER 

FIELD OF THE INVENTION 

0001. This invention relates to novel catalyst composi 
tions based on Ruthenium- or Osmium-based complex cata 
lysts with metathetic activity and specific co-catalysts in a 
certain molar ratio and to a process for selectively hydroge 
nating nitrile rubbers in the presence of Such novel catalyst 
compositions. 

BACKGROUND OF THE INVENTION 

0002. The term “acrylonitrile-butadiene rubber” or 
“nitrile rubber', also named as “NBR' for short, shall be 
interpreted broadly and refers to rubbers which are copoly 
mers or terpolymers of at least one C. B-unsaturated nitrile, at 
least one conjugated diene and, if desired, one or more further 
copolymerizable monomers. 
0003 Hydrogenated NBR, also referred to as “HNBR' for 
short, is produced commercially by hydrogenation of NBR. 
Accordingly, the selective hydrogenation of the carbon-car 
bon double bonds in the diene-based polymer must be con 
ducted without affecting the nitrile groups and other func 
tional groups (such as carboxyl groups when other 
copolymerizable monomers were introduced into the poly 
merchains) in the polymer chains. 
0004 HNBR is a specialty rubber which has very good 
heat resistance, an excellent resistance to OZone and chemi 
cals and also an excellent oil resistance. The abovementioned 
physical and chemical properties of HNBR are associated 
with very good 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 damping elements in the automo 
bile sector, also for stators, oil well seals and valve seals in the 
field of oil exploration and also for numerous parts in the 
aircraft industry, the electronics industry, mechanical engi 
neering and shipbuilding. A hydrogenation conversion higher 
than 95%, or a residual double bond (RDB) content <5%, 
without cross-linking during the hydrogenation reaction and 
a gel level of less than about 2.5% in the resultant HNBR is a 
threshold that ensures high-performance applications of 
HNBR in these areas and guarantees excellent processability 
of the final product. 
0005. The degree of hydrogenation of the copolymerized 
diene units in HNBR may vary in the range from 50 to 100%, 
however, the desired hydrogenation degree is from about 80 
to about 100%, preferably from about 90 to about 99.9%. 
Commercial grades of HNBR typically have a remaining 
level of unsaturation below 18% and a content of acrylonitrile 
of roughly up to about 50%. 
0006. It is possible to carry out the hydrogenation of NBR 
either with homogeneous or with heterogeneous hydrogena 
tion catalysts. The catalysts used are usually based on 
rhodium, ruthenium or palladium, but it is also possible to use 
platinum, iridium, rhenium, osmium, cobalt or copper either 
as metal or preferably in the form of metal compounds (see 
e.g. U.S. Pat. No. 3,700,637, DE-A-2539 132, EP-A-0 134 
023, DE-A-35 41 689, DE-A-35 40918, EP-A-0 298 386, 
DE-A-35 29 252, DE-A-34 33 392, U.S. Pat. No. 4,464,515 
and U.S. Pat. No. 4,503,196). Suitable catalysts and solvents 
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for a hydrogenation in the homogeneous phase are known 
from DE-A-2539 132 and EP-A-0471 250. 
0007 Also for commercial purposes the production of 
HNBR by hydrogenation of NBR is performed in organic 
Solvents by using either a heterogeneous or a homogeneous 
transition metal catalyst often based on rhodium or palla 
dium. Such processes Suffer from drawbacks Such as high 
prices for the catalyst metals and the cost involved in catalyst 
metal removal/recycle. This has led to research and develop 
ment of alternative catalysts based on cheaper noble metals, 
Such as osmium and ruthenium. 
0008 Alternative NBR hydrogenation processes can be 
performed using OS-based catalysts. One catalyst excellently 
suited for NBR hydrogenation is OshCl(CO)(O)(PCy), as 
described in Ind. Eng. Chem. Res., 1998,37(11), 4253-4261). 
The rates of hydrogenation using this catalyst are Superior to 
those produced by Wilkinson's catalyst (RhCl(PPh3)) over 
the entire range of reaction conditions studied. 
0009 Ru-based complexes are also good catalysts for 
polymer Solution hydrogenation, and the price for Ru metal is 
even cheaper. Ru—PPh. complexes and RuHCl(CO)L (L is 
a bulky phosphine) catalyst systems lead to quantitative 
hydrogenation of NBR as disclosed in Journal of Molecular 
Catalysis A: Chemical, 1997, 126(2-3), 115-131). During 
Such hydrogenation it is not necessary to add a free phosphine 
ligand to maintain the catalyst activity. However, they are 
prone to gel formation and may cause a certain degree of 
cross-linking during hydrogenation. 
(0010. However, these abovementioned Os or Ru catalysts 
are active catalysts for hydrogenation only, not for metathesis 
reactions. Therefore, these types of Os or Ru catalysts can not 
be used for NBR metathesis/degradation to produce NBR 
with reduced molecular weight. 
(0011. Another problem of the HNBR production is that 
HNBR with a low Mooney viscosity is difficult to manufac 
ture by the direct hydrogenation of commercially available 
NBR. The relatively high Mooney viscosity places restric 
tions on the processability of HNBR. Many applications 
would ideally use HNBR grades with a lower molecular 
weight and a lower Mooney viscosity. This would give a 
decisive improvement in processability. 
0012 For a long time, it has not been possible to produce 
HNBR on a large scale having a low molar mass correspond 
ing to a Mooney viscosity (ML1 +4 at 100° C.) in the range 
below 55 or with a weight average molecular weight of about 
Mw-200,000 g/mol by means of the established direct NBR 
hydrogenation processes mainly for two reasons: Firstly a 
sharp increase in the Mooney viscosity occurs during hydro 
genation of NBR which means that a HNBR polymer with 
substantially increased Mooney viscosity is obtained. The 
Mooney Increase Ratio (MIR) is generally around 2 or even 
above, depending upon the NBR grade, hydrogenation level 
and nature of the NBR feedstock. Thus, the Mooney viscosity 
range of marketed HNBR is limited by the lower limit of the 
Mooney viscosity of the NBR starting material. Secondly, the 
molar mass of the NBR feedstock to be used for the hydro 
genation cannot be reduced at will since otherwise work-up in 
the NBR industrial plants available is no longer possible 
because the rubber becomes too sticky. The lowest Mooney 
viscosity of an NBR feedstock which can be worked up 
without difficulties in an established industrial plant is in a 
range of about 30 Mooney units (ML1 +4 at 100° C.). The 
Mooney viscosity of the hydrogenated nitrile rubber obtained 
using such an NBR feedstock is in the order of 55 Mooney 
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units (ML1+4 at 100° C.). The Mooney viscosity is deter 
mined in accordance with ASTM standard D 1646. 

0013. In the more recent prior art, this problem is solved 
by reducing the molecular weight of the nitrile rubber before 
hydrogenation by degradation to a Mooney viscosity 
(ML1+4 at 100° C.) of less than 30 Mooney units or a weight 
average molecular weight of Mw-200000 g/mol. The reduc 
tion in the molecular weight is achieved by metathesis of the 
NBR in the presence of metathesis catalysts. WO-A-02/ 
100905 and WO-A-02/100941 describe for example a pro 
cess which comprises degradation of nitrile rubber starting 
polymers by olefin metathesis and Subsequent hydrogena 
tion. A nitrile rubber is reacted in a first step in the presence of 
a coolefine and a specific catalyst based on osmium, ruthe 
nium, molybdenum or tungsten complexes and hydrogenated 
in a second step. The hydrogenated nitrile rubbers obtained 
may have a weight average molecular weight (Mw) 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. The metathesis reaction is advan 
tageously carried out in the same solvent as the Subsequent 
hydrogenation so that the degraded nitrile rubber does not 
have to be necessarily isolated from the solvent after the 
degradation reaction is complete. Well-known for metathesis 
of nitrile rubber are a number of Ru-based metathesis cata 
lysts like e.g. Grubbs I (benzylidene bis(tricyclohexylphos 
phine)dichloro ruthenium), Grubbs II (benzylidene 1,3-bis 
(2,4,6-trimethylphenyl)-2-imidazolidinyliden 
tricyclohexylphosphin dichloro ruthenium), Grubbs III 
(benzylidene 1,3-bis(2,4,6-trimethylphenyl)-2-imidazoli 
din-ylidenedichloro-bis(3-bromopyridine)ruthenium), 
Hoveyda-Grubbs II (1,3-bis-(2,4,6-trimethylphenyl)-2-imi 
dazolidinylidendichloro(o-isopropoxyphenylmethylen) 
ruthenium) (see e.g. US-A-2008/0064882) and a number of 
fluorenyliden-based complex catalysts (see e.g. US-A-2009/ 
0076226) 
0014 EP-A-1905 777 discloses ruthenium complex cata 
lysts having the general structure 

L 

W: 

R3 -Y EWG 

RI R 

0015 wherein 
0016 M is ruthenium, 
0017 X' and X’ are each chloro or RCOO with Rin such 
RCOO being C-C alkyl or a derivative thereof, 

0018 L is an electron donating complex ligand, which 
could be linked or not linked with X' to form a cyclic 
Structure 

0019 
0020 R is H. halogen atom, nitro, cyano, C-C alkyl, 
C-Co alkoxy, C-Co alkylthio, C-Co silanyl, C-Co 
silanyloxy, Co-Co aryl, Co-Co aryloxy, C2-Coheterocy 
clic, C-Co heterocyclic aryl, Sulfinyl, Sulfonyl, formyl, 
C-C20 carbonyl, C-Co ester, C-Co amido, C-Coura 
mido or derivatives or C-Co Sulfonamido group; 

Y is oxygen, Sulfur, nitrogen orphosphorus; 
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(0021) R' and Rare each H, bromo (Br), iodo (I), C-Co 
alkyl or derivatives, C-C alkoxy, C-C alkylthio. 
C-C20 silanyloxy, Co-Co aryloxy, Co-Co aryl, C-Co 
heterocyclic, C-Co heterocyclic aryl, C-C ester, 
C-C amido, C-Couramido or derivatives or C-Co 
Sulfonamido group; 

I0022 R is H. C-C alkyl or derivatives, C-C alkoxy, 
C-Co alkylthio, C-C20 silanyl, C-C2 silanyloxy, 
Co-Co aryl, Co-Co aryloxy. C-Coheterocyclic, Ca-Co 
heterocyclic aryl, sulfinyl, Sulfonyl, C-C carbonyl, 
C-Co ester, C-C amido, C-Couramido orderivatives 
or C-Co Sulfonamido group; and 

0023 EWG is C-C aminosulfonyl (SONR), formyl, 
C-C20 carbonyl, C-Co ester, C-Co aminocarbonyl 
(CONR), amido, chloro, fluoro, C-C uramido or 
derivatives or C-Co Sulfonamido group. 

(0024 EP-A-1905 777 further states that these catalysts 
can be used in olefin metathesis reactions including ring 
closing olefin metathesis reactions, intermolecular olefin 
metathesis reactions, and olefin metathesis polymerization 
reactions. The examples show the preparation of low molecu 
lar weight Substances by intramolecular ring closing metathe 
sis in the presence of certain of the generally disclosed cata 
lysts. EP-A-1905 777 does neither provide any disclosure 
that these catalysts can be used to degrade the molecular 
weight of polymers, in particular nitrile rubbers nor that they 
show any hydrogenation activity. 
0025. Furtheron processes for simultaneous metathesis 
and hydrogenation are known from prior art. In WO-A-2005/ 
080456 the preparation of hydrogenated nitrile rubber poly 
mers having low molecular weights and narrower molecular 
weight distributions than those known in the art is carried out 
by simultaneously subjecting the nitrile rubber to a metathe 
sis reaction and a hydrogenation reaction. The reaction takes 
place in the presence of a Ruthenium- or OSmium-based 
pentacoordinated complex catalyst, in particular 1,3-bis(2.4. 
6-trimethylphenyl)-2-imidazolidinylidene) (tricyclohexy 
lphosphine) ruthenium (phenylmethy-lene)dichloride (also 
called Grubbs 2" generation catalyst). However, WO-A- 
2005/080456 does not provide any disclosure or teaching 
how to influence the two simultaneously occurring reactions, 
i.e. metathesis and hydrogenation or how to control the activ 
ity of the respective catalysts regarding metathesis and hydro 
genation. 

(0026 WO-A-2011/023788 also discloses a process for 
Subjecting a nitrile rubber in the presence of hydrogen to a 
combined and simultaneous metathesis and hydrogenation 
reaction in the presence of specifically defined hexacoordi 
nated Ruthenium-oder Osmium based catalysts in order to 
prepare hydrogenated nitrile rubbers having lower molecular 
weights and narrower molecular weight distributions than 
those known in the art. Such process is performed by using at 
least one catalyst of general formula (I) to (III) 

(I) 
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-continued 
L (II) 

XI R3 a \ Z-M =C=C 
s YR X 72 
L (III) 

XI M R3 
Z-M2-C=C=C1 
x' Y. R4 

0027 M is ruthenium or osmium, 
I0028 X" and X’ are identical or different ligands, prefer 

ably anionic ligands, 
0029 Z' and Z are identical or different and neutral elec 
tron donor ligands, 

0030) RandR are each independently Hora substituent 
Selected from the group consisting of alkyl, cycloalkyl, 
alkenyl, alkynyl, aryl, carboxylate, alkoxy, alkenyloxy, 
alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alky 
lthio, arylthio, alkylsulphonyl and alkylsulphinyl radical, 
each of which may optionally be substituted by one or more 
alkyl, halogen, alkoxy, aryl or heteroaryl moities, and 

0031 L is a ligand. 
0032 WO-A-2011/029732 also discloses an alternative 
process for subjecting a nitrile rubber in the presence of 
hydrogen to a combined and simultaneous metathesis and 
hydrogenation reaction in the presence of specifically defined 
pentacoordinated Ruthenium- or Osmium based catalysts in 
order to prepare hydrogenated nitrile rubbers having low 
molecular weights and a narrow molecular weight distribu 
tion. Such process is performed in the presence of at least one 
compound of the general formula (1), 

(I) 
L 6 

* - R R2 

11 R3 

0033 where 
0034 M is ruthenium or osmium, 
0035 Y is oxygen (O), sulfur (S), an N-R" radical or a 
P R radical, 

0036 X" and X’ are identical or different ligands, 
0037) R' is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 
alkylamino, alkylthio, arylthio, alkylsulphonyl, CRC(O) 
R'' oralkylsulphinyl moiety, each of which may optionally 
be substituted by one or more alkyl, halogen, alkoxy, aryl 
or heteroaryl moiety, 

I0038) R' is hydrogen or alkyl, cycloalkyl, alkenyl, alky 
nyl, aryl, alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxy 
carbonyl, alkylamino, alkylthio, arylthio, alkylsulphonyl 
or alkylsulphinyl moiety, each of which may optionally be 
Substituted by one or more alkyl, halogen, alkoxy, aryl or 
heteroaryl moiety; 
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I0039) R'' is alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 
alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl moiety, each of which may optionally be substituted 
by one or more alkyl, halogen, alkoxy, aryl or heteroaryl 
moiety; 

0040. R. R. R. and Rare identical or different and are 
each H, organic or inorganic radicals, 

I0041) R' is Horan alkyl, alkenyl, alkynyl or aryl radical 
and 

0042 L is a ligand. 
0043. However, neither WO-A-2011/023788 nor WO-A- 
2011/029732 provide any disclosure or teaching how to influ 
ence the two simultaneously occurring reactions, i.e. met 
athesis and hydrogenation or how to control the two-fold 
activity of the respective catalysts for metathesis and hydro 
genation. 
0044) WO-A-2011/079799 discloses a broad variety of 
catalysts the general structure of which is shown hereinafter 

0045. It is stated that such catalysts can be used to provide 
modified nitrile butadiene rubber (NBR) or styrene-butadiene 
rubber (SBR) by depolymerisation. It is further stated that the 
catalysts can be used in a method of making a depolymerized 
HNBR or styrene-butadiene rubber by adding one or more of 
those catalysts first to carry out depolymerisation of NBR, 
followed by adding hydrogen into the reactor under high 
pressure for hydrogenation. In another embodiment it is dis 
closed to prepare HNBR by adding hydrogen under high 
pressure first, then followed by adding one or more of the 
above catalysts. However, WO-A-2011/079799 does not pro 
vide any disclosure or teaching how to influence the different 
catalytic activities of the catalysts for depolymerisation (met 
athesis) and hydrogenation. It is accepted that while hydro 
genation takes place simultaneously metathesis leads to a 
degradation of the molecular weight in uncontrolled manner. 
0046. A number of references describe the use of metathe 
sis catalysts in two step reactions starting with a ring-opening 
metathesis polymerisation (ROMP) first which is followed by 
a hydrogenation reaction (so called “tandem polymerization/ 
hydrogenation reactions'). 
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0047 According to Organometallics, 2001, 20026), 5495 
5497 the metathesis catalyst Grubbs I can be used for ROMP 
of cyclooctene or a norbornene derivative first, then followed 
by a hydrogenation of the polymers. It is reported that the 
addition of a base like NEt, increases the catalytic activity in 
the hydrogenation reaction. 
0048. J. Am. Chem. Soc 2007, 129, 4168-9 also relates to 
tandem ROMP-hydrogenation reactions starting from func 
tionalized norbornenes and compares the use of three Ruthe 
nium-based catalysts, i.e. Grubbs I, Grubbs II and Grubbs III 
catalysts in Such tandem reactions. It is described that the 
Ruthenium-based catalyst on the end of the polymer back 
bone is liberated and transformed into a hydrogenation-active 
species through reaction with H, base (NEt3), and methanol. 
0049 EP-A-1 197509 discloses a process for preparing a 
hydrogenated polymer by polymerizing a cycloolefine in the 
presence of an organo ruthenium or osmium compound and 
Subsequently Subjecting the unsaturated polymer obtained 
during polymerization to a hydrogenation under addition of a 
hydrogenation catalyst. EP-A-1 197509 does not describe 
any cross-metathesis and does not relate to any degradation of 
the polymer via metathesis 
0050. Inorg. Chem 2000, 39, 5412-14 also explores tan 
dem ROMP polymerization/hydrogenation reactions. The 
focus lies on the mechanism of the hydrogenolysis of the 
ruthenium-based metathesis catalyst Grubbs I. It is shown 
that such catalyst is transformed into dihydride, dihydrogen 
and hydride species under conditions relevant to hydrogena 
tion chemistry. However, there is no disclosure at all about 
polymer degradation via metathesis or hydrogenation of 
unsaturated polymers. 
0051. In further references the quenching of metathesis 
reactions with vinyl compounds is described: Numerous 
patent applications like US-A-2007/0049700, US-A-2008/ 
0064882, US-A-2007/0208206, US-A-2008/0076881, 
US-A-2009/054597, US-A-2009/0069516, US-A-2009/ 
OO76227 US-A-2009/0076226 US-A-2O1 O/OO876OO US-A- 
2010/0093944 and two not yet published patent applications 
with the Serial numbers EP 11153437.6 and PCT/EP2011/ 
063570 referring to the molecular weight degradation of 
nitrile rubbers by a methathesis reaction contain experiments 
in which the reaction mixture is treated with vinylethylether 
after the metathesis reaction in order to destroy the metathesis 
catalyst. The molar ratio of vinylethylether to the metathesis 
catalysts used is very high in order to efficiently stop the 
metathesis reaction by deactivation of the catalyst. In the 
aforementioned applications such molar ratio lies in a range 
of from 567:1 to more than 17,000:1. None of those patent 
applications provides any disclosure or hint that by choosing 
lower ratios of the deactivating reagent to the metathesis 
catalyst a catalyst composition is obtained which is excel 
lently Suited for a selective hydrogenation, i.e. without con 
tinuing to catalyse the metathetic degradation. 
0052. In J. Am. Chem. Soc. 2001, 123, 6543-54 the 
mechanism of ruthenium based catalysts for olefin metathesis 
is disclosed. Furtheron it is described that the reaction of 
ruthenium carbenes with ethylvinylether can be utilized as a 
method for quenching ring opening metathesis polymeriza 
tion. As shown in the following scheme a so-called Fischer 
carbene complex is reported to be built. 
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0053. In Tetrahedron Letters 50 (2009), 6103-5 it is dis 
closed that di(ethylene glycol) vinyl ether and amine deriva 
tives thereof can also be used as deactivating reagents for 
olefin metathesis catalysts. It is experimentally shown that the 
use of 4 equivalents of di(ethylene glycol) vinyl ether based 
on the metathesis catalyst are sufficient to efficiently deacti 
vate the metathesis catalyst. Even 2 equivalents are reported 
to be sufficient. However, this reference does not deal with 
hydrogenation processes Subsequently to olefin metathesis at 
all. 

0054) In Macromol. Symp. 2010, 297, 25-32 it is shown 
that polyisobutylene (“PIB) terminally functionalized with a 
vinyl ether group may serve to sequester a complex catalyst 
by conversion of a reactive ruthenium alkylidene complex 
into a phase-immobilized Fischer carbene complex. Addi 
tionally kinetic studies are presented on the reaction of 2 
equivalents PIB vinyl ether and 6 as well as 15 equivalents of 
ethyl vinyl ether with Grubbs II catalyst. 
0055. It can be seen from the above that: 
0056 (1) up to now, hydrogenation catalysts which are 
very active for the selective hydrogenation of nitrile rub 
bers are known and Rh- and Pd-based catalysts are already 
used in industrial hydrogenation processes; however, 
cheaper Ru-based hydrogenation catalysts are still facing 
the gel formation problem when used for NBR hydroge 
nation. Most importantly, only HNBR with high molecular 
weight can be produced by using these catalysts which can 
only catalyse the NBR hydrogenation. The molecular 
weight of the final HNBR is determined by the molecular 
weight of the raw NBR, not by the hydrogenation catalysts: 

0057 (2) the degradation of nitrile rubber by metathesis is 
known using ruthenium- or osmium-based metathesis 
catalysts followed by a hydrogenation of the degraded 
nitrile rubber to afford hydrogenated nitrile rubber, if the 
same catalyst is used for metathesis and for hydrogenation, 
such catalysts are highly active for NBR metathesis while 
not so active for NBR hydrogenation; and 

0.058 (3) catalysts which possess both, i.e. catalytic activ 
ity for both, metathesis and hydrogenation, cannot be used 
in a controlled manner. 

0059. Therefore, in current commercial production pro 
cesses, a separate hydrogenation catalyst is added into the 
reaction system for the NBR hydrogenation after the NBR 
metathesis step. In this way, HNBR with controlled molecu 
lar weight can be produced, but two catalysts (one for met 
athesis and one for hydrogenation) are required to achieve 
high reaction efficiency. 
0060. However, hitherto there is not a single literature 
reporting the preparation of hydrogenated nitrile rubber with 
controlled molecular weight and therefore controllable 
Mooney viscosity only using one kind of ruthenium- or 
osmium-based catalyst which is otherwise known for its 
metathetic activity. Also, up to now, there is no hydrogenation 
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catalyst which can be used at a very low concentration for 
NBR hydrogenation to high conversion. So far the catalyst 
removal or recycle step is required after the hydrogenation. 
0061 Accordingly it was the object of the present inven 
tion to provide an improved catalyst composition allowing a 
selective hydrogenation of nitrile rubber at low catalyst con 
centrations. Additionally such improved catalyst composi 
tion should be designed in a way to allow an upstream met 
athesis reaction, if desired, using the same catalyst as 
contained in the catalyst composition. 

SUMMARY OF THE INVENTION 

0062. The catalyst composition according to the present 
invention is obtainable by contacting a complex catalyst with 
at least one co-catalyst in a molar ratio of the complex catalyst 
to the co-catalyst in a range of from 1:(1-550), preferably 
1:(20-550) wherein the co-catalyst must contain at least one 
vinyl group and wherein the complex catalyst has the general 
formula (A) 

L (A) 

X, R 
MF R2 y X2 f 

Ro1's E R3 

R5 R4 

0063 where 
0.064 M is ruthenium or osmium, 
0065 X and X’ are identical or different ligands, 
006.6 L is an electron donating ligand, which can be linked 
or not linked with X" to form a cyclic structure, 

I0067) R' is hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl or heteroaryland 

0068. R. R. R. and Rare identical or different and are 
each hydrogen or an organic or inorganic Substituent, 

0069 R is H, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
heteroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
- C(=S)R, C(=S)SR, C(=S)OR, C(=S)N(R), 
—S(=O)N(R), —S(=O).R. —S(=O)R or a group 
containing either a C=O or a C=S structural element 
adjacent to a carbon atom which is bound to Y. 

0070 n is 0 or 1, 
(0071 wherein if n=1, then the element 

y-(E), 

0072 shall mean that Y and (E), are linked either by a 
single bond or by a double bond, wherein 

0073 (i) if Y and (E), are linked by a single bond, then 
(0074 Y is oxygen (O), sulfur (S), N Ror P Rand 
0075 E is CH or 

(0076 (ii) if Y and (E), are linked by a double bond, then 
0.077 Y is N or P 
0078 E is CH 

0079 wherein if n=0, then 
0080 Y is oxygen (O), sulfur (S), N R or P R and 
directly linked by a single bond to the phenyl moiety 
depicted above in formula (A) 

0081 and wherein in all above occurrences of general 
formula (A) 
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I0082 R is hydrogen or alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl or heteroaryl. 

I0083. The Invention furtheron relates to a process of 
hydrogenating a nitrile rubber comprising 
0084 a) contacting a complex catalyst according to gen 
eral formula (A) with at least one co-catalyst in a molar 
ratio of complex catalyst to co-catalyst in the range of 
1:(20-550) wherein the co-catalyst must contain at least 
one vinyl group in order to form a catalyst composition and 
thereafter 

I0085 b) hydrogenating the nitrile rubber in the presence 
of the novel catalyst composition formed in step a). 

I0086 A specific embodiment of the present invention 
relates to an alternative process which comprises firstly Sub 
jecting a nitrile rubber to a molecular weight degradation in a 
metathesis reaction by contacting the nitrile rubber in the 
absence or presence of a co-olefin with a complex catalyst 
according to general formula (A) then 
I0087 a) contacting the complex catalyst which is present 

in the reaction mixture after the metathesis reaction with at 
least one co-catalyst in a molar ratio of complex catalyst to 
co-catalyst in the range of 1:(1-550), preferably 1:(20-550) 
wherein the co-catalyst must contain at least one vinyl 
group in order to form a catalyst composition and thereaf 
ter 

I0088 b) hydrogenating the nitrile rubber in the presence 
of the novel catalyst composition formed in step a). 

I0089 Advantageously the novel catalyst composition 
allows for the first time to perform a hydrogenation reaction 
of nitrile rubber without a simultaneous metathetic degrada 
tion of the nitrile rubber. This means that the hydrogenation of 
nitrile rubbers using a transition-metal based metathesis cata 
lyst can be carried out in a controlled manner, i.e. under 
formation of hydrogenated nitrile rubber with a controllable 
molecular weight. It is possible to keep the molecular weight 
of the nitrile rubber constant during hydrogenation. In the 
alternative it is also possible to adjust and regulate the 
molecular weight of the nitrile rubber in a desired manner by 
controlling and choosing the molar ratio between the met 
athesis catalyst and the co-catalyst when preparing the novel 
catalyst composition. In particular the present process allows 
in a specific embodiment to take advantage of using one and 
the same catalyst for a metathesis reaction in a first step, then 
adding the co-catalyst to the reaction mixture of the metathe 
sis reaction, thereby preparing the novel catalyst composition 
and thereafter hydrogenating the metathesized nitrile rubber 
in a second step. The co-catalyst can be added at any degree of 
metathesis to the reaction mixture containing the transition 
metal based metathesis catalyst and therefore allows to pre 
pare tailor-made hydrogenated nitrile rubbers in a commer 
cially attractive fashion. Additionally the hydrogenation 
process of the present invention allows to use the transition 
metal based catalyst in a very low concentration, so that there 
is no need to remove or recycle the transition metal based 
catalyst after the hydrogenation. 
0090 The catalyst composition prepared and used accord 
ing to the present invention is characterized by its high hydro 
genation activity. High hydrogenation degrees may be 
achieved in short reaction times. 

BRIEF DESCRIPTION OF THE FIGURES 

0091. The above and other aspects, features and advan 
tages of the invention will become apparent from the follow 



US 2015/0025199 A1 

ing detailed description in conjunction with the accompany 
ing drawings showing the following: 
0092 FIG. 1: FT-IR spectra of the (H)NBR samples dur 
ing the hydrogenation in Example 1. 
0093 FIG. 2: FT-IR spectra of the (H)NBR samples dur 
ing the hydrogenation in Example 2. 
0094 FIG. 3: FT-IR spectra of the (H)NBR samples dur 
ing the hydrogenation in Example 3. 
0095 FIG. 4: Hydrogenation degree of the (H)NBR 
samples during the hydrogenation process in Example 1-3. 
0096 FIG. 5: FT-IR spectra of the (H)NBR samples 
before and after hydrogenation in Example 5. 
0097 FIG. 6: Hydrogenation degree of the (H)NBR 
samples during the hydrogenation in Example 5. 
0098 FIG. 7: FT-IR spectra of the (H)NBR samples 
before and after hydrogenation in Example 6. 
0099 FIG. 8: FT-IR spectra of the (H)NBR samples 
before and after hydrogenation in Example 7. 
0100 FIG. 9: FT-IR spectra of the (H)NBR samples 
before and after hydrogenation in Example 8. 
0101 FIG. 10: Hydrogenation degree of the (H)NBR 
samples during the hydrogenation in Example 8. 

DETAILED DESCRIPTION OF THE INVENTION 

0102 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 substi 
tution leads to a stable compound. 
0103 For the purposes of the present patent application 
and invention, all the definitions of moities, parameters or 
explanations given above or below in general terms or in 
preferred ranges can be combined with one another in any 
way, i.e. including combinations of the respective ranges and 
preferred ranges. 
0104. Definition Co-Catalyst: 
0105. In a preferred embodiment the co-catalyst has the 
general formula (1) 

CH=CRR' (1) 

0106 in which Rand Rare identical or different and shall 
Ca 

0107 hydrogen, 
0108 OR' wherein R' shall mean alkyl, cycloalkyl, alk 
enyl, alkynyl, aryl, or heteroaryl, C(=O)(R), C(O)N 
(R)-(CH2), XI.R.—(CH), X-CH=CH2. 
O -(CH2), C(R ).R. 
01.09 wherein 
0110 X is identical or different and means oxygen (O) 
or NR, 

I0111 R are identical or different and represent H, 
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, or heteroaryl, 

I0112 R are identical or different and represent C-Cs 
alkyl or —(CH), O CH=CH, 

0113 R' represents (CH), O CH=CH2. 
0114 n is in the range of from 1 to 5, 
0115 m is in the range of from 1 to 10, 
0116 p is in the range of from 0 to 5, 
0117 or where in the alternative, if R and R' both rep 
resent a group OR', both R' may be linked to each other 
and together represent a divalent group —(C(R).) 
with q being 2, 3 or 4 and R being identical or different 
and having the above defined meanings, 
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10118 SR, SOR, SOR 
0119 wherein R represents alkyl, cycloalkyl, alkenyl, 
alkynyl, aryl, or heteroaryl, 

(0120 N(RR7), P(RR7) 
0121 wherein R and R7 are identical or different and 
shall mean alkyl, cycloalkyl, alkenyl, alkynyl, aryl, het 
eroaryl, -C(=O)(R), or 

0.122 where in the alternative R and R7 may form 
together with such N or Patom to which they both are 
linked at the same time a saturated, unsaturated or aro 
matic cyclic structure with 4 to 7 carbon atoms in the 
cyclic structure wherein one, two or three of said carbon 
atoms can be replaced by a moiety selected from oxy 
gen, sulfur, nitrogen, N-R or P R wherein R shall 
mean alkyl, cycloalkyl, alkenyl, alkynyl, aryl, or het 
eroaryl, or 

(0123 P(=O)(OR) 
0.124 in which R are identical or different and shall 
mean alkyl, cycloalkyl, alkenyl, alkynyl, aryl, het 
eroaryl, 

however, under the proviso that R and R' must not both 
represent hydrogen at the same time. 
0.125. In the co-catalysts according to general formula (1) 
all alkyl, cycloalkyl, alkenyl, alkynyl, aryl, or heteroaryl moi 
eties in R',R,R,R,R,R,R,R or R may optionally be 
further Substituted by one or more alkyl, halogen, alkoxy, 
alkenyloxy, aryl or heteroaryl substituents. All aforemen 
tioned moities, in particular the alkyl, alkenyl and/or alkynyl 
moieties can be either straight chain or branched to the extent 
chemically plausible. Of course, the above proviso that the 
valency of the atom indicated is not exceeded and the substi 
tution leads to a stable compound shall be fulfilled. 
0126. If R and R' represent OR', both such R' can be 
linked to each other and together represent a divalent group 
—(C(R).)— with q being 2,3,4 or 5 and Ribeing identical 
or different and having the meanings defined regarding for 
mula (1) above. In Such case a cyclic structure is formed by 
the divalent group together with the two oxygen atoms to 
which it the divalent group is bound and the adjacent vinylic 
carbon atom. 

I0127. In another embodiment of the present invention the 
catalyst composition is obtained using at least one, preferably 
one, co-catalyst having the general formula (1) 

CH=CRR' (1) 

I0128 in which R is hydrogen and R' shall mean, 
I0129 OR' wherein R' shall mean C-C-alkyl, C-Co 

cycloalkyl, C-C-alkenyl, C2-Co-alkynyl, C-C2-aryl, 

-(CH2).XI.R. —(CH),X CH=CH2. O 
-(CH2), C(R).R. 
0.130 wherein 
0131 X is identical or different and oxygen (O) or NR, 
(0132 R are identical or different and represent H, 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or Cs-Co-heteroaryl, 

I0133) Rare identical or different and represent C-C, 
alkyl or —(CH), O CH=CH, 

0134) R' represents (CH), O CH=CH, 
0.135 n is in the range of from 1 to 4, 
0.136 m is in the range of from 1 to 5, 
0.137 p is in the range of from 0 to 5, 
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01381 SR, SOR, SOR 
I0139 wherein R represents C-C-alkyl, Cs-Co-cy 

cloalkyl, C-C-alkenyl, C-Co-alkynyl, C-C2a-aryl, 
or C-C-heteroaryl. 

0140 N(RR7), P(RR7) 
I0141 wherein R and R7 are identical or different and 

shall mean C-C-alkyl, C-Co-cycloalkyl, C-C- 
alkenyl, C-Co-alkynyl, C-C2a-aryl, or C-C2a-het 
eroaryl, -C(=O)(R), or where in the alternative R 
and R may form together with such N or Patom to 
which they both are linked at the same time a saturated, 
unsaturated or aromatic cyclic structure with 4 to 7 car 
bon atoms in the cyclic structure wherein one, two or 
three of said carbon atoms can be replaced by a moiety 
selected from oxygen, sulfur, nitrogen, N Ror P R 
wherein R shall mean C-C-alkyl, Cs-Co-cycloalkyl, 
C-C-alkenyl, C-Co-alkynyl, C-C2-aryl, or 
C-C-heteroaryl, or 

0142 P(=O)(OR), 
I0143 in which R are identical or different and shall 
mean C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or C-C2a-heteroaryl. 

0144. In another embodiment of the present invention the 
catalyst composition is obtained using at least one, preferably 
one, co-catalyst having the general formula (1) 

CH=CRR' (1) 

in which R and Rare identical or different and shall mean 
(0145) OR' wherein R' shall mean C-C-alkyl, Cs-Co 

cycloalkyl, C-C-alkenyl, C2-Co-alkynyl, C-C2-aryl, 
Ca-Ca-heteroaryl, -C(=O)(R), —C(=O)N(R), 
— (CH),X).R. —(CH),X-CH=CH, O 
-(CH2), C(R).R. 
0146 wherein 
I0147 X is identical or different and oxygen (O) or NR, 
10148 R are identical or different and represent H, 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or Cs-Co-heteroaryl, 

10149 Rare identical or different and represent C-C, 
alkyl or —(CH), O CH=CH, 

0150 R represents (CH), O CH=CH2. 
0151 n is in the range of from 1 to 4, 
0152 m is in the range of from 1 to 5, 
0153 p is in the range of from 0 to 5, 
0154 or where in the alternative, if R and R' both rep 
resent a group OR', both R' may be linked to each other 
and together represent a divalent group —(C(R).) 
with q being 2, 3 or 4 and R being identical or different 
and having the above defined meanings, 

0155 SR, SOR, SOR 
I0156 wherein R represents C-C-alkyl, Cs-Co-cy 

cloalkyl, C-C-alkenyl, C-Co-alkynyl, C-C2a-aryl, 
or C-C-heteroaryl. 

0157 N(RR7), P(RR7) 
0158 wherein Rand R7 are identical or different and 
shall mean C-C-alkyl, C-Co-cycloalkyl, C-C- 
alkenyl, C-Co-alkynyl, C-C2a-aryl, or C-C2a-het 
eroaryl, -C(=O)(R), or where in the alternative R 
and R may form together with such N or Patom to 
which they both are linked at the same time a saturated, 
unsaturated or aromatic cyclic structure with 4 to 7 car 
bon atoms in the cyclic structure wherein one, two or 
three of said carbon atoms can be replaced by a moiety 
selected from oxygen, sulfur, nitrogen, N Ror P R 
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wherein Rishall mean C1-Co-alkyl, Cs-Co-cycloalkyl, 
C-C-alkenyl, C-Co-alkynyl, Co-C-4-aryl, or 
C-C-heteroaryl, or 

10159) P(=O)(OR), 
(0160 in which R are identical or different and shall 
mean C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or C-C2a-heteroaryl. 

0.161. In another preferred embodiment of the present 
invention the catalyst composition is obtained using at least 
one, preferably one, co-catalyst having the above depicted 
general formula (1) wherein 

CH=CRR' (1) 

0162 in which R is hydrogen and R' shall mean 
(0163 OR' wherein R' shall mean C-C-alkyl, Cs-Cs 

cycloalkyl, C-C2-alkenyl, C2-C2-alkynyl, Ca-Ca-aryl, 
C-C-heteroaryl, —C(=O)(R), —C(=O)N(R), 
-(CH2).XI.R. —(CH),X CH=CH2. O 
-(CH2), C(R).R. 
0.164 wherein 
(0165 X is identical or different and oxygen (O) or NR, 
(0166 R are identical or different and represent H, 
C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alkenyl, 
C-C2-alkynyl, C-C-aryl, or C-Ca-heteroaryl, 

(0167 Rare identical or different and represent methyl, 
ethyl or —(CH), O CH=CH, 

(0168 R represents (CH), O CH=CH, 
(0169 n is 1, 2 or 3 
(0170 m is 1, 2, 3, or 4, 

(0171 p is 0, 1, 2, 3 or 4, 
(0172 SR, SOR, SOR 

(0173 wherein R represents C-C2-alkyl, Cs-Cs-cy 
cloalkyl, C2-C2-alkenyl, C-C2-alkynyl, Ca-Ca-aryl, 
or C-C-heteroaryl, 

(0174 N(RR7), P(RR7) 
(0175 wherein R and R7 are identical or different and 

shall mean C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alk 
enyl, C-C2-alkynyl, Ca-Ca-aryl, or Co-Ca-het 
eroaryl, -C(=O)(R), or where in the alternative R 
and R may form together with such N or Patom to 
which they both are linked at the same time a saturated, 
unsaturated or aromatic cyclic structure with 4 to 5 car 
bon atoms in the cyclic structure wherein one or two of 
said carbon atoms can be replaced by a moiety selected 
from oxygen, sulfur, nitrogen, N-R or P R wherein 
R shall mean C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2 
alkenyl, C-C2-alkynyl, C-C-aryl, or C-C-het 
eroaryl, or 

(0176) P(=O)(OR), 
(0177 in which R are identical or different and shall 
mean C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alkenyl, 
C2-C2-alkynyl, Ca-Ca-aryl, or Co-Ca-heteroaryl. 

0178. In another preferred embodiment of the present 
invention the catalyst composition is obtained using at least 
one, preferably one, co-catalyst having the above depicted 
general formula (1) wherein 

CH=CRR' (1) 

0179 
Ca 

0180 OR' wherein R' shall mean C-C-alkyl, Cs-Cs 
cycloalkyl, C-C2-alkenyl, C2-C2-alkynyl, Ca-Ca-aryl, 
Ca-Ca-heteroaryl, -C(=O)(R), C(=O)N(R), 
—(CH2).XI.R. —(CH),X CH=CH2. O 
-(CH2), C(R).R. 

in which Rand Rare identical or different and shall 
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0181 wherein 
0182 X is identical or different and oxygen (O) or NR, 
0183 R are identical or different and represent H, 
C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alkenyl, 
C2-C2-alkynyl, Ca-Ca-aryl, or Ca-Ca-heteroaryl, 

0184 Rare identical or different and represent methyl, 
ethyl or —(CH), O CH=CH, 

0.185) R' represents (CH), O CH=CH2. 
0186 n is 1, 2 or 3, 
0187 m is 1, 2, 3, or 4, 
0188 p is 0, 1, 2, 3 or 4, 
(0189 or where in the alternative, if R and R' both rep 

resent a group OR', both R' may be linked to each other 
and together represent a divalent group —(C(R).) 
with q being 2, or 3 and R being identical or different 
and representing hydrogen or C-C alkyl, 

(0190. SR, SOR, SOR 
(0191 wherein R represents C-C-alkyl, Cs-C-cy 

cloalkyl, C2-C2-alkenyl, C-C2-alkynyl, Ca-Ca-aryl, 
or C-C-heteroaryl, 

(0192 N(RR7), P(RR7) 
(0193 wherein Rand R7 are identical or different and 

shall mean C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alk 
enyl, C-C2-alkynyl, Ca-Ca-aryl, or Co-Ca-het 
eroaryl, —C(=O)(R), or 

(0194 where in the alternative R and R7 may form 
together with such N or Patom to which they both are 
linked at the same time a saturated, unsaturated or aro 
matic cyclic structure with 4 to 5 carbon atoms in the 
cyclic structure wherein one or two of said carbonatoms 
can be replaced by a moiety selected from oxygen, Sul 
fur, nitrogen, N-R or P R wherein R shall mean 
C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alkenyl, 
C-C2-alkynyl, C-C-aryl, or C-Ca-heteroaryl, or 

(0195 P(O)(OR), 
(0196) in which R are identical or different and shall 
mean C-C2-alkyl, Cs-Cs-cycloalkyl, C-C2-alkenyl, 
C2-C2-alkynyl, Ca-Ca-aryl, or Co-Ca-heteroaryl. 

0197) In another more preferred embodiment of the 
present invention the catalyst composition is obtained using 
one co-catalyst having the above depicted general formulae 
(1) in which 
0198 R is hydrogen and R' represents 
(0199 OR' wherein R' shall mean C-C-alkyl, Cs-Co 

cycloalkyl, C-C-alkenyl, C-C-alkynyl, phenyl, imida 
zolyl, triazolyl, or pyridinyl, -C(=O)(R), C(=O)N 
(R) — (CH),OIR, -(CH2),OI-CH=CH, or 
-(CH2), C(R).R. 
0200 wherein 
0201 R are identical or different and represent H, 
C-C-alkyl, C-C-cycloalkyl, C-Cs-alkenyl, C-C- 
alkynyl, phenyl, imidazolyl, triazolyl, or pyridinyl, 

(0202) Rare identical or different and represent methyl, 
ethyl or —(CH), O CH=CH, 

(0203 R' represents (CH), O CH=CH, 
0204 n is 1, or 2, 
0205 m is 1, 2, or 3, and 
(0206 p is 0, 1, or 3. 

0207. In all the above mentioned preferred, more preferred 
and most preferred embodiments of the co-catalysts accord 
ing to general formula (1) the alkyl, cycloalkyl, alkenyl, alky 
nyl, aryl, or heteroaryl moieties in R', R. R. R. R. R. R. 
R or R may optionally be further substituted by one or more 
C-C-alkyl, Cs-C-cycloalkyl, C-C-alkenyl, C-C-alky 
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nyl, phenyl, imidazolyl, triazolyl, or pyridinyl moieties. All 
aforementioned Substituents, in particular the alkyl, alkenyl 
and/or alkynyl moieties can be either straight chain or 
branched to the extent chemically plausible. 
0208. In an even more preferred embodiment of the 
present invention one or more co-catalysts are used for the 
preparation of the novel catalyst compositions which have the 
following formulae: 

(cocat-1) 
O 4\o-1N1 N1)-o-1s 

(cocat-2) 

u-K) O 

o (cocat-3) 

—v 
O-CH2CH3 

(cocat-4) 

Y 
\ O 

O 

O 

O \ 

2 
(cocat-5) 

\ . 
O 

O \ 

2 
(cocat-6) 

O 

O \ 

- 
O (cocat-7) 

O 

CH3 

(cocat-8) 

4n-1\-1'N-1 n1n 

(cocat-9) 
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-continued 

=\ O o-( 
N-R 

R 

N O 

N-N-N-N- 
N N 

N. 

N 

O 

HCF i-CH 
O 

CH3 

CH, CH 

(cocat-10) 

(cocat-11) 

(cocat-12) 

(cocat-13) 

(cocat-14) 

(cocat-15) 

(cocat-16) 

(cocat-17) 

(cocat-18) 

(cocat-19) 

-continued 
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(cocat-20) 

(cocat-21) 

(cocat-22) 

(cocat-23) 

(cocat-24) 

(cocat-25) 

(cocat-26) 

(cocat-27) 

(cocat-28) 

(cocat-21) 
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-continued 

O (cocat-30) 

4fn1n-N-1 n1n 

(cocat-31) 

21-1N1 N-1S-N 
(cocat-32) 

N 

4Y-1S-1 Nu 
Support 

0209. In another also preferred embodiment of the present 
invention a co-catalyst is used for the preparation of the novel 
catalyst compositions in which R and R' both represent OR' 
where such R' together form a divalent group as defined 
above, wherein Such specific co-catalysts have the following 
formulae with R having the same meaning as outlined for 
general formula (1). 

(cocat-33) 
O 
/ 

H2C=C 
N 
O 

(cocat-34) 
O 
/ 

H2C=C 
N 
O 

(cocat-35) 
O 
M 

H2C=C 
N 

R6 

(cocat-36) 
O 
A 

HCFC 
V 
O 

(cocat-37) 
O 
/ 

H2C=C 
M 
O 

(cocat-38) 
O 
M 

H2C=C 
N 
O 

0210 Catalysts: 
0211 The catalyst compositions according to the inven 
tion are obtained by using a catalyst of the general formula 
(A), 
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L (A) 

X, R 
MR R2 

7 
Ys R61 ŠE) R3 

R5 R4 

0212 where 
0213 M is ruthenium or osmium, 
10214) X" and X’ are identical or different ligands, 
0215 L is an electron donating ligand, which can be linked 
or not linked with X' to form a cyclic structure, 

0216) R' is hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl or heteroaryland 

0217. R. R. Rand Rare identical or different and are 
each hydrogen or an organic or inorganic Substituent, 

(0218 R is H, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
heteroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
—C(=S)R, —C(=S)SR, C(=S)OR, C(=S)N(R), 
—S(=O)N(R), S(=O).R.—S(=O)R or a group con 
taining either a C=O or a C=S structural element adja 
cent to a carbon atom which is bound to Y. 

0219 n is 0 or 1, 
0220 wherein if n=1, then the element 

Y F(E), 

0221 shall mean that Y and (E), are linked either by a 
single bond or by a double bond, wherein 

0222 (i) if Y and (E), are linked by a single bond, then 
0223 Y is oxygen (O), sulfur (S), N-R or P Rand 
0224 E is CH or 

0225 (ii) if Y and (E), are linked by a double bond, then 
0226 Y is N or P 
0227 E is CH 

0228 wherein if n=0, then 
0229. Y is oxygen (O), sulfur (S), N R or P R and 
directly linked by a single bond to the phenyl moiety 
depicted above in formula (A) 

0230 and wherein in all above occurrences of general 
formula (A) 

0231 R is hydrogen or alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl or heteroaryl. 

0232. In all the above mentioned and further down defined 
preferred, more preferred and most preferred embodiments of 
the catalysts according to general formula (A) the alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, or heteroaryl moieties in 
the respective moieties may optionally be further substituted 
by one or more C-C-alkyl, Cs-C-cycloalkyl, C-C- 
alkoxy, C-C-alkenyl, C-C-alkynyl, halogen, aryl, prefer 
ably phenyl, heteroaryl, preferably pyridinyl, imidazolyl, or 
triazolyl substituents. All aforementioned substituents, in 
particular the alkyl, alkenyl and/or alkynyl moieties can be 
straight-chain or branched to the extent chemically plausible. 
0233. The catalysts of the general formula (A) are known 
in principle. Representatives of this class of compounds are 
e.g. the catalysts described by Hoveyda et al. in US 2002/ 
0107138 A1 and Angew Chem. Int. Ed. 2003, 42, 4592, and 
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the catalysts described by Grela in WO-A-2004/035596, Eur. 
J. Org. Chem 2003,963-966 and Angew. Chem. Int. Ed. 2002, 
41, 4038 and also in J. Org. Chem. 2004, 69, 6894-96 and 
Chem. Ear. J 2004, 10, 777-784. Further representatives of 
this class of catalysts are the catalysts described in EP-A-1 
905 777. These catalysts are either commercially available or 
can be prepared as described in the literature references cited. 
0234. To the extent any of the following general, preferred, 
more preferred or most preferred definitions of the catalyst 
according to general formula (A) mention the meaning "C- 
Coheterocyclic” and "C-C heteroaryl this shall always 
imply that the respective heterocyclic ring or heteroaryl ring 
contains besides the number of carbon atoms given Such an 
additional number of hetero atoms that a stable heterocyclic 
or heteroaryl structure is formed: A stable “C. heterocyclic' 
would e.g. be a triazolyl moiety comprising two carbonatoms 
in the ring and three nitrogen atoms. 
0235. Definition of L: 
0236. In the general formula (A), L is an electron donating 
ligand. In one embodiment of the catalysts of general formula 
(A) L is a phosphine, Sulfonated phosphine, phosphate, phos 
phinite, phosphonite, arsine, Stibine, ether, amine, amide, 
Sulfonate, Sulfoxide, carboxyl, nitrosyl, pyridine, thioether, 
imidazoline orimidazolidine ligand (the latter two also being 
jointly referred to as “Im ligand(s)). 
0237. The term "phosphinite” includes, for example, phe 
nyl diphenylphosphinite, cyclohexyl dicyclohexylphosphin 
ite, isopropyl diisopropylphosphinite and methyl diphe 
nylphosphinite. 
0238. The term “phosphite' includes, for example, triph 
enyl phosphite, tricyclohexyl phosphite, tri-tert-butyl phos 
phite, triisopropyl phosphite and methyl diphenyl phosphite. 
0239. The term “stibine' includes, for example, triphenyl 
stibine, tricyclohexylstibine and trimethylstibine. 
0240. The term "sulfonate' includes, for example, trifluo 
romethanesulfonate, tosylate and mesylate. 
0241 The term "sulfoxide’ includes, for example, (CH) 
S(=O) and (CHs)S—O. 
0242. The term “thioether includes, for example, 
CHSCH, CHSCH, CHOCHCH-SCH and tetrahy 
drothiophene. 
0243 For the purposes of the present application, the term 
“pyridine' is used as a collective term for all nitrogen-con 
taining ligands as are mentioned by, for example, Grubbs in 
WO-A-03/011455. Examples are: pyridine, picolines (in 
cluding Cl-, 3- and Y-picoline), lutidines (including 2.3-, 2,4-, 
2.5-, 2,6-3,4- and 3.5-lutidine), collidine (2,4,6-trimethylpy 
ridine), trifluoromethylpyridine, phenylpyridine, 4-(dim 
ethylamino)pyridine, chloropyridines, bromopyridines, 
nitropyridines, quinoline, pyrimidine, pyrrole, imidazole and 
phenylimidazole. 
0244 If L is an imidazoline or imidazolidine ligand (also 

jointly referred to als"Im” in this application unless indicated 
otherwise), this usually has a structure corresponding to the 
general formulae (IIa) or (IIb), 

(IIa) 
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-continued 
(IIb) 

0245 where 
0246 R. R. R'' and R'' are identical or different and 
represent hydrogen, straight-chain or branched C-Co 
alkyl, Cs-Co-cycloalkyl, C-Co-alkenyl, C-Co-alkynyl, 
C-C2-aryl, C7-C2s-alkaryl, C-Co heteroaryl, C-Co 
heterocyclyl, C-Co-alkoxy, C-Co-alkenyloxy, C-Co 
alkynyloxy, C-C-aryloxy, C-Co-alkoxycarbonyl, 
C-Co-alkylthio. C-C-arylthio. —Si(R) —O—Si(R) 
, - O C(=O)R, C(=O)R, —C(=O)N(R), NR C 
(=O) N(R), —SON(R), —S(=O)R. —S(=O).R. 
—O—S(=O).R., halogen, nitro or cyano; wherein in all 
above occurrences relating to the meanings of R. R. R' 
and R'' the group R is identical or different and represents 
hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or het 
eroaryl. 

0247. If appropriate, one or more of R. R. R', and R' 
can independently of one another, be substituted by one or 
more Substituents, preferably straight-chain or branched 
C-Co-alkyl, C-C-cycloalkyl, C-Co-alkoxy or C-C- 
aryl, C-Coheteroaryl, C-Coheterocyclic, and a functional 
group selected from the group consisting of hydroxy, thiol, 
thioether, ketone, aldehyde, ester, ether, amine, imine, amide, 
nitro, carboxylic acid, disulphide, carbonate, isocyanate, car 
bodiimide, carboalkoxy, carbamate and halogen, where these 
abovementioned Substituents, to the extent chemically pos 
sible, may in turn be substituted by one or more substituents, 
preferably selected from the group consisting of halogen, in 
particular chlorine or bromine, C-C-alkyl, C-C-alkoxy 
and phenyl. 
0248 Merely in the interest of clarity, it may be added that 
the structures of the imidazoline and imidazolidine ligand 
depicted in the general formulae (IIa) and (IIb) in the present 
patent application are equivalent to the structures (IIa) and 
(IIb") which are frequently also found in the literature for this 
imidazoline and imidazolidine ligand, respectively, and 
emphasize the carbene character of the imidazoline and imi 
dazolidine. This applies analogously to the associated pre 
ferred structures (IIIa)-(IIIu) depicted below. 

(IIa) 

(IIb) 

0249. If L is an imidazoline or Imidazolidine ligand in the 
catalysts of the general formula (A) 
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(0250 R and Rare identical or different and preferably 
represent hydrogen, C-C-aryl, straight-chain or 
branched C-Co-alkyl, or form a cycloalkyl or aryl Struc 
ture together with the carbon atoms to which they are 
bound. 

0251 More preferably 
0252 R and R are identical and are selected from the 
group consisting of hydrogen, methyl, propyl, butyl and 
phenyl. 

0253) The preferred and more preferred meanings of R 
and R may be substituted by one or more further substituents 
selected from the group consisting of straight-chain or 
branched C-Co-alkyl or C-Co-alkoxy, C-Cs-cycloalkyl, 
C-C-aryl, and a functional group selected from the group 
consisting of hydroxy, thiol, thioether, ketone, aldehyde, 
ester, ether, amine, imine, amide, nitro, carboxylic acid, dis 
ulphide, carbonate, isocyanate, carbodiimide, carboalkoxy, 
carbamate and halogen, wherein all these Substituents may in 
turn be substituted by one or more substituents, preferably 
selected from the group consisting of halogen, in particular 
chlorine or bromine, C-C-alkyl, C-C-alkoxy and phenyl. 
0254. If L is an imidazoline or imidazolidine ligand in the 
catalysts of the general formula (A) 
0255) R' and R'' are identical or different and preferably 
represent straight-chain or branched C-Co-alkyl, C-Co 
cycloalkyl, C-C-aryl, particularly preferably phenyl, 
C-Co-alkylsulfonate, Co-Co-arylsulfonate. 

0256 More preferably 
0257) R' and R'' are identical and are selected from the 
group consisting of i-propyl. neopentyl, adamantyl, phe 
nyl, 2,6-diisopropylphenyl, 2,6-dimethylphenyl, or 2.4.6- 
trimethylphenyl. 

0258. These preferred meanings of R'' and R' may be 
substituted by one or more further substituents selected from 
the group consisting of straight-chain or branched C-Co 
alkyl or C-Co-alkoxy, C-Cs-cycloalkyl, C-C-aryl, and a 
functional group selected from the group consisting of 
hydroxy, thiol, thioether, ketone, aldehyde, ester, ether, 
amine, imine, amide, nitro, carboxylic acid, disulphide, car 
bonate, isocyanate, carbodiimide, carboalkoxy, carbamate 
and halogen, wherein all these substituents may in turn be 
substituted by one or more substituents, preferably selected 
from the group consisting of halogen, in particular chlorine or 
bromine, C-Cs-alkyl, C-C-alkoxy and phenyl. 
0259 Particularly preferred imidazoline and imidazoli 
dine ligands have the following structures (IIIa) to (IIIu), 
where “Ph' means in each case phenyl, “Bu' means butyl, 
“Mes' represents in each case 2,4,6-trimethylphenyl, "Dipp' 
means in all cases 2,6-diisopropylphenyl and "Dimp’ means 
2,6-dimethylphenyl. 

(IIIa) 

(IIIb) 

12 

Dipp 

Dipp 

Dipp 

-continued 

Dipp 

Ph 

Dipp 

Ph 

Dipp 

Bu 

Dipp 

Bu 

Dipp 
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(IIIc) 

(IIId) 

(IIIe) 

(IIIf 

(IIIg) 

(IIIh) 

(III) 

(IIIk) 

(IIIm) 

(IIIn) 
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-continued 

Dimp 

Fl 
Dimp 

(IIIp) 

(IIIq) 

Dimp 

(IIIr) 
Ph 

Dimp Dimp 

(IIIs) 
Ph 

Dimp Dimp 

(IIIt) 
Bu 

Dimp 

(IIIu) 
Bu 

Dimp 

0260. In a further preferred embodiment L. may have the 
general formula (Ic) and (IId) 

(IIc) 
R8 

N 

R-N \ -R10 

(IId) 
R12 

R 141 NR 13 

0261 wherein 
0262 R. RandR'may have all general, preferred, more y 9. p 
preferred and most preferred meanings as defined above in 
relation to general formulae (IIa) and (IIb), and 

0263 R', R' and R'' are identical or different and may 
represent alkyl, cycloalkyl, alkoxy, aryl, aryloxy, or a het 
erocyclic group. 

0264. In general formulae (IIc) and (IId) R. R. R', R', 
R" and R'' may be substituted also by one or more further 
Substituents selected from the group consisting of straight 

13 
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chain or branched C-Cs-alkyl, in particular methyl, C-Cs 
alkoxy, aryl and a functional group selected from the group 
consisting of hydroxy, thiol, thioether, ketone, aldehyde, 
ester, ether, amine, imine, amide, nitro, carboxylic acid, dis 
ulphide, carbonate, isocyanate, carbodiimide, carboalkoxy, 
carbamate and halogen. 
0265. In a more preferred embodiment the ligand Lhas the 
general formula (IId) wherein 

0266 R', R' and R'' are identical or different, even 
more preferably identical, and can represent C-C alkyl, 
Cs-Cs-cycloalkyl, C-Coalkoxy, Co-Co aryl, Co-Coary 
loxy, C-C heteroaryl or a C-Coheterocyclic group; 

0267 In an even more preferred embodiment the ligand L 
has the general formula (IId) wherein 

0268 R'', R'' and R'' are identical and each selected 
from the group consisting of methyl, ethyl, n-propyl, iso 
propyl. n-butyl, Sec-butyl, tert-butyl, n-pentyl, 1-methyl 
butyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 1-ethyl 
propyl, n-hexyl, neophenyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl cyclooctyl, phenyl, 
biphenyl, naphthyl, phenanthrenyl, anthracenyl, tolyl. 2.6- 
dimethylphenyl, and trifluoromethyl. 

0269. In case the ligand L possesses general formula (IId) 
it most preferably represents PPh, P(p-Tol), P(o-Tol), PPh 
(CH), P(CF), P(p-FCH), P(p-CFCH), P(CH 
SONa), P(CH2CH, SONa), P(isopropyl), P(CHCH 
(CHCH)), P(cyclopentyl), P(cyclohexyl), P(neopentyl) 
or P(neophenyl). 
(0270. Definition of X" and X 
(0271. In the catalysts of the general formula (A), X and 
X are identical or different ligands, preferably anionic 
ligands. 
0272. In one embodiment of the catalysts of general for 
mula (A), X' and X’ are identical or different and represent 
hydrogen, halogen, pseudohalogen, straight-chain or 
branched C1-Co-alkyl, C-C2-aryl, C1-Co-alkoxy, Ca-Ca 
aryloxy, C-Co-alkyldiketonate, Ca-Ca-aryldiketonate, 
C-Co-carboxylate, C-Co-alkylsulfonate, C-C-arylsul 
fonate, C-Co-alkylthiol, C-C-arylthiol, C-Co-alkylsul 
fonyl or C-Co-alkylsulfinyl. 
0273. The abovementioned moieties listed as meanings 
for X" and X can also be substituted by one or more further 
Substituents, for example by halogen, preferably fluorine, 
C-Co-alkyl, C-Co-alkoxy or C-C-aryl, where these 
groups, too, may in turn also be substituted by one or more 
Substituents selected from the group consisting of halogen, 
preferably fluorine, C-C-alkyl, C-Cs-alkoxy and phenyl. 
(0274. In a preferred embodiment, X' and X’ are identical 
or different and are each halogen, in particular fluorine, chlo 
rine, bromine or iodine, benzoate, C-C-carboxylate, C-Cs 
alkyl, phenoxy, C-Cs-alkoxy, C-C-alkylthiol, C-C- 
arylthiol, C-C-aryl or C-C-alkylsulfonate. 
(0275. In a particularly preferred embodiment, X' and X 
are identical and are each halogen, in particular chlorine, 
CFCOO, CHCOO, CFHCOO, (CH) CO, (CF)(CH) 
CO, (CF)(CH) CO, PhO (phenoxy), MeO (methoxy), EtO 
(ethoxy), tosylate (p-CH-CH, SO), mesylate 
(CHSO) or trifluoromethanesulfonate (CFSO). 
(0276 Definition of R' 
(0277. In the general formula (A), R' shall mean hydrogen, 
alkyl, alkenyl, alkynyl or aryl. R' preferably represents 
hydrogen, C1-Co-alkyl, C2-Co-alkenyl, C2-Co-alkynyl or 
Co-Ca-aryl. R is particularly preferably hydrogen. 
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0278 Definition of R 
0279. In the general formula (A) R' shall mean H, alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, hetero-aryl, —C(=O)R. 
—C(=O)CR, C(=O)N(R), —C(=S)R, C(=S)SR, 
—C(=S)OR, C(=S)N(R) - S(=O)N(R), S(=O) 
R. —S(=O)R or a group containing either a C=O or a 
C—S structural element adjacent to a carbon atom which is 
bound to Y in formula (A), wherein R in all occurrences is 
identical or different and represents hydrogen, alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl. The meanings 
given for R as well as R may in each case optionally be 
Substituted by one or more alkyl, halogen, alkoxy, aryl or 
heteroaryl substituents. 
0280 R is typically C-Co-alkyl, C-C-cycloalkyl, 
C-Co-alkenyl, C2-Co-alkynyl, C-C2a-aryl, C2-C20 het 
eroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
—C(=S)R, —C(=S)SR, C(=S)OR, C(=S)N(R), 
S(=O)N(R), S(–O).R. —S(=O)R, —CH(R') C 
(=O)(R) or CH(R') C(=S).(R), wherein R and 
Rare identical or different and represent alkyl, cycloalkyl, 
alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, alkynyloxy, ary 
loxy, alkoxycarbonyl, alkylamino, alkylthio, arylthio, alkyl 
sulphonyl or alkylsulphinyl, or wherein R' may represent in 
the alternative also hydrogen, or where in the alternative R' 
and R' can form a saturated or unsaturated cyclic structure 
together with the carbon atoms to which they are bound, and 
wherein in all occurrences R is identical or different and 
represents hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl 
or heteroaryl. 
(0281. The preferred meanings given for R. R. RandR 
may in each case optionally be substituted by one or more 
C-Clso alkyl, fluoro, chloro, C-C alkoxy, C-C aryl or 
C-Coheteroaryl Substituents. 
(0282. In one preferred embodiment R is selected from the 
group consisting of 

0283 C-C-cycloalkyl, 
0284 C-C-aryl, 
0285) straight-chain or branched C-C-alkyl, with the 
latter being able, if appropriate, to be interrupted by one 
or more double or triple bonds or one or more heteroa 
toms, preferably oxygen or N R with R as defined 
above for formula (A), and 

0286 CH(R') C(=O)(R), or CH(R) C 
(—S).(R), wherein R and Rare identical or differ 
ent and represent alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl, alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxy 
carbonyl, alkylamino, alkylthio, arylthio, alkylsulpho 
nyl or alkylsulphinyl, each of which may optionally be 
Substituted by one or more alkyl, halogen, alkoxy, arylor 
heteroaryl substituents, wherein R' may represent in 
the alternative also hydrogen or where in the alternative 
R'' and R' can form a cyclic structure together with the 
carbon atoms to which they are bound. 

0287 C-C-cycloalkyl encompasses 
cyclobutyl, cyclopentyl, cyclohexyl, 
cyclooctyl. 
0288 C-C-aryl shall mean an aromatic moiety having 
from 6 to 24 skeletal carbonatoms. As preferred monocyclic, 
bicyclic or tricyclic carbocyclic aromatic radicals having 
from 6 to 10 skeletal carbonatoms, mention may be made by 
way of example of phenyl, biphenyl, naphthyl, phenanthrenyl 
or anthracenyl. 
0289 C-C2-alkyl can be, for example, methyl, ethyl, 
n-propyl, isopropyl. n-butyl, sec-butyl, tert-butyl, n-pentyl, 

cyclopropyl. 
cycloheptyl and 
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1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 
1-ethylpropyl, n-hexyl, n-heptyl. n-octyl, n-decyl or n-dode 
cyl. 
0290 R is particularly preferably straight-chain or 
branched C-C2-alkyl, most preferably methyl or isopropyl. 

0291 Definition of R, R, RandR 
0292. In the general formula (B) R. R. R. and R are 
identical or different and can each be hydrogen oran organic 
or inorganic moiety. 

0293. In an appropriate embodiment, R. R. R. Rare 
identical or different and are each hydrogen, halogen, nitro, 
cyano, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heterocyclyl, 
heteroaryl, alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxy 
carbonyl, alkylthio, arylthio, N(R). —Si(R) —O Si 
(R), C(=O)R, —C(=O)CR,-C(=O)N(R), C(=S) 
R, C(=S)SR, C(=S)OR, C(=S)N(R) - S(=O) 
N(R), S(=O)R, or—S(=O)R wherein Ris identical or 

different and represents hydrogen, alkyl, cycloalkyl, alkenyl, 
alkynyl, aryl or heteroaryl or if two substituents Rare bound 
to the same atom, such two Substituents R may also form a 
saturated or unsaturated cyclic structure together with the 
atoms to which they are bound. These meanings given for R. 
R. R. R may be in each case optionally be substituted by 
one or more alkyl, alkoxy, halogen, aryl or heteroaryl moi 
eties. 

(0294. In a preferred embodiment R. R. R. Rare iden 
tical or different and may represent hydrogen, fluorine, chlo 
rine, bromine, iodine, nitro, cyano, C-Co-alkyl, C-Co 
cycloalkyl, C2-Co-alkenyl, C2-Co-alkynyl, C-C2-aryl, 
C-Co heterocyclyl, C-Co heteroaryl, C-Co-alkoxy, 
C-Co-alkenyloxy, C2-Co-alkynyloxy, C-C2a-aryloxy, 
C-Co-alkoxycarbonyl, C-Co-alkylthio, Co-C-arylthio. 
N(R). —Si(R) —O—Si(R), —C(=O)R, —C(=O) 

OR, C(=O)N(R), C(=S)R, C(=S)SR, C(=S) 
OR, C(—S)N(R), S(=O)N(R) - S(=O)R, or 
—S(=O)R wherein R is identical or different and shall 
mean H. C-Co-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C-aryl, or C-C-heteroaryl, or if two 
substituents Rare bound to the same atom, such two substitu 
ents R may also form a saturated or unsaturated cyclic struc 
ture together with the atoms to which they are bound. These 
preferred meanings given for R. R. R. R may in each case 
optionally be substituted by one or more C-Co-alkyl, 
C-Co-alkoxy, halogen, Co-C-aryl or heteroaryl moieties. 
0295). In a particularly preferred embodiment, R. R. R. 
Rare identical or different and are each nitro, straight-chain 
or branched C-Co-alkyl, Cs-Cs-cycloalkyl, straight-chain 
or branched C-Co-alkoxy or C-C-aryl, most preferably 
phenyl or naphthyl. The C-Co-alkyl and C-Co-alkoxy 
moieties may optionally be interrupted by one or more double 
or triple bonds and/or one or more heteroatoms, preferably 
oxygen or —N(R)—with R being as defined above. 
0296. Furthermore, two or more of R, R, R or R can 
also be bridged via aliphatic or aromatic structures. For 
example, RandR together with the carbon atoms to which 
they are bound in the phenyl ring of the formula (B) can form 
a fused-on phenyl ring so that, overall, a naphthyl structure 
results. 
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0297 Suitable catalyst compositions are also obtained 
using a catalyst of general formula (A1), 

(A1) 

0298 where M, L, X', X, R,R,R,R,R, n and E can 
have the general, preferred and particularly preferred mean 
ings mentioned for the general formula (A). 
0299 The catalysts of the general formula (A1) are known 
in principle from e.g., US 2002/0107138 A1 (Hoveyda et al.) 
and can be obtained by preparative methods indicated there. 
0300 Particular preference is given to catalyst systems 
comprising catalysts of the general formula (A1) in which 
0301 M is ruthenium, 
(0302) X" and X’ are both halogen, in particular both chlo 

rine, 
0303 R is a straight-chain or branched C-C2-alkyl radi 

cal, 
0304 R. R. R. R. have the general, preferred and more 
preferred meanings mentioned for the general formula (A), 

0305 L has the general, preferred and more preferred 
meanings mentioned for the general formula (A) 

(0306 E is CH and 
0307 n is 0 or 1, more preferably 0. 
0308 Special preference is given to catalyst systems com 
prising catalysts of general formula (A1) in which 
0309 M is ruthenium, 
0310 X and X’ are both chlorine, 
0311 R is an isopropyl radical, 
0312 R. R. R. Rare all hydrogen, 
0313 L is a substituted or unsubstituted imidazoline or 
imidazolidine ligand of the formula (IIa) or (IIb). 

(IIa) 

(IIb) 

0314 where 
0315 R. R. R', R'' are identical or different and 
represent hydrogen, straight-chain or branched C-Co 
alkyl, Cs-Co-cycloalkyl, C2-Co-alkenyl, C2-Co-alky 
nyl, C-C2-aryl, C7-C2s-alkaryl, C2-C20 heteroaryl, 
C-Co heterocyclyl, C1-Co-alkoxy, C2-Co-alkeny 
loxy, C2-Co-alkynyloxy, Co-Co-aryloxy, C2-Co 
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alkoxycarbonyl, C-Co-alkylthio. Co-Co-arylthio. 
Si(R) -O-Si(R) - O C(=O)R, C(=O)R, 

R. —O—S(=O).R., halogen, nitro or cyano, and 
0316 E is CH and 
0317 n is 0 or 1, more preferably 0. 
0318. Such meanings of R. R. R', and R'' in the spe 
cifically preferred catalysts of Formula (A1) may in each case 
be substituted by one or more further substituent(s), prefer 
ably straight-chain or branched C-Co-alkyl, C-C-cy 
cloalkyl, C-Co-alkoxy or C-C-aryl, and these abovemen 
tioned substituents may in turn be substituted by one or more 
moieties, preferably selected from the group consisting of 
halogen, in particular chlorine or bromine, C-C-alkyl, 
C-C-alkoxy and phenyl. 
0319 Very particular preference is given to a catalyst sys 
tem obtainable by using a catalyst which comes under the 
general formula (A1) and has the following structure, where 
Mes is 2,4,6-trimethylphenyl. 

N. 

M Mes 

0320. This catalyst is also referred to as “Hoveyda cata 
lyst” in the literature. 
0321) Further suitable catalysts which come under the 
general formula (A1) have the following formulae, where 
Mes is in each case 2,4,6-trimethylphenyl. 

Mes-N N-Mes 

1 
C1 i 

N ( ) iPropyl-O ( ) 
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-continued 

Mes-N N-Mes Mes-N N-Mes 

1 CFCO r 
RuP RuP 

CFCO1 
O O 

Mes-N N-Mes Mes-N N-Mes 

co? so? 
RuP Ru 

CFSO1 CW1 
O O 

0322. A further catalyst system according to the invention 
is obtainable using a catalyst of the general formula (A2). 

(A2) 
L R1 

“= R2 y 
X2 7 
O Y R61N NO 

(E), 2 

R5 R4 

where M. L., X, X, R. R. R. R. R., n and E have the 
general and preferred meanings mentioned for the formula 
(A). 
0323. The catalysts of the general formula (A2) are known 
in principle from, for example, WO-A-2004/035596 (Grela) 
and can be obtained by preparative methods indicated there. 
0324 Particular preference is given to catalyst systems 
obtainable using a catalyst of the general formula (A2) in 
which 
0325 M is ruthenium, 
0326 X" and X’ are both halogen, in particular both chlo 
rine, 

0327 R is hydrogen 
0328 R is straight-chain or branched C-C-alkyl, 
0329. R. R. and Rhave the general and preferred mean 
ings mentioned for the formula (A), 

0330 L has the meanings mentioned for the general for 
mula (A), 

0331 E is CH, and 
0332 n is 0 or 1, more preferably 0. 
0333 Very particular preference is given to catalyst sys 
tems obtainable by using a catalyst of the general formula 
(A2) in which 
0334 M is ruthenium, 
0335 X and X’ are both chlorine, 
0336 R is isopropyl, 
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0337 L is a substituted or unsubstituted imidazol or imi 
dazolidine ligand of the formulae (IIa) or (IIb), where R. 
R. R', R'' are identical or different and have the mean 
ings mentioned for the very particularly preferred catalysts 
of the general formula (A1), 

0338 E is CH and 
0339 n is 0 or 1, more preferably 0. 
0340 Particularly useful catalysts falling under general 
formula (A2) have the following structures, where Mes is in 
each case 2,4,6-trimethylphenyl. 

N N 

Mes1 Y YMes 
CIII 'Ru 
C 

NO 

N N 
Mes1 n Mes Y 

Clii I.Ru 

NO 

CII . . 

NO 

0341 The catalyst depicted on the left is also known as 
“Grela catalyst” in the literature. 
0342. In an alternative embodiment catalysts of the gen 
eral formula (A3) can be used in the process of the present 
invention, 

(A3) 
L 

X, 2 
MR R 

x7 Y / 61 N. 3 R" YE R 

R5 R4 

0343 wherein 
(0344) X" and X’ are identical or different and shall mean 
hydrogen, halogen, pseudohalogen, straight-chain or 
branched C1-Co-alkyl, C-C2-aryl, C-C2-alkoxy, 
C-C-aryloxy, C-Co-alkyldiketonate C-C-aryldike 
tonate, C-Co-carboxylate, C-Co-alkylsulfonate, 
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C-C-arylsulfonate, C-Co-alkylthiol, C-C-arylthiol, 
C-Co-alkylsulfonyl or C-Co-alkylsulfinyl, 

0345 L is an electron donating ligand, which can be linked 
or not linked with X" to form a cyclic structure, 

0346 R is chloro, fluoro, bromo, C(=O)R, —C(=O) 
OR, OC(=O)R, —C(=O)N(R), —C(=S)R, 
- C(=S)SR, C(=S)OR, C(=S)N(R), S(=O)N 
(R), —S(=O).R., or—S(=O)R. 

(0347 R is H, halogen, nitro, cyano, C-C alkyl, C-Co 
alkoxy, C-C alkylthio. —Si(R) —O—Si(R), Co-Co 
aryl, Co-Co aryloxy, C-Co heterocyclic, C-Co het 
eroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
—C(=S)R, —C(=S)SR, C(=S)OR, C(=S)N(R), 
—S(=O)N(R), —S(=O)R or —S(=O)R, 

(0348 R and Rare each H, bromo (Br), iodo (I), C-Co 
alkyl, C-C alkoxy, C-C alkylthio. —Si(R) —O—Si 
(R)s. Co-Co aryloxy, Co-Co aryl, C2-Co heterocyclic, 
C-C heteroaryl, —C(=O)CR, —C(=O)N(R), or 
—SON(R), 

(0349 R is H, C, -Coalkyl, Co-Co aryl, C-Coheterocy 
clic, C-C heteroaryl, —C(=O)R. —C(=O)CR, 
—C(=O)N(R), —SON(R) or —N(SO, R), 
—S(=O)R, or —S(=O).R. 

0350 n is 0 or 1 
0351 wherein if n=1, then the element 

Y F(E), 

0352 shall mean that Y and (E), are linked either by a 
single bond or by a double bond, wherein 

0353 (i) if Y and (E), are linked by a single bond, then 
0354) Y is oxygen (O), sulfur (S), N Ror P Rand 
0355 E is CH, or 

0356 (ii) if Y and (E), are linked by a double bond, then 
0357 Y is N or P 
0358 E is CH, 

0359 wherein if n=0, then 
0360 Y is oxygen (O), sulfur (S), N R or P R and 
directly linked by a single bond to the phenyl moiety 
depicted above in formula (A3) 

0361 and wherein in all above occurrences in formula 
(A3) 

0362 R is identical or different and shall mean H, C-Co 
alkyl, C-Co-cycloalkyl, C-C-alkenyl, C-Co-alkynyl, 
C-C-aryl, or C-C-heteroaryl, or if two Substituents R 
are bound to the same atom, Such two Substituents R may 
also form a saturated or unsaturated cyclic structure 
together with the atoms to which they are bound. 

0363 To the extent the general, preferred, more preferred 
or most preferred definitions of the catalyst according to 
general formula (A3) mentions "C-C heterocyclic” and 
"C-Co heteroaryl' this shall always imply that the respec 
tive heterocyclic ring contains besides the number of carbon 
atoms Such a number of hetero atoms that a stable heterocy 
clic structure is formed: A stable “C. heteroaryl' would e.g. 
be an triazolyl moiety comprising two carbon atoms in the 
ring and three nitrogen atoms. 
0364 Definition of X and X for General Formula (A3) 
0365. In the above depicted formula (A3) the moieties 
listed as meanings for X" and X can also be substituted by 
one or more further groups, for example by halogen, prefer 
ably fluorine, C-Co-alkyl, C-Co-alkoxy or C-C-aryl, 
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where these groups, too, may once again be substituted by one 
or more substituents selected from the group consisting of 
halogen, preferably fluorine, C-C-alkyl, C-C-alkoxy and 
phenyl. 
10366) In a preferred embodiment, X' and X’ are identical 
or different and are each halogen, in particular fluorine, chlo 
rine, bromine or iodine, benzoate, C-C-carboxylate, C-Cs 
alkyl, phenoxy, C-Cs-alkoxy, C-C-alkylthiol, C-C- 
arylthiol, C-C-aryl or C-C-alkylsulphonate. 
0367. In a particularly preferred embodiment, X' and X 
are identical and are each halogen, in particular chlorine, 
CFCOO, CHCOO, CFHCOO, (CH) CO, (CF)(CH) 
CO, (CF)(CH) CO, PhO (phenoxy), MeO (methoxy), EtO 
(ethoxy), tosylate (p-CH-CH, SO), mesylate 
(CHSO) or trifluoromethanesulphonate (CFSO). 
0368. In a preferred embodiment of the present invention 
complex catalysts having the general structure (A3) are Suited 
for obtaining the novel catalyst compositions wherein 
0369 Y is oxygen or sulfur, 
0370 X' and X’ are identical and are each chloro, 
CFCOO, CHCOO, CFHCOO, (CH) CO, (CF)(CH) 
CO, (CF)(CH)CO, PhO (phenoxy), MeO (methoxy), 
EtO (ethoxy), tosylate (p-CH, CH, SO), mesylate 
(CHSO) or trifluoromethanesulphonate (CFSO), 

0371 R = C(=O)R, C(=O)CR, OC(=O)R, 
—C(=O)N(R), chloro, fluoro, bromo. —NR—C 
(=O) N(R), or—SON(R), 

10372 R is hydrogen, halogen, nitro, cyano, C-C alkyl, 
C-C alkoxy, C-C alkylthio. —Si(R) —O—Si(R), 
C-C aryl, C-C aryloxy, C-C heterocyclic, C-C, 
heteroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
-NR C(=O) N(R), -SON(R), or - N(SO-R) 
—S(=O)R, or —S(=O)R 

0373 Rand Rare each hydrogen, bromo (Br), iodo (I), 
C-C alkyl, C-C alkoxy, C-C alkylthio. —Si(R), 
—O—Si(R), Co-Caryloxy, Co-Caryl, C-C hetero 
cyclic, C-C heteroaryl, —C(=O)CR, —C(=O)N(R), 
—NR C(=O) N(R) - SON(R), or - N(SO-R) 
2s 

0374 R is H. C-C alkyl, C-C alkoxy, C-C alky 
lthio. —Si(R) —O—Si(R)s. Co-Caryl, Co-Caryloxy, 
C-C heterocyclic, C-C heteroaryl, -C(=O)CR, 
—C(=O)N(R), NR C(=O) N(R), -SON(R), 
or - N(SO, R). 

0375 n is 0 or 1 
0376 E is CH, 
0377 wherein if n=1, then Y is linked to E by a single 
bond, 
0378 wherein if n=0, then Y is directly linked to the phe 
nyl moiety depicted informula (A3) and wherein in all above 
occurrences of this preferred embodiment 
0379 R is identical or different and shall mean H, C-C- 
alkyl, Cs-C-cycloalkyl, C-Cs-alkenyl, C-C-alkynyl, 
C-C-aryl, or C-C-heteroaryl. 

0380. In an even more preferred embodiment complex 
catalysts having the general structure (A3) are Suited for 
obtaining the novel catalyst compositions wherein 
(0381 Y is oxygen, 
(0382 X" and X’ are identical and each chloro or each 
R'COO with R" being C-C alkyl, 

0383 R = C(=O)R, C(=O)CR, OC(=O)R, 
—C(=O)N(R), chloro, fluoro, bromo. —NR—C 
(=O) N(R), —SON(R) or —N(SO, R), 

(0384 R and Rare each hydrogen, 
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0385) R' is H. chloro, fluoro, C(=O)R, C(O)OR, 
- C(=O)N(R), NR-C(=O) N(R), -SON(R) 
or —N(SO, R), 

0386 R is C-C alkyl, particularly isopropylor isobutyl, 
(0387 n is 0 or 1 
0388 E is CH, 
0389 wherein if n=1, then Y is linked to E by a single 
bond, 
0390 wherein if n=0, then Y is directly linked to the phe 
nyl moiety depicted in formula (A3) and 
0391 wherein in all above occurrences in formula (A3) 
0392 R is identical or different and shall mean H, C-C- 
alkyl, Cs-C-cycloalkyl, C-C-alkenyl, C-C-alkynyl, 
phenyl, imidazolyl, triazolyl, or pyridinyl moieties. 

0393. In another preferred embodiment of the present 
invention ruthenium complex catalysts having the general 
structure (A3) are suited for obtaining the novel catalyst 
compositions, wherein L can be selected from following 
structures (IIa), (IIb), (IIc) and (IId), 

(IIa) 
R8 R9 

Rll- r 
(IIb) 

R8 R9 

R11- r 
(IIc) 

R8 

)=n 
--- 

(IId) 
R12 

R41'NRIs 

0394 wherein 
0395) R' and R'' are each C-C alkyl, C-C aryl, 
C7-Cs alkaryl, C-Co heteroaryl, C-Co heterocyclic, 
—C(=O)R, —C(=O)N(R), NR-C(=O) N(R), 
or —SON(R) 

0396 RandR are each hydrogen, C-C alkyl, C-Co 
alkoxy, C-C alkylthio. —Si(R) —O—Si(R), C-Co 
aryl, Co-Co aryloxy, C2-Coheteroaryl, C2-Coheterocy 
clic, C(=O)R, C(=O)N(R), NR-C(=O) N(R), 
or —SON(R), —S(=O)R. —S(=O)R or —O—S 
(=O).R., halogen, nitro or cyano group; 

0397) R', R'' and R'' are each C-C alkyl, C-C, 
alkoxy, Co-Co aryl, Co-Co aryloxy, C2-Coheteroaryl or 
C-Coheterocyclic group: 

0398 wherein in all above occurrences regarding struc 
tures (IIa), (IIb), (IIc) and (Id), 
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0399 R is identical or different and shall mean H, C-Co 
alkyl, C-Co-cycloalkyl, C-C-alkenyl, C-Co-alkynyl, 
C-C2-aryl, or C-C2a-heteroaryl. 

0400. In an even more preferred embodiment complex 
catalysts having the general structure (A3) are Suited for 
obtaining the novel catalyst compositions, in which the ligand 
L has the structure (IIa) or (IIb) wherein R'' and R'' are each 
an aryl group, more preferably each a Substituted phenyl 
group, most preferably each 2,4,6-trimethylphenyl and R' 
and Rare each hydrogen, respectively. 
04.01. In another preferred embodiment complex catalysts 
having the general structure (A3) are Suited for obtaining the 
novel catalyst compositions, in which the ligand L has the 
structure (IId) wherein R', RandR'' are each cyclohexyl, 
respectively. 
0402. In another preferred embodiment of the present 
invention ruthenium complex catalysts having the general 
structure (A3) are suited for obtaining the novel catalyst 
compositions, wherein 
(0403 X' and X’ are each chloro; 
0404 L has the general structure (IIa) or (IIb) as defined 
above; 

04.05 Y is oxygen: 
0406 R = C(=O)R, C(=O)CR, OC(=O)R, 
—C(=O)N(R), chloro, fluoro, bromo, NR—C 
(=O) N(R), or—SON(R), 

(0407) R' is H, halogen, nitro, cyano, C-C alkyl, C-C, 
alkoxy, C-C alkylthio. —Si(R) —O—Si(R), C-C, 
aryl, C-C aryloxy, C-C heterocyclic, C-C het 
eroaryl, -C(=O)R, —C(=O)CR, C(=O)N(R), 
—S(=O).R. —S(=O)R or —SON(R), 

(0408 R and Rare each H, bromo (Br), iodo (I), C-C, 
alkyl, C-C alkoxy, C-C alkylthio. —O—Si(R), 
Co-Caryloxy, Co-Caryl, C2-C. heterocyclic, Ca-Ca 
heteroaryl, -C(=O)CR, C(=O)N(R), or -SON(R) 
2s 

04.09 R is H, C-C alkyl C-C alkoxy, C-C alky 
lthio. —Si(R) —O—Si(R), C-Caryl, C-Caryloxy, 
C-C heterocyclic, C-C heteroaryl, —C(=O)R. 
—C(=O)N(R), NR C(=O) N(R), -SON(R), 
or —N(SO, R), 

0410 wherein in all above occurrences 
0411 R is identical or different and shall mean H, C-C- 
alkyl, Cs-C-cycloalkyl, C-C-alkenyl, C-C-alkynyl, 
phenyl, imidazolyl, triazolyl, or pyridinyl moieties. 

0412. In an even more preferred embodiment of the 
present invention complex catalysts having the general struc 
ture (A3) are Suited for obtaining the novel catalyst compo 
sitions, wherein 
0413 X and X’ are each chloro, 
0414 L has the general structure (IIa) or (IIb). 
0415 Y is oxygen, 
0416 R chloro, fluoro, C(=O)R, C(=O)CR, 

0418 Rand Rare each hydrogen, 
0419) R' is C-C alkyl, particularly isopropylorisobutyl, 
0420 wherein in all above occurrences 
0421 R is identical or different and shall mean H, C-C- 
alkyl, Cs-C-cycloalkyl, C-C-alkenyl, C-C-alkynyl, 
phenyl, imidazolyl, triazolyl, or pyridinyl moieties. 
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0422. In a particularly preferred embodiment of the 
present invention a catalyst is used for the preparation of the 
novel catalyst compositions which is chosen from the follow 
ing structures: 

N 

Mes1 Y YMes 
Ru 

/: 

sk 
Mes1 n Mes 

N 

C IR)- 
CIII. Ru 

Ø R 
C 

N N 

Mes1 Y n Mes 
Cli 

R)- 

RuP 

Ø 
O 

sk OCH 
OCH 

-continued 

N N 

Mes1 Y YMes 
CII . . 

W 
Ru 

R C 

N N 

Y Mes Mes 

Cli II Ru 

CONH2 

Mes Mes C 
Cli III.Ru 

COCH3 

Mes Mes 

Cli II Ru 

CHO 

C / 

Mes Mes 

Cli II Ru 

COCH 

C / 

Mes Mes 

Cli II Ru 

COPh R)- 
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-continued -continued 

N N N N 

Mes1 YMes Mes 1 Y YMes 
Clip II Rl 

C 

SON(CH3)2 sk sox) 

N N N N 

Mes1 Y YMes Mes1 Y YMes 
= Ru' inC C|III 'Ru 

N. CY : CH 
Cl 3 

E M 
O SON 

- V CH3 

N 
Mes1 

N N N 

Mes1 Y YMes Y YMes 
="c CIII 'Ru- COCH3 

s Y, c^ 
O 5 SON 

s 

SON O soO)- COCH3 
le sk 

N N 

Mes1 Y YMes 
C|III 'Ru 

CH3 1 
SON E 

V O SON O 

CH3 sk 
N N 

Mes1 Y YMes 
CIII 'Ru 

CH 1. A 
M E 

SON O SON V 

CH3 sk 
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-continued 

N N 

Y Mes 
R 

\ 

R-O 
PPh 

H 

CIII Ru 
c1 

sk SONMe2 

Mes1 

i 

i 
CIII 'Ru 
c1 

SON O 

sk \ / 
PCy3 

CIII 'Ru 
c1 

SON O 
\ / 

i 
- 

Mes-N N-Mes 

wCl 
= Ru 
c1 i 1. 

N 
F N 

F 

Jan 
21 

-continued 

ON 

1. 
ON N 

ON y 

Mes-N N-Mes 

wCl 
= Ru'' 
cy is 

E1 
ON N 2 

22, 2015 

0423. The above described catalysts of general formula 
(A3) with its preferred, more preferred, particularly preferred 
and most preferred embodiments may be prepared in accor 
dance with the preparation methods described in EP-A-1905 
777. 

0424. In one embodiment of the present invention cata 
lysts of general formula (A4) can be used coming under 
general formula (I) with n being 1. 
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(A4) 
L RI 

X% 
21 
Y 
M \, 

R (CH), R3 

R5 R4 

wherein M, LY,X, X, R,R,R,R,R, R and n have all 
general, preferred, more preferred and particularly preferred 
meanings as given for general formula (A). 
0425 General formula (A4) therefore covers catalysts 
according to general formula (A4-1) (with n=0) and (A4-2) 
(with n=1) which can both be used for preparing the catalyst 
compositions of the present invention 

L (A4-1) 
R 

* = R2 
Y 

Y. 
R61 R3 

R5 R4 
L (A4-2) 

R 
X, 

M R2 
Y7 
Y 
/ V 

R6 CH R3 

R5 R4 

wherein M, L. Y. X', X, R', R,R,R,R, and R have all 
general, preferred, more preferred and particularly preferred 
meanings as given for general formula (A). 
0426 In preferred catalysts to be used for preparing the 
catalyst compositions according to the invention M is Ruthe 
nium and Y is oxygen or NH with L., X, X, R. R. R. R. 
R. Rand n having all general, preferred, more preferred and 
particularly preferred meanings as given for general formula 
(A). 
0427 Suitable catalysts falling under general formula 
(A4) and in particular under general formula (A4-2) have the 
following structures: 

Mes-N 

Y 
N M (S 

W C 

/ 

22 

F C 

Jan 

-continued 

Mes-N N-Mes 

wCl 
= Ru'' 

F c1 

FC O 
Mes-N N-Mes 

wCl 
= Ru'' 

ON c.1; 

H 

O 

Mes-N N-Mes 

Cl 
Ru 

22, 2015 

O-(CH)-CH 
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-continued 

Mes-N N-Mes 

wCl 
Ru / F CIY 
N 
H 

C 

0428. In a specific embodiment of the present invention 
catalysts of general formula (A4) may be used 
0429 wherein 
0430) R' means either an aryl group, preferably phenyl 
group Substituted in 2-position with C-Co-alkoxy or 
—N(R), with R being identical or different and represent 
ing hydrogen or straight chain or branched C-C alkyl and 

0431 wherein M, L,Y,X', X, R',R,R,R, and Rhave 
the same meanings as given for general formula (A4). 
0432. In such specific embodiment the substituent R may 
then coordinate to the metal of the complex catalyst via the 
oxygen in the alkoxy group, or the nitrogen in the N(R) 
Substituent. Hence, Such specific catalysts then have the gen 
eral formula (A5) 

(A5) 
L RI 

8% XRuP 2 R 15 R 
N f -17 

V 
(CH2) R3 

RIS 

R R5 R4 
R17 

R18 

0433 wherein 
0434 Y is oxygen (O) or —NR with R representing 
hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or het 
eroaryl, 

0435 W is oxygen (O) or NR7 with R" being hydrogen or 
straight chain or branched C-C alkyl, 

0436) R' represents straight chain or branched alkyl, 
0437. R. R. Rand R' are identical or different and 
represent hydrogen, halogen, alkyl, cycloalkyl, alkoxy, 
alkenyl, alkynyl, aryl or heteroaryl, and 
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0438 L. R. R. R. R. R shall have the general, pre 
ferred and more preferred meanings given for general for 
mula A. 

0439 General formula (A5) covers catalysts according to 
general formula (A5-1) (with n=0) and (A5-2) (with n=1) 
which can both be used for preparing the catalyst composi 
tions of the present invention, 

(A5-1) 
X L R1 
2. 
X NR= R2 

R15 f 
N Y. 
W R3 

Rig 
R5 R4 

R19 

R17 
R18 

(A5-2) 
X L RI 
Xa M 2 R 15 R S-17 

CH2 R3 
Rig 

R' R5 R4 
R17 

R18 

wherein L. Y. X1, X2, R, R2, R., R., RS, RIS, R, R7, R8 
and R' have the same meanings as given for general formula 
(A5). 
0440. In preferred catalysts of general formula (A5) to be 
used for preparing the catalyst compositions according to the 
invention 
0441 Y is oxygen (O) or NR with R representing 
hydrogen, C-Clio alkyl, Cs-Cs cycloalkyl, C-Coalkenyl, 
C-Co alkynyl, C-C aryl or C-Coheteroaryl, 

10442 W is oxygen (O) or NR with R" being hydrogen 
or straight chain or branched C-C alkyl, 

0443) R' represents straight chain or branched C-Co 
alkyl 

0444 R', R'7, Rand R'' are identical or different and 
represent hydrogen, halogen, straight chain or branched 
C-C alkyl, Cs-Cs cycloalkyl, straight chain or branched 
C-Clo alkoxy, C-Co alkenyl, C-C alkynyl, C-C, 
aryl or C-Coheteroaryl, 

0445 L, R, R. R. R. R shall have the general, pre 
ferred and more preferred meanings given for general for 
mula A, and 

0446 n being 0 or 1. 
0447 More preferably catalysts of general formula (A5) 
can be used wherein 
0448 Y is oxygen (O) or NR with R representing 
hydrogen or C-C alkyl, 

10449 W is oxygen (O) or NR with R" being hydrogen 
or straight chain or branched C-C alkyl, 

0450) R' represents straight chain or branched C-C, 
alkyl, 
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0451 R. R. Rand R' are identical or different and -continued 
represent hydrogen, chloro, straight chain or branched / \ 
C-Co alkyl, or straight chain or branched C-Co alkoxy Mes-N N-Mes 

and Y C 
0452 n being 0 or 1. - 7 N. < 
0453 Suitable catalysts falling under general formula F CIY O 
(A5) have the following structures: CC 

Mes-N N M (S 

Y 
W C 

Y 
XX < < C i C 5 

N N 

H 
H 

PCy 
wCl 

Mes-N N-Mes Ru 
Y F \ i Y-1 

wCl N 
H 

\S / N1Wi S 
1. 

Mes-N N M (S 

wCl 

M (S 

N 
M (S 

= -Ru'' 
-Ru 

ON c1 N-1 7 : Y1 
E. O CI O 

/ N 
H h 

Mes-N N-Mes 

? 
-Ru / \ 

ON c1 So, Mes-N N-Mes 
N ? 

F c1 O 

Mes-N N-Mes 

1. 
= Ru 

F /s No1 s 
O F C / 
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-continued -continued 

N-Mes Mes-N 

C 

C 

C 

N-Mes 

wCl 
l 

C 

C 
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-continued 

Mes-N N-Mes 

wCl 
u 

S 
C N 

0454. A further alternative embodiment provides a cata 
lyst system according to the invention obtainable by using a 
catalyst of the general formula (A6) 

L (A6) 

* –/ . MR R 
1 

R& Y 
N 
(CH2) R3 

R62 Z 
R5 R4 

0455 where 
0456 M is ruthenium or osmium, preferably ruthenium, 
0457 Z is oxygen (O) or sulfur (S), 
0458 Y is oxygen (O), sulfur (S), N-R7 or P R7, where 
R" has the meanings indicated below, 

0459 X and X’ are identical or different ligands, 
0460) R' is H, alkyl, alkenyl, alkynyl or aryl, 
0461) R. R. R. and Rare identical or different and are 
each hydrogen, organic or inorganic Substituents, 

0462) R' is H, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 
alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl, each of which may optionally be substituted by one 
or more alkyl, halogen, alkoxy, aryl or heteroaryl Substitu 
ents, 

0463) R' is alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 
alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl, each of which may optionally be substituted by one 
or more alkyl, halogen, alkoxy, aryl or heteroaryl Substitu 
ents, 

or where in the alternative R' and R may form a cyclic 
structure together with the two adjacent carbon atoms to 
which they are bound, 
0464 L is a ligand, and 
0465 R7 is alkyl, cycloalkyl, alkenyl, alkynyl, aryl, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, 
alkylamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl which may each be optionally substituted by one or 
more alkyl, halogen, alkoxy, aryl or heteroaryl Substitu 
ents, and 

0466 n is 0 or 1. 
0467. The catalysts of the general formula (A6) are known 
in principle. Representatives of this class of compounds are 
the catalysts described by Arltet al. in WO-A1-2008/034552 
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and by Zhan in WO-A-2011/079799. The catalysts are com 
mercially available or can be prepared as described in the 
references cited. 
0468 General formula (A6) covers catalysts according to 
general formula (A6-1) (with n=0) and (A6-2) (with n=1) 
which can both be used for preparing the catalyst composi 
tions of the present invention, 

(A6-1) 

(A6-2) 

wherein L, M, X, X, R', R,R,R,R,Y, R and R have 
the same meanings as given for general formula (A6). 
0469. In the catalysts of the general formula (A6) as well 
as (A6-1) and (A6-2) L is a ligand, usually a ligand having an 
electron donor function. L. can have all meanings as described 
above relating to general formula (A). It can in particular 
represent a POX) ligand, where X are each, independently 
of one another, C-C-alkyl, C-Cs-cycloalkyl or aryl or L is 
a substituted or unsubstituted imidazoline or imidazolidine 
ligand as defined in general formulae (IIa), (IIb), and (IIIa) to 
(IIIn) further above with regard to the catalyst of the general 
formula (A). 
0470 Alkyl in general formulae (A6) as well as (A6-1) 
and (A6-2) preferably means C-C-Alkyl which 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. 
0471 Cycloalkyl in general formulae (A6) as well as (A6 
1) and (A6-2) preferably means C-C-Cycloalkyl which 
encompasses cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, cycloheptyl and cyclooctyl. 
0472. Aryl in general formulae (A6) as well as (A6-1) and 
(A6-2) encompasses an aromatic radical having from 6 to 24 
skeletal carbon atoms. Preferred monocyclic, bicyclic or tri 
cyclic carbocyclic aromatic radicals having from 6 to 10 
skeletal carbon atoms are, for example, phenyl, biphenyl, 
naphthyl, phenanthrenyl and anthracenyl. 
0473. In the catalysts of the general formula (A6) as well 
as (A6-1) and (A6-2) X" and X’ are identical or different 
ligands and can be, for example, hydrogen, halogen, 
pseudohalogen, straight-chain or branched C-Co-alkyl, 
C-C-aryl, C-Co-alkoxy, Co-C-aryloxy, C-Co-alky 
ldiketonate, C-C-aryldiketonate, C-Co-carboxylate, 
C-Co-alkylsulphonate, C-C-arylsulphonate, C-Co 
alkylthiol, C-C-arylthiol, C-Co-alkylsulphonyl or 
C-Co-alkylsulphinyl. 
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0474. In the catalysts of the general formula (A6) as well 
as (A6-1) and (A6-2) the abovementioned ligands X and X 
can also be substituted by one or more further substituents, 
e.g. by halogen, preferably fluorine, C-Co-alkyl, C-Co 
alkoxy or C-C-aryl, where these Substituents may option 
ally also in turn be substituted by one or more substituents 
selected from the group consisting of halogen, preferably 
fluorine, C-C-alkyl, C-Cs-alkoxy and phenyl. 
0475. In a preferred embodiment of catalyst (A6) as well 
as (A6-1) and (A6-2) X' and X’ are identical or different and 
are each halogen, in particular fluorine, chlorine or bromine, 
benzoate, C-C-carboxylate, C-C-alkyl, phenoxy, C-Cs 
alkoxy, C-C-alkylthiol, C-C-arylthiol, C-C-aryl or 
C-C-alkylsulphonate. 
0476. In a particularly preferred embodiment of catalyst 
(A6) as well as (A6-1) and (A6-2)X' and X’ are identical and 
are each halogen, in particular chlorine, CFCOO, CHCOO. 
CFHCOO, (CH) CO, (CF)(CH)CO, (CF)(CH),CO, 
PhO (phenoxy), MeO (methoxy), EtO (ethoxy), tosylate 
(p-CH, CH, SO), mesylate (2,4,6-trimethylphenyl) or 
CFSO, (trifluoromethanesulphonate). 
0477. In the catalysts of general formula (A6) as well as 
(A6-1) and (A6-2) R' and Rare identical or different and 
represent alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alky 
lamino, alkylthio, arylthio, alkylsulphonyl or alkylsulphinyl, 
each of which may optionally be substituted by one or more 
alkyl, halogen, alkoxy, aryl or heteroaryl substituents, how 
ever, R' may also represent hydrogen in the alternative. 
0478. In the preferred catalyst of general formula (A6) R' 
and R'' are identical or different and preferably represent 
C1-Co-alkyl, Cs-Co-cycloalkyl, C2-Co-alkenyl, C-Co 
alkynyl, C-C2a-aryl, C-Co-alkoxy, C2-Co-alkenyloxy, 
C-Co-alkynyloxy, Co-C-aryloxy, C-Co-alkoxycarbo 
nyl, C-Co-alkylamino, C-Co-alkylthio, Ca-Ca-arylthio. 
C-Co-alkylsulfonyl or C-Co-alkylsulfinyl, each of which 
may optionally be substituted by one or more alkyl, alkoxy, 
aryl or heteroaryl substituents, however, R' may also repre 
sent hydrogen in the alternative, or wherein or where in the 
alternative R'' and R may form a cyclic structure together 
with the two adjacent carbon atoms to which they are bound, 
0479. More preferably R' is hydrogen and Reis Cs-Co 
cycloalkyl, C-C-aryl or straight-chain or branched C-C2 
alkyl, with the latter optionally being able to be interrupted by 
one or more double or triple bonds or one or more heteroat 
oms, preferably oxygen or nitrogen, or where in the alterna 
tive R'' and R may form a cyclic structure together with the 
two adjacent carbon atoms to which they are bound. In Such 
preferred definition C-Co-cycloalkyl then encompasses, for 
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl and cyclooctyl, C-C2-alkyl 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 and C-C-aryl radical is an 
aromatic radical having from 6 to 24 skeletal carbon atoms, 
more preferably a monocyclic, bicyclic or tricyclic carbocy 
clic aromatic radical having from 6 to 10 skeletal carbon 
atoms, most preferably phenyl, biphenyl, naphthyl, phenan 
threnyl or anthracenyl. 
0480. In the general formula (A6) R' is hydrogen or an 
alkyl, alkenyl, alkynyl or aryl radical. R' is preferably hydro 
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gen or a C-Co-alkyl radical, a C-Co-alkenyl radical, a 
C-Co-alkynyl radicalora Co-C-aryl radical. R' is particu 
larly preferably hydrogen. 
0481. In the catalyst of general formula (A6) R. R. R. 
and R are identical or different and can be H, organic or 
inorganic substituents. In a preferred embodiment, R. R. 
R. Rare identical or different and are each H, halogen, nitro, 
CF, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkeny 
loxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alky 
lthio, arylthio, alkylsulphonyl or alkylsulphinyl, each of 
which may optionally be substituted by one or more alkyl, 
alkoxy, halogen, aryl or heteroaryl Substituents. More prefer 
ably R. R. R. R are identical or different and are H, 
halogen, preferably chlorine or bromine, nitro. CF, C-Co 
alkyl, Cs-Co-cycloalkyl, C-Co-alkenyl, C2-Co-alkynyl, 
C-C-aryl, C-Co-alkoxy, C-Co-alkenyloxy, C-Co 
alkynyloxy, Co-C-aryloxy, C-Co-alkoxycarbonyl, 
C-Co-alkylamino, C-Co-alkylthio. Co-C-arylthio. 
C-Co-alkylsulphonyl or C-Co-alkylsulphinyl, each of 
which may optionally be substituted by one or more C-Co 
alkyl, C-Co-alkoxy, halogen, C-C-aryl or heteroaryl Sub 
stituents. In a particularly preferred embodiment, R. R. R. 
Rare identical or different and are each nitro, a straight 
chain or branched C-C2-alkyl or C-Co-cycloalkyl radical, 
a straight-chain or branched C-Co-alkoxy radical or a 
C-C-aryl radical, most preferably phenyl or naphthyl. The 
C-C2-alkyl and C-Co-alkoxy groups may optionally be 
interrupted by one or more double or triple bonds or one or 
more heteroatoms, preferably oxygen or nitrogen. 
0482. Furthermore, two or more of R,R,R or Rican be 
bridged via aliphatic or aromatic structures. For example, R 
and R' can, with inclusion of the carbon atoms to which they 
are bound in the phenyl ring of the formula (Q), form a 
fused-on phenyl ring so that overall a naphthyl structure 
results. 
0483 Particular preference is given to catalysts of the 
general formula (A6) in which 
0484 M is ruthenium, 
0485 Y is oxygen (O), 
0486 Z is oxygen (O), 
0487. X" and X’ are both halogen, in particular, both chlo 

r1ne, 
0488) R' is hydrogen, 
0489 R. R. R. R. have the general, preferred and more 
preferred meanings given for the general formula (A6). 

0490 R, R have the general, preferred and more pre 
ferred meanings given for the general formula (A6) and 

0491 L has the general, preferred and more preferred 
meanings given for the general formula (A6). 

0492 Very particular preference is given to catalysts of the 
general formula (A6) in which 

0493 M is ruthenium, 
0494. Y is oxygen (O), 
0495 Z is oxygen (O), 
0496 X" and X’ are both chlorine, 
0497) R' is hydrogen, 
0498. R. R. R. Rare all hydrogen, 
0499 R is methyl, 
(0500 R is methyl and 
0501 L is a substituted or unsubstituted imidazoline or 
imidazolidine ligand of general formulae (IIa), (IIb), (IIIa) 
to (IIIu) as defined for general formula (A) 
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0502. A very particularly preferred catalyst which comes -continued 
under the general structural formula (A6) has the following / \ 
structure and is also referred to as “Arlt catalyst”. Mes-N N-Mes 

Ruh 
c1 H3C 

H3C O 

DC Mes-N N-Mes 
C Y HC O '... Ru 
ca 

HC O 
0503. Further suitable catalysts which come under the 
general formula (A6) have the formulae depicted below 
where Mes is in each case a 2,4,6-trimethylphenyl. Even in O 
case this is not shown in the below formulae the double 
bonded oxygen may also coordinate (back-bite) to the central 
metal of the complex catalyst 

Mes-N N-Mes Mes-N N-Mes 

FCSO Y FCCO Y / \ 
Rup Rup Mes-N N-Mes 

FCso.1 Ecco.1 Y 
DC HC O Cl, 

H3C O 

Ru= 
ca 

H O 

H3C O C 
HC O 

Mes-N N-Mes 

C Y f \ 
Ru= Mes-N N-Mes 

ca1 
Cl?, 

HC O Ru 
NO ca1 

O 

H3C O 

O 

Mes-N N-Mes Mes-N N-Mes 

C Y ? 
Rup E-Ru 

y ca1 O F ( No 
HC O E 3 C -Nch, N-a- 
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-continued 

Mes-N N-Mes 

wCl 

1 Q 
N o1 
H 

Mes-N N-Mes 

? 
\ Q 
NuYa in-no 

0504. In a further embodiment catalysts of general for 
mula (A7) can be used to prepare the novel catalyst compo 
sitions 

(A7) 
L 

X, 
X2 7Ru R2 

R6 - N R3 

R5 R4 

0505 wherein 
0506 X" and X’ are identical or different and shall mean 
hydrogen, halogen, pseudohalogen, straight-chain or 
branched C1-Co-alkyl, C-C2-aryl, C-Co-alkoxy, 
C-C-aryloxy, C-Co-alkyldiketonate C-C-aryldike 
tonate, C-Co-carboxylate, C-Co-alkylsulfonate, 
C-C-arylsulfonate, C-Co-alkylthiol, C-C-arylthiol, 
C-Co-alkylsulfonyl or C-Co-alkylsulfinyl, 

0507 L is an electron donating ligand, which can be linked 
or not linked with X' to form a cyclic structure, 

0508 Y is NR or PR, preferably NR, 
05.09 R is chloro, fluoro, bromo, C(=O)R,-C(=O) 
OR, OC(=O)R, C(=O)N(R), —C(=S)R, 

0510) R' is H. halogen, nitro, cyano, C-C alkyl, C-Co 
alkoxy, C-C alkylthio. —Si(R) —O—Si(R), Co-Co 
aryl, Co-Co aryloxy, C-Co heterocyclic, C-Co het 
eroaryl, -C(=O)R, C(=O)CR, C(=O)N(R), 
- C(=S)R, C(=S)SR, C(=S)OR, C(=S)N(R), 
—S(=O)N(R), —S(=O)R or —S(=O)R, 

0511 Rand Rare each H, bromo (Br), iodo (I), C-Co 
alkyl, C-Coalkoxy, C-Co alkylthio. —Si(R) —O—Si 
(R)s. Co-Co aryloxy, Co-Co aryl, C2-Co heterocyclic, 
C-Co heteroaryl, —C(=O)CR, —C(=O)N(R), or 
—SON(R), 
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(0512 R is H.C.-Coalkyl, Co-Co aryl, Ca-Coheterocy 
clic, C-C heteroaryl, —C(=O)R, —C(=O)CR, 
—C(=O)N(R), —SON(R), —N(SO, R). —S(=O) 
R, or—S(=O).R. 

0513 and wherein in all above occurrences in formula 
(A7) 

0514 R is identical or different and shall mean H, C-Co 
alkyl, C-Co-cycloalkyl, C-C-alkenyl, C-Co-alkynyl, 
C-C-aryl, or C-C-heteroaryl, or if two substituents R 
are bound to the same atom, Such two Substituents R may 
also form a saturated or unsaturated cyclic structure 
together with the atoms to which they are bound. 

0515. The following catalysts fall under general formula 
(A7) and can be used to prepare the novel catalyst composi 
tions: 

Mes-N N-Mes 

Ru 

F O. 
Mes-N N-Mes 
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-continued 

Mes-N N-Mes 

Mes-N N-Mes 

- 
C O/ 

2 

t s 

C 

0516. In a further alternative embodiment all catalysts 
according to general formula (A) can be used in immobilized 
form. The immobilization favourably occurs via a chemical 
bond of the complex catalyst to the Surface of a Support 
material. Suited are e.g. complex catalysts having the general 
formulae (Support-1), (Support-2), (Support-3), or (Support-4) 
as depicted below, wherein M.Y.L., X,X,R,R,R,R,R, 
R., n and E may have all general, preferred, more preferred, 
particularly preferred and most preferred meanings listed 
above in this application for general formula (A) and wherein 
“supp' stands for the support material. Preferably the support 
material represents a macromolecular material, or silica gels. 
As macromolecular material synthetic polymers or resins 
may be used, with polyethylene glycol, polystyrenes or cross 
linked polystyrenes (e.g. poly(styrene-divinylbenzene) 
copolymers (PS-DVB)) being even more preferred. Such sup 
port material comprises functional groups on its Surface 
which are able to form covalent bonds to one of the ligands or 
Substituents of the complex catalyst, like e.g. to the ligand L 
or X" or to the substituents R or R as shown in the below 
depicted formulae. 

Jan. 22, 2015 

(support-1) 
L RI 

X, 2 
MF R 

X2 7 
Y 

R6-'s 3 W R-su (E), pp 

R5 R4 
(support-2) 

L RI 
X, 2 
MF R 

X2 7 
Y 

R6-'s 3 W R 
(E), 

R5 R-supp 
(support-3) 

L R1 
X. o 2 

Supp x7 R 
Y 

R6-'s 3 w R 
(E), 

R5 R4 
(support-4) 

up 
L RI 

X. 2 

X2 7MR R 
Y 

R6-'s 3 W R 
(E), 

R5 R4 

0517. In analogy the preferred catalysts of general formu 
lae (A1), (A2), (A3), (A4), (A5), (A6) and (A7) can also be 
used in immobilized form, too. 
0518. In the immobilized catalysts of general formulae 
formulae (Support-1), (Support-2), (Support-3) or (Support-4) 
“Supp” stands more preferably for a polymeric Support, a 
resin, polyethyleneglycole, or silica gels having one or more 
functional groups “X” on their surface which are able to 
form a covalent bond to one of the ligands, like e.g. the L, R 
or X' as shown in the above formulae. 

0519 Suitable functional groups “X” on the surface are 
hydroxyl, amino, thiol, carboxyl, C-C alkoxy, C-Co 
alkylthio. —Si(R) —O—Si(R), C-C aryloxy, C-C, 
heterocyclic, -C(=O)R, —C(=O)CR, C(=O)N(R), 
—SON(R). —S(=O),R, or —S(=O)R wherein in all 
above occurrences of RinX is identical ordifferent and shall 
mean H. C-C-alkyl, Cs-C-cycloalkyl, C-C-alkenyl, 
C-C-alkynyl, phenyl, imidazolyl, triazolyl, or pyridinyl 
moieties. 

0520 Polystyrene or cross-linked polystyrene is the pre 
ferred support material, even more preferably with hydroxyl 
groups on the Surface to allow an easy coupling to the catalyst. 
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0521. In a specific embodiment a catalyst can be used 
having the following formula 

Mes-N N-Mes 

Ru O CF CFCOO O-o-''Sir'T 
where the symbol represents a support, preferably a poly 
(styrene-divinylbenzene) copolymer. Catalysts of Such type 
are known in principle from Chem. Ear. J. 2004 10, 777-784 
and can be obtained by the preparative methods described 
there. 
0522 Stepa) of the Process of the Present Invention: 
0523 The preparation of the novel catalyst composition in 
step a) of the present process is performed at an appropriate 
temperature. The choice of the temperature is influenced by 
the nature of the co-catalyst and the boiling temperature 
thereof. Typically this preparation step a) is performed at a 
temperature in the range of from -20°C. to 160° C., prefer 
ably in the range of from 20° C. to 80°C. The suitable time for 
the catalyst pretreatment using vinyl-containing Substance 
ranges from about 1 minute to 48 hours. 
0524. The ratio of co-catalyst to transition metal catalyst is 
1:(1-550), preferably 1: (20-550), more preferably 
1:(20-500), very preferably 1:(25-475), even more preferably 
1:(25-450), most preferably 1:(30-450) and particularly 
1:(30-100). 
0525. The preparation of the novel catalyst composition 
can be carried out in a suitable solvent which does not deac 
tivate the catalyst used and also does not have an adverse 
effect on the hydrogenation in any other way. Preferred sol 
vents include, but are not restricted to, dichloromethane, ben 
Zene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran, 
tetrahydropyran, dioxane, cyclohexane and chlorobenzene. 
The particularly preferred solvents are chlorobenzene and 
methyl ethyl ketone. 
0526. The formation of the novel catalyst composition is 
performed before hydrogen is brought into the reaction sys 
tem. 

0527 Step b) of the Process of the Present Invention: 
0528. The hydrogenation of the nitrile rubber can be car 
ried out by bringing the nitrile rubber into contact with the 
catalyst composition formed in step a) of the present process 
in the presence of hydrogen. 
0529. The hydrogenation is preferably carried out at a 
temperature in the range of from 60°C. to 200°C., preferably 
from 80° C. to 180° C., most preferably from 100° C. to 160° 
C. and at a hydrogen pressure in the range of 0.5 MPa to 35 
MPa, more preferably of 3.0 MPa to 10 MPa. 
0530 Preferably, the hydrogenation time of the nitrile rub 
ber is from 10 minutes to 24 hours, preferably from 15 min 
utes to 20 hours, more preferably from 30 minutes to 4 hours, 
even more preferably from 1 hour to 8 hours and most pref 
erably from 1 hour to 3 hours. 
0531. The amount of the metathesis catalyst to the nitrile 
rubber in step b) depends on the nature and the catalytic 
activity of the metathesis catalyst. The amount of catalyst 
employed in step 1 is typically chosen in the range of from 1 
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to 1000 ppm of noble metal, preferably from 2 to 500 ppm, in 
particular from 5 to 250 ppm, based on the nitrile rubber used. 
0532. In an alternative embodiment of the present process 

it is possible to perform a metathesis reaction prior to the 
preparation of the novel catalyst composition and the Subse 
quent hydrogenation. Such alternative process (hereinafter 
also referred to as “tandem process') comprises performing a 
metathesis step before the above described steps a) and b). 
0533. This means that such alternative process comprises 
firstly subjecting a nitrile rubber to a molecular weight deg 
radation in a metathesis reaction by contacting the nitrile 
rubber in the absence or presence of a co-olefin with a com 
plex catalyst of general formula (A), then 
0534 a) preparing the catalyst composition according to 
the invention by contacting the complex catalyst of general 
formula (A) which is present in the reaction mixture 
obtained after the metathesis reaction with at least one 
co-catalyst in a molar ratio of transition metal to co-cata 
lyst in the range of 1:(20-550) wherein the co-catalyst has 
the general formula (1) or (2) as defined above and there 
after 

0535 b) hydrogenating the nitrile rubber in the presence 
of the novel catalyst composition. 

0536 Such alternative process allows the production of 
hydrogenated nitrile rubber with a molecular weight which 
can be specifically controlled by the metathesis step. 
0537 Metathesis Step of the Tandem Method: 
0538. The NBR metathesis as first step of the tandem 
method can be carried out in the absence or presence of a 
co-olefin. 

0539. This co-olefin is preferably a straight-chain or 
branched C-C-olefin. Suitable co-olefins are, for example, 
ethylene, propylene, isobutene, Styrene, 1-hexene and 
1-octene. Particular preference is given to using 1-hexene or 
1-octene. 

(0540 
used: 

In the alternative the following co-olefins can be 

H 

t-butyl-N-allylcarbamat 

lu? 21 21 

ON p-allylanisol 

o-allylanisol 

-O OH -allwlphenol -C p-allylp OH 

o-allylphenol 
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-continued 

- C 
O 

benzoic acid allylic ester 

21-1 su 
allylic benzyl ether 

-( )- 
O \ / O 

cis-2-butene-1,4-diyl-diacetat 

C C 
cis-1,4-bisbenzoyloxy-2-butene 

O O 

O \ / O 
cis-2-butene-1,4-diyl-dibenzoate 

4n-' N-N-N 

0541. If the co-olefin is liquid (as in the case of, for 
example, 1-hexene), the amount of co-olefin is preferably in 
the range 0.2-20% by weight, based on the nitrile rubberused. 
If the co-olefin is a gas, as in the case of for example, ethyl 
ene, the amount of co-olefin is selected so that a pressure in 
the range 110 Pa-1 107 Pa, preferably a pressure in the range 
from 5.2 10 Pa to 4 10 Pa, is established in the reaction 
vessel at room temperature. 
0542. The metathesis reaction can be carried out in a suit 
able solvent which does not deactivate the catalyst used and 
also does not have an adverse effect on the reaction in any 
other way. Preferred solvents include, but are not restricted to, 
dichloromethane, benzene, toluene, methyl ethyl ketone, 
acetone, tetrahydrofuran, tetrahydropyran, dioxane, cyclo 
hexane and chlorobenzene. The particularly preferred solvent 
is chlorobenzene. In some cases when the co-olefin itself can 
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function as solvent, e.g. in the case of 1-hexene, the addition 
of a further additional solvent can be dispensed with. 
0543. The amount of catalyst based on the nitrile rubber 
used in the tandem method according to the invention 
depends on the nature and the catalytic activity of the specific 
complex catalyst. The amount of catalyst used is usually from 
1 to 1000 ppm of noble metal, preferably from 2 to 500 ppm, 
in particular from 5 to 250 ppm, based on the nitrile rubber 
used. 

0544 The concentration of the nitrile rubber used in the 
reaction mixture of the metathesis is not critical, but it should 
naturally be ensured that the reaction is not adversely affected 
by an excessively high viscosity of the reaction mixture and 
the associated mixing problems. The concentration of NBR in 
the reaction mixture is preferably in the range from 1 to 25% 
by weight, particularly preferably in the range from 5 to 20% 
by weight, based on the total reaction mixture. 
0545. The metathetic degradation is usually carried out at 
a temperature in the range from 10°C. to 150° C., preferably 
at a temperature in the range from 20 to 80°C. 
0546. The metathesis 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 tem 
perature. The progress of the cross-metathesis can be moni 
tored by standard analytical methods, e.g. by GPC measure 
ments or by determination of the viscosity. The reaction is 
typically allowed to be conducted for about 15 minutes to six 
hours under normal conditions. It is also possible to perform 
the metathesis reaction until the reaction ceases by deactiva 
tion of the catalyst. 
0547. After such metathesis step, the reaction mixture 
containing the metathesis catalyst is taken and brought into 
contact with the co-catalyst having the general formula (1) or 
(2). Typically the co-catalyst is simply added to the reaction 
mixture, preferably in the same solvent in which the metathe 
sis was performed. 
0548. The appropriate temperature for the preparation of 
the novel catalyst composition after the metathesis in the 
tandem method can also be chose in the range of from -20°C. 
to 160°C., preferably in the range of from 20° C. to 80°C. The 
Suitable time for the metathesis stopping using the vinyl 
group containing co-catalyst ranges from about 5 minutes to 
48 hours. The preferred time ranges from 10 minutes to 12 
hours. 

0549. The subsequent hydrogenation of the nitrile rubber 
can be carried in the same manner as described above for the 
hydrogenation reaction. 
0550 One major advantage of the present invention 
resides in the fact that the catalytic system used is very active, 
so that the catalyst residue in the final HNBR products can be 
low enough to make the catalyst metal removal or recycle step 
alleviated or even unnecessary. 
0551. However, to the extent desired, the catalysts used 
during the process of the present invention may be removed. 
Such removal can be performed e.g. by using ion-exchange 
resins as described in EP-A-2 072 532 A1 and EP-A-2 072 
533A1. The reaction mixture obtained after the completion of 
the hydrogenation reaction can be taken and treated with an 
ion-exchange resinate.g. 100° C. for 48 hours under nitrogen 
and then be precipitated in cold methanol 
0552 For the purposes of the present invention, hydroge 
nation is a reaction of the double bonds present in the starting 
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nitrile rubber to an extent of at least 50%, preferably 
70-100%, more preferably 80-100%; even more preferably 
90-100% 
0553. After the completion of the hydrogenation accord 
ing to the present invention a hydrogenated nitrile rubber 
having a Mooney viscosity (ML1+4 at 100° C.), measured in 
accordance with ASTM standard D1646, in the range from 1 
to 130, preferably from 10 to 100, is obtained. This corre 
sponds to a weight average molecular weight Mw in the range 
2000-400000 g/mol, preferably in the range 20000-200000. 
The hydrogenated nitrile rubbers obtained also have a poly 
dispersity PDI-Mw/Mn, where Mw is the weight average 
molecular weight and Mn is the number average molecular 
weight, in the range 1-5 and preferably in the range 1.5-3. 

Nitrile Rubber: 

0554. The nitrile rubber used in the process of the present 
invention is a copolymer or terpolymer of at least one C. B 
unsaturated nitrile, at least one conjugated diene and, if 
desired, one or more further copolymerizable monomers. 
0555. The conjugated diene can be of any nature. Prefer 
ence is given to using (C-C) conjugated dienes. Particular 
preference is given to 1,3-butadiene, isoprene, 2,3-dimeth 
ylbutadiene, 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. 
0556. As C.B-unsaturated nitrile, it is possible to use any 
known C.B-unsaturated nitrile, preferably a (C-C) C. B-un 
saturated nitrile such as acrylonitrile, methacrylonitrile, 
ethacrylonitrile or mixtures thereof. Particular preference is 
given to acrylonitrile. 
0557. A particularly preferred nitrile rubber used in the 
process of this invention is thus a copolymer having repeating 
units derived from acrylonitrile and 1,3-butadiene. 
0558 Apart from the conjugated diene and the C.B-unsat 
urated nitrile, the hydrogenated nitrile rubber may comprise 
repeating units of one or more further copolymerizable 
monomers known in the art, e.g. C. B-unsaturated (preferably 
mono-unsaturated) monocarboxylic acids, their esters and 
amides, C. B-unsaturated (preferably mono-unsaturated) 
dicarboxylic acids, their mono-Oder diesters, as well as the 
respective anhydrides or amides of said C.B-unsaturated 
dicarboxylic acids. 
0559. As C.B-unsaturated monocarboxylic acids acrylic 
acid and methacrylic acid are preferably used. 
0560 Esters of C.B-unsaturated monocarboxylic acids 
may also be used, in particular alkyl esters, alkoxyalkyl 
esters, aryl esters, cycloalkylesters, cyanoalkyl esters, 
hydroxyalkyl esters, and fluoroalkyl esters. 
0561. As alkyl esters C-C alkyl esters of the C.B-unsat 
urated monocarboxylic acids are preferably used, more pref 
erably C-C alkyl esters of acrylic acid or methacrylic acid, 
Such as methylacrylate, ethylacrylate, propylacrylate, n-bu 
tylacrylate, tert.-butylacrylate, 2-ethyl-hexylacrylate, 
n-dodecylacrylate, methylmethacrylate, ethylmethacrylate, 
propylmethacrylate, n-butylmethacrylate, tert.-butyl 
methacrylate and 2-ethylhexyl-methacrylate. 
0562. As alkoxyalkyl esters C-C alkoxyalkyl esters of 
C.f3-unsaturated monocarboxylic acids are preferably used, 
more preferably alkoxyalkylester of acrylic acid or meth 
acrylic acid such as methoxy methyl(meth)acrylate, methoxy 
ethyl(meth)acrylate, ethoxyethyl(meth)acrylate and meth 
oxyethyl(meth)acrylate. 
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0563. It is also possible to use aryl esters, preferably 
C-C-aryl-, more preferably Co-Co-aryl esters and most 
preferably the aforementioned aryl esters of acrylates and 
methacrylates. 
0564. In another embodiment cycloalkyl esters, prefer 
ably Cs-C-, more preferably C-C-cyclo-alkyl and most 
preferably the aforementioned cycloalkyl acrylates and meth 
acrylates are used. 
0565. It is also possible to use cyanoalkyl esters, in par 
ticular cyanoalkyl acrylates or cyanoalkyl methacrylates, 
with 2 to 12 C atoms in the cyanoalkyl group, preferably 
C-cyanoethyl acrylate, 3-cyanoethyl acrylate or cyanobutyl 
methacrylate. 
0566 In another embodiment hydroxyalkyl esters are 
used, in particular hydroxyalkyl acrylates and hydroxyalkyl 
methacrylates with 1 to 12 C-atoms in the hydroxylalkyl 
group, preferably 2-hydroxyethyl acrylate, 2-hydroxyethyl 
methacrylate or 3-hydroxypropyl acrylate. 
0567. It is also possible to use fluorobenzyl esters, in par 
ticular fluorobenzyl acrylates or fluorobenzyl methacrylates, 
preferably trifluoroethyl acrylate and tetrafluoropropyl meth 
acrylate. Substituted amino group containing acrylates and 
methacrylates may also be used like dimethylaminomethyl 
acrylate and diethylaminoethylacrylate. 
0568 Various otheresters of the C.B-unsaturated carboxy 
lic acids may also be used, like e.g. poly-ethyleneglycol 
(meth)acrylate, polypropyleneglycole(meth)acrylate, gly 
cidyl(meth)acrylate, epoxy(meth)acrylate, N-(2- 
hydroxyethyl)acrylamide, N-(2-hydroxymethyl)acrylamide 
or urethane(meth)acrylate. 
0569. It is also possible to use mixture of all aforemen 
tioned esters of C.f3-unsaturated carboxylic acids. 
0570) Furtheron C.B-unsaturated dicarboxylic acids may 
be used, preferably maleic acid, fumaric acid, crotonic acid, 
itaconic acid, citraconic acid and mesaconic acid. 
0571. In another embodiment anhydrides of C.B-unsatur 
ated dicarboxylic acids are used, preferably maleic anhy 
dride, itaconic anhydride, itaconic anhydride, citraconic 
anhydride and mesaconic anhydride. 
0572. In a further embodiment mono- or diesters of C.B- 
unsaturated dicarboxylic acids can be used. Suitable alkyl 
esters are e.g. C-Co-alkyl, preferably ethyl-, n-propyl-, iso 
propyl. n-butyl-, tert.-butyl, n-pentyl-order n-hexyl mono- or 
diesters. Suitable alkoxyalkyl esters are e.g. C-C alkoxy 
alkyl-, preferably C-Cs-alkoxyalkyl mono- or diesters. Suit 
able hydroxyalkyl esters are e.g. C-C2 hydroxyalkyl-, pref 
erably C-C-hydroxyalkyl mono- or diesters. Suitable 
cycloalkyl esters are e.g. C-C-cycloalkyl-, preferably 
C-C2-cycloalkyl mono- or diesters. Suitable alkylcy 
cloalkyl esters are e.g. C-C2-alkylcycloalkyl-, preferably 
C7-Co-alkylcycloalkyl mono- or diesters. Suitable aryl 
esters are e.g. C-C-aryl, preferably C-Co-aryl mono- or 
diesters. 
0573 Explicit examples of the C.B-ethylenically unsatur 
ated dicarboxylic acid monoester monomers include 

0574 maleic acid monoalkyl esters, preferably 
monomethyl maleate, monoethyl maleate, monopropyl 
maleate, and mono n-butyl maleate; 

0575 maleic acid monocycloalkyl esters, preferably 
monocyclopentyl maleate, monocyclohexyl maleate, 
and monocycloheptyl maleate; 

0576 maleic acid monoalkylcycloalkyl esters, prefer 
ably monomethylcyclopentyl maleate, and monoethyl 
cyclohexyl maleate; 
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0577 maleic acid monoaryl ester, preferably monophe 
nyl maleate; 

0578 maleic acid mono benzyl ester, preferably 
monobenzyl maleate; 

0579 fumaric acid monoalkyl esters, preferably 
monomethyl fumarate, monoethyl fumarate, monopro 
pyl fumarate, and mono n-butyl fumarate; 

0580 fumaric acid monocycloalkyl esters, preferably 
monocyclopentyl fumarate, monocyclohexyl fumarate, 
and monocycloheptyl fumarate; 

0581 fumaric acid monoalkylcycloalkyl esters, prefer 
ably monomethylcyclopentyl fumarate, and monoethyl 
cyclohexyl fumarate; 

0582 fumaric acid monoaryl 
monophenyl fumarate; 

0583 fumaric acid mono benzyl ester, preferably 
monobenzyl fumarate; 

0584) citraconic acid monoalkyl esters, preferably 
monomethylcitraconate, monoethylcitraconate, 

ester, preferably 

0585 monopropyl citraconate, and mono n-butyl citra 
conate; 

0586 citraconic acid monocycloalkyl esters, preferably 
monocyclopentyl citraconate, monocyclohexyl citra 
conate, and monocycloheptyl citraconate; 

0587 citraconic acid monoalkylcycloalkyl esters, pref 
erably monomethylcyclopentyl citraconate, and mono 
ethylcyclohexylcitraconate; 

0588 citraconic acid mono aryl ester, preferably 
monophenyl citraconate: 

0589 citraconic acid mono benzyl ester, preferably 
monobenzyl citraconate; 

0590 itaconic acid mono alkyl esters, preferably 
monomethyl itaconate, monoethyl itaconate, monopro 
pyl itaconate, and mono n-butyl itaconate; 

0591 itaconic acid monocycloalkyl esters, preferably 
monocyclopentyl itaconate, monocyclohexyl itaconate, 
and monocycloheptyl itaconate; 

0592 itaconic acid monoalkylcycloalkyl esters, prefer 
ably monomethylcyclopentylitaconate, and monoethyl 
cyclohexylitaconate; 

0593 itaconic acid mono aryl ester, preferably 
monophenyl itaconate; 

0594 itaconic acid mono benzyl ester, preferably 
monobenzyl itaconate. 

0595 As C.B-ethylenically unsaturated dicarboxylic acid 
diester monomers the analogous diesters based on the above 
explicitly mentioned mono ester monomers may be used, 
wherein, however, the two organic groups linked to the C=O 
group via the oxygen atom may be identical or different. 
0596. As further termonomers vinyl aromatic monomers 
like Styrol, C.-methylstyrol and vinylpyridine, as well as non 
conjugated dienes like 4-cyanocyclohexene and 4-vinylcy 
clohexene, as well as alkines like 1- or 2-butine may be used. 
0597 Particularly preferred are termonomers chosen from 
the below depicted formulae: 
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0598 where 
0599) R' is hydrogen or methyl group, and 
0600 R. R. R. Rare identical or different and may 
represent H. C-C alkyl, cycloalkyl, alkoxyalkyl, 
hydroxyalkyl, expoxyalkyl, aryl, heteroaryl. 

0601 The proportions of conjugated diene and C.B-unsat 
urated nitrile in the NBR polymers to be used can vary within 
wide ranges. The proportion of the conjugated diene or the 
Sum of conjugated dienes is usually in the range from 40 to 
90% by weight, preferably in the range from 60 to 85% by 
weight, based on the total polymer. The proportion of C. B 
unsaturated nitrile or the sum of C.f3-unsaturated nitriles is 
usually from 10 to 60% by weight, preferably from 15 to 40% 
by weight, based on the total polymer. The proportions of the 
monomers in each case add up to 100% by weight. The 
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additional monomers can be present in amounts of from 0 to 
40% by weight, preferably from 0.1 to 40% by weight, par 
ticularly preferably from 1 to 30% by weight, based on the 
total polymer. In this case, corresponding proportions of the 
conjugated diene or dienes and/or the O.C.-unsaturated nitrile 
or nitriles are replaced by proportions of the additional mono 
mers, with the proportions of all monomers in each case 
adding up to 100% by weight. 
0602. The preparation of the nitrite rubbers by polymer 
ization of the abovementioned monomers is adequately 
known to those skilled in the art and is comprehensively 
described in the literature. Nitrile rubbers which can be used 
for the purposes of the invention are also commercially avail 
able, e.g. as products from the product range of the Per 
bunan(R) and KrynacR) grades of Lanxess Deutschland 
GmbH. 

0603. The nitrile rubbers used for the metathesis have a 
Mooney viscosity (ML1 +4 at 100° C.) in the range from 30 to 
70, preferably from 30 to 50. This corresponds to a weight 
average molecular weight Mw in the range 150000-500000, 
preferably in the range 180000-400000. Furthermore, the 
nitrile rubbers used have a polydispersity PDI-Mw/Mn, 
where Mw is the weight average molecular weight and Mn 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 D 1646. 

0604. The metathesis activity of the ruthenium- or 
osmium-based catalyst is suppressed by treating the catalyst 
with the vinyl compound of general formula (1) and thus the 
molecular weight of the hydrogenated nitrile rubber obtained 
after the hydrogenation is comparable to the original NBR 
feedstock and not further reduced during hydrogenation. 
Meanwhile the hydrogenation activity of the novel catalyst 
composition is obviously higher than the corresponding pro 
cess performed only in the presence of the ruthenium- or 
osmium-based catalyst. 
0605. In the tandem method, the nitrile rubber is firstly 
degraded using at least one ruthenium- or osmium-based 
catalyst in the absence or in the presence of a co-olefin. The 
vinyl compound of general formula (1) is either added when 
the metathesis reaction has ceased or gone to completion or 
added before in order to stop the metathesis at a certain 
degree. Thereafter, the hydrogenation can be carried out to 
afford hydrogenated nitrile rubber by introducing hydrogen 
gas. In the sequence of metathesis, catalyst composition for 
mation and hydrogenation, the metathesis degree can be fully 
controlled and the molecular weight of the final hydrogenated 
nitrile rubber is adjustable as desired. 
0606. The invention is further illustrated but is not 
intended to be limited by the following examples in which all 
parts and percentages are by weight unless otherwise speci 
fied. 

EXAMPLES 

Catalysts Used in the Examples 

0607 Catalysts (1) and (2) were purchased from Sigma 
Aldrich or Strem Chemicals Inc. Catalyst (3) was purchased 
from Xian KailiCo. (China). The structures of these catalysts 
are shown below, wherein “Mes' means mesity1 (2,4,6-trim 
ethylphenyl) and “Cy’ means cyclohexyl: 
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(Catalyst 1) 

(Hoveyda-Grubbs) 

Mes-N N-Mes 

Ru 
c1 O 

O | 

sk i-NCH, O 

(Catalyst 2) 

(Zhan IB) 
(Catalyst 3) 

PPh3 
PhP-Rh-CI 

/ 

(Wilkinson) 

0608. These catalysts have the following molecular 
weights: 

molecular 
weight 

catalyst g/mol 

(1) 626.62 
(2) 733.75 
(3) 925.22 

0609 Nitrile Butadiene Rubbers Used in the Examples: 
0610. The nitrile butadiene rubbers which were used in the 
examples are commercially available from Lanxess Deut 
schland GmbH and have the properties as outlined in Table 1. 

TABLE 1 

Nitrile Butadiene Rubbers (NBR) used 

Mooney 
Acrylonitrile viscosity 

content ML(1 + 4) 
NBR % by weight 100° C. Mn Mw PDI 

Perbunan (R 3431 VP 34 29 77.101. 255.395 3.31 
Perbunan (R 3430 F 34 32 78.930 199.479 2.53 
Krynac (R) 3330 F 33 30 77.766 256.919 3.30 
Krynac (RX1.46* 33 45 106.357 289.134 2.72 

NBR-5 34 34 73.711. 243.671 3.31 
NBR-6 34 34 74.698 249.935 3.35 

*Terpolymer with a carboxylic acid termonomer, Termonomer content: 1% by weight 
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0611 Vinyl ethyl ether (VEE) was purchased from Sigma 
Aldrich. 
0612 Analytical Tests: 
0613 GPC Test: 
0614 The apparent molecular weight Mn and Mw were 
determined by a Waters GPC system equipped with a Waters 
1515 high performance liquid chromatography pump, a 
Waters 717 plus autosampler, a PL gel 10um mixed B column 
and a Waters 2414 RI detector. The GPC test was carried out 
at 40°C. at 1 mL/min of flow rate with THF as the eluent, and 
the GPC column was calibrated with narrow PS standard 
samples. 
0615 FT-IR Test: 
0616) The spectrum of nitrile rubber before, during and 
after the hydrogenation reaction was recorded on a Perkin 
Elmer spectrum 100 FT-IR spectrometer. The solution of the 
nitrile butadiene rubber in MCB was cast onto a KBr disk and 
dried to form a film for the test. The hydrogenation conversion 
is determined by the FT-IR analysis according to the ASTMD 
5670-95 method. 

0617. Abbreviations: 
0618 phr: per hundred rubber (weight) 
0619 rpm: revolution per minute 
0620 Mn: number-average molecular weight 
0621 Mw: weight-average molecular weight 
0622 PDI: polydispersity index, defined as Mw/Mn 
0623 PPh: triphenylphosphine 
0624 MCB: monochlorobenzene 
0625 VEE: vinyl ethyl ether 
0626 RT: room temperature (22+/-2°C.) 

Example 1 

Comparison Example. Using Catalyst (3) 

0627. A solution of 18 g Perbunan R 3431VP in 282 g 
MCB (Perbunan R 3431VP concentration of 6 wt %) was 
bubbled with nitrogen in a 600 mL Parr autoclave for 30 
minutes, and then heated to 120° C. Wilkinson's catalyst (15 
mg) and PPhs (18 mg) was dissolved in another 22 g of 
degassed MCB and then added into the reactor. Hydrogena 
tion was conducted under 4.137 MPa of hydrogen pressure 
and 800 rpm of agitation speed. Samples were taken from the 
reactor at intervals for FT-IR analysis to determine the hydro 
genation degree. After 5 hours of hydrogenation, the hydro 
genation degree reached 903%, the reactor was cooled to 
room temperature and the pressure was released. The final 
molecular weights and PDI were: Mn=76,286, Mw =260,572, 
PDIE3.42. 

Example 2 

Comparison Example. Using Catalyst (2) without 
Pretreatment 

(0628. A solution of 9 g Perbunan R3431VP in 291 g MCB 
(Perbunan R 3431VP concentration of 3 wt %) was bubbled 
with nitrogen in a 600 mL Parr autoclave for 30 minutes, and 
then heated to 120° C. Catalyst (2) (9 mg) was dissolved in 
another 22 g of degassed MCB and then added into the reac 
tor. Hydrogenation was conducted under 4.137 MPa of 
hydrogen pressure and 800 rpm of agitation speed. Samples 
were taken from the reactor at intervals for FT-IR analysis to 
determine the hydrogenation degree. After 4 hours of hydro 
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genation, the hydrogenation degree reached 98.6%. The final 
molecular weights and the PDI were: Mn=5,560, Mw =14, 
407, PDI-2.59. 

Example 3 

Comparison Example. Using Catalyst (2) without 
Pretreatment 

0629. A solution of 18 g Perbunan R 3431VP in 282 g 
MCB (Perbunan R 3431VP concentration of 6 wt %) was 
bubbled with nitrogen in a 600 mL Parr autoclave for 30 
minutes, and then heated to 120° C. Catalyst (2) (18 mg) was 
dissolved in another 22 g of degassed MCB and then added 
into the reactor. Hydrogenation was conducted under 4.137 
MPa of hydrogen pressure and 800 rpm of agitation speed. 
Samples were taken from the reactor at intervals for FT-IR 
analysis to determine the hydrogenation degree. After 18 
hours of hydrogenation, the hydrogenation degree reached 
92.6%. The final molecular weights and the PDI were: 
Mn=10, 103, Mw = 19,964, PDI-1.98. 

Example 4 

Inventive: Perbunan R 3431VP; Catalyst (2) and VEE 
Pretreatment 

0630 Catalyst (2) (18 mg) was dissolved in 22 g degassed 
MCB in a flask. Vinyl ethyl ether was injected into the flask 
and the solution was stirred for 12 hours. A solution of 18 g 
Perbunan R 3431VP in 282 g MCB (Perbunan R. VP3431VP 
concentration of 6 wt %) was bubbled with nitrogen in a 600 
mL Parr autoclave for 30 minutes, and then heated to 120° C. 
The catalyst solution in the flask was transferred into the 
reactor via Syringe. Hydrogenation was conducted under 
4.137 MPa of hydrogen pressure and 800 rpm of agitation 
speed. Samples were taken from the reactor at intervals for 
FT-IR analysis to determine the hydrogenation degree. After 
2 hours of hydrogenation, the hydrogenation degree reached 
997%. The final molecular weights and the PDI were: Mn=74, 
495, Mw =229,568, PDI-3.08. 

Example 5 

Inventive: Perbunan R 3431VP; Catalyst (2) and VEE 
Pretreatment 

0631 Catalyst (2) (9 mg) was dissolved in 22 g degassed 
MCB in a flask. Vinyl ethyl ether (100 uL) was injected into 
the flaskand the solution was stirred for 12 hours. A solution 
of 18 g Perbunan R 3431VP in 282 g MCB (Perbunan(R) 
3431VP concentration of 6 wt %) was bubbled with nitrogen 
in a 600 mL Parr autoclave for 30 minutes, and then heated to 
120° C. The catalyst solution in the flask was transferred into 
the reactor via Syringe. Hydrogenation was conducted under 
4.137 MPa of hydrogen pressure and 800 rpm of agitation 
speed. Samples were taken from the reactor at intervals for 
FT-IR analysis to determine the hydrogenation degree. After 
4 hours of hydrogenation, the hydrogenation degree reached 
95%. The final molecular weights and the PDI were: Mn=71, 
220, Mw =224,342, PDI-3.15. 

Example 6 

Inventive: Krynac.R. 3330 F: Catalyst (2) and VEE 
Pretreatment 

0632 All the conditions and operation were the same as in 
Example 5 except that the NBR feedstock was Krynac R3330 
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F. The hydrogenation degree at 4 hours was 96%. The final 
molecular weights and the PDI were: Mn=78,125, Mw =256, 
043, PDI-3.28. 

Example 7 

Inventive: Perbunanim 3430 F: Catalyst (2) and VEE 
Pretreatment 

0633 All the conditions and operation were the same as in 
Example 5 except that the NBR feedstock was Perbunan(R) 
3430 F. The hydrogenation degree at 4 hours was 99%. The 
final molecular weight and the distribution were: Mn-78,514, 
Mw =222,813, PDI-2.84. 
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hydrogenation degree at 3 hours was 97%. The final molecu 
lar weights and the PDI were: Mn=77473, Mw =219498, 
PDIE2.83. 

0636. The conditions and the results for Example 1-9 are 
shown in Table 2. 

0637. In such Table 2 the comparative examples are 
marked with an asterisk. Furtheron the abbreviation 
P3431VP stands for Perbunan R 3431VP. K3330 F stands for 
Krynac.R. 3330F, P3430F stands for Perbunan R3430F and K 
X 1.46 stands for Kryna RX1.46. Only for comparison rea 
Sons the number and weight average molecular weights as 
well as PDI has been included at the bottom of Table 2 with 
regard to the starting nitrile rubbers then subjected to hydro 
genation in Examples 1 to 9. 

TABLE 2 

Examples 1 to 9 (hydrogenation temperature: 120° C. all Examples; pressure: 4.137 MPa all Examples except Example 8 (6.895 MPa) 

MCB 

(used to 
dissolve 

NBR NBR- catalyst 

amount catalyst) amount 

EX type g g no. Img immol type 

1* P3431 VP 18 282 + 22 (3) 15 0.0162 PPh. 
2* P3431 VP 9 291 + 22 (2) 9 O.O123 - 
3: P3431 VP 18 282 + 22 (2) 18 0.0246 – 
4 P3431 VP 18 282 + 22 (2) 18 O.O246 WEE 
5 P3431 VP 18 282 + 22 (2) 18 O.O246 WEE 
6 K333 OF 18 282 + 22 (2) 18 O.O246 WEE 
7 P343OF 18 282 + 22 (2) 18 O.O246 WEE 
8 KX146 18 282 + 22 (2) 18 O.O246 WEE 
9 P3431 VP 18 282 + 22 (1) 9 O.O144 VEE 

P3431 VP 

P343OF 
K333 OF 

KX146 

Example 8 

Inventive; KrynacRX146; Catalyst (2) and VEE 
Pretreatment 

0634 All the conditions and operation were identical to 
Example 5 except that the dosage of Catalyst (2) was 18 mg, 
the hydrogen pressure was 6.895 MPa and the NBR used was 
KrynacR X1.46. The hydrogenation degree at 3 hours was 
98%. The final molecular weights and the PDI were: 
Mn=107,058, Mw =261,844, PDI-2.44. 

Example 9 

Inventive: Perbunan R 3431VP; Catalyst (1) and VEE 
Pretreatment 

0635 All the conditions and operation were the same as in 
Example 5 except that Catalyst (1) was used (9 mg). The 

Molar Time 
ratio of 
CO- pre- Hydro 

co-catalyst catalyst treat- genation 

amount to ment time degree Mn Mw 

mg mmol catalyst h h % g/mol g/mol PDI 

HNBR 

18 O 5 90.3 76,286 260,572 3.42 
O 4 98.6 5,560 14.407 2.59 
O 18 92.6 10,103 19,964 1.98 

75 1.04 42.4 12 2 99 74.495 229,568 3.08 
75 1.04 42.4 12 4 95 71.220 224,342 3.15 
75 1.04 42.4 12 4 96 78,125 256,043 3.28 
75 1.04 42.4 12 4 99 78,514 222,813 2.84 
75 1.04 42.4 12 3 98 107,058 261,844 2.44 
75 1.04 72.4 12 3 97 77,473 219.498 2.83 

NBR 

77,101 255,395 3.31 
78,930 199.479 2.53 
77,766 256,919 3.30 
106,357 289,134 2.72 

Example 10 

Inventive, Perbunan R 3431VP; Catalyst (2): 
Metathesis and Subsequent Hydrogenation 

0638 A solution of 18 g Perbunan R 3431VP in 282 g 
MCB (Perbunan R 3431VP concentration of 6 wt) % was 
bubbled with nitrogen in a 600 mL Parr autoclave for 30 
minutes. Catalyst (2) (9 mg) was dissolved in 22g of degassed 
MCB at room temperature and then added into the reactor. 
The metathesis was allowed to conduct for 1 hour at room 
temperature. Then 0.5 mL of VEE was added into the auto 
clave. After stirring for 10 minutes, a sample was taken from 
the reactor for GPC analysis. The temperature of the auto 
clave was elevated to 120° C. Then the hydrogen gas was 
introduced into the autoclave. Hydrogenation was conducted 
under 4.137 MPa of hydrogen pressure and 800 rpm of agi 
tation speed. Samples were taken from the reactorat intervals 
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for FT-IR analysis to determine the hydrogenation degree. 
The molecular weights and the PDI after the addition of VEE 
were Mn=54,262, Mw-141.533, PDI-2.61. After 3 hours of 
hydrogenation, the hydrogenation degree reached 99%. The 
final molecular weights and the PDI were: Mn=56,391, 
Mw =140,641, PDI-2.49. 

What is claimed is: 

1. A catalyst composition obtainable by contacting a com 
plex catalyst with at least one co-catalyst in a molar ratio of 
the complex catalyst to the co-catalyst in a range of from 
1:(1-550), preferably 1: (20-550) wherein the co-catalyst 
must contain at least one vinyl group and wherein the com 

Example 11 plex catalyst has the general formula (A) 

Inventive, Perbunan R 3431VP; Catalyst (2): 
Metathesis and Subsequent Hydrogenation L (A) 

RI 
0639 All the conditions and operation were the same as in X. o 2 
Example 10 except that the metathesis was allowed to con- x2y-M R 
duct for 2 hours. The molecular weights and the PDI after the / 
addition of VEE were Mn=41534, Mw =95,791, PDI-2.31. R6 -- R3 
After 3 hours of hydrogenation, the hydrogenation degree (E), 
reached 99%. The final molecular weights and the PDI were: 
Mn=46,540, Mw = 105,983, PDI-2.28. R5 R4 
0640 The conditions and the results for Example 10 and 
11 are shown in Table 3. 

TABLE 3 

Reaction conditions and results of Examples 10 and 11 
hydrogenation pressure 4.137 MPa, hydrogenation temperature: 120° C. hydrogenation time: 3 h 

Per- MCB to Molar Pre 
bunan dissolve Step 1: ratio treat 
3431 NBR + Metath- CO- ment at Hydro 
VP Catalyst (2) catalyst esis Co-catalyst catalyst 20° C. HNBR genation 

amount amount amount time amount to time Mn Mw degree 

Ex g mg mmol g h type mg mmol catalyst min g/mol g/mol PDI % 

10 18 9 O.O123 282 - 22 1 VEE 375 5.20 424.1 10 after 54,262 141,533 2.61 
metathesis 
and WEE 
addition 
after hydro- 56,391 140,641 2.49 99 
genation 

11 18 9 O.O123 282 - 22 2 VEE 375 5.20 424.1 10 after 41,534 95,791 2.31 
metathesis 
and WEE 
addition 
after hydro- 46,540 105,983 2.28 99 
genation 

0641. The examples show that HNBR can be prepared by where 
hydrogenation of NBR in the presence of a pretreated Ru 
based metathesis catalyst wherein the pretreatment of the 
catalystis conducted either separately or following a metathe 
sis reaction in-situ in the reaction mixture before the addition 
of hydrogen. The metathesis activity of the catalyst is con 
trolled by the pretreatment method and thus the molecular 
weight of the hydrogenated nitrile rubber obtained by the 
pretreatment method according to the invention is compa 
rable to the original NBR feedstock. Surprisingly the compo 
sition obtained by contacting the catalyst with the co-catalyst 
exhibits a higher hydrogenation activity in the hydrogenation 
of the nitrile rubber than the same catalyst which was not 
pretreated. This can be taken from a comparison of Example 
3 with Examples 4 and 5. In Example 3 the hydrogenation 
using Catalyst (2) which was not pretreated resulted in a 
hydrogenation degree of 92.6% after 18 hours, while 
Examples 4 and 5 both using Catalyst (2) which was pre 
treated according to the invention resulted in a hydrogenation 
degree of 99% and 95%, respectively, after a hydrogenation 
time of only 2 or 4 hours, respectively. 

M is ruthenium or osmium, 
X' and X’ are identical or different ligands, 
L is an electron donating ligand, which can be linked or not 

linked with X" to form a cyclic structure, 
R" is hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl or 

heteroaryl and 
R. R. R. and Rare identical or different and are each 

hydrogen or an organic or inorganic Substituent, 
R is H, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, 

- C(=O)R, C(=O)CR, C(=O)N(R), C(=S) 
R, —C(=S)SR, C(=S)OR, C(=S)N(R), 
—S(=O)N(R), —S(=O).R. —S(=O)R or a group 
containing either a C=O or a C=S structural element 
adjacent to a carbon atom which is bound to Y. 

n is 0 or 1, 
wherein if n=1, then the element 

Y F(E), 
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shall mean that Y and (E), are linked either by a single 
bond or by a double bond, wherein 

(i) if Y and (E), are linked by a single bond, then 
Y is oxygen (O), sulfur (S), N—R or P R, and 
E is CH or 

(ii) if Y and (E), are linked by a double bond, then 
Y is N or P, and 
E is CH 

wherein if n=0, then 
Y is oxygen (O), sulfur (S), N R or P R and directly 

linked by a single bond to the phenyl moiety depicted 
above in formula (A) 

and wherein in all above occurrences of general formula 
(A) 

R is hydrogen or alkyl, cycloalkyl, alkenyl, alkynyl, aryl or 
heteroaryl. 

2. The catalyst composition according to claim 1 wherein 
the co-catalyst has the general formula (1) 

CH=CRR' (1) 

in which Rand Rare identical or different and shall mean 
hydrogen or 
OR' wherein R' shall mean alkyl, cycloalkyl, alkenyl, 

alkynyl, aryl, or heteroaryl, C(=O)(R), —C(=O)N 
(R), -(CH2), XI.R., -(CH2), X 
CH=CH, or -(CH), C(R).R. 
wherein 
X is identical or different and means oxygen (O) or NR 
R° are identical or different and represent H, alkyl, 

cycloalkyl, alkenyl, alkynyl, aryl, or heteroaryl, 
Rare identical or different and represent C-Cs alkylor 
—(CH), O CH=CH, 

R" represents (CH), O CH=CH2. 
n is in the range of from 1 to 5, 
m is in the range of from 1 to 10, 
p is in the range of from 0 to 5, or 
where in the alternative, if R and R' both represent a 

group OR', both R' may be linked to each other and 
together represent a divalent group —(C(R).) 
with q being 2, 3 or 4 and R being identical or dif 
ferent and having the above defined meanings, or 

SR, SOR, SOR 
wherein R represents alkyl, cycloalkyl, alkenyl, alkynyl, 

aryl, or heteroaryl, or 
N(RR7), P(RR7) 
wherein RandR are identical or different and shall mean 

alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, 
- C(=O)(R), or 

where in the alternative RandR may form together with 
such N or Patom to which they both are linked at the 
same time a saturated, unsaturated or aromatic cyclic 
structure with 4 to 7 carbon atoms in the cyclic structure 
wherein one, two or three of said carbon atoms can be 
replaced by a moiety selected from oxygen, Sulfur, nitro 
gen, N-R or P R wherein R shall mean alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, or heteroaryl; or 

P(=O)(OR), 
in which Rare identical or different and shall mean alkyl, 

cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, 
however, under the proviso that R and R' must not both 

represent hydrogen in formula (1) at the same time. 
3. The catalyst composition according to claim 2 wherein 

one co-catalyst having the general formula (1) is used in 
which R is hydrogen and R' shall mean, 
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OR' wherein R' shall mean C-C-alkyl, Cs-Co-cy 
cloalkyl, C-C-alkenyl, C-Co-alkynyl, C-C2a-aryl, 
Ca-Ca-heteroaryl, -C(=O)(R), —C(=O)N(R), 
—(CH),X).R. —(CH),X) -CH=CH, or 
-(CH2), C(R ).R. 
wherein 
X is identical or different and oxygen (O) or NR, 
Rare identical or different and represent H, C, -Co 

alkyl, Ca-Co-cycloalkyl, C2-C6-alkenyl, C2-Co 
alkynyl, C-C-aryl, or C-Co-heteroaryl, 

Rare identical or different and represent C-C alkylor 
—(CH), O CH=CH, 

R" represents (CH), O CH=CH, 
n is in the range of from 1 to 4. 
m is in the range of from 1 to 5, 
p is in the range of from 0 to 5, 

SR, SOR, SORS 
wherein R represents C1-Co-alkyl, Cs-Co-cycloalkyl, 
C-C-alkenyl, C-Co-alkynyl, Co-C-4-aryl, or 
C-C-heteroaryl, 

N(RR7), P(RR7) 
wherein RandR are identical or different and shall mean 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or C-C2a-heteroaryl, 
- C(=O)(R), or 

where in the alternative RandR may form together with 
such N or Patom to which they both are linked at the 
same time a Saturated, unsaturated or aromatic cyclic 
structure with 4 to 7 carbon atoms in the cyclic structure 
wherein one, two or three of said carbon atoms can be 
replaced by a moiety selected from oxygen, Sulfur, nitro 
gen, N-R or P R wherein R shall mean C-C- 
alkyl, C-Co-cycloalkyl, C-C-alkenyl, C-Co-alky 
nyl, C-C2-aryl, or C-C2a-heteroaryl, or 

P(=O)(OR), 
in which R are identical or different and shall mean 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C-aryl, or C-C-heteroaryl, 

4. The catalyst composition according to claim 2, wherein 
one co-catalyst having the general formula (1) is used in 
which Rand Rare identical or different and shall mean 
OR' wherein R' shall mean C-C-alkyl, Cs-Co-cy 

cloalkyl, C-C-alkenyl, C-Co-alkynyl, Ca-Ca-aryl, 
Ca-Ca-heteroaryl, -C(=O)(R), —C(=O)N(R), 
-(CH2).XI.R., -(CH2),X) -CH=CH2, or 
-(CH2), C(R ),R, 
wherein 
X is identical or different and oxygen (O) or NR, 
Rare identical or different and represent H, C-C- 

alkyl, Ca-Co-cycloalkyl, C2-C6-alkenyl, C2-Co 
alkynyl, C-C-aryl, or C-Co-heteroaryl, 

Rare identical or different and represent C-C alkyl or 
—(CH), O CH=CH, 

R" represents (CH), O CH=CH2. 
n is in the range of from 1 to 4. 
m is in the range of from 1 to 5, 
p is in the range of from 0 to 5, 
where in the alternative, if R and R' both represent a 

group OR', both R' may be linked to each other and 
together represent a divalent group —(C(R).) - 
with q being 2, 3 or 4 and R being identical or dif 
ferent and having the above defined meanings, 
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SR, SOR, SOR -continued 
wherein R represents C1-Co-alkyl, Cs-Co-cycloalkyl, (cocat-4) 
C-C-alkenyl, C-Co-alkynyl, C-C-aryl, or 21 
C-C-heteroaryl, 

O 
N(RR7), P(RR7) \ O 
wherein RandR are identical or different and shall mean 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 

O C-Co-alkynyl, C-C2-aryl, or C-C2a-heteroaryl, M 
- C(=O)(R), or O \ 

where in the alternative RandR may form together with 2 
such N or Patom to which they both are linked at the 
same time a saturated, unsaturated or aromatic cyclic 
structure with 4 to 7 carbon atoms in the cyclic structure \ 
wherein one, two or three of said carbon atoms can be O 
replaced by a moiety selected from oxygen, Sulfur, nitro 
gen, N-R or P R wherein R shall mean C-C- O 
alkyl, C-Co-cycloalkyl, C-C-alkenyl, C-Co-alky- \ 
nyl, Ca-Ca-aryl, or C-C-heteroaryl, or 

P(=O)(OR), 

(cocat-5) 

in which R are identical or different and shall mean 
2 

(cocat-6) 
C-C-alkyl, C-Co-cycloalkyl, C-C-alkenyl, 
C-Co-alkynyl, C-C2-aryl, or C-C2a-heteroaryl, 

O 

O 

21 

5. The catalyst composition according to claim 2, wherein 
one co-catalyst having the general formula (1) is used in 
which 

R is hydrogen and R' represents 
OR' wherein R' shall mean C-C-alkyl, Cs-Co-cy- o O (cocat-7) 

cloalkyl, C-C-alkenyl, C-C-alkynyl, phenyl, imida- V 
zolyl, triazolyl, or pyridinyl, -C(=O)(R), C(=O) o-( 
N(R), — (CH),OIR, — (CH), O CH=CH, C 
or -(CH.), C(R).R. 
wherein 21so1n-'N-1- 1n 
R are identical or different and represent H, C, -Co- N 

alkyl, Cs-Cs-cycloalkyl, C-C-alkenyl, C-C-alky 
nyl, phenyl, imidazolyl, triazolyl, or pyridinyl, 

(cocat-8) 

(cocat-9) 
Rare identical or different and represent methyl, ethyl 

or —(CH), O CH=CH2. N (CH) 2 4\1\-N-1a1 
R" represents (CH), O CH=CH, 
n is 1, or 2, 
m is 1, 2, or 3, and FV 

p is 0, 1, or 3. 

(cocat-10) 

6. The catalyst composition according to claim 1 wherein 
the co-catalyst is selected from the group consisting of for- R 
mulae (cocat-1) to (cocat-38). 

(cocat-1) 
O (cocat-11) 

4no-1\-1 N-1\o-1s S-9 N ON4 
(cocat-2) N 

Y-() N 
o (cocat-3) 

—v 
O-CH2CH3 
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-continued 

N-N s's- 
N 

O 

HCF i-CH 
O 

HC CH3 

CH 

l He21 r 
CH, CH 

N O 

(cocat-12) 

(cocat-13) 

(cocat-14) 

(cocat-15) 

(cocat-16) 

(cocat-17) 

(cocat-18) 

(cocat-19) 

(cocat-20) 

(cocat-21) 
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-continued 

(cocat-22) 

\ { \ N1 

2 
CH (cocat-23) 

e 
PS2C2 

CH (cocat-24) 

e 

(cocat-25) 
HC O 
\ 

-och, 
OCH 

(cocat-26) 
HC 

\ --> 
) 

(cocat-27) 
O-CH2CH3 

O-CHCH 

(cocat-28) 

“O 
(cocat-21) 

O 2Y-1N-1 N1,No. 
O (cocat-30) 

4S1\-1 N-1-1N 

(cocat-31) 
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shall mean that Y and (E), are linked either by a single 
bond or by a double bond, wherein 

(i) if Y and (E), are linked by a single bond, then 
Y is oxygen (O), sulfur (S), N—R or P R and 
E is CH or 

(ii) if Y and (E), are linked by a double bond, then 
Y S N or P 

E is CH, 
wherein if n=0, then 
Y is oxygen (O), sulfur (S), N R or P R and directly 

linked by a single bond to the phenyl moiety depicted 
above in formula (A3) 

and wherein in all above occurrences in formula (A3) 
R is identical or different and shall mean H. C. -Co-alkyl, 

Cs-Co-cycloalkyl, C-C-alkenyl, C-Co-alkynyl, 
C-C-aryl, or C-C-heteroaryl, or if two Substituents 
Rare bound to the same atom, such two substituents R 
may also form a saturated or unsaturated cyclic structure 
together with the atoms to which they are bound, 

(iv) catalysts of general formula (A4) 

(A4) 
X L RI 
4, 
M R2 

x2Y 
1V 6 

R CH R3 ( 2)n 

R5 R4 

wherein M, L,Y,X, X, R', R,R,R,R, R and n have 
the meanings given for general formula (A), 

(V) catalysts of general formula (A5) 

(A5) 
X R1 
2%. 

15 X NR 2 
R n f R 

W 

V 
R18 (CH2) R3 

R19 
R17 R5 R4 

R18 

where 

Y is oxygen (O) or —NR with R representing hydrogen, 
alkyl, cycloalkyl, alkenyl, alkynyl, aryl or heteroaryl, 

Wis oxygen (O) or NR with R" being hydrogen or straight 
chain or branched C-C alkyl, 

R" represents straight chain or branched alkyl, 
R. R. R. and R'' are identical or different and repre 

sent hydrogen, halogen, alkyl, cycloalkyl, alkoxy, alk 
enyl, alkynyl, aryl or heteroaryl, and 
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L. R', R. R. R. Rand n shall have the meanings given 
for general formula A, 

(vi) catalysts of general formula (A6) 

(A6) 
L RI 

X, 2 
MF R 

x2Y 
R Y 

V 3 
(CH2) R 

R62 Z 
R5 R4 

where 
M is ruthenium or osmium, preferably ruthenium, 
Z is oxygen (O) or sulfur (S), 
Y is oxygen (O), sulfur (S), N-R7 or P R", where R has 

the meanings indicated below, 
X' and X’ are identical or different ligands, 
R" is H. alkyl, alkenyl, alkynyl or aryl, 
R. R. R. and Rare identical or different and are each 

hydrogen, organic or inorganic Substituents, 
R' is H, alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, 

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alky 
lamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl, each of which may optionally be substituted by 
one or more alkyl, halogen, alkoxy, aryl or heteroaryl 
Substituents, 

R is alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alk 
enyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alky 
lamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl, each of which may optionally be substituted by 
one or more alkyl, halogen, alkoxy, aryl or heteroaryl 
Substituents, 

or where in the alternative R'' and R may form a cyclic 
structure together with the two adjacent carbonatoms to 
which they are bound, 

L is a ligand, 
R’ is alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alk 

enyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alky 
lamino, alkylthio, arylthio, alkylsulphonyl or alkylsul 
phinyl which may each be optionally substituted by one 
or more alkyl, halogen, alkoxy, aryl or heteroaryl Sub 
stituents, and 

n is 0 or 1, and 
(vii) catalysts of general formula (A7) 

L (A7) 

X , 

X2 7Ru R2 
R6-Y. N R3 

R5 R4 

where 
X' and X’ are identical or different and shall mean hydro 

gen, halogen, pseudohalogen, Straight-chain or 
branched C1-Co-alkyl, C-C2-aryl, C1-Co-alkoxy, 
C-C2-aryloxy, Ca-Co-alkyldiketonate C-C2 
aryldiketonate, C-Co-carboxylate, C-Co-alkylsul 
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C 

9. A process for hydrogenating a nitrile rubber comprising 
a) preparing the catalyst composition by contacting a com 

plex catalyst according to any one of claims 1 to 8 with 
at least one co-catalyst in a molar ratio of the complex 
catalyst to the co-catalyst in the range of 1:(1-550), 
preferably 1:(20-550) wherein the co-catalyst must con 
tain at least one vinyl group and thereafter 

b) hydrogenating the nitrile rubber in the presence of the 
catalyst composition formed in step a). 

10. The process for hydrogenating a nitrile rubber accord 
ing to claim 9, wherein step a) is performed at a temperature 
in the range of from -20°C. to 160° C. and preferably in the 
range of from 20° C. to 80° C. 

11. The process for hydrogenating a nitrile rubber accord 
ing to claim 9 or 10, wherein the ratio of complex catalyst to 
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co-catalyst in step a) is 1:(20-500), preferably 1:(25-475), 
more preferably 1:(25-450), most preferably 1:(30-450) and 
particularly 1:(30-100). 

12. The process for hydrogenating a nitrile rubber accord 
ing to any one of claims 9 to 11, wherein the hydrogenation in 
stepb) is carried out at a temperature in the range of from 60° 
C. to 200° C., preferably from 80° C. to 180° C., most pref 
erably from 100° C. to 160° C. and at a hydrogen pressure in 
the range of 0.5 MPa to 35 MPa, more preferably of 3.0 MPa 
to 10 MPa. 

13. The process for preparing a hydrogenated nitrile rub 
ber, wherein the nitrile rubber is subjected to a molecular 
weight degradation in a metathesis reaction first comprising 
contacting the nitrile rubber in the absence or presence of a 
co-olefin with a complex catalyst according to claim 1, 7 or 8. 
then 

a) contacting the complex catalyst which is present in the 
reaction mixture obtained after the metathesis reaction 
with at least one co-catalyst having at least one vinyl 
group in a molar ratio of the complex catalyst to the 
co-catalyst in the range of 1:(1-550), preferably 1:(20 
550) to form a catalyst composition and thereafter 

b) hydrogenating the nitrile rubber in the presence of the 
catalyst composition. 

k k k k k 


