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unusually high Mooney viscosity for the resulting hydrogenated nitrile rubber due to the
reduction of the nitrile groups to secondary amines, resulting in the subsequent
crosslinking/gelling of the polymer. Rempel does point out that the addition of additives (i.e.

CoS0, and (NH,),Fe(S50,),) to react with these amines can minimize the crosslinking/gelling.

Rempel and co-workers reported in a series of patents (US Patents 5,210,151; 5,208,296 and
5,258,647) the utilization of ruthenium based catalyst for the hydrogenation of nitrile rubber
when the nitrile rubber was supplied in an aqueous, latex form and when the reactions were
conducted in the presence of additives which were capable for minimalizing the reduction of the
nitrile group. Specific ruthenium catalyst utilized include carbonylchlorohydrido
bis(tricyclohexylphosphine) ruthenium II, dichloro tris(triphenylphosphine) ruthenium II,
carbonylchlorostyrly bis(tricyclohexylphosphine) ruthenium I and carbonylchlorobezoato

bis(tricyclohexylphosphine) ruthenium II.

Recently, Souza and co-workers reported (Journal of Applied Polymer Science, 2007, Vol.
106, pg 659-663) the hydrogenation of a nitrile rubber using a ruthenium catalyst of the general
form RuCly(PPhs);. While efficient hydrogenation was reported restrictions were placed on the

solvent choice due to the necessity to minimalize the nitrile group reduction.

The problem of reducing the molecular weight of a nitrile rubber is solved in the more recent

prior art prior to hydrogenation by metathesis. Metathesis catalysts are known in the prior art.

WO-A1-03/011455 relates to hexacoordinated metathesis catalysts and to methods of making
and using the same. The catalysts are of the formula

1

L
X/, /R X/ ‘ /R
1 , II’ _ _ , /,”
L M—_—C—C or L'—M—c—c—c

‘ X' \ ‘ \X1 \

L? R 2 R
wherein
M is ruthenium or osmium;

X and X' are the same or different and are each independently an anionic ligand



25 wherein Ms rutheniumor osmum X and Xlare the sanme or different
and are each independently an anionic ligand 3 L, L1' and L2 are the sane
or differwot2oand3mse each i ndependently a neutral el ect Pom/ERenoneisegand,;
and R and Rlare each independently hydrogen or a substituent selected from
al kyl , al kenyl , al kynyl , aryl, carboxyl ate, al koxy,
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al kyl sul finyl- si | The ¢ I are use i S reactions
oLy sl Tl B0 Sl T ThElh S Bt B tisebal bl LA Deat e, faot| ons
ADVET, self- and CFQ§§mnEmﬁthESIS reactions, al kyne polynerlzatlon

carbonyl ol efination, ymeri sati on of unsaturated polymers, synthesis

of 10tel edh#&ldk pol yaﬁ%?agﬁ) H@ﬁwné?%lmhﬁd@m Hashistitygpy Se@%ﬁﬁ”rﬁP@?“‘iyh alkenyl,

WO Al- 03/ 011455 di sclipgf1pRlyy elrbsatihen a[l{%%f}t haRay10%E: é@n?ﬁ!)@Bz%ﬁZXJj el ates
to a method for carrying out cross-netathesis reacti ons using Go

transi i on netal comosyetoay. alegithioyakylsulfpreyl phglsel§sylaedolti ng to

WO A2- 03/ 087167 is 15 especially useful for the synthesis of olefins that
are directly substituted with an electron withdrawing group via a
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polymerization, carbonyl olefination, depolymerisation of unsaturated polymers, synthesis of
10 telechelic polymers, and olefin synthesis. All examples in WO-A1-03/011455 disclose

polymerization reactions.

WO-A2-03/087167 relates to a method for carrying out cross-metathesis reactions using Group
8 transition metal complexes as catalyst. The process according to WO-A2-03/087167 is
15 especially useful for the synthesis of olefins that are directly substituted with an electron
withdrawing group via a cross-metathesis reaction. The Group 8 transition metal complexes have

the following formula (I)
L1
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X\MLC/
\\\R
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L
n which
20 L' is a strongly coordinating neutral electron donor ligand;
n is zero or 1;
L*and L’ are weakly coordinating neutral electron donor ligands;
X" and X* are anionic ligands; and

R' and R are independently selected from hydrogen, hydrocarbyl, substituted hydrocarbyl,
25 heteroatom-containing hydrocarbyl, substituted heteroatom-containing
hydrocarbyl, and functional groups, or may be taken together to form a cyclic
group,
and further wherein any one or more of x, X3 L', L% L RY, and R? may be attached to a

support;



in which 20L1lis a strongly coordinating neutral electron donor ligand; nis
zero or 1; L2 and L3are weakly coordinating neutral electron donor |igands;
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hydrogen, hydrocarbyl, substituted hydrocarbyl, 25heteroatom containing
hydr ocar byl , substituted heteroatom contai ning hydrocarbyl, and functional
groups, or may be taken together to forma cyclic group, and further
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wherein
X!, X% LY, L% L? R, and R? are as defined previously, r and s are independently zero or 1, t is
an integer in the range of zero to 5, Y is any noncoordinating anion, Z' and Z* are linkages
containing 1 to about 6 spacer atoms, any two or more of XI, Xz, LI, Lz, L3, ZI, Zz, RI, and R?
10 may be taken together to form a cyclic group; e.g., a multidentate ligand, and any one or more of
X', X L' L% L%, 7', 72, R', and R” may be attached to a support.
According to the example in WO-A2-03/087167 a cross-metathesis of acrylonintrile with
different cross partners is carried out in the presence of a catalyst of the formula (1)
Mes—N N—NMes
\( <Cl
/R U—\%L
Cl Ph
P(C
s (Cys)

However, the catalysts mentioned above are not necessarily suitable for carrying out the
degradation of nitrile rubber. Further, the catalysts mentioned above have never been used as

hydrogenation catalysts in the prior art.
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In WO-A-2005/080456 Guerin reports the preparation of hydrogenated nitrile rubber polymers
having low molecular weights and narrower molecular weight distributions than those known in
the art. The preparation process is carried out by simultaneously subjecting the nitrile rubber to a
metathesis reaction and a hydrogenation reaction. The reaction according to WO 2005/080456
takes place in the presence of a ruthenium based catalyst of the general formula 1,3 bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidene) (tricyclohexylphosphine) ruthenium (phenylmethylene)

dichloride (Grubbs 2™ generation catalyst)

Mes—N N—Mes

However, there is a need for alternative catalysts which are suitable for the preparation of
hydrogenated nitrile rubber polymers in a simultaneous hydrogenation and metathesis reaction.
Additionally, the hydrogenation efficiency and — at the same time - the metathesis activity should

be improved.

We have now discovered that hydrogenated nitrile rubber having lower molecular weights and
narrower molecular weight distributions than those known in the art can be prepared by the
metathesis of nitrile butadiene rubber in the presence of hydrogen and optionally at least one co-
(olefin). Thus, the inventive process is capable of producing a hydrogenated nitrile rubber with
low residual double bond contents (RDB) having a molecular weight (M) in the range of from
20,000 to 250,000, a Mooney viscosity (ML 1+4 @ 100 deg. C) of in the range of from 1 to 50,
and a MWD (or polydispersity index) of less than 2.8 in a single step.

The present invention therefore relates to a process for the production of a hydrogenated nitrile
rubber comprising reacting a nitrile rubber in the presence of hydrogen, optionally at least one

co-olefin, and in the presence of at least one catalyst of the general formulae (I), (I) or (I11),

LI,



containing 1 to about 6 spacer atons, any two or nore of X, X2, LI, L2,
L3, ZI, Z2, R, and R2 10may be taken together to forma cyclic group;
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Z2, R, and R2 may be attached to a support. According to the exanple in
WO A2- 03/ 087167 a cross-netathesis of acrylonintrile with different cross
partners is carried out in the presence of a catalyst of the fornula (1)
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Further, the catal ysys menfioned above have never bqs&}used as
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less than 2.8 in a single step. )

5 ZandZ are identical or different and neutral electron donor ligands,

R’ and R’ are each independently hydrogen or a substituent selected from the group
consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio,
arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which may

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

L is a ligand.

As nitrile rubbers (“NBR”), it is possible to use copolymers or terpolymers which comprise
15 repeating units of at least one conjugated diene, at least one o,p-unsaturated nitrile and, if

desired, one or more further copolymerizable monomers.

The conjugated diene can be of any nature. Preference is given to using (C4-Ce) conjugated
dienes. Particular preference is given to 1,3-butadiene, isoprene, 2,3-dimethylbutadiene,
20 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.



The present invention therefore relates to a process for the production of
a hydrogenated nitrile rubber conprising reacting a nitrile rubber in the
presence WO 2nydretgen, optionally at | east one 25co- ol ef ipoT/ERR@ 0i06252Nhe
presence of at |east one catalyst of the general fornulae (1), (Il) or
(rer)y, L,12zZMCx2 IRA Z2 L X1 Z. X2's Z2 L1 I /X Z1-. MC X2' Z2
RBC \ R4 /RBCC\ R4 where is rutheniumor osmum X1 and X2are
identical or different |igands, preferably anionic |igands,

As o,B-unsaturated nitrile, it is possible to use any known o,p-unsaturated nitrile, preferably a

(C5-Cs) o,B-unsaturated nitrile such as acrylonitrile, methacrylonitrile, ethacrylonitrile or

mixtures thereof. Particular preference is given to acrylonitrile.
A particularly preferred nitrile rubber is thus a copolymer of acrylonitrile and 1,3-butadiene.

Apart from the conjugated diene and the o,-unsaturated nitrile, it is possible to use one or more
further copolymerizable monomers known to those skilled in the art, e.g. o,B-unsaturated
10 monocarboxylic or dicarboxylic acids, their esters or amides. As o,fB-unsaturated
monocarboxylic or dicarboxylic acids, preference is given to fumaric acid, maleic acid, acrylic
acid and methacrylic acid. As esters of a,p-unsaturated carboxylic acids, preference is given to
using their alkyl esters and alkoxyalkyl esters. Particularly preferred alkyl esters of o,p-
unsaturated carboxylic acids are methyl acrylate, ethyl acrylate, butyl acrylate, butyl
15 methacrylate, 2-cthylhexyl acrylate, 2-ethylhexyl methacrylate and octyl acrylate. Particularly
preferred alkoxyalkyl esters of o,B-unsaturated carboxylic acids are methoxyethyl
(meth)acrylate, ethoxyethyl (meth)acrylate and methoxymethyl (meth)acrylate. It is also possible
to use mixtures of alkyl esters, e.g. those mentioned above, with alkoxyalkyl esters, ¢.g. in the
form of those mentioned above.
20
The proportions of conjugated diene and «,B-unsaturated nitrile in the NBR polymers to be used
can vary within wide ranges. The proportion of or of the sum of the conjugated dienes is usually
in the range from 40 to 90% by weight, preferably in the range from 55 to 75% by weight, based
on the total polymer. The proportion of or of the sum of the a,p-unsaturated nitriles is usually
25  from 10 to 60% by weight, preferably from 25 to 45% by weight, based on the total polymer.
The proportions of the monomers in each case add up to 100% by weight. The additional
monomers can be present in amounts of from 0 to 40% by weight, preferably from 0.1 to 40%
by weight, particularly 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 of the a,B-unsaturated
30 nitrile or nitriles are replaced by the proportions of the additional monomers, with the

proportions of all monomers in each case adding up to 100% by weight.
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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

30  substitution leads to a stable compound.

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

parameters or explanations given above or below in general terms or in preferred ranges can be
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i s conpraeNensiveBigsdescri bed in the pol yner |iterature. PCTNiPROTOW&S2UbbEr S
whi ch can be used for the purposes of tfie invention are also commercially
S5avail able, e.g. as products fromthe product range of the trade nanes

Per bunan(r) and Krynac(r) from Lanxess Deut schl and anH. The nitrite
rubbers used, fo enat i on/. met esi s, usual have

i ocos: ty oRpngyigneROhaIR AR W8 Eh RSP E® Sl B BiargS o 23
to 40. Thigefatddragponds to a 10 wei ght average nol ecular weight M in the
range 200 000 - 500 000, preferably in the range 200 000 - 400 000. The
nitrite rubbers used usually al so have a pol ydispersity PDI = MM M " where
M is the weight average nol ecul ar weight and Mi is the nunber average

nol ecul ar weight, in the range 2.0 - 6.0 and preferably in the range 2.0 -
4.0. 15The&'dedd nination of the Mbooney viscosity is carried out in

accor danc 4 C | |

aubatr at o T Qe AR R RRHE el 2 2Rl B iaf ORERL o e

hydr ogenat(ilorre @agticlon dlf&ﬁenThgarﬂabmg/malodiectrbled@enhgaallds fSoentidaadydrg in( 1 | 1)
are known in @ n@»g " E,@/ 4%|ves of thlslcl ;‘cog$ ﬁnds are the
cat al yst s SIBEEMBEY G Wb PEE DAY PSR ‘?86“?}?51 ﬁ@%te Pt IBoE oW al . wo
2003/ 087 16ihePdiay peadie fed- ak bik GiEembeRd modshyclidkdupd B6htMIgE Wio LpesRradiyt 1o Ed.
2002, 41, 4038. The catal ysts are commercially avail able or can be prepared
as deddri Beoppraffiablps et é?“é%‘é@s er higyglic qpelcilinstragigetsoppessdof hsedio% or t he
pur poses Qis&ﬁeﬁﬂfﬂ§e§£nﬁé$§&fnﬁﬁ&%ﬂﬁa%b%& DRaBR diN3fordnMAEL IRRp@tAm on an
i ndi cated radi cal or atom has been’'replaced by one of the groups I ndicated
i n each cawaonally tshbstigedpinovieser et alkHe pigterabhc ¢1-6fo-allyd caclostkylnieloebbd i s
not excee 4 Ne I t t . onbi ned
with one aﬁq%%SQO&pﬁ %9&§£§&h§ﬁ) in@%ﬁ%§%18k) Pﬁg%%bl H@ﬁH{ﬂenggggectlve
ranges andnﬂre%ﬁnﬂEﬁCgemgeﬁ mﬂuﬂﬁo@@bp%ﬂxﬂﬂyChéxﬂmamﬁwﬂrmﬁaﬂmehaéesemt

i nvention an n the catalysts of gener formul a . (l nd
(I lared B‘éeﬂﬁ‘ﬁnB&l?edc?PbS&ﬁ“fePEr‘%"}v‘(th|“F5£ﬁ8% B Yn‘é’ﬁt"F mor%ﬁaélé%lféﬁe%%?ﬁ@r
l'i gands. Sdlehed fr@andgraap QorsRtigesTadhBbenMRIP4HituleOM Hink 8t bro@ine, 1[0 ,Gddyl, X, 1 hey
represent optionally substituted heterocyclic groups. They may represent
five- or <islkpshprdideYhonocyclic groups containing 1 to 4, preferably 1 to
10 3, nost preferably 1 or 2 heteroatoms, or bicyclic or polycyclic
structures conposed of 2, 3, 4or 5 such five- or six-nmenbered nonocyclic
groups whéieinplesof Zahudt érrmﬂudeneldlogr hmp@loar @trmlcomallning heighwyélesueldashy one
or norg al ab
C3- Cg- 2§yclp ¥1 ne y%d%(oxil/);{oyg%’hg? é)&gﬁﬂlck Xedpy%X%e (ﬁﬁ}lfﬁazwldmﬁ g?!rghda 1?6 é}pelfamlpg‘,bl y
chl orine ondabasleg nqum&),hn@rgulrme pitoﬁﬂﬁé ahhlyndﬁﬁolalﬁe(ﬁylmhne omdbnﬂlemeam&lgyrrole
preferably C5 ? ﬁeteroa radi cal s ere these 15 abovenggtloP
subst i t uent'S ey MG ELeets T PRoaLYOBHECDEY f5 & Potgrkdl e er abl y
sel ected fg,am-bikg, @Eléwlﬁylcﬁgﬁfaﬁlyldlgigl&fclmgtﬁd&xy,bfbfd?ﬁﬂ}t cpgloalko@hhﬂ dgeﬁe or
brom ne, C1-05- aIk{ G- al koxy and phenyl. Exanpl es of
i ncl ude, irefRigbly chiopne altbremmenwlr Bis&iatdn ke §p4rﬁr¥igorﬂefeé<fa@éy@m@§ab§u€hcas 20
Py i diae,  ikdafRzkiasts whtre ol SbBfom RSk Bl ions i A Wi RINIRASY by b 6y
pyrrolidine, pi'perazine, indazole, quinoline, purine, acridine,
bi si m dazohag rqdlcele,l pyéfenably egleatadi feery tF e eomanidhgyyfhploges, inyphsicelaichigirine or
af orementioned fﬁe Q$&9nahl YepSubstituted by one or nore alkyl,
preferably Ctere-a %ﬁ cy 1Ky PC %referably C3- C8-cycl oal kyl , alkoxy,
preferably Cl C10- alkoxy hal ogen, preferably chlorlne or bronlne aryl,
prefer abl y Z'and %2 toget e may a?lgo rregrteseeglp a Xen’[atepl{ggjl rhaepelb;r/ formmg a cychc structure.
30

L

In the catalysts of the general formulae (I), (I1) and (I1I), L is a ligand, usually a ligand having an

electron donor function.



25 heteroaryl radicals where these abovenenti oned substituents may in turn
be substituted by one or nore radicals, preferably selected fromthe group
consi sti nyoabiiebtsgen, in particul ar chlorine or brom neCTEP205/06d52Y1 ,

Cl- 05- al koxy and phenyl. Zi and Z2 toggjher nmay al so represent a bidentate
| i gand, thereby formng a cyclic structure. 30 L In the catalysts of the
general fornulae (1), (Il) and (Ill1), Lis a ligand, usually a |ligand
havi ng an el ectron donor function. - 10 - The ligand L can, for exanple,
be a phosphi ne, sul phonat ed phosphi ne, phosphate, phosphinite, phosphonite,
ar si ne, stThebighl, L €hhir exaﬁi@ieﬂlﬁ’e a Hvkthéne, SUhohasd hesph@r) f1ox3hbie, phioﬁphﬁﬁtyj s
pyridine, thioether or L _can be an unsubstituted or substitute

i m dazol i APREPhERiGRYsinG Fkac. cthopragtiag. @i, PEPRINKen c3rBoy! dﬁtﬁ%Fyi_ P%thﬁ‘@ a

C6- C24- ar yhiphRs BPL B be@n ubRin@liiyd mel%ﬁmtéawazo@émﬂ Y Gkaal kyl phosphi ne

| i gand, a sul phonat ed - C24- aryl phosphi ne or a sul phonat ed

Ci - G oal kyl phosphi ne Ilgand a C6-C24-aryl phosphinite or G -G o-al kyl

pnosph g8 ERRR(L 136N QROSAUANL 1A', O Ryabl upbosproni

C6- C24- ar }dyelozﬂkyitélomhma hga:n@ al skiphamsiing,- mgafﬂmhpspameaorcezbu@hmmm @eC@Jr

CG-C | k d di | , -C4-aryl . hoxj.d
R N e R e L o
l'i gand or aaylGhoSpténits Yt anicgaleyl flosghoiad kiydnamade-Ci,gandshogaad wf cubj,ch may

be substituted b¥ a_phenyl EIOU which may in turn_be substltuted by a
hal ogell, @lkviphosp ngap%q Eaf orylesing st §) keosakviasgnccligand, gy CyCpagrylpmine or

unsubsti t yt ad Qkyidams Bl tdé[?ﬁﬂlnb mgﬂﬁzapb% ébf&?yl Guipibiide b Q)Iag Qealldf dlphoxide

enconpasses an aronatlc radi'cal having from6 to 24 skel etal "carbon atons
( C6- C24- arlighyd, aPfeferard dethm rocyclielkylpptbgrcligand or a £ @yacﬂr)ﬂ@lmdambcfo;fah c

aromatic r r 6 b

exanpl e, ZﬂgA ﬁﬁ&eﬁg&ﬁ% ee%gll dr ‘ﬁlér%l hl{l%ﬁfe%%b éﬁ%ﬁ%fé Pl %Qud)a\%% gfctélny e Al kyl
is prefer esbbsym@d l@]aZhaddgkxylcla]‘a GilklyISI;adlf:ﬂror é?x@grplk@;y m&tahydr L ietahmbubstitutpd oxpyl :

i sopr n-.butyl, sec-butyl, tert-butyl, n-pentyl, 1-nethylbutyl,
2-netﬁ§lb&? UW&§} ﬁVﬁ%ﬁ?%%)hﬁgﬁpentyl, 1- et hyl propyl or n-hexyl,

n- heptyl, n-octyl, n-decyl or n-dodecyl. 25 Cycloal kyl is preferably

C3- G o- Cycloalk | and enconpasses cycl opropyl, ¥c|obuty| Iopentyl

cycl ohexyl? Y’c‘?’&‘l"@lﬁésﬁf 91 argmaticeird deyiys fronrrrééo 28 pkRIgH GaiBAR 'ﬁ@m iGdwE) PR3

structur esPreﬂéﬁ@c{ ﬁbﬁbc?clicsbl'c{zclfé%? ch’-}@l?@cak%‘égd?féQ%@Jtlwac@éalso&%m GrRDQINRY
G - C6-al kyl, C3-Cg-cycl oal or ar e for exanple, PPh3, P(p-Tol)3,

P(0- Tol) 3,skpiprd @H@))Q atom(scal'a)@ ep(npplr;@memylsblppéwlmmmwnﬁ(tmml BE3Na) 3,
P( CH2GgHA- %%%@%ﬁ P(iso-Pr)3, P(CHCH3(CH2CH3))3, P(cyclopentyl)3,
P(cyclohexy (neopentyl) 3 and P(neophenyl)3. Phosphinite includes, for
exanpl e, trlphenyl phosphinite tricycl ohexyl phosphinite, triisopropyl

phosphlnlt di hosphi ni te 5Phosphite includes, for
bt R R N R R A S R T
phosphite sect ity B oRE-RYl, PRASDNIhedandyrel mhyBiuphenthpbasp hieb]]&,ntyl 1-

Stil bine includes, for exanple, tri henylstlglne, tricycl ohexyl sti bi ne and
tri met hyl sthybeeny] orngsyylonbwit e qcﬁféuu&fé%l or pgpdeglanpl e,

trifl ugronmethanesul phonate, tosylate and nesyl ate.

Cycloalkyl is preferably Cs3-Cp-Cycloalkyl and encompasses cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

The term phosphine includes PR; structures, wherein R is in each case independently of one

30  another C;-Cg-alkyl, C5-Cq-cycloalkyl or aryl, like for example, PPhs, P(p-Tol);, P(o-Tol)s,
PPh(CH3;),, P(CF3)s, P(p-FCeHa)s, P(p-CF3CeHa)s, P(CsHs-SOsNa);, P(CH.Ce¢H4-SOsNa)s,
P(iso-Pr);, P(CHCH3(CH,CHj));, P(cyclopentyl)s, P(cyclohexyl);, P(neopentyl); and
P(neophenyl)s.



Sul phoxi de incl udes, for exanple, CH3S(=0)CH3 and (C6H5)2S0. Thi oet her
i ncl udes, for exanple, CH3SCH3, C6H5SCH3, CH3OCH2CH2SCH3 and

15t et r ahywtoavhiaptsene. The i m dazol i dine radical (Im u®caEPRoloms2529
structure of the general formula (IVa)ﬂzg[ (I1'Vb), R5/R6R5(R6 -i R7,NTN, R8
R7-1R8 (1Va)(lVb) where 20R5, R6, R7, are identical or different and are
each hydrogen, straight-chain or branched G -C30-alkyl, preferably

C - C20-al kyl, C3-C20-cycl oal kyl, preferably C3-C ocycl oal kyl,

C2- C20- al kenyl , preferably C2-C o-al kenyl, C2-C20-al kynyl, preferably

C2-Ci o- al @Bwhlmt@ﬁtcﬁaék & Ykamplld, &f[ﬂér@bbhbsﬁm@lérc?d’lwexyl@hos@ﬁné} afiprophiat e,
preferably G -G o-carboxylate, C -C20-al koxy, preferably C -C o-al koxy,
C2-C20-  ZHosphipinindaahy! dphepdphspliniies_ G o- al kenyl oxy, C2- C20- al kynyl oxy,
pref erably C2-G oal kynyl oxy, C6-C24-aryl oxy, preferably C6-Cl4-aryl oxy,

C2- C20- al koxycar bonyl , fpr eferably C2-C o-al koxycarbonyl, G -C20-al kyl thi o,
pr ef er &bl ;Ph@Fpl@eoncallldeyl h¢>@mp@61r@214nsérp9ﬁpmhit@ trlp&‘«‘é(ﬂ@mmhysmcmel&bw hi o,

Gi - C20- al honat ferably - 12 -
2l ky sul piiRay e T R G o D e ey sul phonat e

or Cl C20- aI kyI sul phi nyI preferably G -G o-al kyl sul phi nyI One or nore of

the radic optionally
be 5 substy' BCI@é(g k%?%%m%eléybfﬂglfl?%?fg%@exylﬁ? ?lg{l] ?[ﬁnﬁht-chai n or
branched Ci -G o-al kyl, C3-Cg-cycl oal kyl O G o- al koxy or C6-C24-aryl, where
t hese abovenenti oned substltuents may in turn be substituted by one or nore
radi cds, Splﬂpélfﬂ&t%lm1946§épre¢étﬂ@l@ieafﬂﬂ%mquéhaa%l@bm%n@@ym #g sy &l ogen, in
particular chlorine or bromne, G -05-alkyl, G -05-alkoxy and phenyl.
100Only for the sake of clarity it is hereby confirnmed that the structures
as depi ct ednbpxighiaclgdepdpragxahple. -8 QCNanddQds:POb) of this application
with regard to the structure of the i mdazolidine radical shall have the
same neaning as the structures often used in the relevant literature with
regard to ﬁﬁuehleli mindwdsl | dkbrneexlamplie,caCHvﬁﬁftzh arlésSkaek.ei OHIQEM.CilPCB1 edndas
struct resé nd (I'Vb ') and which enphasize the carbene-|ike

struct Kl eB%lzol idine radical. The same 15shall apply to the
structures (Va) (Vf) which are also |ater on depicted in this application.

R5R6 R7/ 2", .0.0 Rg * *
The imidazolidine radical (Im) usually has a structure of the general formula (IVa) or (IVDb),

R R® R R®
R7/NTN\R8 R7/NTN\R8

(IVa) (IVD)

%&“i"

where
20 R’ RS R’,R® areidentical or different and are each hydrogen, straight-chain or branched
Ci-Cspalkyl, preferably C;-Cy-alkyl, C;-Cy-cycloalkyl, preferably Cs-Cio-
cycloalkyl, C,-Cyp-alkenyl, preferably C,-Cp-alkenyl, C,-Cyp-alkynyl, preferably
C-Cp-alkynyl, CeCys-aryl, preferably Cg¢-Cis-aryl, C;-Cyp-carboxylate,
preferably C,-Cio-carboxylate, C;-Cye-alkoxy, preferably C;-Cip-alkoxy, Cy-Coo-
25 alkenyloxy, preferably C,-C p-alkenyloxy, C,-Cyp-alkynyloxy, preferably C,-Cio-
alkynyloxy, Ce¢Coy-aryloxy, preferably Cs-Ciy-aryloxy, C,-Cyp-alkoxycarbonyl,
preferably C,-Cig-alkoxycarbonyl, C;-Cy-alkylthio, preferably C,-C,¢-alkylthio,
Cs-Cog-arylthio, preferably Ce-Cis-arylthio, C;-Cyp-alkylsulphonyl, preferably
C,-Cp-alkylsulphonyl, C,-Cyp-alkylsulphonate, preferably C-Cyo-



(I'va") R5rR6 IR71\INR8 (IVID ) In a preferred enbodi nent of the catal ysts
of the general formula (1), (Il) or (I1ll) aligand L is 20 present in which
R5 and Roeweanreiliaastsgs i ndependently of one anot her, hydrogemEPSG002252ar vyl ,
particularly preferably phenyl, straigh{-chain or branched G -G o-al kyl,
particularly preferably propyl or butyl, or together form wth |ncIu5|on
of the carbon atons to which they are bound a cycl oal kyl or aryl radical,

where all the above ed radi cal ubs i tuted by, one or
mor e furt her r adt oo SUPREvs T S HER P RN E RSB Chat 1
or branched G- 25 @z(paua;}lleWhmyQprefBr@imk@lwu(yﬁﬁp}ﬁ;m aryl and functi onal
groups selected fromthe group consisting of hydroxy, thiol, thioether,

ket one, al dehyde, ester, ether, am ne, imne, amde, nitro, carboxyl,

di sul phi d%&ﬁf&&@%ﬁ fhe racﬁ&WﬁﬂqiéeR qar&gﬂhﬂdegquenuyaf Ql%aslnm&y opt%mtgaﬁeat e and
hal ogen. - - The radical s R7 and in the liga he cat'al ysts of
t he gefder aslubsmmmlp)aéne( p1) moye| Jupstigpents| me}“erzénl)e stmléﬁ@h@b joxy bra@dwd iGcdlo-dkyl,

di fferent cpai,l

part 1 cal arty 15 SR E S ARG LR Rt ARE R el sy may i
preferablymad&nmhmmmalﬁﬁmGZﬁImaeyhmmpapmﬁnmhaﬁkym@mgﬁemagkmppMQnyhgof

Cl- C10- al suI ate arti uIarIy sul] phonat e,

Gb- Gio- ar y it RORARYS: BFE ey G RGRUSLEr R0 HAABI honat e These
radi cals R7 and R8 whi ch are nmentioned above as being preferred may
optlonally be substituted by one or nore further radicals selected fromthe

gr oup PonHuy f%&leosﬁkesqfrcgiﬂ@hlf isdreebn cofirpedihatibestee s 2 feted inghegepsrplo ul ar

met hyl, CleéﬂﬁhK@%%md@ﬂ% oﬁmﬂ EH@%&&PQQHn%&%%@%w%%h&ﬁkqgﬂéﬂnﬁ&&&hﬁﬁﬁ group
consi sting of hydroxy, thiol I oet her, ketone, al dehyde, ester, ether,

ami ne, i mradcal hllchayc i siros meamtgcﬁsyllle styryes pﬁﬁrd@sed tdethpsheyeet, ht¢rst©@y@ﬁ7at e,
car bodi i mﬁgga»rd goax{ﬂg%ﬁa% ding %&?%'ir%?cg%ﬁdhe%%aﬁfé? H%Pl(é[?(le aseégﬁﬁ 1\% iﬂ"ﬂ{d the

radi cal s are i1 dentica erent an
neopentyl GWBadaHWnﬂy@anmw@&bbmbmwﬂﬂ&ﬁummhabfmepnﬂkmhdmdaﬂnmdéh@kmﬂ:ne

27, 6-r 1 U PEHG Ay gl by RS R Bl iR ©°°°

=

\/ \ 8 7/ \/ \
(IVa’) (IVb")

In a preferred embodiment of the catalysts of the general formula (I), (I) or (III) a ligand L is
20  present in which R® and R® are each, independently of one another, hydrogen, Cg-Cos-aryl,
particularly preferably phenyl, straight-chain or branched C;-Cjp-alkyl, particularly preferably
propyl or butyl, or together form, with inclusion of the carbon atoms to which they are bound, a
cycloalkyl or aryl radical, where all the abovementioned radicals may in turn be substituted by
one or more further radicals selected from the group consisting of straight-chain or branched C;-
25  Cypalkyl, C;-Cyg-alkoxy, Cs-Cos-aryl and functional groups selected from the group consisting of
hydroxy, thiol, thioether, ketone, aldehyde, ester, ether, amine, imine, amide, nitro, carboxyl,

disulphide, carbonate, isocyanate, carbodiimide, carboalkoxy, carbamate and halogen.



(vVa) (Vb) Ph (Ph Ph (Ph C AN AN Mes Mes Mes" Mes Bu N Mes (Vc) Bu Bu Mes
(vd) /Bu  (Ve)
WO 2011/023788 PCT/EP2010/062529

-13 -

The radicals R” and R® inthe ligand L of the catalysts of the general formulae (I), (II) or (III) are
preferably identical or different and are ecach straight-chain or branched C;-Cjp-alkyl,
particularly preferably i-propyl or neopentyl, C;-Cjo-cycloalkyl, preferably adamantyl, Ce-Cos-
aryl, particularly preferably phenyl, C;-Cjo-alkylsulphonate, particularly preferably

5  methanesulphonate, Ce-Cyg-arylsulphonate, particularly preferably p-toluenesulphonate.

These radicals R’ and R® which are mentioned above as being preferred may optionally be
substituted by one or more further radicals selected from the group consisting of straight-chain
or branched C;-Cs-alkyl, in particular methyl, C;-Cs-alkoxy, aryl and functional groups selected
10 from the group consisting of hydroxy, thiol, thioether, ketone, aldehyde, ester, ether, amine,
imine, amide, nitro, carboxyl, disulphide, carbonate, isocyanate, carbodiimide, carboalkoxy,

carbamate and halogen.

In particular, the radicals R” and R® are identical or different and are each i-propyl, ncopentyl,

15  adamantyl or mesityl.

Particularly preferred imidazolidine radicals (Im) have the structures (Va) —(Vf), where Mes is in

cach case a 2,4,6-trimethylphenyl radical.

N N o
g \( Mes Mes/N\(N\Mes
Ph Ph

_N_ N _N_ N

\( Mes \( Mes
V¢)

Bu Bu

_N__N /N N

\( Mes \( Mes

20



( NMes NNV (Vi) CNwves - 14 - R3 and R4 The radicals R3 and R4 of the
the catal ysts of general formulae (1), (I1l1) and (I1I1l) used in the process
of the prweenti/i2axsenti on are identical or different andprarEre@aolseitydr ogen
or alkyl, preferably G -C30-al kyl, nore,preferably G -C20-al kyl,

cycl oal kyl, preferably C3-C20- cycl oal kyI 5 nore preferable

C3- Cg-cycl oal kyl al kenyl, preferably C2- C20 al kenyl, nore preferable

C2- Cl6- al enﬁl 4 al kynyl, pref erably C2-C20-al kynyl, nore preferably

C2- C16- al , aryl, preferably C6- C24-aryl, carboxylate, preferably
Gi - C20- carhexydiaier’ a{dkmcyfth@ﬂﬁfcefa@biswfg}m@%raiumxm (Iglak@uyﬂ) Q¥ in the
preferably C2-C20-al kenyl oxy, al kynyl oxy, preferably - C20- al kyny] oxy,
aryl oxy, mr%qfé%%fﬁbeypreﬁnéﬂe%g}|aafs<g¢entaqakef>&} %IFB‘&WIW f‘ﬁﬂéfh&ﬁa&?wor alkyl,

C2- C20- al hﬂe%@i&@@g auaallky& %fE'fé?Qoly CP-@ZOQ'IK%IT %{,@&hml Qfef&éﬁy J@go Cgemgyl

al kyl t hi o, prefeérabl 1{1; preferab
aryl t hiSo, Ia¢rkyre§@hlﬁh6m§b cyqdﬁaélf.‘/én 2102 p@fel@‘zlmfa1%741§myb m«yprefem’ole Co-Cie-

B

het er oar ylCx-agl, ca:irhoxylb& Xﬂ.reﬁ:rﬂlblyXZCQG.zo enbox¥Rteof alkdxg, tma‘emh]lyalq(ﬂz(salkﬁxygener al

are | dont RO B FPL riRdeb shERARO PG RGPy BIES: b he "

| i terat ur eyreftriisly COSCQRNKY! EKBKyRHoA] C]‘préférﬂﬁy’ldﬁz CRhawaysgaibeiyer Slkyllallﬂmb he
context of such netathesis catal ysts, to Li agn s whi ch, when the é are

regar déd JegERRY &Fsrallianipge all%lﬂafr peesirtte Cr-fuyileythie: anwdhin, pegraplyyBctar ged
for a cl osedmgl @%rlﬁtﬁﬁhoﬁ%l(ef)ﬂeferabf} ¢ he, Gg&%&ﬁh@% &f utmmgﬁgnemkeratbgr @ut;ate (1),

(rr)y and (171), are identic ferent and can be,
exanpl e, m}ldﬁ@@@nnyl hadierdeqnch pEwhigh hnaﬂyc@élnpalb’tbeaﬁugmtuf@ﬁév QY pr mp@n@hséd

G - C30- al WO‘&CT@E&?@%@M&W@?X%& | koxy, ©C6-C24-aryl oxy,

C3- C20- al ky ary di ketonate, Cl- 25C20-carboxyl at e,

a - CZO aI kyI sul phonate, C6-C24-aryl sul phonate, G -C20-al kylthiol, C6-C24-
arylt 0- al kyl sul phonyl or G -C20-al kyl sul phinyl. The

above ntl%rf'é‘f} adicals X1 and X2 can al so be substituted by one or nore

further radials,offiRrthesampteofiéndial foganae @y, abemabiiy vkddugiecpRocess of the
C -G o-alkyl, G -G o-alkoxy or C6-C24-aryl radicals, 30 where the latter

radi cal s rPé%ﬁelﬁﬂﬂVF@WélaF‘iﬂd@I‘%’él qrﬁlffemnﬁhg?éld% @Eﬁé%rﬁhlnﬁ@amﬁvga&ﬁ% I he diggragure,

substit Ue%écﬁﬁhﬁﬁlt% TRt I Q%ys%’ﬂl%' ﬁtthé]&nf&t HaLA9RRmRERLERRR! Y
fluorine, G-05-al'kyl, C-05-al koxy and phenyl .

to ligands which, when they are regarded separately from the metal centre, would be negatively

20 charged for a closed electron shell.

In the catalysts of the general formulae (I), (IT) and (IIT), X" and X” are identical or different and
can be, for example, hydrogen, halogen, pseudohalogen, straight-chain or branched C;-Cse-alkyl,
Ce-Cos-aryl, C;-Cy-alkoxy, Cs-Cos-aryloxy, Cs-Cy-alkyldiketonate, Cg-Coy-aryldiketonate, C,-

25 Cy-carboxylate, C;-Cyp-alkylsulphonate, Cg-Cos-arylsulphonate, C;-Cyp-alkylthiol, CgCoq-
arylthiol, C;-Cyp-alkylsulphonyl or C;-Cyg-alkylsulphinyl.

The abovementioned radicals X' and X* can also be substituted by one or more further radicals,
for example by halogen, preferably fluorine, C-C g-alkyl, C;-C;¢-alkoxy or C¢-Coy-aryl radicals,

30 where the latter radicals may optionally also in turn be substituted by one or more substituents
selected from the group consisting of halogen, preferably fluorine, C,-Cs-alkyl, C;-Cs-alkoxy and
phenyl.



- 15 - In a preferred enbodi ment, X1 and X2 are identical or different and
are each halogen, in particular fluorine, chlorine, bromne or iodine,
benzoat e, wGi200%28m8boxyl ate, Ci -05-al kyl, phenoxy, C - 0PcalHPeoy/062529

C6- C24-aryl thiol, C6-C24-aryl or G -05al kyl sul phonate. 5In a particularly
preferred enbodi nent, X1 and X2 are identical and are each hal ogen, in
particul ar chlorine, CF3C00, CH3C00, CFH2C00, (CH3)3CO3 (CF3)2(CH3)CO

LS IR BT AP S

(trifl uor gamichiangmutiRh iRt . brd@ilardri eiihar bdprafe r@RTeatbsxydity, ed,-C Palkylpr ocess
according to the invention which is carried out in the presence of at | east
one cat al yoEnogy: Giife-ademe CaiCsrlyiRielaCo ¢ y-2pilthigh Cefaaaylop Chenpluineenaing  x2ar e
bot h hal ogen, in particular, both chlorine, Z1 and Z2are identical or
different and represent five- or six-menbered nonocyclic groups 15

cont ai #i ngnla pytigularhy petsrred lepbadiment, 3X° gk X grefdsntagsll ynd argreach krdegonont ons,

or bicycli ol i ct or ive- or
o x momber b oSG Bt R RO el (e BRRed

opt i onal | YCEVEH:).C0t @80 hyhanmey),oMec@umethatkyEtO fteker alsylyte Cp-CH;GHI-RG)),

cycl oal kyl , pref A - Cg-.C 0 l., al kox referably G -G o-al koxy,
hal ogen, &eéﬁ%tf éﬁ@%&‘ﬁ‘ftﬁlﬁ%b %?Féfé%%gmrﬂl@?tgﬁ%w, Olballegf erably CB6-C24-aryl,
or heteroaryl, preferably C5-C23 heteroaryl radicals, or Zi and Z2 together
represent a bidentate ligand, thereby formng a cyclic structure, R3 and
Raar e [Oderfiarticyler pefegrneq is BBAR oo Peicedding Hy s Bryeiionmhishiceneicd okiin thecs- c20-

cycl oal kylpresg%‘e %Q'lé%h%ﬁ@&italys@gf thel@ndh ¥l (&%‘v&%ﬂ‘ aryl,
G - C20-carboxyl ate, G- 25 C20-al koxy, C2-C20-al kenyl oxy,

C2- C20- al K¥nyl oxy, Qswudeaugy y| oxy, C2-C20al koxycarbonyl, Ci -C30-al kyl ani no,

Ci - C30- al kyil t hi0, - - Al i .G - | sul phonyl ,

G - C20- al %I%EF(EN E%e%gha%ﬁyglﬁ’q%@é%aﬁa%ﬁ%hﬁ I l(5’$ial |y be substituted by one
or nore alXyhd Zhal ogenideraickox fiffe@ntydnd caprdset Evoar yik-nreatieredinsnocgaiid g®dps - 16 -
R5/ R6R5(R6 -r R7,NTN, R8. R7- 1R8 (1 Vi wher e . R8 are
dentiBal or di ffer RPSHRGE i}oe“’éoé%fﬁl)aﬁ{rg%b%g*emosgﬁfﬁgra&m EhAPH QPR atched 5
G - CG30-al kyl, C3- C2hrigyat 0apKydycliEdricdeaddagiytd ofC23CR0Or sbkchimle, or six-

C6- C24-aryl, C -C20- carboxylate, G -C20-al koxy, C2-C20-al kenyl oxy,

C2- C20- al kynyl oxy, @aiboud giopeeyghc gf@?-s(@zhefﬁml@&@i\i%{?%ﬁ‘%ﬂd,g“ﬁpﬁ TOERUINA t hi o,

C6- C24-aryl thio, C -Sggsgﬁﬁédh%fl onk! bﬂh&@ﬁikyl, F;l:lefe%@y @J—@%—laﬁtw, 9}}%& £ preferably
C6- C20- aryl sul phonate, or C'-C20-al kyl Sul phinyl. 10A particularly preferred
cat al yst whi ch conmesCatfndeelolkd, djenpmadfershly GeCuratidoxy, dplngdnapr¢felably shiptie  of

20 or bromine, aryl, preferably Ce-Cos-aryl, or heteroaryl, preferably Cs-Css
heteroaryl radicals, or Z' and Z* together represent a bidentate ligand, thereby
forming a cyclic structure,

R® and R* are identical or different and are each hydrogen or C;-Csp-alkyl, Cs-Cy-
cycloalkyl, C,-Cyp-alkenyl, C,-Cyp-alkynyl, Cs-Cys-aryl, C;-Cyo-carboxylate, C;-

25 Cy-alkoxy, C,-Cyalkenyloxy, C,-Cyp-alkynyloxy, Ce-Cos-aryloxy, C,-Coo-
alkoxycarbonyl, C,;-Csp-alkylamino, C,;-Csp-alkylthio, Cs-C,4-arylthio, C;-Cy-
alkylsulphonyl, C;-Cy-alkylsulphinyl, each of which may optionally be
substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl radicals,
and

30

L has a structure of the general formula (IVa) or (IVb),



the formula (VI) Mes-N N-Mes 15C20 al kyl, Cl1-C20 heteroal kyl, Ci1-C10
hal oal kyl, G -G 0 al koxy, C6-C24 aryl, preferably phenyl, fornyl, nitro,

ni t rogen wWeteriarymsBes, preferably pyridine, piperidi ne aol/EreeiansIsey
carboxy, al kyl carbonyl, hal ocarbonyl, g¢arbamoyl, thiocarbonoyl, carbam do,
thiofornyl, amno, trialkylsilyl und trial koxysilyl. 20The af orenenti oned
al kyl, heteroal kyl, hal oal kyl, al koxy, phenyl, nitrogen heterocycles,

al kyl carbonyl, hal ocatbonyl, garbanoyl, .thiocarbanoyl and am no radicals
may optionally al so turn substitU¥ed by oRe or nore substituents
selected fromthe group-een i sting of hal gen preferably fluorine,
chlorine, or brom ne, alkyl, G -05al Nx gnd phenyl. - 17 - In a
particularly preferr%d e dlﬁent t he Ehtal (V1) has the genera
structural fornmula (Via) br (VIb), wherein and Rl have the sanme meani ng
as given for structural { ula (V1) Rg(ﬁﬁga)(VIb) 5In the case where R9
and RI are each hydrogen, 8 atalyst (VI) is'‘referred to as "G ubbs |11
catalyst” in the literature. Further suitable catal ysts which cone under
t he general, structural fornulae (l1)-(I1l1) are those of the fornmulae (VI1l),
(MDY, (IR (X)), (X)), (XI1), (XI11), (XIV), (XV) and (XVI), where Ilvies
i's 10i n egChrRCRS®R A ads diefrichl biBichPRRNNt hadh@@dgen, stralBht-chiasSorMriiches , Cl

" C=C=C Ph Cl11
5  Ci-Cspralkyl, C;-Cyp-cycloalkyl, C,-Cy-alkenyl, C,-Cy-alkynyl, Ce-Cys-aryl, C-Coo-

carboxylate, C;-Cy-alkoxy, C,-Cy-alkenyloxy, C,-Cyp-alkynyloxy, Cs-Coy-aryloxy, Cy-Cyo-
alkoxycarbonyl, C,-Cyp-alkylthio, Cs-Cos-arylthio, C,-Cyp-alkylsulphonyl, C1-Coo-
alkylsulphonate, Cs-Cyp-arylsulphonate, or C;-Cy-alkylsulphinyl.

10 A particularly preferred catalyst which comes under the general structural formula (1) is that of

the formula (VI)
Mes—N N—Mes
N—RI— V)
N\ 7 |
N
R | AN
=
R°
where
R’ R" are identical or different and represent halogen, straight-chain or branched C;-

15 Cy alkyl, Ci-Cyy heteroalkyl, C;-C;y haloalkyl, C,—C, alkoxy, CsCy4 aryl, preferably phenyl,
formyl, nitro, nitrogen heterocycles, preferably pyridine, piperidine and pyrazine, carboxy,
alkylcarbonyl, halocarbonyl, carbamoyl, thiocarbomoyl, carbamido, thioformyl, amino,

trialkylsilyl und trialkoxysilyl.

20  The aforementioned alkyl, heteroalkyl, haloalkyl, alkoxy, phenyl, nitrogen heterocycles,
alkylcarbonyl, halocarbonyl, carbamoyl, thiocarbamoyl and amino radicals may optionally also
in turn be substituted by one or more substituents selected from the group consisting of halogen,

preferably fluorine, chlorine, or bromine, C;-Cs-alkyl, C;-Cs-alkoxy and phenyl.



5(XII1) Mes-NN Ms Ph // CI"11Ph \NC =C=C Br (XIV) - 19 - Mes-N N Mes
Clz HN A/Ph (XV) Mes-N N-Mes ,H.sss G CI'\ CHC 3 H3QCH3 (XVI)
Al'l the awowveremsisened catal ysts of the formulae (I)- (I PCY/ERpao§45p9 ( XVI )
can either be used as 217 -

In a particularly preferred embodiment the catalyst (VI) has the general structural formula (VIa)

or (VIb), wherein R’ and R'” have the same meaning as given for structural formula (V1)

Mes—N N—Mes

cl — Ry
pr— K 10 &
° R
N—R

N\ 7 o] \_7 ¢ !

R10 |N\ | X

P =

R
RQ
(Vla) (VIb)

5 In the case where R’ and R'® are cach hydrogen, catalyst (VI) is referred to as “Grubbs III

catalyst” in the literature.

Further suitable catalysts which come under the general structural formulae (I)-(III) are those of
the formulae (VII), (VII), (IX), (X), (XI), (XII), (XII), (XIV), (XV) and (XVI), where Mes is

10 in each case a 2,4,6-trimethylphenyl radical.

Mes —N N—Mes Mes—N N—Mes
\\CI
< < N—Ru—
/ /
Br Ph

(vin) (Vi)



such for the sinultaneous netathesis and hydrogenati on of NBR or can be
applied to and 5 imobilized on a solid support. As solid phases or
support s,wpt20i1g2pm8si bl e to use materials which firstlyprarEreaens2seowar ds
the reaction mxture of the netathesis;and secondly do not inpair the
activity of the catalyst. It is possible to use, for exanple, netals,
gl ass, polyners, ceramc, organic polyner spheres, inorganic sol-gels,
silica, silicates, calciumcarbonate or bariumsulfate for inmmobilizing the
catalyst. 10 The catalysts of all the abovenenthﬁEﬁ\general and specific
formul ae (1)- (IIIMe N=Vx¥1) are hi ghl yMestNabl &fiest he si nul t aneous
?ﬁ

met at hesi s and hydrogengtign of nitrile rubber. unt of at | east one

catal yst of the/for ~LL) (II) (rrry or— VI) XVI) used accordi ng
15 to the invenl on

oy hNaneous tat -x-oenatlon
ﬁp t he ( ytic act t¢|o the s ic catalyst.
The anobunt of catal ystgu iswgtial ly fr@gp5 to pp obl e netal,

depends on the n

preferably from5 to bO m in particular fron1b to 250 ppn1 nor e
preferably from5 to 1 pm based on the nitrit used. 20The
process of the present ijnvention (sinultaneous netathes and hydrogenati on
of NBR) can optionally be carried out with a cool efin. SU|tabIe cool efins
are, for exanple, ethyl @, propylene, isobutene, #&)yrene, 1-hexene and
l-octene. - 20 - The process of the present invention (sinultaneous
nmet at hesi s and hydrogenation of NBR) can be carried out in a suitable
sol vent whi ch does not de ivate the catal yst used d al so does not
adversely affect the égggffgh_im!gny ot her way, Preferyed solvents include
but are not restrlcte chloronethane benzehe, [ uens, met hyl et hyl
ket one, ace 3 FRahydr fd?an 5tetrahydropyra \E?oxane and
cycl ohexan RLY ef' red sol ven abenzene. The
concentrati ® ahé react m xtureg'is ot prrél :

obvi ously, shoul d be suc NRat the rdaction ks {
is too viscous to be stlrked efficrently, for
concentration of NBR is inghe range of fron11

the m xture
Preferably, the

he Concentration of

. 00 psi and 2000 psi, preferably 800 psi and
1400 psi. 15The process i eferably carried out at a tenperature in the
range of from 60 to 200C, 2ferably in the range of from 100 to 140C. The
reaction tinme will depend upon a nunber of factors, including cenent
concentration, anount of défalyst used and the teng&lhture at which the
reaction is perforned. The progress of the 20 reaction may be nonitored by
standard anal yti cal techniques, for exanple using GPC or sol ution
viscosity. Wenev¢gr Keferenced throughout the spefTiication the nol ecul ar

wei ght di st riMegtidan vee pol yner was det emMas by geles per neat i on
chr omat ogr aphy (GP rried out according to DN 5@72 1 version 2007.
db

25Hydr ogenafio Ri"s inventignH s understo preferably anPb t han 50
% of the r@?@uﬁ@—md&QR ) pres /INrI;INe—s‘[ Ty THe E’h
pol ymer bei yai ogenat ed prefe bly nor ai”"90 % of the RDB

hydr ogenat ed, nore preferably nore thanB¥s % of t RDB are hydrogenated
and nost preferabty re than 99 % of the RDB ar rogenat ed. 30Due to

t he Iom1viscosity|of he resulting HNBR, it is ijdeal]y suited to be
processed by but n limted to injection noldin echBol ogy. The pol yner
can al so be useful to transfer nolding, to conpre%ﬁvpn nol ding, or to

| i qui d5i nj ection nBfld ng.




- 21 - Further, the polynmer obtained in the process of the present

i nvention is very well suited for the manufacture of a shaped article, such
as a sealwohosen3tseari ng pad, stator, well head seal, vacvaEprpdianes2e¢abl e
sheat hi ng, wheel, roller, pipe seal, ipgplace gaskets or footwear conponent
prepared by |nject|on nDIdlng technology 5 1n a further enbodi nent the
present invention relates to the use of at |east one catal yst of the

gener al fornulae (I) (I[lﬂor (III) L ,1 zMC x2/LB< Z2(1) L X1 Zz. X2's Z2

RBC \ R4 X Z1-. MC X2' Z2
Mes—N N—Mes Mes—N N—Mes
Lo o L
N—M:(:—C N—M:C_C
O COh==n U o
C
| \\ e Yo
3
| P P
(XV) (XV1)

All the abovementioned catalysts of the formulae (I)-(11I) and (VI)-(XVI) can either be used as
such for the simultancous metathesis and hydrogenation of NBR or can be applied to and

5  immobilized on a solid support. As solid phases or supports, it is possible to use materials which
firstly are inert towards the reaction mixture of the metathesis and secondly do not impair the
activity of the catalyst. It is possible to use, for example, metals, glass, polymers, ceramic,
organic polymer spheres, inorganic sol-gels, silica, silicates, calcium carbonate or barium
sulfate for immobilizing the catalyst.

10

The catalysts of all the abovementioned general and specific formulae (I)-(III) and (VI)-(XVI)

are highly suitable for the simultancous metathesis and hydrogenation of nitrile rubber.

The amount of at least one catalyst of the formulae (1), (II), (III) or (VI) to (XVI) used according

15 to the invention for the simultancous metathesis and hydrogenation depends on the nature and the
catalytic activity of the specific catalyst. The amount of catalyst used is usually from 5 to
1000 ppm of noble metal, preferably from 5 to 500 ppm, in particular from 5 to 250 ppm, more
preferably from 5 to 100 ppm, based on the nitrile rubber used.

20 The process of the present invention (simultaneous metathesis and hydrogenation of NBR) can
optionally be carried out with a coolefin. Suitable coolefins are, for example, ethylene,

propylene, isobutene, styrene, 1-hexene and 1-octene.



/IRBCC\ R4 10 where is rutheniumor osmum X1 and X2are

I dentical or different |igands, preferably anionic |igands, Z1 and Z2are
i dent i calwonrodi28msent and neutral el ectron donor |iganegsT/ER301an625Bar e
each independently hydrogen or a substihfuent selected fromthe group
15consi sting of al kyl, cycloal kyl, al kenyl, al kynyl, aryl, carboxyl ate,
al koxy, alkenyloxy, alkynyloxy aryloxy alkoxycarbonyl al kyl am no,

al kyl t hi o, | t hi al kyl su nd al k ul phi 1ca ch of
oK o B S SRR B, L RULE  radhgolapach of
aryl or hejcen@iad yht ifi asliiGbl Solvén thik@dbs nat dch@inmd the-catagfst-usd:dhna a@b aessst for
the production_of a hydrogenated nitrite rubber si mul t ane

hydr ogenarfd¥irhaatfretias igeqtias inany pther was prefeared EP:SY?@YS dnclude byagy 1&1 Feéfeiwfgfi Bups M

X1, X2, ZlicifgrodRinaf¥s b@ﬂ@bnle aﬁuawe lmea§ym1a§1l bR, |a¥etBﬁ§ft‘3fr5§§hrGﬁfmﬁ’unds of
5the general formulae (1), (I1) and (111) are mentioned before.
5  tetrahydropyran, dioxane and cyclohexane The particularly preferred solvent is chlorobenzene.

The concentration of NBR in the reaction mixture is not critical but, obviously, should be such

that the reaction is not hampered if the mixture is too viscous to be stirred efficiently, for

example. Preferably, the concentration of NBR is in the range of from 1 to 40% by weight, most
10 preferably in the range of from 6 to 15 wt.%.

The concentration of hydrogen is usually between 100 psi and 2000 psi, preferably 800 psi and
1400 psi.

15  The process is preferably carried out at a temperature in the range of from 60 to 200°C;

preferably in the range of from 100 to 140°C.

The reaction time will depend upon a number of factors, including cement concentration, amount
of catalyst used and the temperature at which the reaction is performed. The progress of the
20 reaction may be monitored by standard analytical techniques, for example using GPC or solution
viscosity. Whenever referenced throughout the specification the molecular weight distribution of
the polymer was determined by gel permeation chromatography (GPC) carried out according to

DIN 55672-1 version 2007.

25  Hydrogenation in this invention is understood by preferably more than 50 % of the residual
double bonds (RDB) present in the starting nitrile polymer being hydrogenated, preferably more
than 90 % of the RDB are hydrogenated, more preferably more than 95 % of the RDB are
hydrogenated and most preferably more than 99 % of the RDB are hydrogenated.

30  Due to the low viscosity of the resulting HNBR, it is ideally suited to be processed by but not
limited to injection molding technology. The polymer can also be useful to transfer molding, to

compression molding, or to liquid injection molding.



- 23 - EXAWMPLES: Exanples 1-2 The follow ng catal ysts were used: "G ubbs
1l catalyst" (according to the invention): Mes-N N-Mes /\ /tdiTu- Br
Br The Gwbhkeiild2B7ssat al yst was produced via the prepar aPCorEPoUDIObTRY | N

G ubbs et al., Angew. Chem Int. Ed., 2002, 41(21), 4035. WIlkinson's
catal yst (conparison): The WIkinson's catal yst was procured from Um core
AG 15G ubbs Il catalyst (conparison): Mes -Nes The Gubbs Il catal yst

was procured. from Materi.a.(Pasadenal/ Cal.ifornia). - 24 - The deqgr.adation
eacht ons Tagber PERBE ul IR RERRPRER bisPru T hyeuina Ty MBS EERE A

Per bunan( rmhanfaci@élst afshgpad karkessh Realtat Rbensbafibpid, stixbs weilthedd Rall wiNaer had
the following characteristic properties: S5Acrylonitrile content:34%

b
wei ght  MbdWay cehlsthsathing. yheel ollar ppperel in placeiggikqisyr foqivear ngﬂpmﬁlapre%ffdstyur e

cont ent : <Gy, 3% daYn MBIdBBecMMZ34 000 g/ ol M1:67 000 g/ nol 10PDI
(Mv M |5) 3,2

In a further embodiment the present invention relates to the use of at least one catalyst of the

general formulae (I), (IT) or (IIT),

L 1
X 3
A 0)
Z— M—C
o N4
X R
2
Z
L
| /X1 /R3
1
L— M—C— (1)
2° N
X1, R*
Z
L 1
| /X R’
1
Z—M=—C—c—c~ (I
2° N\
X1, R*
Z
10 where
M is ruthenium or osmium,
X" and X* are identical or different ligands, preferably anionic ligands,
Z'and 7* are identical or different and neutral electron donor ligands,
R’ and R’ are each independently hydrogen or a substituent selected from the group
15 consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,

alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio,
arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which may
optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or
heteroaryl radicals, and

20 L is a ligand



In the text that follows, this nitrile rubber is referred to as NBR for
short. 518 grans of nitrile rubber were dissolved in 4300 grans of

nonochl orwenaame3m8 room 15 tenperature and agitated f@CTEP2M0062529 The 12%
solution was than transferred to a high,pressure reactor agitating at

600r pm where the rubber sol ution was egassed 3times with H2 (7 bar)

under full agitation. The tenperature of the reactor was raised to 130C and

(i1 necded) o AREeadad bEoRD Fadblspiritabn e EOLE Y ndPut bOGRRAPENG t ne

t enper at urad wasthadid sreattritequbRer ease 20 to 138C and mmi nt ai ned constant for
the duration of the reaction. The hydrogenation reaction was nonitored by
measuring the residual double bond (RDB) |evel at various intervals using

| R spect r Q§60RY: groups M, S, RORI 2R OR Qfdﬂﬂ%éﬂ%@g&ﬂnaﬂm@:’ FEYRRY bR Sun¥R St
carried out accord to DIN'55672-1 version 252007 he Mooney viscosity
(M. 1+4 @E@{K@}lﬁ‘@ﬁgﬂ@gﬂeéﬁ;ﬂlhw (UDiarerzdnfigneA8TMIcst andard D 1646. The

foll owi ng characteristic properties were determ ned by nmeans of GPC

anal ysis both for the 30original NBR rubber (before degradation) and for
the degraded nitrite rubbers: M [kg/nol]: weight average nolar mass M

[ kg/ mol ] : nunber average nolar mass WD 2011/ 023788PCT/ EP2010/ 062529 - 25 -
PDI:wi dth of the nolar mass distribution (MMMi) Exanple 1: Details Table
1: Conparison of Hydrogenation Paraneters HNBR 1 HNBR 2 HNBR 3 HNBR 4
Hydr ogenati on Catal yst Grubbs 1l Gubbs Il WIlkinson's Gubbs Il Catal yst
Amount (phr)



0,057 0,080 0,06 0,055 Metal content (ppm 65,6 91,3 65,6 65,6 Table 2:
Conpari son of Hydrogenation Profiles HNBR 1 HNBR 2 HNBR 3 HNBR 4 Reaction
Time (mMmwBR0B/023788 RD B % RD B % RD B % 0 100 100 100 PO®/EPR010/062529

223 -

EXAMPLES:
Examples 1-2
The following catalysts were used:

“Grubbs III catalyst” (according to the invention):
Mes—N N—Mes
— \\CI

N—Ru—
el O
N

Br |

=
5 Br

The Grubbs 111 catalyst was produced via the preparation outlined in Grubbs et al., Angew.
Chem. Int. Ed., 2002, 41(21), 4035.

Wilkinson’s catalyst (comparison):

10

The Wilkinson’s catalyst was procured from Umicore AG.

15 Grubbs II catalyst (comparison):

]

Mes——N N—NMes

Cl llll|,,
u——

Cl |
PCy3

The Grubbs 1II catalyst was procured from Materia (Pasadena/California).



2,0 0,7 15,4 2,9 120 0,4 0,5 3,1 0,6 180 0,3 0,3 1,3 0,3 240 0,6
3: Summary of HNBR Properties Mwv (g/nol) Mh (g/nol) PDI
WO 2011/023788 PCT/EP2010/062529

10

15

20

25

30

The degradation reactions described below were carried out using the nitrile rubber Perbunan®
NT 3429 from Lanxess Deutschland GmbH. This nitrile rubber had the following characteristic

properties:

Acrylonitrile content: 34% by weight
Mooney viscosity (ML 1+4 @100°C): 28 Mooney units

Residual moisture content: <0,5% by weight
My 214 000 g/mol
M,: 67 000 g/mol
PDI (My/M,): 32

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

518 grams of nitrile rubber were dissolved in 4300 grams of monochlorbenzene at room
temperature and agitated for 12 hours. The 12% solution was than transferred to a high pressure
reactor agitating at 600rpm, where the rubber solution was degassed 3 times with H, (7 bar)
under full agitation. The temperature of the reactor was raised to 130°C and a
monochlorobenzene solution containing the catalyst and triphenylphosphine (if needed) was
added to the reactor. The pressure was set to 85bar and the temperature was allowed to increase
to 138°C and maintained constant for the duration of the reaction. The hydrogenation reaction
was monitored by measuring the residual double bond (RDB) level at various intervals using IR

spectroscopy.

On completion of the reaction GPC analysis was carried out according to DIN 55672-1 version

2007.

The Mooney viscosity (ML 1+4 @100°C) was determined utilizing ASTM standard D 1646.

The following characteristic properties were determined by means of GPC analysis both for the

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

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

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

Tabl e



(Mw Mh) Mooney Viscosity HNBR 1 191541 68643 2,79 38,2 HNBR 2 135772 58259
2,33 20,2 HNBR 3 195304 64130 3,05 69,3 HNBR 4 144212 59851 2,45 32,6

conpar i ngvbiBR/®@3B88 3 and 4 all at equal netal contentspPClEPRISAG2529 t hat
the Gubbs |1l catal yst hydrogenates faster in the first 120m n than either
the reaction with Gubbs Il or Wlkinson's catalyst. - 26 -
PDI: width of the molar mass distribution (My/M,)
Example 1: Details
Table 1: Comparison of Hydrogenation Parameters
HNBR 1 HNBR 2 HNBR 3 HNBR 4
Hydrogenation Catalyst Grubbs 111 Grubbs 111 Wilkinson’s Grubbs 11
Catalyst Amount (phr) 0,057 0,080 0,06 0,055
Metal content (ppm) 65,6 91,3 65,6 65,6
5
Table 2: Comparison of Hydrogenation Profiles
HNBR 1 HNBR 2 HNBR 3 HNBR 4
Reaction Time (min) RDB % RDB % RDB % RDB %
0 100 100 100 100
60 2,0 0,7 15,4 2,9
120 0,4 0,5 3,1 0,6
180 0,3 0,3 1,3 0,3
240 - - 0,6 -
Table 3: Summary of HNBR Properties
Mw Mn PDI Mooney
(g/mol) (g/mol) (Mw/Mn) Viscosity
HNBR 1 191541 68643 2,79 38,2
HNBR 2 135772 58259 2,33 20,2
HNBR 3 195304 64130 3,05 69,3
HNBR 4 144212 59851 2,45 32,6
10

In comparing HNBR’s 1, 3 and 4 all at equal metal contents, we observe that the Grubbs 111
catalyst hydrogenates faster in the first 120min than either the reaction with Grubbs II or

Wilkinson’s catalyst.



WHAT IS CLAIMED IS: 1. A process for the production of a hydrogenated
nitrite rubber conprising reacting a nitrite rubber in the
presence wb 2nydretgen, optionally at | east one co- ol ef i npCarmP2010/063529
Spresence of at |east one catalyst of the general fornulae (1), (I1) or

(rrry, L ,12zZMCx2 IRA 22 (1) L X1 Z X2's Z2 RBC \ R4 L1
[ X Z1-. MC X2' Z2

WHAT IS CLAIMED IS:

1. A process for the production of a hydrogenated nitrile rubber comprising reacting a

nitrile rubber in the presence of hydrogen, optionally at least one co-olefin, and in the

5 presence of at least one catalyst of the general formulae (I), (II) or (IIT),
L 1 3
1 | / X ~ R
Z— M—C (N
o N4
X R
2
Z
L 1 3
1 e X / R
L— M—C— (1)
2° N
X1, R*

Z

L 1

I‘/X R’

Z—M=C—c—¢~ (I
2° N\
X1, R*
Z
where
M is ruthenium or osmium,
10 X"and X*  are identical or different ligands, preferably anionic ligands,

Z'and Z*  are identical or different and neutral electron donor ligands,

R’andR" are each independently hydrogen or a substituent selected from the group
consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio,

15 arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which may
optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or
heteroaryl radicals, and

L is a ligand.

20 2. The process according to claim 1, wherein in the at least one catalyst of the general

formulae (I), (IT) or (IIT) Z' and Z* are identical or different and represent optionally



/IRBCC\ R4 where is rutheniumor osmum 10X1 and X2 are

i dentical or different |igands, preferably anionic |igands, Z1 andZ2are
i dent i calworodi28msent and neutral el ectron donor |igan#sy/ER301an625B ar e
each independently hydrogen or a subst&fgent sel ected fromthe group
consi sting of alkyl, cycloal kyl, al kenyl, alkynyl, aryl, carboxyl ate,

al koxy, al kenyl oxy, al kynyl oxy, aryl oxy, alkoxycarbonyl alkylanino

al kylthio, 15 aryl1thi al kyl.sul phon aIk suI r adi each of
whi eh may. opt Ry Die@eastts HRBoPE- BB %?%gf?é gy SERHOUE Ko
aryl or het er oabithinin@dit€&|mSore plafdrabs 1o |3llgadﬂﬁreferabl}217or2 IgtRsitdntsUbradikyclic
heterocyclic groups, preferably five- ered, nonocyclic groups
containing 1 t&"BOGHSHESEres F%wedlof@& 3, Orﬁﬁg‘fh fbVFe?rér’hlBFI?beiedél?‘m?CYChc

het er oat ons,  Orgrfips Whkietn QFaf&QMﬂY&llﬂ EGrogpd HE Bb‘t‘i(ﬁﬁllf AReeed ¥fon€ or Bored OF 5
such five- or six-nenbered nDno@ﬁg Fs wherein all aforenenti oned
bycﬁg@

groups Jar e optw@ﬁdlpyﬁéwbthtGm isfasablys @d@yﬂmk@H@i@ﬂéﬁyy
C -G o-al kyl, . Vi~ - N | rably
T %Eéa%%; g@%ﬁ Cyg a?l%o‘%&a ai?o%ls &%"‘ly NG ¥dmind }:y@i%efe 9151 ce!

a -Clo-alkoxy, orine or brom ne, e?ably
C6- C24-aryl, diu-hel eromarlgeteroaml ef mﬁbllb;y 0C5-C2Icthetaey | mdaceys Jw}reaelltb@des wher e
t hese abovenentponed sub tltuen stituted gne or nore

b
Fadi cal s, pref PR RRTL U RFY He TPl SeBRuRd g ReFogaRaS; n

particul ar chl qréfe@blPrselected from the group consisting of halogen, in particular chlorine or
10 bromine, C,-Cs-alkyl, C,-Cs-alkoxy and phenyl, preferably Z' and Z” are identical or
different and represent nitrogen containing heterocycles, preferably pyridine, pyridazine,

bipyridine, pyrimidine, pyrazine, pyrazolidine, pyrrolidine, piperazine, indazole,

quinoline, purine, acridine, bisimidazole, picolylimine, imidazolidine and pyrrole or in

the alternative Z' and Z* together represent a bidentate ligand under formation of a cyclic

15 structure.

3. The process according to claim 1 or 2, wherein in the at least one catalyst of the general
formulae (1), (II) or (IIT) the ligand L is a phosphine, a sulphonated phosphine,
phosphate, phosphinite, phosphonite, arsine, stibine, ether, amine, amide, sulphoxide,

20 carboxyl, nitrosyl, pyridine, thioether or L is a substituted or unsubstituted imidazolidine
(“Im”) ligand, preferably the ligand L is a Ce-Cos-arylphosphine, C,;-Cs-alkylphosphine
or C;-Cyg-cycloalkylphosphine ligand, a sulphonated Cg-Cog-arylphosphine or a
sulphonated C,-Cjp-alkylphosphine ligand, a Cs-C,4-aryl phosphinite or C;-Cig-alkyl
phosphinite ligand, a C¢-Cyg-aryl phosphonite or C;-Ci¢-alkyl phosphonite ligand, a Ce-
25 Cy-aryl phosphite or C;-Ci¢-alkylphosphite ligand, a Cs-Cyy-arylarsine or Ci-Co-
alkylarsine ligand, a C¢-Cys-arylamine or C;-Cjp-alkylamine ligand, a pyridine ligand, a
Cs-Cos-aryl sulphoxide or C;-Cjp-alkyl sulphoxide ligand, a Cs-C,4-aryl ether or Ci-Co-
alkyl ether ligand or a C¢-Cyy-arylamide or C;-C,¢—alkylamide ligand, each of which may
be substituted by a phenyl group which may in turn be substituted by a halogen, C;-Cs
30 alkyl radical or C;-Cs-alkoxy radical, or L is a substituted or unsubstituted imidazolidine

(“Im”) ligand.



10 brom ne, G -05-al kyl, G -05-al koxy and phenyl, preferably Z1 and Z2 are
identical or different and represent nitrogen containing heterocycles,

pr ef er ablwopyriiadstse, pyri dazi ne, bipyridine, pyrim di nepPCpRPa@Ii0Ne2529
pyrazol i dine, pyrrolidine, piperazine,,gndazo |e, quinoline, purine,

acridi ne, bisimdazole, picolylimne, 1mdazolidine and pyrrole or in the
alternative Z1 and Z2 together represent a bidentate |igand under formation

of a cycligc 15structure. 3..Th rocess. according.tqo claim r. 2, wherein
" the’ at § east MGie g Ute i BRRESoRMERER B Rkt By fndsenfif T Fhe
ligand L is a ghaspRimneal) ar U phaaaiart:@hos ghiup eonsBhasqtrehe P(pphasalbi t e,
phosphonite, arsine, stibine, ether 1 1 sul phoxi

am ne, am de, de 20
carboxyl, nitrdoYp ,PPBSQH3Bi ]13"@?3)%?%(1?55@%}3’ ¥p-GFsEdlaly, RGNl d (GF-CoH-
unsubsti tuted iga.Razobi¢i nen( " pord H.prefe - | p .S a
C6- C24- ar y| phosggjﬁi %)g’, é:ié-(gcllG-)gl kﬂd h%sggﬁﬂi;%e 32{, @{C%]%Qéctyg?oal g(lnglﬁ%ys%’hi ne
| i gand’ a sul pﬁémp@wl)wd@woahwﬂghosphi ne or a sul phonat ed
C - G o-al kyl phosphine Iigand, a C6-C24-aryl phosphinite or G -C o-alkyl
phosphinite |ligand, a C6-C24-aryl phosphonite or C -G o-al kyl phosphonite
| i gand, a 5C6- Tib ptakés acopldiggrosipim 8 .ewvlereiGhe Ghidezalidnel rpdies din) hes 4 stgatoc, a

C6- C24- aryl ar si Egi or G.-C olal&/} arsine |igand, a C6-C24-aryl am ne or

G - G o- al kyl amih&eEPysh dermyla SV o (NP1 i gand, a 06- C24-aryl ~ sul phoxi de or

G -G o-al kyl sul phoxi de kkgand, &°C6-C24-arpgd ethergor Ci -G oal kyl ether

|l igand or a C6-C24-aryl am Cl1- G o-al kyléﬂj_d_e_r{!’i gand, each of which may
be substituted by a phenyl grogp which may inlturm be substituted by a

hal ogen, G -05 30al kyl rgef rC - 05- al I&(DX)N Hi\ﬁal , or Lis a
substituted or unsubstituted | mdazolidine ("Inm]) ligand. - 28 - 4. The

process according to claim3, wherein in the at | east one catal yst of the
general formulae (1), (Il) ofivd)11) L is sel ect(dh)fromthe group consisting
of PPh3, P(p-Tol)3, P(oTol)3, PPh(CH3)2, P(CF3)3, P(p-FC6H4) 3,

P(p- CP8C6H4) 3, ‘BlSBH4- SCBNa) 3, P(CH2CBHA- SCBNa)3, P (i s

0- Pr) 3, P( CHCH3 (REHRTRB)RF 3, o Gaafic@ap@ntdyddcht Rog Yed @@XMyktoden, Sftlan@ogant yl) 3 and
P(neophenyl1)3. 5. The process according to claim3, wherein the

i mi dazol i di ne rPadckdl CePaplinlaprederakly lfc%ﬂ'@kﬁdﬂ‘ Ci-he-cydprdival Pefsieplyl @-Cbva) or

( ! Vb) , RS/ RGRS(C%OMLI\@;I-\@m& Lélg%f?ﬁb:l]}’vg)éﬂo-mzn)’% 2" zg-ﬁkﬁl Lg abll_'§71 2-Clo- ar e

identical or differéent "and ar ach hydrogen, “straight-chain or branched
G - C30- al kyl, pilehdr &0yl Q2gerabhlk y&e; C.EBY 20 Cyrchrbayleyd, , preferebler @bl y-

C3- G ogycl oal kyl - -al kenyl r ef | v, C2-C 0-al kenyl ,

G o0 AT kynyl oS LB weieBt Ll Sy S vty ¢

C6-Ci 4-aryl, GG ERengakpoXyGatdkynploef, e peadirybliCi €GC -alkydyldyr aCHOX¥tyRixg,

C - C20- al koxy, preferably G -G o-al koxy, - C20-al k | oxy, .preferahly C2-
G o- al kenyl oxy,pf@z@@&dﬂa R 2 @F%PV ’c@r-ejé{%gépk 1 W,aﬁmﬁ

C6- C24- aryl oxy,c,r,ehIR1AR), YrefPbild =@ Mikoityo, G2 P, KRXYMAT BOOY hsylthio,

preferably C2-C o-al koxycarbonyl, G -C20-al kylthio, preferabl ?/

G -Cio-al kylt hiCo;Czcék@ihaw t Ricgrabbt efleCabtikylahheh- af yCotaikylsulghonate,

- C20- ajyky! sul phonyly Pref.er a 1ChanGe0- & kyl. : ferabl Cua-

- 0. kol sul prianrly P Spel ARy kubhiiter; gt BB o fiieey o

C6- C24- ar y| sul phdswirthenatqraf @rGbhikylG8piGid- prafeseblyu phonikysylplnyl, preferably

C - C20- al kyl sul phi nyl ... preferaphly. G - Ci o- al sul phi efera .t he
i dazori o ne.- i PR At M o hERE SRR B VR SRy
where Mes i S i nnembbaseagd, @rihethylphdnki m@itdlyl phenyl radical - 29 - /S Mes
NNI N - Mes



/-S 1V1IN Mes " -Mes (Va)(Vb) Ph(PhPh(Ph C Mes-Mes Mes Mes (Vc) (\Vd)
Bu/BuBu/Bu CC ,-NN, ,, MesMe s Mes (Ve)(Vf) 6. The process according to
any one obochainrs7sg to 5, wherein in the at | east one cacalppsaionb2sthe
general formulae (1), (I1) or (11l) R3,@nd R4 are identical or different
and are each 5 hydrogen or an al kyl, preferably G -C30-al kyl, nore
preferably G -C20-al kyl, cycl oal kyl, preferably C3-C20-cycl oal kyl, nore
preferably C3-Cs-cycl oal kyl, aIkenyUh_greferably C2- C20-al kenyl, nore
preferably C2-Cl16-al kenyl, al kynyl, /preferably C2-@0-7\al kynyl, nore
preferably C2-C16-al kynyl, aryl egr@ '&b%%SCB-QQAN r ngarboxylate,
preferably G -C20car boxyl at e, aMkoxy, pre erabwy G - [20- dI%Roxy, ~al kenyl oxy,
preferably C2-C20- 10 al kenyl oxy, al kynyl oxy, preferably

C2- C20- al kynyl oxy, aryloxy, preferabkya)C6-C24- aryl puy, al koxycarbonyl,
pref erably C2-C20-al koxycar bonyl, al kyl am no, preferably Cl-

C30- al kyl ami no, al kylthio, prefer&bly C P30-al kyht hi o, Parylthio,
preferably C6-C24- arylthio, alkylsu onyl, prefergbl

G - C20- al kyl sul phonyl, or al kyl sul pRi ny\, preferably G,-C20-al kyl sul phi nyl
radi cal, each of which nay opti orall e\ﬁmﬁstwbufedTby\mmg or 1 5nore

al kyl , hal ogen, al koxy, aryl or heteroaryl radicals.|7. The process
according to any one of clainms 1 to 6, wherein at |east one catal yst of the
general formulae (1), (11) or (I11) Xi®nd X2 are i §¥htical or different
and represent hydrogen, halogen,cgseudohghogen, raigh%mchain or branched
C - C30-al kyl, C6-C24-aryl, 20G - B<al k Xy, C6- Xearykbxy,

C3- C20- al kyl di ket onat e, C6-C24-aryl tonate, G - =\ car boxyl at e,

Ci - C20- al kyl sul phonat e, C6-C24-®r LByl nat e, Ci -R0-HLkylthiol, C6-C24-
- 30 - aryithiol, G -C20-alkyl stifphonyl oMe&i - ¥99- al Kyl sul'hi nyl ,
preferably X1 and X2 are identical or'different and are each hal ogen, in
particular fluorine, chlorine, brom or iodine, begppoate,

C - 05-car boxyl ate, G -05-al kyl, phenoxy, G -05-al koxy, Cl-05- alkylthiol,
C6- C24-arylthiol, C6-C24-aryl or G -05-al kyl sul phonate, nore preferably X1

5 and X2 h hal iy ticul | orine, CF CH3 H2C00,
) acpa oo ehB OR ey R SR A BB s A By T o
(et hoxy), tosylted gentft Giduled A BDSH) LIRS yhdER Baré Rlchtidat b diffgbityhphenydn) or

CF3S03 (trifIuoronethanesulﬁhonate). 108, The process according to any one
of clai’ms 1 to Mdrogierapalkyh prefesbly Gresoelkyh mpeg preferaply&i-Caoalkyl cycloalkyl;

preferably Cs-Cy-cycloalkyl, more preferably Cs-Ce-cycloalkyl, alkenyl, preferably C,-
Cyo-alkenyl, more preferably C,-Cjs-alkenyl, alkynyl, preferably C,-Cy-alkynyl, more
preferably C,-Ci¢-alkynyl, aryl, preferably Ce-Cos-aryl, carboxylate, preferably C;-Cyy-
carboxylate, alkoxy, preferably C;-Cy-alkoxy, alkenyloxy, preferably Cy-Coo-
10 alkenyloxy, alkynyloxy, preferably C,-Cy-alkynyloxy, aryloxy, preferably Ce-Cos-
aryloxy, alkoxycarbonyl, preferably C,-C,p-alkoxycarbonyl, alkylamino, preferably C;-
Csp-alkylamino, alkylthio, preferably C;-Csp-alkylthio, arylthio, preferably Ce-Cos-
arylthio, alkylsulphonyl, preferably C;-Cy-alkylsulphonyl, or alkylsulphinyl, preferably
C;-Cy-alkylsulphinyl radical, each of which may optionally be substituted by one or
15 more alkyl, halogen, alkoxy, aryl or heteroaryl radicals.

7. The process according to any one of claims 1 to 6, wherein at least one catalyst of the
general formulae (I), (IT) or (III) X' and X* are identical or different and represent
hydrogen, halogen, pseudohalogen, straight-chain or branched C,-Csp-alkyl, Cs-Cys-aryl,

20 C,-Cypalkoxy, Ce-Cos-aryloxy, Cs;-Cyo-alkyldiketonate, Cs-Coy-aryldiketonate, Ci-Cyo-
carboxylate, C;-Cyp-alkylsulphonate, Cs-Cos-arylsulphonate, C;-Cyp-alkylthiol, Ce-Coy-



general formulae (1), (Il) or (II1) is ruthenium X1 and X2are both

hal ogen, in particular, both chlorine, Z1 and Z2are identical or different
and represondifizems or si x-nenbered 15 nonocyclic groupsT®EPRdiaiosisag 1 to
4, preferably 1 to 3, nost preferably_1,or 2 heteroatons, or bicyclic or
polycycllc structures conposed of 2, 3, 4 or 5 such flve- or six-menbered
nonocycli c groups wherein all aforenentloned groups are optlonally

or ot orabl v 3, oM Sa kgl o b Sprbealb ) e SV RES Sl ogen

preferably chl qdgdnfieul of dibfeeni 41, ar@kayh halpgef @rpaklcWlaOfnded - dhloyihe, bBémine or
heteroaryl, preferably C5-C23 heteroaryl radicals, or Z1 and Z2 to et her

represent a bi deiteat REntelarfa; CrReoadstes Sninsriyh @?Hﬁﬁc(éﬂﬁﬁwﬁﬁYe and

Rdare identical, ggﬁméﬂ id, @4ea}§/1tmdc9 Cg a%acola dw;ra &0 h(gat'ecﬁlgreaﬁrg%lab@)(lczo'
25 cycl oal kyl al kenyl , 82

C1- C20éarboxy|amé><cﬁﬂcaﬁléﬂm§%yﬂlQ@ﬂeﬂﬁldﬂ%enyﬁ@%%ﬂDCQHGQQOapEﬁdyP@xy C6-

o o oty AN R 20 LY LR, i RRNEL L0

whi ch may optldamwwy beﬂ&ah@ﬂﬂ&dﬂé@S@w anaylote ﬁb¢@nahﬂwhmm3®hmtd§E&03

al koxy, aryl or Q?terqﬁny radi cal s, and has a structure of the general
formul a (1Va) PRy thancsuphonalge ) peps(R6 -+ R7, NTN, R8 R7- 1R8 (1 Va) (| Vb)
where R5, Re, R7 R8 are identical or different and are each hydr ogen,
strai ht chain or 5branched G -C30-al k C3- C20- cycl oal ky

c2- 20Vl Keny! , Thepraess acqszr(k%swany oBe i allalwlto Wlezen efa}f:%b%wcatakyst of the

G - C20 al koxy, et fr48m ugg FQH Xy C2- C20- al kynyl oxy, C6- C24- aryl oxy, C2- C20-
al koxycar bonyl , G - C20- al kyl t hi o, Cg C24- aryl t hi o, C1- C20- al kyl sul phonyl ,

G - C20- alkylsuﬂﬁhonate Gﬁﬂ@@mmeyylsulphonate or Cl- C20-a|ky|su|phiny|.

9. The process 8}9%9{1%2 ng tagelgzolﬂg%arqg%%tﬂ\@a?{%ag b%hclh%@%’ one catal yst of

formula (1) is at Teast one ca or’mu
Z' and Z° are identical or different and represent five- or six-membered
15 monocyclic groups containing 1 to 4, preferably 1 to 3, most preferably

1 or 2 heteroatoms, or bicyclic or polycyclic structures composed of 2,
3, 4 or 5 such five- or six-membered monocyclic groups wherein all
aforementioned groups are optionally substituted by one or more alkyl,
preferably C,-C,p-alkyl, cycloalkyl, preferably C;-Cs-cycloalkyl, alkoxy,
20 preferably C;-C;-alkoxy, halogen, preferably chlorine or bromine, aryl,
preferably Ce-Cu-aryl, or heteroaryl, preferably Cs-Cy heteroaryl
radicals, or Z' and Z’ together represent a bidentate ligand, thereby
forming a cyclic structure,
R® and R* are identical or different and are each hydrogen, C;-Csp-alkyl C3-Cyo-
25 cycloalkyl, C,-Cy-alkenyl, C,-Cy-alkynyl, CeCos-aryl, C;-Cy-
carboxylate, C;-Cyp-alkoxy, C,-Cy-alkenyloxy, C,-Cy-alkynyloxy, Ce-
Cyaryloxy, C,-Cyralkoxycarbonyl, C;-Csp-alkylamino, C;-Cso-
alkylthio, Ce-Cys-arylthio, C;-Cy-alkylsulphonyl, C,-C,p-alkylsulphinyl,
cach of which may optionally be substituted by one or more alkyl,
30 halogen, alkoxy, aryl or heteroaryl radicals, and
L has a structure of the general formula (IVa) or (IVb),



Mes-N N-Mes 15where 20 RO andRlI are identical or different and represent
hal ogen, straight-chain or branched G -C20 al kyl, C -C20 heteroal kyl, C

- C o hal oabkyi1028788- Ci 0 al koxy, C6-C24 aryl, preferablyppmargéioobmenyl!
nitro, nitrogen heterocycles, preferabky pyridine, piperidine and pyrazine,
car boxy, al kyl carbonyl, hal ocarbonyl, carbanoyl, thiocarbonoyl, carbam do,
thiofornyl, amno, trialkylsilyl und trial koxysilyl. - 32 - 10.The
process according to claimgl, wherein at |east one cajal yst of fornul ae
(1), (11) or (111) is at IFegst ondicatal yst BR fornyRae (VI1), (VI11),
(rxy, (X, (Xr), (xXxirr), (XrlFF—{(X1v), (Xv) or ), Where Mes is in each

case a 2,4, 6-trinethyl phenylLNradngal Mes -N, N.sgs ,Cl  1\111u- N Ph
Ph (M) Br (X) mes-RI'N-Mps R R R

(IVa) (IVD)

where
R’ RS R’,R® are identical or different and are each hydrogen, straight-chain or
5 branched C;-Cjp-alkyl, Cs3-Cy-cycloalkyl, C,-Cy-alkenyl, C,-Cyo-
alkynyl, CgCosaryl,  C;-Cy-carboxylate, C;-Cy-alkoxy, C,-Cy-
alkenyloxy, C,-Cyp-alkynyloxy, Cs-Cog-aryloxy, Cy-Cyp-
alkoxycarbonyl, C,-Cyp-alkylthio, Cs-Cos-arylthio, C1-Coo-
alkylsulphonyl, C,-Cy-alkylsulphonate, Cs-C,4-arylsulphonate, or C;-
10 Cy-alkylsulphinyl.

9. The process according to claim 1, wherein at least one catalyst of formula (I) is at least

one catalyst of formula (VI),

Mes—N N—Mes

Rel

N—RI— (V1)

YT

N
R10 | ~3
»

9

R
15 where
R’and R" are identical or different and represent halogen, straight-chain or
branched C;-C,y alkyl, C;-Cy heteroalkyl, C,-C;y haloalkyl, C,—C
alkoxy, CeCy aryl, preferably phenyl, formyl, nitro, nitrogen
heterocycles, preferably pyridine, piperidine and pyrazine, carboxy,
20 alkylcarbonyl, halocarbonyl, carbamoyl, thiocarbomoyl, carbamido,

thioformyl, amino, trialkylsilyl und trialkoxysilyl.



- 3 - /\/ \ Mes-N N-MesMes-N N Mes ,CI",CL // CliiiiPhS// Cl"Ph \N.
C-C=-CQONC= C=C ,s,H Ph NN 11 \%----Br (XIIl) /--\ Mes-NN N-Mes z ,CIH _\

/., N MC-wof2011@23788CH C'. . ---3 N...--" \ H3Q CH3 PCT/EP2010/062529
-32-
10. The process according to claim 1, wherein at least one catalyst of formulae (I), (II) or

(I1I) is at least one catalyst of formulac (VII), (VII), (IX), (X), (XD, (XII), (XIID),
(XIV), (XV) or (XVI), where Mes is in each case a 2,4,6-trimethylphenyl radical

Mes —N N—Mes Mes —N N—Mes
Cl Ll

— R~  N—Ri—
PE0 PG
N N
Br S Ph S

— P

Br Ph
(Vi) (VI
5
Mes—NTN—Mes Mes—N N—Mes
Cl

— \\\CI —
N—Ru R
ETD P
N N
|

N Br | X
Z P
Br
(IX) (X)
Mes—N N—Mes Mes—N N—Mes
__ Cl
N—R—
T
N
| AN
=

(XI) (XI1)



1 (XV)(XVI) 11. The process according to any one of clainms 1 to 10, in
whi ch the amount of catalyst is 5from5 to 1000 ppm of noble netal,

pr ef er ablwof2zoom237880 500 ppm in particular from5 to 2P0Tmeaetobexsed on the
nitrite rubber used. 12. A process agEQ[ding to any one of clains 1 to 11
wherein the process is carried out with at | east one coolefin, preferably
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11. The process according to any one of claims 1 to 10, in which the amount of catalyst is
5 from 5 to 1000 ppm of noble metal, preferably from 5 to 500 ppm, in particular from 5

to 250 ppm, based on the nitrile rubber used.

12. A process according to any one of claims 1 to 11 wherein the process is carried out with
at least one coolefin, preferably ethylene, propylene, isobutene, styrene, 1-hexene and/or

10 1-octene.

13. A process according to any one of claims 1 to 12 wherein the hydrogenation reaction is
carried out in at least one suitable solvent which does not deactivate the catalyst used
and also does not adversely affect the reaction in any other way, preferably

15 dichloromethane, benzene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran,

tetrahydropyran, dioxane and/or cyclohexane, particularly preferably chlorobenzene.

14. Use of at least one catalyst of the general formulae (1), (IT) or (I11),



where is rutheniumor osmum 5X1 and X2 are identical or different

| i gands, preferably anionic ligands, Z1 and Z2 are identical or different
and neut rnab 2e1168188Nn donor |igands, R3 and R4 are each ipnumpendenstsky
hydrogen or a substituent selected frogythe group consisting of alkyl,
cycl oal kyl, al kenyl, al kynyl, aryl, carboxylate, al koxy, alkenyl oxy,

al kynyl oxy, aryl oxy, al koxycarbonyl, al kylam no, al kylthio, 10 arylthio,

al kyl sul phonyl and al kyl sul phinyl radical, each of which may optionally be
substituted by one or nore alkyl, halogen, alkoxy, aryl or heteroaryl
radicals, and is a |ligandq X! in a process for the production of a
hydrogenated nitrite {ubuqy by/;fhultaneous 15hydr ogenati on and net at hesi s
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where
M is ruthenium or osmium,
5 X"and X* are identical or different ligands, preferably anionic ligands,

Z'and Z*  are identical or different and neutral electron donor ligands,

R’andR" are cach independently hydrogen or a substituent selected from the group
consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio,

10 arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which may
optionally be substituted by one or more alkyl, halogen, alkoxy, aryl or
heteroaryl radicals, and

L is a ligand

in a process for the production of a hydrogenated nitrile rubber by simultaneous

15 hydrogenation and metathesis of a nitrile rubber.



