WO 2011/ 076775PCT/ EP2010/ 070344 1 - Tl CATALYST SYSTEM COMPRI SI NG

SUBSTI TUTED CYCLOPENTADI ENYL, AM DI NE AND DI ENE LI GAND

The i nverwOoanmwwebases to a new catal yst system for the poryresionaisson 5of
ol efins conprising a nmetal conplex of fprnula CyLMD and an activating
cocatal yst, wherein Ms titanium Cyis a cycl opentadi enyl-type ligand, Lis

an imne ligand, 10D s a di ene. The invention also rel ates
to a process for the preparation of a polynmer conprising at |east one
aliphatic or aromatic hydrocarbyl C2 20 ol efin. Such et al

conpl ex and process are knoeATAANSISESEIE GOMPRISINGLj s patent relates to
a transition nmetqpLETPPEDE PR EARE NV, ANADINFPANDIDERE! YBRNDZat | on
catal yst and process conprising a catalyst which s an organonetal lic
conpl ex of a group 4 netal, the organonetal lic conplex containing a
phosphi ni m de |igand. The invention relates to ahe §§EQM§t’§y§Qﬁ1 of tHe%lﬁﬁ&&ﬁﬁ&m
described in US 6,528,671 Bl is the rel atlveyxdvggw act|V|t%2/

or ganonet alof P@f'%?@@%'%mﬁi%?%p'ﬁx shiospuefr anq gaAefiva Waéﬁ'lfﬁt’of t he
invention iwhetdin Provide a new class of catalyst systens conprising

i mne-type |igands providing highly active catalyst systens for the

pol yneri zati on & olselftamym This objective is reached by a
catal yst systemcgongys cAtdmingl-tye@mdix of formula CyLMD wherein 25Lis
an am di nat e- corﬁ;’gl ni ngydlnﬂ)gan ? ygr% a 1: Subi Sub2(forrmula 1), wherein
the ani di nat e- cont aiSAhGNS WA i s coval ently bonded to the 30titaniumvia
the impe nitrogen aHdeensubl is a substituent, which conprises a group 14
atom t hrough which Subl is bonded to the imne carbon atom Sub2 is a
substituent, which conpPf J¥eNEONRIsY tries i HRCCEIH TBUEK RIPRAEAICOH2 i s bonded
to the im %Iyﬁ%ﬁ'@@rﬂpﬁélﬁ’@ht I@M ong\@h&%l%/oggﬁ)ﬂ?eﬁleﬂé%eg% \A%Z@%‘ﬂl"’r 2 - CQ is a

nono- or pol ysubstituted cycl opentadi enyl -ty ein the one or
nore substituents of Cpush @eé%l‘:@'@?@d aﬁﬁ@ﬁqqeﬁ%a@rwnémp&q P! Bhil ogen,

hydrocar by|Th|§ddté/Ht raafés@@é%hs.rwm@tﬁommdmﬂbw a8\4psdaitighed wi th one or
nore hal ogen, am do, , al koxy, or aryloxy residues. 5Surprisingly

with tHe c@pbzmﬁélgawsqa&w@eépm%gs SRMPIRNG HGAAYFOHIIC s Goanometallic

complex of a group 4 metal, the organometallic complex containing a phosphinimide

ligand.

A disadvantage of the process described in US 6,528,671 B1 is the
relatively low activity of the organometallic complex containing a phosphinimide ligand.

20 The aim of the invention is to provide a new class of catalyst systems

comprising imine-type ligands providing highly active catalyst systems for the
polymerization of olefins.

This objective is reached by a catalyst system comprising a metal
complex of formula CyLMD wherein

25 L is an amidinate-containing ligand of formula 1:

Subi” “Suby (formula 1),

wherein the amidinate-containing ligand is covalently bonded to the
30 titanium via the imine nitrogen atom, Sub; is a substituent, which

comprises a group 14 atom through which Sub, is bonded to the imine

carbon atom, Sub, is a substituent, which comprises a nitrogen atom,

through which Sub, is bonded to the imine carbon atom, and



active catal yst systens for the polynerization of ol efins are obtai ned.
Anot her advantage of the catal yst system according to the present invention
is its insDantiarievds catal yst activity upon conbi nati onPairtde2atom7@es i vat i ng
cocatal yst. 10Details of the inventionao. The invention
relates to a catal yst systemfor the polynerization of olefins conprising a
nmetal conplex of formula CyLMD and an activating cocatal yst, wherein Mis
titanium 15Cy is a cyclopentadienyl-type ligand, Dis a diene, L is an

am di nate-containing ligand of fornula 1: N Subi Sub2(fornula 1), 20 wherein

t he am di nat e- conit afSd FAGNPi @MSPES%‘H@%\P%@R%thHp?Bgﬁrfﬁje‘ﬂ’th?feéihfhﬁm vi a

the inmne nitrogen ahegt m%HsbéuUsﬁtu@nt%lbl?ﬁ:vatrél§élbcteWﬂbFrﬂh§@FHUp'o%ﬂ&sﬂwg%foup 14
atom t hrough which Subl is bonded to thé imne carbon atom Sub2 is a

substituent, which 68ReeM.Jwdrogarmivt lst'i(j@ﬂd S| resrussgPrtivRr s UsSHgtedvitionded

to 25the imne carbgRe 8t Adte I@élg%e%/ah%cﬁ ABSHPid o0 BIkBRY, bﬁ&r@lﬁixkﬂréﬁlcﬁ%s
cycl opent adi enyl -type |i gand ereint et one or nore substituents of

are selected fromthe &P&E'ﬁ'”@ﬁﬁ’é’”’s"f‘? ettt Hiefesy arcorfya Fubarbpntion higily %d

gernyl r es'a‘éh\%seatél%t's9§l@h1%)for&H@86l'yﬁ1@h@é1|oWd'f BlefiR€aRl obIRR &Y. b@u'o%?n ani do,
phosphi do, al kox or ar resi dues used herein,

the term s@H%‘%Wtﬁ'Qﬂ @fdh%fjétﬁbfﬁb‘?ﬁ?(ﬂn aeRPrding fethe ipgrasat inkention it 'tst BsBrEAEPYE
convey its caRipsenstiviyaboTBsbiRstionVaethy a@tu@ﬂhg?&bédﬂél .ligand having a
five-menbered carbon ring which is bonded to the nmetal via a it-type
bondi ng. Thus, WD 2011/076775PCT/ EP2010/ 070344 3 - the term

cycl opept a(ﬂjeeeéméloﬂnénﬁvéﬁﬁghudes cycl opent adi enyl, indenyl and fluorenyl. The
term nmono- or polysubstituded refers to the fact that one or rmore aromatic

hydrogen atoms of the d¢YRINYEBIRNEGIARHP atatalstsyeemdoethsoemessatited by one
or nore ot kRsfin 8smPHASy a Mit@alteRRIX P lorfrlRsCyItE RhE ah%cf?ﬁtM@@Bcalal?ﬁd 5 for
the cycl opentadi enyl 5ligand, 1 to 7 for the indenyl |igand and to 9 for
the fluoreMedingand. An exenplary list of substituents for a
cycl opent adi emylis fithgigrd incI udes the group consisting of Cl1_10 hydrocar byl
radi cal _(whi ch hydrocarb substltuents are unsubstituted or further
substi '8t ed) , é'%%PYﬁﬁ‘éQ? digny-gpe §83Nbxy radi cal, C610 aryl or aryl oxy
radi cal ; an api ¢pgrdecal which is unsubstituted or substituted by up to
two Cl_ 8 al kyl radicals, a 10phosphi do radi cal whi ch is unsubstituted or
substituted by 2t @,m%tq;gorgalangarp%a,fe@plga silyl radicals of the fornula
-Si-(R6)3 wherein each R6 is selected fromthe group consisting of
hydrogen, C1_8 al kyl or al koxy radjcal, C6_10 aryl or aryloxy radicals and
EE; (

germanyl radicals of the formula - R7)3 wherel n each R7 is selected from
the group consisting of hydroggm, Hal kyI :ak1 xy radical, C6_10 aryl
or aryloxy radical. 15Such cycl opent adl enyl -type gand accordi ng to the
inventBn is a nono anionic |ligand systemthat is connected to the titanium

atom via an ar ofldin fiellrfitihbRloontdhing kA BSvalddl bERAGARIRE inium via

cycl opent adi enyl coordination i s desc as an 75- .
In a preferred érbiouemiiogerhaiony Shbpentsatisi@ngnt, Whiganempesesengraup 14

20substituted b%tdmyr{?éfugc Cmb'rpéu?’\g bbﬁ'dﬁfoateﬁ(ﬁ}g@ﬁ'ggar%n 'aﬁ)m 3is.2

12345pentarreth I'opent adi en rredto as
substltuenTrv@lldh@mm*tsesasutrageofatcan thmugbwm@\aﬁhcbﬂl%bwedm@d as a

group gntai ni n%&gﬁlr? pgrgorpg{aq?gngltrogen atom Non exhaustive exanpl es of
imne [Tgands are timne, guani di ne, phosphinimne, imnoimdazolidine,

(het er o) ar yl &¥yiisnd meso- or polysubstltuted cyclopentadlenyl type Ilgand
wherein the one or more substituents of Cy are selected from the group
consisting of halogen, hydrocarbyl, silyl and germyl residues, optionally
substituted with one or more halogen, amido, phosphido, alkoxy, or aryloxy
30 residues.
As used herein, the term substituted cyclopentadienyl-type ligand is
meant to broadly convey its conventional meaning, namely a substituted ligand having

a five-membered carbon ring which is bonded to the metal via a n-type bonding. Thus,



25pyrrol ei m nes, indoleimnes, imdazol eimnes or (hetero)aryl oxides,
(substituted) pyridin-2-yl-methoxy, (substituted) quinolin-2-yl-nethoxy,

8- hydr oxywoi2oald7e®5 8- am noqui nol i ne, 8- phosphi noqui NOPCM&P2010/070344

8-t hi oqui nol i ne, 8-hydroxyqui nal di ne, 8s_am noqui nal di ne,

8- phosphi noqui nal di ne, 8-t hioqui nal di ne and 7-azai ndol e or indazole and the
like. A further exanple of an imne ligand is the amdine ligand that is

30 represented by fornula 1 with Subi conprising a group 14 atom through
whi ch Subi is bonded to the imne carbon atom_ Sub2 conprising a _nitrogen

at om t hr oudi KA &HClapAsvaqienysbipgderiydesiaye opeRtadieRdriBdnnyhershiluorenyl. The

A pref err edeaimgrd-BrPolyafibdtifRiel! %f%l%ttb(?lﬁb fa%{ ﬁb?@net@r rAoredrGh & hyRlYSdedm
cont ai ni ng an am di nat e- cont ai ni erein the group 14 atom

t hrough whiakHns 9@“2GM?WWW@‘/W@%@Y@?W@D'%W bgaRe Of ¥OELHE®d to the

i mne car bQé'suéﬁé%”Thén@fﬂbé\*&@ﬁbétﬁué?ﬁé RRHA LM arﬂd15 Qir'ﬂ% c%ﬂfp@ﬁtad@d?l' is an
aryl resi due. pi cal exa&ayls for such a preferred di nat e- cont ai ni ng

li gand are “9@& 43a fradhByndesy igrad and (% sishe fhearaigy! é\g%ﬁwexempwblﬁtl Lot ed

phenyl res'odb'@ostlﬁregts fBﬁ@H}t'chde:nta%ﬂe@wﬂﬁdéﬂH%Iudé@%brou@c@nsﬁlét%@'cﬁm Qphenyl and
2, 6-di fl uorophen ment of the Invention relatestoa

cat al yst s;}‘gfjré’ﬁ? i’&i'rf?ﬁ'icﬁh (WQ'Carﬁ‘yﬁrrﬁcarbﬁh?@-sﬁtéﬁ@télafﬁ Wepubstfdied or fuiHsf ei n t he
group 14 a%@&t&lﬂé@ﬁﬂ'ﬁa%bﬁﬁtoﬁﬁl% g'a&o?@%ﬁﬁl Q441 drw&(ma.eana@mmd s an

al i phatic carbon atom In other Subi is an_al resi due. Typi cal
exanpl es f 67dicdi¢fich '%HB?L&SP@IfdaﬂﬁSHPﬁE‘Et@d @&SHP&? Y4 1'"' ﬂr‘iﬂd'ﬁ"f"% & epr esent ed

by for Ayl agﬂao&\érﬁdb radRal WRLH & lﬁhshbéli@ﬁéd oPEREIRY B uFtalvb €, 3hkikyl radieaigsi due
with 1 to 20 carbon atons, optional I%/%substlt yted with halo en, am do,

silyl or asiyl radiealealthe chQ‘é.'*?p‘ISé'éRf)iDW ghicash & iegigated ﬁ%’i@)ﬂl‘e QWEI ohexyl ,
i so- propyl ,coﬁﬁéﬂn'gbﬂ%y&rog@rer!?ﬁé'a»lkyl bil efllkd#@rré)(ﬂ’f@élh&é w0 afyl Br SiyIeRY hé’dlcatl)ﬁé\id"

2,6-di fluoro benzyl uoro& @%1 Anot her
preferred @ﬁ“ﬂﬁ%ﬂyﬂf@ﬁjﬂca&ﬁ Oftt'FPe Oﬁpé@éﬁ’ﬁ ( Ereiheadd Rt is selested frogt @Pﬁé‘?“%yst em

cont ai ni ng cBAsigAgHf AgdRyER s, 3iaMyNer dikaGRadiedl, €0F B ar dryhgralichl.Sub2 is 150f
t he general for m?l a 9@ g anthyR4 an(g@RS bei n 10:éqrpydl v?%llua?I y sel ected from

the grddp of aliphati c H%P)éfé%ﬂeﬂ%d'enﬁhyB@@WCSWq'WQtth%'”M%POBd%?byI
aromat i ¢ hyglrecadidiid igd halspgemahads abkHBtddo Meditasiambaomlvid asadupsic R4
optionally formng a heterocyclic structure with RS or Subi. Exanples for
Sub2 are dlmﬁlﬁﬁt{@rhm 8@“9§6$9§o]&5\3®9ﬂ%ﬁ10@@ cyglogentadighvd eppri@tignis dasgribed
N- di et hyl p rayri ngthyl am de. 20Mbst preferred exanpl es of the

am di nat e- con ning ligand represented by the fornmula 1 are based on

am di nes that can convéna eretfd%ryeOb@nlmCérpam’dee byclepeswantidratligandds perder i bed in

ot hy | 2o SDSAEELE AT R BRSNS TFARLLATR, CSHOSPREBINANC, | 4
secondary @V@ymerﬁ@ﬁlwl (CRB/NH)CO@TIW@@V teifefred/ioedisdesp™of  ami d| ne |igands based on
25commercial ly avail abLl-ﬁe c@ﬂ%?@k&ﬁtoﬁ‘an%ﬁ@ I@Qh&ilsrbee?in%& %%%%P(?@S%maﬁrﬂ%&y t he

general fornmula 1 wherein 'S an aryl ‘résidue and Suf
general f orarﬂﬂualebmed\mtﬂ@geraewnRNmexgaustuewamallespf wEh@tgandsrom t he group

f hyd t th
cach o her "einigkrBbdHifte, PRy e, ARG B, AU BAHE, 10 b he
met al i2h SWrrolhemm@qIrsiotmramgsomrdazglemnemr (beterO)bULﬂde)eso(ﬁUbstltlaﬁd)s cis
f ti d
"1 the pr clZhi ol aindl; ROBERGCGT adbici L Aol ISRy QingiRgPa Y e use
i t-bound. suumpoanrbmw|&a@1qsgzbleoqtsn¢|@ad8-ltfyocum¢nm&bwquxinrawyle 8-

Ceennt ques i udllite. BRGEBRRH Mo ANe R Lraf “Er ARl ool A0l

al ., Acc. @ndthe |R’@SA folf@r eXm'@@IﬁﬁW@ET'Q@@%IHFQ@UJ@M@?‘@I@AMMBIS 120 (1985),

o er el Ghoditeq BYMrmEEGANRTBhY, cAfingZarodd 12 HR tiduaSylic Syl 18

donat i on amgndectio the treipe aaar@en afons| by compdwng & nitrdgen akeen Hirgueghdvhiph Shbi s

acconpl i shed, (yrﬁ)l Bgo };{eqﬁﬂqe #aTbé?{Qb&al s. 5A suitable nethod of determ ning
t he eX|stence ot ex I n diene containing netal conplexes is the
measur enent of rret al - cArnmfﬁrrad embodiseat phigs ifventiarheelates logneataljsttsieledi ene

using co Eﬂﬂé h I\%@ﬁdl

spaci ngs mt")rgtg U\télen[l eéﬁrﬁnﬁaj%r%le ﬁﬁ\gﬁ‘igé%L Wég%%de( J@%@;ﬁﬁg@ hﬁ’(ﬁ 4,
respectively) (where d and C4 are the termnal carbons of the 4 10 carbon
conj ugat ed diene group and C2 and C3 are the internal carbons of the 4
carbon conjugated diene group) nay be made. |If the difference between these
bond di stances, Ad, using the following formula: Ad = [(MCL + MC4) -
(MC2 + MC3)] / 2



15 is greater than or equal to -0.15 A, the diene is considered to forma
7r-conplex with M Such a 7r-bound diene is considered to be a

el ectroniwal2op/atersral | i gand and the concerned titani uRCRtEP20108970304 t he
formal oxidation state +2. -4 - If Ad is less than -0.15 A,
the diene is considered to forma a-conplex 20with Mand can formally be
represented by a netall ocycl opentene structure wherein the titaniumatomis
in the +4 formal oxidation state. It is to be understood
that the congl exes according to the present invention may be fornmed and

utilized a®UR! ifibendeetaihe FpNBSALROA Q(H‘P’Bh%a'térﬁﬂlaé'ﬁéérbﬁﬁét%n 1B lea W dne

conpl exes. 2l RaMBHGNeddud. g pRANUaBIRS 6ASUCHA BraferedlanBahte QAL
cycl opent adi eII I {EH} M h‘?p ° it foll ovvscmr% hat et ﬁe di er?e I |ammgd D

cannot conpgarkarg rw@ﬁ%m@%%mr@qﬁ |1@%?rhbd?e"aﬂ%@he%pbwt@'tumm

7r-bonded gsgdiR, e.g. naphthyl, 2,6- d.methylﬁbh@hﬁfEerﬁ&l&%ﬂéhﬂaﬁa 2@ difli®opiegent
i nvention consists of a catal yst syste erein the conjugated diene, is a

C4_40 dPene optional | yAsfH'B@eretmuﬁoéd“%\ﬂfn{hﬁ ipyeation refgiee g %BQ’SF syatesendent | y

sel ect ed frc@matmfg &H SHRIN@N8HAihng ngéndw%epemmél ro 14/ htomPREbUBAWEKENAL ed
car byl . S@EI es of suitable D noieties inc|ude: gbuta di ene, |soprene,

1, 3- pent adiSRes bpnded i tha FRipe carboniem is ahaiPhatigcarpamaieyn Jn obepypwsi ene:

3-met hyl - 1, .
> 295 ¥ tets@gﬁ@mkg%.dou%t ggipléejérlfeéﬁﬁﬁ}él%slor%ughl%@@éféﬁ@d aridhAexatbiRMe;

2011/ 0767748%7d aPJeAGPeeday forgula t with gH@t bging 3 limeaschraaghedeor cyclic alkyl
1, 4- di 49l Ylrestd @ Righ 86l 20Barbdn 4toRisS 6E>t"dn'5W Elesﬁtultéd witilh dogdt A2 BRI or

2, 3- di et hyl but adi ene. A consequence of preferred 7r-bondi ng of the

coor di nat i 16! EAdiFRls. iExamples foreulyiare meti. eE‘FESYh Qclohgeyldeerprogy! Brt-PHY: present
i nvention wehfyi tthﬁjcﬁ@rﬂéﬂhﬁﬂ 28l POALYIVB6-ISort Bend/pa b GRS MoRst, Si Nce

both the Iigands are nonaoani onj c |q%
preferred catal yst systb‘éﬁﬁhﬁwrﬁf‘%ﬂeﬁig?”ﬂtl?dﬂrﬂ%nt V@rRrP%ﬁ?tEUﬁﬁtl‘qns'@?t%ﬁ*Foa

activating caRfat §fsysh c§r¢tbi‘i\ﬁfg@ﬂ1 ém.ambtén&)rﬂélmug Ilgéﬂﬂﬁcbf%ﬂrrﬂﬂh oivhBRIIREEw, iBOT ane,
or al kyl al um noxane. 10Al um noxanes as activator and/or as a

catal ydp p&f %rge@e&a/&ﬁ@éta zN%Pow'taﬁ ﬁ?dé? laﬂ"k&'PW§'da@h/rﬁe'eCR%isffor6fheen t he
al um noxan@mﬁ) & appetidme dcatbyf Bﬁlb?éﬁat@d Qlﬁeﬂh@ﬂé erawr%%fgmn@ﬁ%am V%
erein

al um noxane be of the overal ormul a: 2A10
each R8 is ?W@@B@ﬁ@lémiﬁ'cwp@@?@@”w@ﬂ%%RgPB ally, 'ﬁg‘igs%h%m&?r’c"@:l 20

hydr ocar by lstrlggdieORitS RGOS B, | I§xefnﬁ;9é‘§ \Qbr"sgbﬁé)re dﬁh@tﬁ?lb#ﬁﬂie\( difprpyfantide,4 1 adi cal
and mis from5 to 30. Met (g/la um noxane (MAO) i n which nost of the R8

groups in LRSYERRXYLAMIEE AN N‘@'WWY‘B?%‘%N@%?HMG is the preferred

al um nogane. Most prefer/éld%ﬁ@}é%ﬂﬂ%eaérﬁldrn@%jd:drﬁfalﬁlﬁélhb@fm e articles
of commerce generally as a solution in a hydrocarbon solvent. 20The

al umi noxanéeprﬁ?%ﬁe%%ihéﬁ%rﬁ‘u'? 4 af? ased ) W“'Q@S%H“aé?a%%ﬂﬁeﬁ@m'! be PreRAd i on

metal (in tbb% s@ﬁﬂ@%bé%s)de@&ﬁt%dﬁ@‘iP@?@(ﬁZ(%r PR #erdin HesPBEY reactibl 6f erred rati os
are from20:1 to 1000;1. Most preferred ratios are from50:1 to 250; 1.

Borate act W%%q%sn%%%%a pethyinagresismduemided MeMABr IR emels Ritie (Ar-
conmpounds @N)tha skesibanRalkF iR RLAH Giveb eighi yiel8s bSanidienigindtied Bl is a

cyclic C5 7commermally available ingredients. Such amidines are represented by the general
formula 1 wherein Sub; is an aryl residue and Sub; is of the general formula —NR; with
each R being individually selected from the group of hydrocarbyl residues optionally
forming a heterocyclic structure with each other or Sub;.
Conjugated diene ligands D may be associated with the metal in

30 either an s-trans configuration (r -bound) or in an s-cis configuration (either n-bonded
or o-bonded). In the metal complexes used in the present invention, the diene ligand
group, D, is preferably m-bound. Such a bonding type is readily determined by X-ray
crystallography or by NMR spectral characterization according to the techniques of
Yasuda, et al., Organometallics, 1, 388 (1982), Yasuda, et al., Acc. Chem. Res., 18,



25aromatic cation or a triphenyl nmethyl cation and each R19 is

i ndependently selected fromthe group consisting of phenyl radicals which
are unsubsOi20utEFa776r substituted with from1l to 5 substiPCusaresloseisect ed
fromthe group consisting of a fluorinesatom a Cl_4 al kyl or al koxy

radi cal which is unsubstituted or substituted by fluorine atons; and a
silyl radical of the fornmula -Si-(R12)3; wherein each R12 is independently
sel ected from 30t he group consi sting of a hydrogen atomand a Cl 4 al kyl
radi cal ther borate activati n%ﬂcocat alysts are

descri bed HgOKEESH %’@rﬁrh?rnPh@ Adipeigsaemet Ghee- 124 mi1 Y (a3 et aheB( R o) 4] -
wherein B iigrofbnbed BbcAhein. By it Ry AIcBHERx K GMRartob the BbidiRAGAd Bapkn Of
phosphorus atom I's R'" I's selected fromthe group consisting
of C1_8 al Iaycem@rmecﬁéle&ctran phremtylbyrﬂ@milmki witighcil aicsorglishedibsing tigarsidt-or

substi t ut e%’}%’ up to three Cl1-4 al kyl radicals, or one R' taken together
WO 2011/ 07 CT/ EP2010/ 070344 7 - with the nitrogen atommay form an
ani | ini dmradi cal and Rlsuiitablasn&ilaadd ofeideteiminim ttherx'mtmnca@f Bwatomgesciocat al yst
are conpounds. of fo [ RL s s def| ned

above. diene con%alnlnggme%I com%eé?s |]sihq,8r&8a r{%rgap %I ca{thog et
i nvent i on ispacingsafoathgstartsonsto thebdidrer @simg d:dmmanm-m;at:msgal em@mlatepbmlquss a

b d al ,
S oo on ety o 4l SPaRfbs Aty he e Rl 2oz, gl P ES M B
i ndi vi dual 102, seCacveti, frescprenww/)g\wmrp Q@f artaC4 genthatterminah gatboosobyie 4

hal ogenat ed dr ocar b, subst i t ut si| kox or di substitut an no
Fosi audd. AR o PRI FE? Bt S ard LETerd relopEhetie doriimony
bor ane. 10Reajdghted d@meraidimay evaadalii tee Hiffeednee dptivdeorthese modpikiatss,
capabl e of ctl vah}?{}g t he g)escrl bed titanium conpl exes incl ude:

N, N- di met h aH? ' PURG WHBHEAf | uor ophenyl borate, triphenyl met hylium

t et r aki spent af | uor ophenyl borate, and trispentafl uorophenyl boron. Above
descri bed titani um netal corr_p nd . th ctivatin cat al yst 15represent
t he essential conpounds r il (%Cildsr'\/'ﬂﬁlg Rng:ﬁy'\é&%?]\/% pol yneri zati on
reacti @9 as described by the present invention. It wll be understood by
the person skilled in the art, that further additives are not excluded from
t he pol yners ¢gaiesapraseadal. to A o - 1h|erﬁ'9c'rled§ cpnsidered tosiQER agdenRIPe it dhsi st s
of scavengefgy oSt @t%ﬂ]nld'oqé{esis %&%u&éé& 'toetSe Q%Fe%frbr%aﬁp{ elita8ighRd GhG RV enger as
used in this specitfication is neant to 1 nclude ose cor?‘pounds ef fective

f or renovi sgngashed titanipor ateinds infthe farmakoxidetionistate $8! vent . Such inpurities
can be inadvertently inpty [ [,on _r [,on
conponents, particul aril‘f dqg#%g%ew @ﬁtts%?{f%ér)lg'ﬁé?%a%g] cgfegltéztﬁrhf egc??)ﬁ]ﬁléd(
adver séby a\fnhemand aarafoymallyam feprasgnteddyst mbiallotyglopkbtesantru@srel wherein

decr easi ng . Sactivity, particularly when
an activat ﬁerggx'gﬁ]l %!3'181% P’gh‘%g?ﬁgm}ahg)% {gt anslqet'} metal conplex is also
present. Al um num al kyltss &gk laidemtomﬂmemea;ompkaxba; atdoedisg &vibagessent Typi cal

exanpl es are t eth al um 1 trioct

T 1T Sobut yiyeDorRiAY oP DD e B2 aen i 8 o B HEh GO NS ante-
ol i goners Ibbﬁdjﬁi)dleﬁelcdsmplsxés( Et 2A1) 20] n [(Oct 2A1)20] n and [ (i - Bu2A1) 20]
(wWth > 1). Optional the trial kyl alum nium 30sca ers can be
nodi f i gé by phenolic cORSBURAES 8F° GIMRIEXSSGPiCONRE: &Y 915?8&?c0nt ai ni ng
conpounds. cyclopentadienyl type ligath(G3¥ enfpli@wythit e didnedigbnd Brcanted ik bed

carrier rraterlal i P ort terials) in Iu%es %ﬁtal oxi des (such as
silica, al &M?'ﬂ%e”% ‘F'?y 2LOYP RPHET apIPPIS AT aMBHA PO ERFNIRIP- et al chl ori des
(such as magnesi um chl ardréRjred @h%bﬂlméh@bﬁ/tﬁ@rpﬁes@ht ’haérq.on cmusts of a

2011/ 076775PCT/ EP2010/ 070344 ef erred support
material i $AEYSt gt ri"’%erﬁ'arﬂﬂf? E‘Eﬂlléﬁelt‘?}’ PEResds A éut cecﬁm?m@ﬁ@"y fypstitgtadi ca has

been t pgat Q\ﬂthVMnbrbr&fbrélb Qﬂmbénd(#rfﬂpgélbé\tbhYroﬁ%ﬂw@)gkﬂlplb@ngﬂ 6 or MAO
prior to the deposi tion the titanium nmetal conplex. It wll
hydrocarbyl, silyl, and halogenated carbyl.
Examples of suitable D moieties include: butadiene, isoprene, 1,3-pentadiene, 1,4-
diphenyl-1,3-butadiene; 2,3-diphenyl-1,3-butadiene; 3-methyl-1,3-pentadiene; 1,4-

dibenzyl-1,3-butadiene; 2,4-hexadiene; 2,4,5,7-tetramethyl-3,5-octadiene; 2,2,7,7-



be recogni zed by those skilled in the art that silica may be characterized
by such 5Sparaneters as particle size, pore volune and residual silanol
concent r awpan11/0ThEspor e size and sil anol concentrati on may/HEreolalov@sed by
heat treatnment or cal cination. The resiglual silanol groups provide a
potential reaction site between the al um noxane and the silica. This
reaction may help to "anchor" the alum noxane to the silica. As a general
gui deline, the use of comercially available silicas, such 10as those sold
by WR G ace under_ the trademark Davi dson 948 or Davidson 955, are

sui t abl e. tetramethyl-3,5-octadiene;Hed-pitQl¥nt $-6Hlefignenb - Wsétl”ﬁleé@'sﬂ'%')é%r ocess for

the prepar ghifenef 2,8-pakiiButaaRABI | Sing at | east one aliphatic or aromatic
hydrocar byl C2_20 ol efin wherein the at |east one al |Elhat| c or aromatic

olefin is contacted wi fHFoPRRAUSAERPYiSE PEsfetrethidpPNding of Bigcegwiinatina disnei on.
Pol yner i zat,g P8t tﬂ[a‘?%‘?ﬁﬁn %fb?r%ﬂh@%oh?le&%‘f fhel &MﬁﬁﬁanBnﬁWN@ﬁhH@Qﬁéﬁaﬁke“ in any

of the well know ol nmeri zati on processes i ncl ng tthose known as
"gas phaseformuig GVLFMD hasihgﬁprﬁwé%Qﬂ@Zmﬁ@ce@@uhdhe b@ﬂndsmeansdslear@f a
supported q@g@g){;@h,cl“?amsef erred for gas phase and slurry 20processes

wher eas a non-supported catalyst is preferred for the solution process.

The pol yrreri zati on pr oddxefeged 6pl@ivagsustent aeeording Enthe diveniescenprsieenn, e. g.
et hyl ene Oracﬁ’\?a(ﬁﬂg 68 RaIFRd e BRI RSP Hféf‘%r &fns@ﬂﬂ@g%osraf@“b&lané”cﬁ‘

copol yneri zabl e therewith (such as ot ol efins, preferably propyl ene,

but ene, hexéyBlwRineENene, and optionally dienes such as hexadi ene isomers,
vi nyl gpomatic mnomr%l%ﬁﬁé%eﬁ%a@%éﬂ%@@ a@racﬁ\)/a%r'&dmr%fs'arba@y@%fsénSUCh as
nor bor nene) ene yners

prepared i ﬁcaweﬁﬂm%@%qwlk%mp@@e%i\ﬂqs omm@@wm@apu@a Gwﬁyéﬁel@e not

| ess than g@;erém%fggn@glu)h,m cofpsdura@an 70 wt % of ethylene and the bal ance
one or nore 4 _ | pha fins preferably selected fromthe group

consi sting of 1- buteneThqﬂh@é@ﬁ@namﬁylbe(ﬁtt%@Veriﬂh@”Bwlayet hyl ene 30pr epar ed
i n accordangs MbkﬁsﬂAﬁd?ﬁnARheWﬂgré.ma&mtmaqg. geﬂ%n'uy @&@&teh%wﬁﬁ@@mb
pol yet hyl ene "havi ng% density from about s ? process of
t he pr d8entconsistingtal &n-2q Rydpecera é?@llq,alaﬁ@dﬂtl%fr@hé)daﬁé P& qréblh @n@Cmaw ng a
density belgyicQa8dh 8/ 5 14 §¢ m&hﬁah}n%xg (—%*@/IA@WnWCHJHBElaOfltI‘Pé/‘RdenS' ty

pol yet hyl enes. rr nbodi nent of the present
i nvention igsoupsh B@éﬁ@mmeqi%pfrthgmlmrepﬁfeﬁm*@dlIsdbeprﬁéwreota@mwar@w bel ng
the common term nol OgyAm.H@)?a%s Qﬁ‘e Pé@d.WlQJ@Z?tF&PQUfE&%Q%%O%Z
el astoneric co- and terpolyners of ethylene, propylene an |ona y one
or nore di @I%ﬁqt'ﬁn%ﬂbwpcq ép@ﬁ@)’entGener ally, such elastoneric polyners wll

contai ppabout 40 to abgyt a%@nu%x%@t\Dﬂérﬁé}ﬁ%lopéoefs%r@@r%l)?g@d@d A% drAndm W %
et hyl ene and correspondi ng@ trom erably fromb50 to 25
|

an
wt % of pr ofyirarsitianaggplattn alygt)gpele ratiprofdom ?‘1@1 rﬁQ)EQﬁﬁe? dDreWQﬂ(E%inSy t he

propyl ene nRIQHRI0: TRY1006:17 RSB MY rétud’éoal?e frBﬁ‘de"Qﬁ)t%b fliolefin. The
diolefin may be present in ampunts up to 10 wt % of the pol ynmer al t hough

typically is present i Bomi®asivating eeratdivsis ca® baydesogped byrherop ssnletning

pol ymer mayoRa¥end &Qt'i@fb%h&Ib?RQ]f{Q(ﬁJP)4]S\9vH&eanB)TE'é‘QorBHa%% % chyéﬁcfb@' ene,
from60 to 20 wt % of propyl ene "and up t % of one or norediene

mononmer8 t GreRdis aeon goa tmhpwlémethsﬂ@am We?achﬁ efsdpdenendentlyisiedadi t i ng
exanpl es ofohh@e $r&FD n@fsﬁrmséjb%h?ﬂg&%ég'v\ﬁm% &P@ﬁ&)bstu%t&f&%ﬁ&!t@t@@ withD)

5- et hyl ene- 2- norbor nene qy dene- 2- nor bor nene %I
5-vi nyl - 2- rﬁ"@ﬂbb?%@ﬁ@bs(“mms setepied feQm g gropp eprsistivg ofip H@rﬁ‘ea&t@mEN@and VNB.

The pol ymerg Péreé?l%x?‘#acﬁ%"?\fhﬂihﬂg UF]QJHS%téar&%%5§tlt@)tt§dtb %uW@ﬁBﬁws@d‘é’e”t' on

may have a vvel ght average nol ecul ar wei ght of 10,000 to 000, 000 g/ nol .

Pr of er abl v Siyi Fedleabof etk cSH(RIGH: gerely epeR ns)!néemwﬁnt}\)ewmte%fromo 000
to 1,040, 0G4 @/oﬂ?lconﬁgfn@ o@%%@@?o@@h)éto’?parqu 4,9 alkQ0a8f291. 9/ ol .

The preferred ymeri zation process of this invention enconpasses the use
of the novel cat al yst s FaifRerderatn agtivading G%%@'é‘ﬁ%ﬁfeed%ﬂmq BhbgPBcess. As

used containing compounds of the formula [(R")AH]'[B(R),]" wherein B is a boron atom, H
is a hydrogen atom, A is a nitrogen atom or phosphorus atom, tis 2 or 3 and R"' is
selected from the group consisting of C4.5 alkyl radicals, a phenyl radical which is

35 unsubstituted or substituted by up to three Cy. alkyl radicals, or one R'" taken together



20herein, the term "nmedi um pressure solution process” refers to a

pol yneri zation carried out in a solvent for the polyner at an operating
t enrper at Wwe 2br1ia0m28 to 150C (especially from 40 to 120CpCamk2@000i3ad
pressure of from3 to 35 bar. Hydrogen sray be used in this process to
control nol ecul ar weight. Optimal catal yst conponent concentrations are
af fected by such vari ables as tenperature and nononer 25concentration but

may be quickly optim zed by non-inventive tests. The nost
preferred process of the present invention is a solution rocess for the
pol yner i zat"Y”‘Bﬁh%f"t@g?ﬂ/Pt@HmeY %VIW"M'%@@%@%%@ ap dp bpMese

processes are conduct e@ordhetd&ﬁveﬂfn@%Bé?tﬁlyé)tfaré@oﬂn 6lﬁr¥dsh¥(ﬂ{@§&feb£'ﬁorﬁﬁﬂla\/ent
such as a C5_12 h drocngon whi ch " may bé unsubstituted or substituted by a

Cl- 4 al kyl Bé'?obﬁ"@ﬂ:%’ﬂ RBoigasisiefipethaboviget hyl pent ane, hexane, hept ane,

oct ane, cyclohexane ”Nd?é!ﬂe%é'eﬁfb%&ﬁ%taﬂtﬂe%)’éyeﬁglﬂ{?@ﬁti%ﬂ |§‘§B£‘lbf§/§tsystem
The nononers used in the process according to the invention for the

pr epar aPi oivhefein fie %V%ﬂf@r‘?oﬁﬁtﬁ“yﬁ@sél tgogﬁ]e\,rgaye@pgtgg,bgérép genergdoradliaent pri or

to being fe@RRRAWHhEREH Blis a BBfonatEAAFEAESriVERHNBIEncd SiSteBHIRER? BRY Rde fed to
a reactor so that it 35will dissolve in the reaction m xture. Prior to

m xi ng, t h@rshdividvelasrieciehbapiiie giogr oimlogan 2igme hydpearPEPXTagNgesB44 - 1 0

- pref er ablyyqfuesibli sGbdiuts LERY @1KBRY BNdils@bstid@balaiio RAIIGENS ndEreftsredat er or
oxygen. The feedstock purification follows standard practices in the art,

e.g. nol ec@Pﬁ\fat'ﬁg§9‘é9§a'yﬁl'%ﬁ'ﬁrP&”i?QH%rOBWbeVQQ?r renoval catal ysts are used

for thegpurification Oheﬁﬂlﬁpd@rﬁrﬁerc-ghﬁaﬁéﬂlam@rﬂorété%ﬁb bofae BompBlLMY pent ane,
cycl ohexane, hexane or tol uene) referably 5treated in_a sim|ar manner.

The feedst GaRabiag’ #ivaing e d6$cr@86lt' iy peypPieXes iaglaei V. Nefimatdylanilium-

pol yner i zatdikispeaat Gropssi l§dr9!éa{rlpﬁ'@ﬁ5@r%fh§luﬂﬁ@bt@@'sﬁ@ﬂbfld@&pi@ﬁym% to a
second reactor and the reactor(s) nmay be heated or cool ed

Gener al | y, 3A&isPg0RIYIPrRAYHBIBAt and i ngredi ents such as scavenger 10and

activator can be addedABsves@PRFiBEE®LBALK heRScdrAplEk8nd %Cécﬂﬁat% cBESHN¥ed
bef ore add| ng to the reactor. The residence time in the polynerization

react ofl Owi IMPPTERY P @3FeDiRl CaBRPYIIsARALITEddoChp ity actve Pﬁ'émﬁfé%ﬁ‘f'toﬁr

General 'y tr@éi:tlbﬁ%ﬂeéé‘nbéb%&”ﬂ% @@s@tﬂ%\@hﬁ&m Wﬂbe%ﬁﬂ&bido@%tﬁ@gé\ﬁbﬁ eve a
t hor ough m Xi he reactants, two reactors in series 15are used, it

is preferr éﬁ'”?(ﬁ@tth? Pﬂnt\hﬂbf“ftﬁergaﬁdﬁlﬁ’% gfe ol ex¢ludRd rosp thaRR!YeNZe8Py mer i zed in
the first neREEOrA ndh- huhltlhgﬁstbﬂlsaélﬁﬁdd%ﬁeﬁ%ﬂgéﬁ{@”Béda&éﬁgéré\ disii2esand
reactor. It is also possible to use a dual parallel reactor setup. On

| eavi ng t h&AFERE¥S@he sol vent is renoved and the resulting polyner is

finished in a conventi gRgkerAPdtARENger bis USedInIRis Wb EfidhtibR & HEMRE0 MluldBi S
invention to use nore than tw 20pol ymerization reactors.

The i nvent iftfiseogwopRgseiEastiygiof FFé“‘b‘@ﬂ%/P@?r ippreiesdme haseastionsolyeak s

accordi ng tquch iBpuresBhh BB inabvérdritD &itrcadya i 8npéf thé BolpRlekPRiohFaddtion
system according to the present invention is the speed of activation of the

titani um dic@REORYHPIRAKIGYFEN WiRsSosaAINPER" Bfd F?Hé'y%dc??@é‘tr‘pﬁgv%ré%é{tag?a?st

Wher eas nDghtaBfst amlt@aﬁ@gtﬁsmtysM%&@P@suftrroa@dr&eslrryd)r@vearenmrr@qm bEcdbdIRiom Xi ng
of the catal yst-cocatal yst system the catal yst system of the present

i nvent #8n &cfl Vsp‘irﬂ‘éj'@r%réﬁna%rbaﬁ%@'iohﬁa%b'q‘Pféo'ﬂ'F'E‘% SfiReRETYR| complea

also present. Aluminum alkyls and aluminoxanes are suitable scavengers. Typical

examples are triethylaluminum (EtzAl), trioctylaluminum (OctsAl), triisobutylaluminum (i-
BusAl), (ELAID,O, (Oct,Al),O, (i-Bu,Al),O and oligomers thereof such as [(Et,Al),O0],
[(Oct,Al)O], and [(i-BuAl),QO], (with n > 1). Optionally the trialkyl aluminium
30  scavengers can be modified by phenolic compounds or other protic heteroatom
containing compounds.
An exemplary list of carriers (also called carrier materials or support
materials) includes metal oxides (such as silica, alumina, silica-alumina, titania and

zirconia); metal chlorides (such as magnesium chloride); clays, polymers or talc.



cocatal yst to the reactor w thout substantial |oss of activity of the
catal yst system 30Figures Figure 1 shows the X-ray structure of

Cp* Ti { NC(Wo)2bi1R72}761- 1, 4- CAHAPh2) Figure 2 shows the X-pay/EPRomooresne of
Cp*Ti { NC(Ph) Ni Pr2}(1-2, 3-CAHAME2) -8- The invention wll be
el ucidated on the basis of the foll ow ng exanples and conparative
experinents, without being limted thereto. WD

2011/ 076775PCT/ EP2010/ 070344 - 11 - Test nethods. Si ze
Excl usi on Chr omat ogr aphx (SEC) coupled to Refractive |ndex %? and
Differential Visconetryhg PRt atprsmatetatiTslicapta a@mmlarﬁm@ epol yner

Labor at or | eoSrtih SbPRE B (RERTSAY 5RLIAIMAIBhEspeaaid Vi scot ek 220R

vi scometry detector. Detectors are operated in paral configuration .
Er ma sol verﬁ‘ﬂet@é@a@wam 459 prior to th%‘?p&sﬁ'%é’é §|“|*ﬁ‘j““’\l’”§%%tc§mp!%t g will

processi ng paQbédMmiRd b rtho%%@kﬁlea irPihe RirthSY silik8 \Hed st Ofh e teiPed by @yien Soda ( TSK)
GVHHR- H(S) HT m xed d (4x) Calibration:Universal calibration with |inear

00l yet h9 | oiaraREs s ARIARIS - orHoB: VAIHPC R8fl GRS alanobenegmiraiion. The pore
Tenper at ur &4 dGildRirkeMéehtrbtidH mBY Be bRérea bl Ravipddiment &- c@%a%n The

Sol vent/eluent:Distilled 1,2,4-trichl orobenzene with about 1 g/1 of | onol
stabilizer r@?&%' &ilgnobgraras Pioiide 5 RaeNtip] FRgCiQsy site hebupan the alympinerene #50 C

Filtration fdgimsdinid.réadtioh ey Hlp fo "bh&ior2QSaNhiBXEABES e dildaon approx. 1.0
ng/ mM  SEC- MALLS was neasured with a PL-GPC210 with Watt DAW ECS; 2 PL 20u

m xed A col ums: Soft was&@ gen%gyldg‘@'ter glezpsg(pf cpmskgially available silicas, such
1,2, 4-pi Cfals@rﬁég@%zo%gev\m GRREuhBthd Fh&envhk ERFidsyn 64Ybr DASGISHRASY, afk at
135C in ZS%Sﬁ[:éelhydr onapht hal ene as sol vent.
The invention further relates to a process for the preparation of a
polymer comprising at least one aliphatic or aromatic hydrocarbyl C,.5, olefin wherein
the at least one aliphatic or aromatic olefin is contacted with the catalyst system of the
15  present invention.
Polymerization process according to this invention may be
undertaken in any of the well know olefin polymerization processes including those

known as "gas phase", "slurry", "high pressure" and "solution".
The use of a supported catalyst is preferred for gas phase and slurry
20  processes whereas a non-supported catalyst is preferred for the solution process.
The polymerization process according to this invention uses an olefin,
e.g. ethylene or propylene and may include other monomers which are
copolymerizable therewith (such as other olefins, preferably propylene, butene, hexene
or octene, and optionally dienes such as hexadiene isomers, vinyl aromatic monomers
25  such as styrene or cyclic olefin monomers such as norbornene).
The polyethylene polymers which may be prepared in accordance
with the present invention typically comprise not less than 60, preferably not less than
70 wt% of ethylene and the balance one or more C,.4 alpha olefins preferably selected
from the group consisting of 1-butene, 1-hexene and 1-octene. The polyethylene
30 prepared in accordance with the present invention may be linear low density
polyethylene having density from about 0.910 to 0.935 g/mL. The process of the
present invention is preferably used to prepare polyethylene having a density below
0.910 g/mL - the so called very low and ultra low density polyethylenes.
A preferred embodiment of the present invention is a process wherein

35 the prepared polymer is EPDM. EPDM being the common terminology to describe



NVR (1H, 300 WMHz, 13C 75.7 MHz, and 19F at 282 MHz) spectra were recorded
on a Bruker Avance 300 spectroneter. Fourier transformation
i nfrared wpeotwwoswépy (FT-1R), was used to determn ne thecrTmppasioridah of the
copol yners according to the method thatgis known in 30the art. The FT-IR
measur enent gives the conposition of the various nononers in weight percent
relative to the total conposition. The Muoney viscosity (M(1+4) 125C) and
Mooney Stress Rel axation (MSR) were nmeasured according to | SO 289 on a
Monsant o Mboney MV2000E. WO 2011/ 076775PCT/ EP2010/ 070344 - 12 - Part |I:
Synt hesi s &fasfamegiieco- aRd teserhyBais ethuiener RIPPYIRNg ard priionABNeRe HeP@ecarri ed

out under '&iidléfFPuQﬁ&mdﬂﬁér'Igleﬁé)hb%Hlérahy %%cl%%@f&)ﬂ\\e%!é%Iyn@r@&vh%oﬁfah%bcﬁﬁ40 hexane
were dried by distillation from sodi um {/)é)t assi um al usi ng benzophenone

ketyl as i fRIpRQitEP Wikorthdpre. RErfe@blyabollSQiosts W‘l"/aﬂh&?”f} PBFHCERRRSAAINEYng
benZOphenO%nk@d 1 20a8toh B pREGEbly ZofT 59 15t Wibs &t &opﬂér@éiaega&t@@lgi A

1,4-dinethyl-1, 3-butadi ene were dried over CaH2, distilled under reduced
pressur @ arﬁ’@rt‘é’f‘(ﬂf&? nAREPera; wpicalydbe Prapylensg mOP@UW@ max b rerlaged &Y e¥ipoul e.

Al other I8R08ALE dWRIR. DRE GbRAA nfRBERIrEsH IVambRE upto 1@ GS), \betheand stored
under argon in J. Young Teflon val ve anpoul es or under dinitrogen in a

dry- box. APPIYBteR althaughdenieally epreseri dyameunts Fom aRpulS (hd Wi %f (ipe FRsklting
purificati ggiynfap mey{H¥E B%Wo?’h'e’ﬂl %@pﬂe‘i@ f$d>\|n(425 t9 8U1wt%lof%3r€wen198frémﬁ§@j[1b) was

added to a sus ension of Cp*TiCl3 (1. 1) N-di i sopropyl

benzani di n@OMioD REoPYIENS %ﬁ?'dll%to 18 W e C{rsrwrﬁﬂ)enewomeﬁ v RIOVidR 190 1 11 ed

for 161p. WNYhsSpOVREr. Wé?er%d?@lﬁt\/rﬂﬁ ﬁﬂnﬁiﬂgb?a%ﬁl@s@ﬁﬁﬂero%we@%ﬁ@' ex, W thout
any detectabl e anounts pr oduc e mxture was filtered, the

residue ri rﬁ’é%‘d'oﬁﬁritﬂd'ﬁ”%@@:’n%) érf‘dhqxﬁ‘g'eﬁ%'dgb@ TRBEYIEPGLnapIraRRe. fr om 20t hi s

sol ution atetfyﬂ@éﬁe -Bh¥idehehe 4ENS) é&ﬂ%nrgr Zﬁbﬂioﬁ\en-éf'(VNB') cF’Zjah*ﬁ"éuIe\/l‘@ﬁ)referred
characterized by 1H NVR 300 I\/Hz)(CDCI 6 (ppm: 3 (m 5H, 7 (bs

2H), 1.8 ( 'enfsme ENBmndlydN 1 (bs 6H) and by 13C NVR (75 5 M)

(CDCI 3) 6 (pp”) 165 S, Tﬂa@%c%meﬂs? eQared%%eerlnédgt%p@@es@ of B preddht 3 (bs),
21.1 (bs), *T| Ph)Ni Pr2}(r-2,3 ound 1) To a

2Ui T B8 L dieniiominay hays ekt BT RESESIeeHia: 18108601 0.00008 A S00Heol
2, 3- di met h)P¥eféra%1}bH{e6¥leﬁﬁ@s(hgv85 \Agalgrﬁaa&a o)ecbférmedhem(ﬁ@(ﬁb L) at OC was

added dropwi se two equi val M in hexane, 2.18
mol ) whi cH-39LR0 ol H‘W‘P\@r%ﬁﬂtfﬁgﬁoeﬁ%ﬁ %0 g6idbur from orange/red to

green. The reaction mX"hé'rﬁaf@?@é’bﬁ&lﬂhé%gnbec\é@éGFtﬁllsWe)ﬁtlérpeﬁ&%Basses
tenperature and was sti rred for 20 h. Rempval of the volatiles in vacuo

af for ded a Ut Exr?tiheiBOSh FRaVRINi SYROWAS ARETIUBRERSSR B0 HORIRARRESE KU L) |
After bplt fhéFélr‘Prihe teha "ﬁ@atuaﬂ@regalré%bmﬂo%@c@w@&@ﬁsrtata%lmrﬁandﬁmﬁtn@lj cool ed

to - 80C resulti in crystalllsatlon materi al was isolated and washed
with very o4t@ ‘fe@ﬁ@ré@ RRIYMEi afieRPPERENg itamrergl bR F04Q 1a0¢r een sol i d

(0.27 9, 53edfecialt rm035(1§§@1ana%9to%l Md&surd P8 frbon: 3 t6- 3. I9RIréGertnager i es

of overl app| ng multiplets, C6HE),
be used in this process to control molecular weight. Optimal catalyst component

concentrations are affected by such variables as temperature and monomer
25  concentration but may be quickly optimized by non-inventive tests.

The most preferred process of the present invention is a solution
process for the polymerization of ethylene propylene diene elastomers (EPDM). These
processes are conducted in the presence of an inert hydrocarbon solvent such as a
Cs.12 hydrocarbon which may be unsubstituted or substituted by a C44 alkyl group such

30 as pentane, methyl pentane, hexane, heptane, octane, cyclohexane,
methylcyclohexane and hydrogenated naphtha.

The monomers used in the process according to the invention for the
preparation of the polymer may be dissolved/dispersed in the solvent prior to being fed
to a reactor. For a gaseous monomer, the monomer may be fed to a reactor so that it

35  will dissolve in the reaction mixture. Prior to mixing, the solvent and monomers are



WD 2011/ 076775PCT/ EP2010/ 070344 - 13 - (2 H m CHW2, 3J = 9 Hz), 2.45 (1
H d, n-2,3-C4H4Me2, 2J = 6 Hz), 2.33 (1 H, d, i-2,3- CAHAMe2, 2J = 9 Hz),
2.19(3 HW®e,20i1/@6B5CAHAMe2), 2.02(3 H, s, n-2, 3- CAHAMe2 PCTEPBNO01B4H, s,
C5Me5), 1.05(6 H, d, CHWe2, 3J = 6 Hz),q01.00(6 H, d, CHW2, 3J = 6 Hz),
0.70 (1 H d, i-2,3-C4AH4Me2, 2J = 6 Hz), 0.58 (1 H, d, i-2,3-CAH4Me2, 2J =
9 Hz) ppm 513C NVR (C6D6, 293 K): 164.6 (NC(Ph)N Pr2), 142.6 (i-C6l-15),
128.9 (o- or mC6l-15), 127.9 (p C6l-15), 127.6 (m or o-C6l-15), 126.6
(i-2,3-C4H4AME2 gad jacent to Ti)), 117.6 ((BMe5), 69.6 (CHW2), 67.7
(CHVe2), 4®refereRlypusfiesiiorpeeve ppiepiial )alysizeméor(ﬁ sush s wWalguauerygenp Ahg
(i-2,3- m%)ock%ﬂnf?ca@l@ﬁm&)vs s%d&d(&k‘%gé |n the aﬂ é@%@hulﬁpﬁbvéﬁ (Nadl
plates, Nujol mull, cm1l): 3 (m, 1589 , vv% 1272 (s), 1026
(w), 1157 ai%n'('@ri)ed%@@' ?We”mo‘(a}rfata*yétﬁ 3(%)Jsed6f93t"@\/5)“ iggfign of menAdeal cd.
for 029M4N%$'sbiveﬁ-‘b |tsgl4‘éé’>g(rﬁétl\/?lbent'é|ne %&%Ioﬁ@xa@a hékané o@tcﬂtﬁan@) |s%re1@ab|}{5 n z:
468(5%%@ HAMe2 ,223(1 %

2, 3- CAHAME 0 af‘rﬂ’faf)“a”DGG (80% [NIPr2]). Single crystal s sui table for
X-ray diffraction anal yaé feat8ioRk a?VMé Héa%&dé@!éﬁ%@r@%éﬁlhg)fb & _room
tenperature. 15 Cp*Ti{ NC( Ph) N| Pr 2} T1-1, 4- CAH4Ph2) (Conpound 2) To a
stirring sorlfmessaisn repsier Adeliphy N“CFS\OZ}GGQ”‘{ QO'Wt@‘ay?el@dﬁ%@?sﬁ?Ri‘d

1, 4- di phenydadtor3mBuha riaRRe(s| &aé%e%ea?edlo?caaleb) in toluene (30 nL) at OC was
added dropwi se two equivalents of n BuLi (2.7 1.6Min hexane, 4.37

mmol ) whi ch 20r esul t ed GeReEHe t%P%F?iyéPP%TFP&W@P?@ddBW@Q'P”FrSGﬁ? 6?&%@’@/‘9%@ to
dar k brgwn.andBetivaesdah®e ddd¥é 4s 8epiatedol VRS td the WeH dTdrDr PYdriixéPbéBRM
tenperature and was stirred for 20 h after which tinme the opaque sol ution
had acqui r 849894aHe '§7€en hue. Renpbval of the volatiles in vacuo afforded a

dark green/brown soli dThBirédiems t.ﬁfétuﬁ@@&ﬂlyménz@tu&erga@ww&ébea@ome After
filtration, the solvent was renoved in vacuo and the resulting dark 25green

solid was (968198 28d tha srPgap et reRciheSenaiaiydhe IACKIHFoHE PBAPERERT from t he

desired conph&xcdnd@bfs to]ébhﬂevaaaha)rod Y rris @ﬂﬁé PRt OF tvbMERters & Sariedl Vi Ng
4 as a dark green solid. Yie 1H (Tol uene-d8, 299.9
e 348 e bSa s psterres thpt Tog) L0 §Tws of Ve 5P o Mt BPUTe e 15
6.28(1 H, nne flrstlr,eéct@FlWrﬂHhRé Mblﬁb{éé Eélh%polymerlédaﬂtr(elsédonﬂ*reactor It is also
i-1,4-CAHAPh2( V|nyI|c g CHWE2 1

OGN BArSEN Ueh Hghparaliebisaplor Retup Of Iopvirb e fepnist s SobEAL ISt o' 1))
1.68 (15 Hrerﬁovme résuig (pbR/ntdr idfinished GriYR3hvdHaBhal hfpantVR ( Tol uene- d8,
253 K): 156.8 (NC(Ph)N Pro),’ 1456 (i-C6l-15 (1-1, 4- CAHAPhD)) 145, 3
(i-CB1-15 (i-1, 4- CaHaPH39 §1s0 Wihinghe peopegbtse YRt Ao SPETIOERSBIGNS 70344 - 14
- CGFBQ@N%OBW)TMEgteraé{&% 8 (o- or mC6HS(| 1, 4- C4H4Ph2)) 127.7 (o- or
m 05K (NG(PI)NLPr 2)) 1127, 1 (p- QKT -1 HAPN2) ),

L onrEL NG P NLPY 2] THSHivBN{oh alsg ralatessiais oWmer hIrRISEY the procgsy m or
0- C6H5( NC( By ddint2d he idvehtibn.( i - 1 4- C4H4Ph2 (adj acent to Ti )) 122. 3
(r1-1,4-CAH4Ph2 (adjacent to Ti)), 118 .2 (CSMeS5), 5(r1-1, 4- CAHAPh2
Uy o) B0 s oh o Al heteedliage fiihe eplymenstion gkipEDs CoomB IO e NG D)
11.1 (Come }eﬁéﬂﬂhvérﬁoﬁmﬁﬁb spkad @Sactlbe&'ofrﬁf\Hﬂltanlgderéne ndstex ¥don tﬂa568 (5)

1297 (Eé 087 ng 790 741 ?/\/ Anal . found (cal cd. for
C39HA8RR T} padidon thg a 'oycowtalgstl (”SFGZ’F m%t ofithg caiplysj syaferps IR the 7. 592

(5 % [M) n8r8§rt£ |r<-°/(ﬁre[ ang%f‘%h&é:kﬂél?@t?dot)ataly%t?&;fs&&% the chtdlyst dysfemC4HAEN2- Ph
- 2'Pr] 00 30 Pr2¥ Single crystal's suitable 10for X-ray

diffr act i orﬁ’r%ﬁ% %‘?@'Oﬁl@t”%wﬁ Wﬂmﬁd@r‘ﬁ QO%%P%FH%“?@!‘{H@ FRPig¥ angde,

Cp* Ti { NC( PlebhbtB¥ 23t6 THe rbadtoditHdvk 2)bdt&arprRYadf Adtivity of the catalyst systenl.0 a
stirring solution of Cp*Ti {NC(Ph)N Pr2}C12 (0.80 g, 1.75 mml) and

1,4-dimethyl-1, 3-butadiene (0.57 g, 7.00 mmol) in toluene (30 nL) at 0C was
30  Figures
Figure 1 shows the X-ray structure of Cp*Ti{NC(Ph)NiPr,}(n-1,4-C4H4Ph,)
Figure 2 shows the X-ray structure of Cp*Ti{NC(Ph)NiPr;}(n-2,3-C4HsMe,)
The invention will be elucidated on the basis of the following

examples and comparative experiments, without being limited thereto.



15added dropw se two equivalents of n BuLi (2.2 nm, 1.6Min hexane, 3.50
nmol ) which resulted in the solution changing colour fromred to dark

purpl e. TWe20806776n m xture was all owed to warm sl ow y PCoO/RPO@Oior@aper at ur e
and was refluxed at 90 C for 8 h after.hich tine the reaction m xture had
turned dark green. Renoval of the volatiles in vacuo afforded a green solid
whi ch was extracted into pentane (3 x 20 nL). After 20filtration, the

pent ane sol uti on was concentrated to 20 nL and was cooled to - 80 C

yi el ding green crystals which were isolated and washed with very cold

pent ane (51eebmellods.ye 6 (0.31 g, 38 %. 1H NVR (Tol uene-d8, 299.9 Mz, 253
K)y: 7.18-6.85 (5 H, SerSlz%SEﬂflus%he@thréﬁiétd?;@aﬂHy'(SE@ %Cﬁ)le%"ﬁ@fvacﬁv@ﬁmdéﬂ H m
r|-14C4H4I\/EZV|nI|cg% (1 Me2(vinylic)), 3.42
(2 H br s, (Roagdpjffergnt V@somﬁtrwiDV)udeieciuow&W) 251.68 (15 H, s, C5Me5),
1.70(3 H ufm"en{* C4H4d}@§@4_p& Her I.(a]o%rd't'brlé%') SEC @Wﬁ@;}zo ORE0(1 H m
ri-1,4-C4H4 (adj acent t 8 (1 1, 4-CAHAMe2(adj acent to
Ti)) ppt (Peaks corre§66?ﬂiﬁtrﬁé°ri Getﬁi?tﬁb?”q sorrer 1.78 (s, C5Me5), 1.26 (br
s, CHVe2) ppm 13C wastgté;wz@ow&sc&aary@ete&@rl 2 (NO(Ph)N Pr2), 143.6
(i-C6H5), 130.0 (o- or nmC6HS), 129.4 (p-C6HB), 127.2 (m or o-C6H5), 125.8
(i -1, 4- CAHAME2 (ad] acermeleciorsiayy Op%@tfﬂ‘in eareﬂﬁwesfjgur%tpna (CHMVE2), 46.3
(CHMVe2), 35.6 (ri-1,4- @Hﬂ%@eﬁﬂdé&;ﬁké&)@% 384 (ri- 1,4-CAHAME2), 19.7
(CHw2), 11.1 (C5Me5) |lates, Nujol nmull, cm1): 3583 (w,
1593 (s), Pawpr SS'@S&CPW da 329"8’0?%”9 %I@’@“{ ﬁ'SE%KO(WPhe@l? (w), 881

VO 2011()076775 PCT/ EP2QA&H 070344 - 15 - (w), 814 (rr) 841 (w), 783 (m,
701 (m, 657 (w). Anal . found Ezcal cd. for C29HA44AN2Ti): C, 74.4 (74.3); H,
9.3 (9.5); QU (6. 0)Tovy Seda HSHIESMHLR- kg 'd%m%q@bbe@{(ﬁ/r), 386 (20 ')/0,

[M- 1, 4- CHibMedd:) . 22fivedsal Ylidrddon wWitrdme4rdasnyi&te (PE3'sBinkihrd 100 (60%
[NIPr2] +) ' (molecular weight 0.4-4000 kg/mol)
Temperature: 145 °C
15  Flow: 1.0 ml/min
Injection volume: 0.300 ml
Solvent/eluent:  Distilled 1,2,4-trichlorobenzene with about 1 g/l of lonol stabilizer
Sample preparation: Dissolving for 4 hours at approx. 150 °C
Filtration through 1.2 micron Ag filter
20 Sample concentration approx. 1.0 mg/ml
SEC-MALLS was measured with a PL-GPC210 with Wyatt DAWN EOS; 2 PL 20u
mixed A columns; Software : Wyatt Astra 4.90;
Eluent: 1,2,4-trichlorobenzene at 160°C
Intrinsic Viscosity (IV) was measured at 135°C in
25  decahydronaphthalene as solvent.
NMR (*H, 300 MHz, *C 75.7 MHz, and "°F at 282 MHz) spectra were
recorded on a Bruker Avance 300 spectrometer.
Fourier transformation infrared spectroscopy (FT-IR), was used to
determine the composition of the copolymers according to the method that is known in
30 the art. The FT-IR measurement gives the composition of the various monomers in
weight percent relative to the total composition.
The Mooney viscosity (ML(1+4) 125°C) and Mooney Stress
Relaxation (MSR) were measured according to ISO 289 on a Monsanto Mooney
MV2000E.



5Part I1: Polynmerization reactions General polynerization procedure

Met hyl al um noxane was purchased from Cronpton as a 10 wt. " )/0 Al um nium
sol uti on wo 20oluterié and was dosed as a 0.1 M Al um ni um ®OITEPR@O/070344 Ol uene.
| sobut yl al um noxane (1 BAO-65, 13 wt.%.hexanes sol ution was purchased from
Akzo 10Nobel and was dosed to the reactor as 0.1 M Al um nium solution in
toluene. 4-nethyl- 2,6-di-tert-butyl phenol (BHT, +99.0% was purchased from
Sigma- Aldrich and dosed as a 0.2 Msolution in hexanes. The catal yst
precursor solutions as indicated in Table 1, 2 and 3 were dosed as 1.0 niM
solutions in toluene. TBF20 (trityl tetrakis (pentafluorophenyl)borate) or
BF15 (tri s(Eent afdivediooneands Hey &sdouvas e dosed as 2.0 15nmM sol utions in
toluene. The Teed streans (ethylene, propyl ene, hexanes, 2,2, 4,6, 6-

Pent anet hy|G&88fane (PMH), hydrogen) were purified by contacting with
various absorption nmedixy éx@er“rﬁé‘r'ﬂ¥ﬁle9@&aﬂ+|é{§butktlddbf ﬁ‘ﬂogéﬁ%glhé E8%eMUGR as

wat er, oxygen and pol ar conmpounds. (Ml sieves Mer ck, nitrogen,

et hyl eng, r“tS’g'éﬁ)D'eMS'leﬁTeé@6§ xan Wi dried t;yr%ﬁélﬁ@pn fsRysodieg R%E%!W’%t BTS

R311 (BASFaiy E§|@@§éh20§h€%n%ﬂ@tyl B Qﬂ)@aﬁﬁ‘e’)olue’%@ Wa@&i@dtbﬁistﬂlbﬂ)rﬁ%rﬁem S we
stripped with nitrogen. 5-Ethyli dene-2-norbornene (ENB) and

5-vi nyl - 2- ﬁ@?'H&WWRﬂ)e'\%Pé‘eb(h?%'ﬁﬂ§é@rfrom | neos and dosed to the

reactor af ey Dﬁﬁéthﬁpll mgut\éutehe Bhé 1 Q0@ MethlNe stikadiert WeleNiridBovONCARL ration in
t he reactor _ was @%é around 450 pnol /L to ensure efficient scavengi ng

25Et hyl ene distibsiy RN RES SRR TR @ PPUTTyIRIF9GRRT gy ¥R T §e8 Wabive

car ri edpoutanigdurd. At btHef FeaEhQGHeRY BbRHEIRBRENAMIBIY, asEPHDIReivBY BREs@r&f I T er
and baffles. The reaction tenperature was set on 90 C and regul ated by a

Lauda Ther MHSEATOD. ngupshée ‘sﬂlﬁ@rﬁ”"‘ﬂ%‘?q'?ﬁnort%@eb@'HW@%'”aﬁﬁfyrhoépyI ene
nononer s andl dhe?veddents Wérehisds a8 estevRbvitlE uAKGURIsicdted. to the gas cap of
the reactor. The pressure of 30the reactor was kept constant by a back-
pressure valve. In an inert atnosphere of nitrogen (1.8 bar), the reactor
was filled ogriinepth)N'PRECEMH sol vent, and optionally 0.7 nL of ENB and 0.7
mL of VNB. Either nethylalum noxane and BHT, or isobutyl al um noxane was
added 48 scavenger co e 3MLThESS: e1z§c1t B‘WWWQGO?‘@U@@R@S'W | e

stirring atcptBo) (n s Efmnﬁ@gcahem M@ﬁs@ﬁr@ﬁﬁ%ehmdh@(ﬁobgm 9\A9no|)m
2011/ 076775PCT/ EP2010/ 070344 - 16 - in ene ﬁ&; | ene, The

react or wadobaOPineln eaﬁ‘ﬁi“ﬂ’?ﬂﬁ‘sa?t'frﬁgﬂ 1r66h| W%Pw% é’rﬂ’”ﬁ?@l&'ﬂl ene

for 15 m nys g2 dekhed corhpiex, Gathaly sly anm8 ameastsafidedrddicishené pagt@r and
the catal yst vessel was rinsed with an additional 50 mL PVH \When TBF20 or

BF15 was u¥éd fiteragaliedarider dnsedriin-aerase anddheriodrgiavasinsdallissdonns t er 10

m nut eggof tfﬁ@@blﬁf'@{ étSQ@qO) @I\ﬁdéf'fZO bﬁ&%‘?&?ﬁﬁfs ﬁh@Wo\ﬂ@@t v@és%l%ﬁéi:ter@@é bS/ he
sol ution was ¢ containing a

sol ution of |N'\6%r6%99 "ﬂé%cpﬁ's;) éé@?’ﬁ)pér?o(lm é?:'ia "df e 25'\)fe1 § % dRE).dt5 480 C under

reduced pr %HWT ¢ t£s<épl) ﬁﬁ)@b? BCTHRRAZE B RHS) C@Ucﬂs)%f‘(abr%é% 50138 Ntpbiosi ¢
vi scosity ar_wei ht di stribution and conposition

(FT-IR. 1 thzbﬂ%@ 5%@%&8\ yase - Mee): BerP- scavenger Exarrpl e Catal yst
Catalyst AI/Ti BHI/AL Yield C ENB VNB

25  Cp*Ti{NC(Ph)N'Pr;}(n-2,3-C+Hs;Me;) (Compound 1)
To a stirring solution of Cp*T{NC(Ph)N'Pr,}Cl, (0.50 g, 1.09 mmol)
and 2,3-dimethyl-1,3-butadiene (0.27 g, 3.28 mmol) in toluene (30 mL) at 0°C was

added dropwise two equivalents of "BuLi (1.4 mL, 1.6M in hexane, 2.18 mmol) which

resulted in the solution changing colour from orange/red to green. The reaction mixture
30  was allowed to warm slowly to room temperature and was stirred for 20 h. Removal of
the volatiles in vacuo afforded a green/blue solid which was extracted into pentane (3 x
20 mL). After filtration, the pentane solution was concentrated to 20 mL and cooled to —
80°C resulting in crystallisation. The material was isolated and washed with very cold
pentane (5 mL) giving the title compound as a green solid (0.27 g, 53 %). '"H NMR
35 (CeDs, 299.9 MHz, 293 K): 7.06-6.95 (5 H, series of overlapping multiplets, CgHs), 3.96



Productivit Nr. Conponent Loading (nolar (nolar (l'imo!) ratio)
ratio) (g) (W% (W% (W% (ppmTi) 1 Conpound 1 0.14 3214 2 9.4 51 1.1
0.8 0.7 WO 2011/076775 PCT/EP2010/070344

-13-

(2 H, m, CHMe,, *J =9 Hz), 2.45 (1 H, d, n-2,3-C,H,Me,, 2J =6 Hz), 2.33 (1 H, d, n-2,3-
C,HMe, 2J =9 Hz), 2.19 (3 H, s, n-2,3-C,H,Me ), 2.02 (3 H, s, n-2,3-C H,Me,), 1.87
(15 H, s, CsMes), 1.05 (6 H, d, CHMe,, 3J =6 Hz), 1.00 (6 H, d, CHMe,, 3J = 6 Hz),
0.70 (1H, d, n-2,3-C,H,Me,, 2 =6 Hz), 0.58 (1 H, d, n-2,3-C,H,Me,, %J =9 Hz) ppm.

5 3C NMR (CeDs, 293 K): 164.6 (NC(Ph)N'Pr,), 142.6 (i-CeHs), 128.9 (0- or m-CeHs),
127.9 (p-CeHs), 127.6 (m- or 0-CeHs), 126.6 (n-2,3-C,H,Me, (adjacent to Ti)), 117.6

(CsMes), 69.6 (CHMe), 67.7 (CHMe), 46.8 (n-2,3-C,H,Me, (vinylic)), 25.2 (n-2,3-
C,HMe,), 24.8 (n-2,3-C,H,Me,), 24.4 (CHMe,), 22.8 (CHMe), 12.4 (CsMes) ppm. IR

(NaCl plates, Nujol mull, cm™): 1653 (m), 1589 (s), 1541 (w), 1272 (s), 1026 (w), 1157
10  (m), 800 (w), 783 (m), 702 (s), 653 (w). Anal. found (calcd. for CooH44N,Ti): C, 74.3
(74.3); H, 9.4 (9.5); N, 6.0 (6.0) %. EI-MS m/z: 468 (5 %, [M]"), 386 (35 %, [M - 2,3-
C4HiMe,]"), 223 (10 %, [M - 2,3-C4H4Me;— Ph — 2'Pr]"), 100 (80%, [N'Pr,]"). Single
crystals suitable for X-ray diffraction analysis were grown from a pentane solution at
room temperature.
15
Cp*Ti{NC(Ph)N'Pr;}(n-1,4-C4,H,Ph,) (Compound 2)

To a stirring solution of Cp*Ti{NC(Ph)N'Pr,}Cl, (1.00 g, 2.19 mmol)
and 1,4-diphenyl-1,3-butadiene (0.45 g, 2.19 mmol) in toluene (30 mL) at 0°C was
added dropwise two equivalents of "BuLi (2.7 mL, 1.6M in hexane, 4.37 mmol) which

20  resulted in the solution changing colour from orange/red to dark brown. The reaction
mixture was allowed to warm slowly to room temperature and was stirred for 20 h after
which time the opaque solution had acquired a dark green hue. Removal of the
volatiles in vacuo afforded a dark green/brown solid which was extracted into pentane
(3 x 20 mL). After filtration, the solvent was removed in vacuo and the resulting dark

25 green solid was isolated. Uncomplexed diene removed by sublimation away from the
desired complex (100°C, 10”" mBar, dry ice/acetone cold finger, 8 h) giving 4 as a dark
green solid. Yield = 0.41 g (39 %). "H NMR (Toluene-ds, 299.9 MHz, 253 K): 7.54-6.85
(15 H, series of overlapping multiplets, CeéHs), 6.28 (1 H, m, n-1,4-C H,Ph, (vinylic)),

5.90 (1 H, m, n-1,4-C,H,Ph_ (vinylic)), 3.70 (2 H, br s, CHMe;), 2.20 (1 H, m, -1,4-
30  C,H,Ph, (adjacent to Ti)), 1.98 (1 H, m, n-1,4-C,H,Ph, (adjacent to Ti)), 1.68 (15 H, s ,

CsMes), 0.93 (12 H, br s, CHMe,) ppm. *C NMR (Toluene-ds, 253 K): 156.8
(NC(Ph)N'Pr,), 145.6 (i-CsHs (n-1,4-C,H,Ph))), 145.3 (i-CéHs (n-1,4-C,H,Ph )), 140.6 (/-



2 Conpound 2 0.14 3214 2 4.6 51 1.1 0.8 1.5 3 Conpound 3 0.14 3214 2 8.7 51
1.2 0.8 0.8 Table 2: TBF20 activated, |IBAO 65 scavenger

Exanpl eCawal29sitoZat7al yst B/ Ti  Yi el dC2ENB VNB Producti vi t y PNT/EEO6M00ONESHL
Loading (nolar (limo!)ratio)(g (Mm% (wWhu% (W% (ppm Ti) 21---- -Conpound 5
Compound 2 0.14 2

10

15

20

25

30

CeHs (NC(Ph)N'Pr2)), 127.8 (0- or m-CeHs (n-1,4-C,H,Ph.)), 127.7 (0- or m-CeHs
(NC(Ph)N'Pry)), 127.1 (p-CeHs (n-1,4-C,H,Ph.)), 126.7 (p-CeHs (NC(Ph)N'Pr»)), 125.9

—2
(m- or 0-CeHs (n-1,4-C,H,Ph,)), 124.8 (m- or 0-CeHs (NC(Ph)N'Pr,)), 122.6 (n-1,4-
C,H,Ph, (adjacent to Ti)), 122.3 (n-1,4-C,H,Ph, (adjacent to Ti)), 118.2 (CsMes), 81.6
(n-1,4-C H,Ph, (vinylic)), 80.3 (n-1,4-C H, Ph, (vinylic)), 45.1 (CHMe), 22.3 (CHMe,),
11.1 (CsMes) ppm. IR (NaCl plates, Nujol mull, cm™): 3583 (w), 1568 (s), 1297 (m),
1087 (m), 790 (s), 741 (w), 698 (m). Anal. found (calcd. for CagH4sN,Ti): C, 79.1 (79.0);
H, 8.1 (8.2); N, 4.8 (4.7) %. EI-MS m/z: 592 (5 %, [M]"), 386 (20 %, [M - 1,4-C,H,Ph,]"),
223 (65 %, [M - 1,4-C4H4Ph, — Ph — 2'Pr]"), 100 (30%, [N'Pr,]"). Single crystals suitable

for X-ray diffraction analysis were grown from a pentane solution at -30°C.

Cp*Ti{NC(Ph)N'Pr;}(n-1,4-C;HsMe,) (Compound 3)

To a stirring solution of Cp*T{NC(Ph)N'Pr,}Cl, (0.80 g, 1.75 mmol)
and 1,4-dimethyl-1,3-butadiene (0.57 g, 7.00 mmol) in toluene (30 mL) at 0 °C was
added dropwise two equivalents of "BuLi (2.2 mL, 1.6M in hexane, 3.50 mmol) which
resulted in the solution changing colour from red to dark purple. The reaction mixture
was allowed to warm slowly to room temperature and was refluxed at 90 °C for 8 h
after which time the reaction mixture had turned dark green. Removal of the volatiles in
vacuo afforded a green solid which was extracted into pentane (3 x 20 mL). After
filtration, the pentane solution was concentrated to 20 mL and was cooled to — 80 °C
yielding green crystals which were isolated and washed with very cold pentane (5 mL)
to give 6 (0.31 g, 38 %). 'H NMR (Toluene-ds, 299.9 MHz, 253 K): 7.18-6.85 (5 H,
series of overlapping multiplets, C¢Hs), 5.84 (1 H, m, n-1,4-C,H Me, (vinylic)), 5.55 (1

H, m, n-1,4-C H,Me, (vinylic)), 3.42 (2 H, br s, CHMe;), 1.99 (3 H, d, n-1,4-C ,H ,Me ),
1.68 (15 H, s, CsMes), 1.70 (3 H, d, n-1,4-C,H ,Me ), 0.97 (12 H, br s, CHMe;), 0.60 (1
H, m, n-1,4-C H,Me, (adjacent to Ti)), 0.38 (1 H, m, n-1,4-C H,Me, (adjacent to Ti))
ppm. (Peaks corresponding to minor isomer: 1.78 (s, CsMes), 1.26 (br s, CHMe,) ppm)
3C NMR (Toluene-ds, 233 K): 161.2 (NC(Ph)N'Pry), 143.6 (i-CsHs), 130.0 (o- or m-
CeHs), 129.4 (p-CeHs), 127.2 (m- or 0-CeHs), 125.8 (n-1,4-C,H, Me, (adjacent to Ti)),
117.0 (CsMes), 51.8 (CHMe;), 46.3 (CHMe,), 35.6 (n-1,4-C,H,Me, (vinylic)), 23.1 (n-
1,4-C,H,Me ), 19.7 (CHMe,), 11.1 (CsMes) ppm. IR (NaCl plates, Nujol mull, om™):
3583 (w), 1593 (s), 1302 (m), 1282 (m), 1208 (w), 1158 (m), 1084 (w), 917 (w), 881
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2011/ 076775PCT/ EP2010/ 070344 - 17 - Table 3: BF15 activated, |BAO 65
scavengerwo 2BxanTpi7é Cat al yst Catal yst B/ Ti Yield C2 ENBPUREPRViIOMDGSHS Vi ty
Nr. Conponent Loadi ng (nol ar -15-

(w), 814 (m), 841 (w), 783 (m), 701 (m), 657 (w). Anal. found (calcd. for C,oH44N,Ti): C,
74.4 (74.3); H, 9.3 (9.5); N, 5.8 (6.0) %. EI-MS m/z: 468 (5 %, [M]"), 386 (20 %, [M -
1,4-C4HsMe;]"), 223 (35 %, [M - 1,4-C4HsMe,— Ph — 2'Pr]), 100 (60%, [N'Pr,]").

5 Part II: Polymerization reactions

General polymerization procedure

Methylaluminoxane was purchased from Crompton as a 10 wt. %
Aluminium solution in toluene and was dosed as a 0.1 M Aluminium solution in toluene.
Isobutylaluminoxane (IBAO-65, 13 wt.% hexanes solution was purchased from Akzo
10  Nobel and was dosed to the reactor as 0.1 M Aluminium solution in toluene. 4-methyl-
2,6-di-tert-butylphenol (BHT, +99.0%) was purchased from Sigma-Aldrich and dosed
as a 0.2 M solution in hexanes. The catalyst precursor solutions as indicated in Table
1, 2 and 3 were dosed as 1.0 mM solutions in toluene. TBF20 (trityl tetrakis
(pentafluorophenylborate) or BF15 (tris(pentafluorophenyl)borane) were dosed as 2.0
15  mM solutions in toluene. The feed streams (ethylene, propylene, hexanes, 2,2,4,6,6-
Pentamethylheptane (PMH), hydrogen) were purified by contacting with various
absorption media to remove catalyst killing impurities such as water, oxygen and polar
compounds. (Molsieves 4A (Merck, nitrogen, ethylene, hydrogen), Molsieves 13-X
(Merck, propene, PMH), Cu-catalyst BTS R311 (BASF, nitrogen, ethylene, propylene).
20 In addition the solvents we stripped with nitrogen. 5-Ethylidene-2-norbornene (ENB)
and 5-vinyl-2-norbornene (VNB) were purchased from Ineos and dosed to the reactor
after stripping with nitrogen. The total aluminium concentration in the reactor was kept

around 450 pymol/L to ensure efficient scavenging.

25 Ethylene Propylene ENB VNB batch quaterpolymerization reactions
were carried out in a 2-liter autoclave equipped with a double intermig stirrer and
baffles. The reaction temperature was set on 90 °C and regulated by a Lauda
Thermostat. During the polymerization the ethylene and propylene monomers and 0.35
NL/h of hydrogen were continuously fed to the gas cap of the reactor. The pressure of

30 the reactor was kept constant by a back- pressure valve.

In an inert atmosphere of nitrogen (1.8 bar), the reactor was filled with 950 ml of PMH
solvent, and optionally 0.7 mL of ENB and 0.7 mL of VNB. Either methylaluminoxane
and BHT, or isobutylaluminoxane was added as scavenger components. The reactor

was heated to 90 °C, while stirring at 1350 rpm. The reactor was pressurized to 8 bar
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by feeding ethylene, propylene. The reactor was conditioned applying a fixed ratio of
ethylene and propylene for 15 minutes. Then, the catalyst compound was added to the
reactor and the catalyst vessel was rinsed with an additional 50 mL PMH. When TBF20
or BF15 was used it was added directly after the catalyst precursor. After 10 minutes of

5  polymerisation time, the monomer flow was stopped, and the solution was carefully
dumped in a 2 L Erlenmeyer flask, containing a solution of Irganox-1076 in isopropanol
and dried over night at 100 °C under reduced pressure (< 20 mbar). The polymers
were analyzed for intrinsic viscosity (1V), for molecular weight distribution (SEC-DV)
and composition (FT-IR).

10

Table 1: MAO activated, MAO/BHT scavenger

Example Catalyst Catalyst AlITi BHT/Al Yield C2 ENB VNB Productivit

Nr. Component Loading (molar (molar
(umol) ratio) ratio) (g) (wt%) (wt%) (wt%) (ppm Ti)
Compound 1 0.14 3214 2 9.4 51 1.1 0.8 0.7
2 Compound 2 0.14 3214 2 4.6 51 1.1 0.8 1.5
Compound 3 0.14 3214 2 8.7 51 1.2 0.8 0.8

Table 2: TBF20 activated, IBAO-65 scavenger

Example Catalyst Catalyst B/Ti Yield C2 ENB VNB Productivity

Nr. Component Loading (molar
(umol) ratio) (g) (wt%) (wt%) (wt%) (ppm Ti)
Compound 1 0.14 2 8.6 54 1.1 0.7 0.8
Compound 2 0.14 2 6.1 54 1.1 0.7 1.1

Compound 3 0.14 2 10.0 54 1.0 0.7 0.7
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Table 3: BF15 activated, IBAO-65 scavenger.

Example Catalyst Catalyst BJ/Ti Yield C2 ENB VNB Productivity

Nr. Component Loading (molar
(umol) ratio) (g) (wt%) (wt%) (wt%) (ppm Ti)

7 Compound 1 0.14 2 4.05 53 1.0 0.7 1.7

8 Compound 1 0.14 5 3.95 53 1.1 0.8 1.7

9 Compound 2 0.14 2 0.7 Nd Nd Nd 9.1

10 Compound 2 0.14 5 0.8 Nd Nd Nd 8.5

11 Compound 3 0.14 2 10.3 53 1.0 0.7 0.7
12 Compound 3 0.14 5 13.0 52 1.0 0.7 0.5
13 Compound 3 0.14 10 13.4 52 1.0 0.7 0.5
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M s titanium,
Cy is a cyclopentadienyl-type ligand,
L is animine ligand,
D is a conjugated diene, and
(b) an activating cocatalyst,
which metal complex is characterized in that

L is an amidinate-containing ligand of formula 1:

Suby” "Suby (formula 1),

wherein the amidinate-containing ligand is covalently bonded to the
titanium via the imine nitrogen atom, Suby is a substituent, which
comprises a group 14 atom through which Sub, is bonded to the
imine carbon atom, Sub, is a substituent, which comprises a nitrogen
atom, through which Sub, is bonded to the imine carbon atom, and

Cy is a mono- or polysubstituted cyclopentadienyl-type ligand, wherein
the one or more substituents of Cy are selected from the group
consisting of halogen, hydrocarbyl, silyl and germyl residues,
optionally substituted with one or more halogen, amido, phosphido,
alkoxy, or aryloxy residues.

2. Catalyst system according to claim 1, wherein the diene is a C4.40 diene
optionally substituted with one or more groups independently selected from
the group consisting of hydrocarbyl, silyl, and halogenated carbyl.

3. Catalyst system according to any of the claims 1 and 2, wherein the activating
cocatalyst is selected from the group consisting of borate, borane, or
alkylaluminoxane.

4. Catalyst system according to claim 3, wherein the activating cocatalyst is a
borane represented by the general formula BR'R?R®, wherein B is a boron

atom in the trivalent valence state and R', R? and R® are individually selected



the one or nore substituents of Cy are selected fromthe group consisting
of hal ogen, hydrocarbyl, silyl and gernyl residues, optionally substituted
wi t h one wo 2nregetral ogen, am do, phosphi do, al koxy, or &cylEr10/0esidues.
Cat al yst system according to claim1, .whaerein the diene is a C4-40 diene
optionally substituted with one or nore groups independently selected from
the group consisting of hydrocarbyl, silyl, and hal ogenated carbyl.
Cat al yst system according to any of the clains 1 and 2, wherein the

activating cocatalyst is selected fromthe g roug consi sting of borate,
borane, or al kyl &PUhASKAURET hawagn piam. Sydiosaibyk Baleasnaied BYEPerBy!3, wherein

the activating C%Q@étﬂlté‘@%llw Slkdx %F&%béﬁ@fe@%@rﬂﬁ&%shﬂlet he general formula
BRLIR2R3, wherein Bis a boron atomin the trivalent val ence state and Ri,
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fromthe group obitdmatRaRsh hieBubYidbesdPwthe MhOESBBA StbnhENOGBMBNE |
substituted silyl, alkoxy or di substituted am no residue. 5. Catalyst

syst em accor di ngcﬁ@oarﬂp'“@rf the clains 1 to 4, wherein the group 14 atom

t hrough whigch Sul@ﬂate\|§5t RpneRdctsrdindo laFﬂ/ BEthE IMAS 134 m/h@remh@@m@mc
5carbon atom 6. Catalyst system according to any of the clains 1

4!
wherein the group %”ﬁ?%“t"ﬁ?r&)%% 'W@PE‘I’?@QB"‘G I'@”%B@‘f@@@l ajoF s Q"Hh@f& car bon
atomis an ali ph@g,lb@,ncé@d,ﬁ)on atom 7. Catalyst system according to any of

the clains_1 to 6, wherein Sub2 is of the 10 general forpula -NRAR5 with
R4 and R5 Hei ng |q‘?éﬁ'¥ﬁté¥:%ﬂ3’l”;?c§@|fj@8tt%6”¥ PBW?FI‘?@“@F&%B ‘M*Ferﬁ'lnl%ﬁ’aﬁ@the

hydrocapbonyl, O@ehé\bplgﬂﬁ@b ef|RAR? phekF andyrd b@i‘ﬁ@"rﬂﬂné{dall?f @éleatreamm e
hydrocar bonyl, hal ogenat ed or aromati ¢ hydrocarbony|l residues, R4

optional I'y forni tgleUé’ Cﬁ@{'féhaé'é hygiogarbppylcrihaloagneted piphsic Sydiocamony, o ocess

for the preparat ifsingic r@d%bw&ﬂyl SOREIGdea el cﬁtarérﬁé‘tﬁzthyaﬂﬁ;a?ddnph%lkjﬁe@r 15
aromatic hydrocarhyl C2 20 olefin characterized in that the at |east one

al i phatic or arofaoPEOMEfqrAINGsa pRfRfoLyelisSIMFLre ViRe gt %‘Ptgﬂst system
accordi ng tg0 any AQfrobd® 16 thk BRephrdtidn 6f a PolyieP e6HBridhd 8 Idh A Bnk QlighAic B 8
wherein the polynmer is EPDM
15 aromatic hydrocarbyl C,_ olefin characterized in that the at least one aliphatic
or aromatic olefin is contacted with the catalyst system according to any of the
claims 1to 7.

9. Process according to claim 8 , wherein the polymer is EPDM.



