WO 2011/ 076772PCT/ EP2010/ 070331 1 - BORANE ACTI VATED TI CATALYST SYSTEM
COVPRI SING AM DI NE AND DI ENE LI GAND The invention

rel at es twoaonamat al yst system for the pol ynmeri zati on PE®EPRI16/070331
conprising a netal conplex of formula CyLMD and an activating cocatal yst,
wherein Ms titanium Cyis a cycl opentadienyl-type ligand, Lis an imne

| i gand, 10Di s a diene. The invention also relates to a
process for the preparation of a polynmer conprising at |east one aliphatic
or aromatic hydrocar begl C2 20 ol efin. Such netal conpl ex
and process are knc¥alf Y JEVRTEDI | & by 3 EMCOMPRISINGes to a
transition nmetal conpound sui iaahbeNEBANDDENH LicAND 15 pol yneri zation

catal yst and process conprising a catalyst which is an organonetal lic
conplex of a group 4 netal, the organonetallic conplex containing a
phosphi ni m de |igand. The invention relates to el SREySIEyaGM BF tHeRDIPREEEEN
described in US 6,528,671 Bl is the relatively |low activity of the

or ganonet alof PEMROERIMRISINGh glah Porgrigx ﬁﬁ@é’ﬁH‘?rﬁMaW @raﬁeﬂva?z/waéawﬁtof t he
i nvention iywhetdin provi de a new class of catal yst systens conpri sing
imne-type ligands providing highly active catal yst systens for the

pol ymeri zati on & ofsftaym, This objective is reached by a
catal yst systemggongyd é;idllﬂ)eﬂtd&f%fn?i-t pongdRx of fornula CyLMD wherein 25Lis
an am di nat e-contai ni ng, i gand o %/or mula 1. Subi Sub2(fornula 1), wherein
t he ani di nat e- cént aiS8"hiINg ¥ad: i s coval ently bonded to the 30titaniumvia
the imppe nitrogen @ HHknSUDLI 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 §¥&ntipn3lee Biaies irdRTOCESHTBUER RIPREAIBUH2 i s bonded

to the im peiyawRlBOMPAiIAGTHE 858 MO RHtICQF Broh?dtie My B3N 6703Rtn. 2 - the

activating cocatalyst is a boron conpound represented by the general
fornul a BRIR2R3, wher ePHCBMe&! §0mBIEs @nd PERResH aters owni st ERt6.92 enlcR1 st at e

and Rl, R2 TaRdodtehtdé|Btek ol tadsiadn MetRbompOthdf JURBbIE RS @rdpioroNsi sting of of
hal ogen_at o hydr ocar byl , hal ogenat ed hydrocarbyl, substituted silyl,

5al k0x950r pglymerigatign: Gatalyet SAf REPCEES; FRRNiSIng a catalyst which is an organometallic

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



Surprisingly with the catal yst systemaccording to the invention, highly
active catal yst systens for the polynerization of olefins are obtained.

Anot her awloantiage77of t he catal yst system accordi ng to tRETHEPeE®OTO3BNVeENt i on
is its instantaneous catal yst activity.szpon conbination with the activating
cocatal yst. 10 Details of the invention The invention
relates to a catal yst systemfor the polynerization of olefins conprising a
metal conplex of fornmula CyLMD and an activating cocatal yst, wherein 15Mis
titanium Cy is a cyclopentadienyl-type ligand, Dis a conjugated diene, L
i s an ani di nat e- con%lhﬁ FitiMgfing Cg?&ﬁé'yé? isfadiqiell oMPOUNdIBREBANEY B thesansra 1) ,

wherein the am di nat@meuRMBRIRFRAGVHr&IA s laSHoreY AoRiTh ive RAER/dldhct Reute
titaniumvia the imne nityogen, ataﬂr}a Subl is a substituent, which

conprises a group 12N&ForRtHERgReWrddfualyseleriedioryibs reHr ¢rsisHI%ef ¥ar bon

atom Sub2 is a 25subphbh HRR, hydldcsmyC RABEETHES RydibddrO@esubafitadd sir ough
whi ch Sub2 is bonded to the imne carbon atom and the activating

cocatal ¥st i s a bor 8ORLAPYSHESIEEH 88w '€81dHG- t he general fornul a BRIR2R3,

wherein B is a boron akg rismgtyh,ﬂthtthb\éaﬂag@tsyéeéneag@r&hgt&thamem@nﬂ?gh@nd R3
are individually selected fromthe group consisting of hal ogen atom

D , .
hydr ocar by RCUVRGR st Sy 8MA JelrtBe AP ErZalien o slefibs erecPtiaingd: Angihepyy or

di -substit léf&i%hté?@ Bahé estaf¥esystem according to the predefit idvéitdh e tedsradbment Cy
is a nono- or polysubstituted cycl opentadjenyl-type |igand, wherein the one

! ) P
or nore sulsgtavstatritvdy yponcgerabipationyyith the rikptiae pecat@¥stt r om t he group
consi sypng of hal ogen, hydrocarbyl, silyl and gernyl WO
2011/ 076772PCT/ EP2010/ 070331 3 - residues, optionally substituted with one
or nore halRsidlsottheinentishosphi do, al koxy, or aryloxy residues.

As used herein, the temResiBAfidr ralsh oVCdRRRAaste@TY the YR/ idrigatsh dfs neant
to broadly convey its conventional neaning, nanely a substituted |igand

y 1DS

havi ng 5a {1818 fRMBETRE2 HE SRMPISXP MR $¥-\3 308 AN a6t ¥atiag reeaplvshi a a
p-type bongjnagin Thus, the term cycl opent adi enyl -type i ncl udes
cycl opent adi enyl , indenyl and fluorenyl. The term nono- or pol ysubstituded
refers1Po theVf &Ht@PiHEY " one or nmore aromatic hydrogen atons of the
cycl opent adi egylis §tydisicdntRIidhLEpERGInd, €Pl aced by one or nore ot her
resi dues. The_nunber of substituents is between 1 and 5 for the
cycl opent adi eRyI's 3 6P7iyeaied d€Neo 7 for the indenyl ligand and 1 to 9 for the
fluorenyl |igang afamemen@kadttinlngdigadd ostdhstiatiuents for a cycl opent adi enyl
|l i gand includes the group consisting of Cl1_10 hydrocarbyl radical (which
hydr ocar byl substituents are unsubstituted or further substituted), a
hal ogen atom Cl1_8al koxy radical, 610 aryl or aryloxy radical; an am do
radi cal which is unsubstituted or/ﬂybstitut ed by up to two C1_8 al kyl
radi ca8, a 15phosphi do radi caPURthi cPibes unsulestiledded or substituted by up
to two Cl1-8 alkyl radicals, silyl radicals of the formula -Si-(R6)3 wherein
each R6 is selected fromthe group consisting of hydrogen, Cl_8 al kyl or
al koxy radi cal , woereinthegraphidioatesgoptainpg tigatiddacevaendly dpendechipl the tignisal waof t he
formul a - Ge- (R7)}3, wh i R&, L S: - f jhsting of
hydrogen, Cl1_8 éﬁ'y' "rﬁ’trg oxemr’ §H?1clgﬁgugglﬁ§%ﬁé\&@% %@ﬁgﬁﬁ%ﬁ%@@ﬁ?cm :

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

25 substituent, which comprises a nitrogen atom, through which Sub, is bonded to
the imine carbon atom, and the activating cocatalyst is a boron compound
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 from the
group consisting of halogen atom, hydrocarbyl, halogenated hydrocarbyl,

30 substituted silyl, alkoxy or di-substituted amino residue.

In a preferred embodiment Cy is a mono- or polysubstituted
cyclopentadienyl-type ligand, wherein the one or more substituents of Cy are

individually selected from the group consisting of halogen, hydrocarbyl, silyl and germyl



20Such cycl opent adi enyl -type |igand according to the invention is a nono
anionic ligand systemthat is connected to the titaniumatomvia an
aronmat i ¢ WoebaM7sA. I n some cases, the nonoani oni ¢ cyclPopare@Ediozespl
coordination is described as an ?5-bondg.- In a preferred
enbodi ment the cycl opentadi enyl ligand is penta 25substituted by nethyl
groups and in consequence Cy is 1,2, 3,4,5-pentanet hyl - cycl opent adi enyl ,
CoMe5, conmonly referred to as Op* The characteristic of
an imne ligand is defjned as group contai ning a doubl e bonded nitrogen
atom Non EXHHES: PW@”@&XQ?%SB%"‘%W'?W'}%OW'T‘@f&rmgogﬁf‘earﬂ'éfh Wﬁ%ﬁh'd@ﬁ'f*ﬁxdi e,
phosphi ni Maagexyi rekiggédn dazol i di ne, (hetero)aryl oxyi mnes, 30pyrroleim nes,
i ndol ei m nes, i'm dazol ei m nes or het ero) aryl oxi des, substl t ut ed)

pyri di n- 2-yl - met hoxy, (°‘§lh’§§‘i' NeEine tﬁUT‘ﬁH*Psit' ted 9¥C-'C|‘”@P yi-type ligand is

8- hydr oxyqudipt tdWoadly comiehPd bon@ntibRal n%a‘hh@s ﬁ&h@l‘?%dﬂ)@ilthf&@ ligand having

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

8- phosphi nédiyerasrabered CBUOR Mg WA '8bﬁ@eéjﬁ€ the metal Had Etee PoRdiagoTWSand t he
like. A fug i at is
WO 50117 0y i BEmaaRY Badin Bl %é@ésr%are Pertdi b@a@ 0 8% i el
conpri si ng MyMeNey Olﬂobfﬁ@bﬁt'flmedl!i@fﬁralmlt%fastj@?t ore pongFedrematiqydregefe car bon
atom  Sub2 GOnDEi thé 'E!chélpé?\‘téof é?g?é‘trlﬁcftlﬂ@héw B&H e #@'C@@ byBRe of %oﬁé)&ﬁ&d to the

i mne carbon atom preferre di ment of Invention relates to a

cat al yst sV@Q'@mSSE%ﬂWhﬁ”ﬂé sipstivangR ndeaveasnt an0h$ i the epsiapentadieaylei n t he
group 14 atll@érr\ot Are Y tﬂ’@'lrﬁiénﬁqlgbnd §nc§3@'ﬂﬁj§¢ortt9e filtehymi %&ﬂﬁ@@m@bﬂméts an
aromati c carbon atom her “wor ds, is an aryl " resid I cal
exanpl es f &f S%Q?@Weatsﬁp"eﬂi éYQ*%QP”&%ﬁ'QﬂWH&&a@d dlﬁ"rtd&is ﬁheh@ropp §ansdstagef pep)r esent ed
by for mul ahyda&éﬁbyﬁ%ka#{w&a r@dMmel smt.faam%lré uﬁsﬂdésmnﬁe%rfﬁr%»due e.g.
napht hyl di net hy | oro phenyl and 6- di f 1 uor ophenyl .
10A furt heﬁuﬁffﬁ‘ﬁ@ﬁhﬁlﬁ‘?'o@ﬁ”?é@ |Q1\$@HFPKbF@dFC@F Ge@art/'cpr@r}d%?tydW@@ @@/éfﬂé%

cont ai ni ng rQrﬂca‘%Wh@Hhﬂ@hﬁs%@%%d%r%ﬂbéﬂt&é&@y Iup"l‘@ﬁ/l?@b? bIRG r8dieMp g4 atom
t hrough whi ch Subi is bonded the 1 mne carbon atomis an aliphatic

car bon 1at oPhosphids redicalyhiel is l&§bb3ti’fl§e@1ﬁr sHbs{ilutaddey Wule. tWymis alky! radisalpl es f or
such a prefsﬁglrrgdcmﬁh@%rﬁnuw@ aiaﬁgg \K)Igerleingé%@q RIS ERECRERAUREg J%Pforrml a1
with Subi being a linear, branched or cyclic alkyl 15residue with 1 to 20
carbon at oﬁ@nSIﬁi;ﬂguQ5ﬁmﬂrlogers@bsta"iyh@reaikWtrﬁdlﬁ%J Ggeny! anauitoxy s3digals @nd ar y|
radical s. ARl PRaddls G fc%slarrebrm ') e WG eadyie! QREKKled icRPIBIPAY
tert-butyl,” benZyl, trifluoroneth di met hyl benzyl uor o
benzyl and cgn%stmgqulhwr@sﬁrerﬁms alkyl or alkoxy radical 0610Aﬁ69h@"ry|0?5)’é4(%¢6\4 ed

enbodi pgnt of the preseqkny by ﬁféh'ta‘%i"bn"yﬁy ﬁooa&omgatbx% inSYRIGRMR G0Nt ai ni ng
an am di nat e- cont ai ni ng Ilga form wherei n "Sub2 1s 200f the
general f ormANcANQNRIRENEiSY$feRAhalig CWH‘%@dﬁg thenipRibEIREIPIN Y iasa) @@MEHC rom t he
group of ali QI'@@#&P INYSHOEEALY the rﬂ@rLc%g IoB!ar'thHﬁ@Fly oQMWaﬂS@rs%scn@%domt' c
hydr ocar byl , ogenat ed aromatic rocarbonyl resi ues optiona

formng a hietae d’y)omc structure vmth R5 or Subi. Exanples for Sub2 are

di met hyl am de, dii sopr d hyl phenyl
N-et hyl am de. 25Most ﬁ)rlogkerre %@%é&%ghtqngéyie&ma%ﬁenﬁ [bgan(%sn é;ﬁém ng |igand
r epr es@ht ecubstitathe by memhw grolpared bawﬂemmram@meg 3. 4hatpentamatoytveni ently be
prepared b cr 05 The therein described
reaction o%y @és/ngéd?ug Ul %Feao‘;%?n 6rﬁfﬂef+rﬁ%ogtﬁjea3| m brom de (MeMgBr) and an
aromatic nitrile (Ar Cl\l)l'heohaarasleostmctﬁrayn nalnleyugaadnsmteﬂ@&?w ggpupenkEiging yi el ds
of am di ne | co r val | Such

am di nes ar edo%@%?oesgﬁﬁﬁgr an ?%e grnegﬁee(r;(h %t')g?%u%ln %Q\I\/ﬁgb’%’gw%dggh s an aryl
resi due andeBuin2, gwaniding, rpdaogmmlmaie fnonomidazoMR2e, \ihéthrogagloxRmbeisng

i ndi vi dgal | ionally
formn gb’ ﬁ)é rélglrﬁ% ?ncofoL?rmn%?qm%agglglﬁ eg]ﬁd(h? )Q%’on&]%%i @H%ﬁ%ﬂg& ated di ene
[ gands D rmydlbé )&-srmilmmeyt edbstittted} duenatipt2ayl- methoxy 8-hydroxyquinoline, 8-

aminoquinoline, 8-phosphinoquinoline, 8-thioquinoline, 8-hydroxyquinaldine, 8-
aminoquinaldine, 8-phosphinoquinaldine, 8-thioquinaldine and 7-azaindole or indazole

and the like. A further example of an imine ligand is the amidine ligand that is



35either an s-trans configuration (7r -bound) or in an s-cis configuration
(either 7r-bonded WO 2011/076772PCT/EP2010/070331 5 - or a-bonded). In

t he met alwoanpliexse used in the present invention, the @#CemP20109203d1 gr oup,
D, is preferably it-bound. Such a bonding type is readily determ ned by
X-ray crystall ography or by NWVR spectral characterization according to the
t echni ques of Yasuda, et al., Oganonetallics, 1, 388 (1982), Yasuda, et
al., Acc. Chem Res., 18, 5120 (1985), and Erker, et al., Adv. O ganonet.
Chem 24, 1 (1985), "as well as the references cited therein. By the term
"n- corrpl ex TeRreseRiathPY grHiat huity SR GoaIPriaing aewp ateop threuaharhigl B rrisn
density by pbh§ed i0dRE fninB &M oh Stchs. UM tb®BRsIng & inftbgkh s thrdudhhhitiabgp, A

sui tabl e met hod of determ ning the existence of a | T-conplex in 10di ene
cont ai ni ng iSeeNied do His ieinescarkon #eMmreasur enent of netal - carbon atonic

spaci ngs for the carbopspreferblenfboginfentsf 18 iRRATIENrelatés &ééfél&@t'sy@t@ﬁﬂ ysis
techni ques. Measurenents of atom c spaci ngs between the netal a,

M a
C3, C4 PM CeNtapingan apdiatapevainingdgend b WOFHN e at&ﬂﬁh@&'gar‘"@'qhhe

term nal cauBPRDMAEed fEthE ifiRERAMORAIRDH G P Erofi 28D @a ol WRorNA offdr AdFUsC3 ar e
the internal carbons of the 4 carbon 15conjugated di ene group) may be made.

If the di f R¥Pelf BYrGRidve-tTYeSa! BERPIeH ot sirbesrrelered agiidigaterontaitdwi ng

fornmul a: Ag a'n({éergé{eé‘er{Yé(ﬁ:ﬂ}fOTmﬁMﬁltH'S%FE@lﬂ épRer%@bBSlﬁfsﬁt@l&irpﬁelﬂﬁln or
equal to -0.15 A the diene is consi né’ol ex th M Such
t

a 7r - bound "efi&Hfe €i% NaRHAY! d%@é’d“?tby'ﬂe‘eay'e? é&'?WﬁP@BPM aH%G %if'“qu@?ﬁﬁu' and

the congerned titani umaghi@mariesndodinkdi? of BleNendh AMtEO SEABRststem
If Ad is less than -0.15 A the diene is considered to forma a-conple

wi th M and ceBRING3AMINGE cfiriaiae figany lby/hsrewe&hswmm @B@ﬁf‘%‘@hé“thﬂ%‘ct ure

wher ei n 25t Isidonbed D Bk Mink Tatbdntdiém fttar AigRatic 8xrbe@biodd IS blkEwords,
It is to be understood that_the conplexes according to the present

i nventi on &P ST ARERPIdS TYRIFY|ie¥@iaPias Tof siPik e preferded emidnsticieeniainidde

conpl exes &iQéhoﬁar’@Q@ﬂ@%rdé&BﬁfcﬁﬂUﬁ' ’ﬁ\)vauﬂ)ﬂ%rﬁgJ@hn@& Brbﬁcr@arﬂ?'c?&i@%l@ﬁn
contain_at nost one 30%%C| ogent adi en foll ows that

the di éPe I'PYHVE Lihabeare rﬂrahmoseoa yglﬂkﬁﬁ{“ ‘@'H}/%@Q%U%”bqo st er

ani oni c, araqn%d|@a|§Exam@¢%domwere methyl hexyl cyclohexylAs(Elefp?f f@ﬂblﬂﬂbodl ment
of the present invention cqgnsists of wher ei

conj ugat ed PgNefkdrfyasogey. 4§-¢mety! *Eﬁﬂziy'o%&rq @“%B%‘Wi fit e b-djiggorophenyl.

2011/ 076772PCT/ EP2010/ QABH3Hpreforredvini ibdifnt OF tHESrEsdit ABAtidMdRRANEeNt | v
sel ected fromthe group con3| sti n% of hydrocarbyl, silyl, and hal ogenat ed

carbyl . Ex&RjAvessysers GPTtQB‘f”@ 3 3 @@F%%Oﬁt%&'ﬂaa%an%%f%{m%éWhreg%lse%
1, 3- penp adicp i, geheftl formula —-NR*R® with R* and R® being individually selected from the

group of aliphatic hydrocarbyl, halogenated aliphatic hydrocarbyl, aromatic hydrocarbyl,
halogenated aromatic hydrocarbonyl residues, R* optionally forming a heterocyclic
structure with R® or Sub;. Examples for Sub, are dimethylamide, diisopropylamide,
biscyclohexyl amide, and N-dimethylphenyl N-ethyl amide.

25 Most preferred examples of the amidinate-containing ligand
represented by the formula 1 are based on amidines that can conveniently be prepared
by a synthesis as described in EP1730205. The therein described reaction of
subsequently adding methylmagnesium bromide (MeMgBr) and an aromatic nitrile (Ar-
CN) to a secondary alkyl amine (R;NH) gives high yields of amidine ligands based on

30 commercially 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

35 either an s-trans configuration (r -bound) or in an s-cis configuration (either n-bonded



di phenyl- 1, 3- but adi ene; 2, 3-di pheny1-1, 3-but adi ene;

3-net hyl -1, 3- pent adi ene; 1, 4- 5di benzyl-1, 3-but adi ene; 2, 4- hexadi ene;

2, 4,5, 7- twonanaby2- 3, 5- oct adi ene; 2,2,7, 7- tetranet hylP8THPoTAG®NE;
1,4-ditolyl-1,3-butadiene; 1,4-bis(trimgethylsilyl)-1,3- butadiene;

2, 3-di net hyl but adi ene. A consequence of the preferred 7r-bonding of the
coordinating diene is that the titaniumatom of the conplex of the present
invention with the general 10formula CyLMD, has the fornal val ence 2+,
since both the ligands Cy and L are nonoanionic |igands. A preferred
enbodi ment %F- tﬂ?ée@r bstBamata\cerpiexas Lgedindhe arepsht inyestiam thpdieae HQQrH’e
activating r f

BRIRZRS, W B 5 ey QO St RLRAR, Bbed ey ARBRIAS DX Ny .
R2 and R3 _ta@t%ognadhwodbwn\lwﬁ snefckraltcbaractasiatidreaqgowsiing bfthmebgemsaofom
hydr ocar by heg o)l QISNAELnIMAEAEE P Ybs (BB YL 8| A, bl oMY Ofg, U

substituted am no rési pre err I'vat i’'ng cocatal yst 1's tris
pent af | ﬁord@ﬂé‘r@%)mdeﬁfber et al., Adv. Organomet. CReedi3d4y 1¢ 69G%ras weéll gs theai | abl e

borate and . " vat ium
conpl exes |r%§fe%§§8: S'W%i% Pﬁyl anlhﬁl 79 g%%(et%rdé é%gﬁtta(fgﬁg@rt@g%gﬁ)?%agor ate,
t ri phenyl matcbsgtanoe df etactbsh Gemwa)fyltlhmﬂgmh@ﬂwh ib@acedreplisaad using ligand n-

trispentafl Bﬁ{ gsﬁhenyl bor on. Above described titanium
metal conpl® d the activating cocatal yst represent the essenti al

conpounds required for Atéwuﬂaﬂsmgﬁdtwooa@rtdev&nmm%m@rdxaseéric@r@féeca&iﬂm.as
descri bed by t he %lesent invention. It will be understood by the person

25ski | 18d idenetenning el complexes is RAIMERHEEMEREP! mstaltedandiemicr om t he

pol yner i Za%b@@n%d’@ﬁﬂ%%ar%n@%‘ﬂﬂie‘ diéid g tShmenh xseey bry@@nibﬁély@&e%ﬁmauﬁ s of
scavengers, lizers and carrier material s. rm scavenger as used

inthis spé@‘?aﬁP@éﬁqr‘%ol%o'ﬁﬁaﬁﬁ?c'P% P‘?f&’?ﬁ'&lg‘etrﬁ%@b'\”c?@ﬁﬁbh%céf eV Gk Mor

renovi ng p@amM-CBPMICS, iréspebivei) iRRereeRCANdP04 SR theRérminadQarBdRof thpUr i ti es
can be |nadvertently introduced with any of the pol yneri zati on reaction

conponent s CafRRPIORIPAIEH FigReIIROWLRRAERE an (ﬂ‘?%?hedﬂt&r falbpas oktaed,casinn

adverseby abhjagites aledbypbupd fidy\el Madd) df thé altietdnlcl beliiechaRedeasonldtdidtances,
decreasing or even elimnation of catalytic activity, particularly when an

activator AdpeBn@thsrolangofguiehe titani um metal conplex is also present.
Al um num al kyl s and al um noxanes are suitable scavengers. Typical

35exanpl es are triethylal um n Et 3A1), trioctylal um num (Cct 3A1),

triisobutylal um num (i- HMié@TM—ﬁZPGTM@@OMﬁ@T]dQSl 7 - Bu3Al),
(Et 2A1') 20, (COct 2A1) 20, (i- Bu2A1) 20 and ol igomers thereof such as
[ (Et 2A1)20] n [(CQOct 2A1) 20]-, and [(i-Bu2A1)20],-, (with n > 1). Optionally
t he trRal kys grebtenihanianegualiterys s, thanlidre isodndideed byfophened:cirnple)ow'pibwhds or
ot her prot L%cu Eet er oat.om cant ai ni n | ary (ij%t of

g e

carri ers (8068 SoaraRy ek Bt ey FERRS SR Ropgd BUEMGahY -

concerned titanium atom is in the formal oxidation state +2.
If Ad is less than -0.15 A, the diene is considered to form a -complex
with M and can formally be represented by a metallocyclopentene structure wherein
25  the titanium atom is in the +4 formal oxidation state.
Itis to be understood that the complexes according to the present
invention may be formed and utilized as a mixture of n-bonded diene complexes and c-
bonded diene complexes.
Inasmuch as the complexes can contain at most one
30 cyclopentadienyl type ligand (Cy), it follows that the diene ligand D cannot comprise a
cyclopentadienyl group or other anionic, aromatic n-bonded group.
A preferred embodiment of the present invention consists of a

catalyst system, wherein the conjugated diene, is a C4.49 diene optionally substituted



materi al s) includes netal oxides (such as silica, alumna, silica-alumna,
titania and zirconia); netal chlorides (such as magnesium chloride); clays,
pol yrmer s WO 20Hl56772 The preferred suppor PCREPIT0AT03BE
silica. In a particularly preferred enbgdi ment, the silica has been treated
wi th an al um noxane (especially 10met hyl al um noxane or MAO) prior to the
deposition of the titaniumnetal conplex. It wll be recognized by those
skilled in the art that silica may be characterized by such paraneters as

particle size, pore volume and residual silanol concentration. The pore
si ze and sMiIRIOE QEH?RE%HEQUBE‘|”&‘?p%fiﬁnﬂésﬁ'%t§¢éf&”b§?eﬁé‘%ﬂp qangigingeft or

cal ci nat i omydrbagrbyesiyl @qdf@ﬁg)tbd%,ewps provi de a potenti al reactl on site
bet ween t he al um noxane and the silica. This reaction may help

"anchor " t fr&aBPlasi SRk P anqigfiesdnglyqe; butadiene, isoprene, 1,3- pe'ﬂéd'ﬁr‘%én‘é'r al

gui del i ne, dghnyses-BlitaaRABEZ,SidHhet IaN@-bU@G'eﬂeSS hie‘ﬂ?ﬁ»n 3'5;%?1'?90@&1& hase sold by
WR G ace udr?ge%‘l the trademark d‘ﬁJDav}l or Davi dson 955, are suitable.

The i nvent idheneylrh dBvtadiengied- h?éadée'}?r 8é‘e§§ t@FtEﬂmchlé 3 epadis s A6 -a 20

pol yner corfrétrdnsétﬂ;gaaéo&taa@he onedadlyiPhablfdRhe T ARt eiyelip¢arpyl C2_20
olefin wherein the at |east one aliphatic or aromatic olefin is cont act ed

with the cRURNRSE SydimpthyPuiediengr esent i nventi on.

Pol ynmeri zation process paere&dlichge bpthfefﬂire?eﬂréﬁfﬁi%h%g W%e%oﬁdﬂ%hé alkpR in any
of the well know ol efin polynerization processes includ |ng t hose 25known as

"gas phase'is thatthgtitapium atonyaf tbeég@meé of HygcPresastt (ivealipn wittHiBe ggeerst a

suppor ygd ?@rﬁ%'lé’éﬂl\'/l@ M&F@"f&r%l vé?én&aisr Eﬂ%é%oﬁ\rlﬂe fAgdHds\oyRaRaesees wher eas
a non-supported catalyst 1s preferred for the solution process.

The pol ynema®enienichgatdsss according to this invention uses an olefin, e.g.

et hyl ene or propyl ene angdeiR¥d eRHARNPLNGBE pRRNRAMRISHHRIEH cétra@/st system
30copol yneri zabl e therewith (such as other olefins, preferably propylene,

but ene,  hexégeiniheqativating ceretalyptis arherane rapeaseated by iheugenesal demutie i soners,

vinyl ar omR'R*ROVABRSSB 345 BoRR a'%&rM frﬁi’h% tﬁVal&l‘;f%l'eﬁc&Jstﬁfe' dhdRNRPBRG RBUCh as
nor bor nene) . pol yet hyl ene polymers whi ch may be

prepar 88 i @rwétyrddlawb@lwt@chfr@rnéh@g@y@m‘ hzlagematoaw hydrpsaryll halegansiadse not
ess than GQqrces@letaliudtplivl, eikdxd AR s3BaRk Ynfilo RENE SRfARREFetdheddal ance

one or nore | pha fi'ns preferab é sel ect ed
2011/ 076772PWE9’29@&§¢'W0%@'§ peataﬂuq»rp@mﬁwh OrgPBuUp consi stl ng of 1-butene,

1-hexene and 1-octene. REQ@uIMrMﬁér’&héhﬁQ\‘?allﬁbl%%?ﬁgah&‘b@%@%@ﬁfb@@nd&th the
present invention may be [i'near [ow density polyethyl ene havi ng density
A

f r om about cer&Ae ot @twa@whgﬂﬁ@rlb‘rﬁétq@r%@@@aplexe&Iﬁ@lugﬁ S5 Nrtimpthyentiven i s
preferafly té{mpﬁaﬁtaﬁu&[@éﬁ&ypwdﬁt f?ﬁbh@ﬂﬂm@ﬁﬁ‘ﬂlﬁﬁtéra@%ﬂéhtbﬂud?@éf%‘?fx\ﬁ&r&t@o g/ nL

- the so called very low and ultra | ow denSity pol yet hyl enes preferred
embodi ment a8f thigpenisFleerepfenyh@ARi on is a process wherein the prepared

pol ynmer is EPDM EPD'V' h%bwdé&ﬁb&d)ﬁgﬁuﬂn{rﬁém M&anﬁ@th@%ﬂ\rxét% Btaalkemeric
co- and terpol yrrers of ethyl ene, propylene and Ofyéona one or nore

di ol ef i n moRRIAEANt the essential camepudsyeqiigdHortha didhiastive pelyyeEZaioni | | cont ai n
about 40 1068haicB0cbl Yy ofdNeainyar 8GR Yo BB tdnd Boike ot iyl ene

and correspondin from6 % and preferab from50 to 25 wt % of
propyl éhe ISE'JJ%E‘UFQéftythaWUHB‘Frtqdéiﬁ'Véfﬁ agerot %ﬁ%f@mﬁ%@@ﬂpﬁﬂlaﬁ'ﬁ@ propyl ene
nONONer, Meyode8s MARROAMRANEG Vst 8O additives consists of scavengers, stabilizers and
carrier materials.
The term scavenger as used in this specification is meant to include
those compounds effective for removing polar impurities from the reaction solvent.

30  Such impurities can be inadvertently introduced with any of the polymerization reaction
components, particularly with solvent, monomer and catalyst feed, and adversely affect
catalyst activity and stability. It can result in decreasing or even elimination of catalytic
activity, particularly when an activator capable of ionizing the titanium metal complex is
also present. Aluminum alkyls and aluminoxanes are suitable scavengers. Typical

35 examples are triethylaluminum (EtsAl), trioctylaluminum (OctsAl), triisobutylaluminum (i-



conjugated diolefin. The diolefin nmay be present in amounts up to 10 wt % of
the polyner although typically is present in anmounts fromabout 3 to 5 wt%
The resulwprglBpvRynmer may have a comnposition conpri si RGTAPRIMOAIBD 80 W %
of ethylene, from60 to 20 wt % of propyrene and up to 10 wmt % of one or nore
di ene nononers to provide 100 wt % of the polyner. Preferred but not
limting exanpl es of the dienes are dicycl opentadi ene (DCPD), 1, 4-hexadi ene
(HD), 5-nethyl ene-2-norbornene, 5- ethylidene-2-norbornene (EN B) and

5-vi nyl - 2- nor bor nene VNB? Particularly preferred 20 di enes _are ENB and

VNB. BusAl), (ELADN:O, 1ReAMG, b usAR: @ pag eligomess erer] sueh ehlELMRAss of t he
present 'n\[@&%AQEtID:JWEMd nasez/sa)zcaﬁl(\gmnavgr@gmmaw geufiaky wRinghtmof 10, 000 to

5, 000, 000 g/ referab mers have a wei ght average nol ecul ar
wei ght of 202(0@°tSsa, t@dﬂ"%ﬁﬁ? W?ﬁﬂ”o FERTBPUINGE OF %‘PS/F’@BCU@GFQ 00, 000

g/ mol . 25ThenBinf{esdnisbup@s.yneri zati on process of this invention enconpasses
the use of the novel catalysts systemin a nmedi um pressure sol ution
process® As used herei A" ®XR@EPtEEY IRt oheRITeh (Plre sallpdecastr MatiRlHPoPRsH ref ers

to a pol ynmehdt&adid)onclGismh&el itlesi (Budh S0dine@Nbluiia, iNGa-BRMINE titaAla Y
operating tenperature from20 to 150C (espe0| ally from40 to 120C) and a

total pres<lifdidf mefahaIgrides (§uchag magpapi By eHorids) dove PAYBE™S 9 18i5i s process

to control ol ecul ar wahgptefertdt suppbrtGadtadial & sif@MPONpatic @anCHBterRki ons are
affected by such varjabl es as tenperature and nononer concentratl on but may

be qui ckly Boimeedheilichas brasriqajed widsgr aluminoxane (especially The nost

preferngd M&ﬁﬁ&ﬁmﬁoxbﬁ@omﬁ@?fihoﬂ tawaéwambﬁ oﬁth%filltéiﬁurﬁfmdﬁél%ﬁ}?iéxf Rkvill he
pol ymeri zati on of ethyl ene propyl ene di ene el astoners ese

35pr ocesse§’eé?‘é)9@3ﬁa&¥ttwel silleRen heceidheisilisp may @%@Wa(&?&egé’arsl%rh sol vent
such as a pARRAdL L iRt SiZé, @82@4&6@3@33%&&6\1 siffhallebndifirAear npai ch may

be unsubstltuted or substituted by a Cl-4 group such, as pentane

met hyl pentSEg&n ﬁé%éonwé‘ﬂf’“éq{bma)’)t??éﬁ%red@yé‘leéhté‘??é’ﬁént reelnadge| Texane and

hydr ogenat e@b.wb'uml grb0gs mwa@%r@téﬁ@dréaandmem&ﬁ@e&ﬁha%m.ﬁwagetaadt he
|nvent| on for ,t, gre aration of the pol %g%r may be dissol ved/ di spersed in

the soll9enth§piliG Tf‘ iy MaydelRitogap lysypoxang 4Q B dlic%onomer , t he

nmononmer nmay be fed to asraegwa@ gﬁl@elﬁrﬂsa'thel Gse%f'cbmﬁi@(ﬁ@ﬂyveﬁ/auéblé Bifcdseagdn on
m xture. Prior to mx Wg? he sol vent and nponomers are preferably purified

to renove FStRAEISHId A ﬁ&a%an%ﬁeega%w% Riatdspn g8 8k Hgwniso ' P&edst ock
purificati @pitded.| ows standard practices in the art, e.g. nolecul ar sieves,

10al um na beds and oxy en,rem,)val catal ysts are used for the purlfl cation
of nonomers. The sol vent®invegiign fughegyre SH9Iap(€ﬂ(E%ﬁé°rtE?/@T%’H@E'SHé’ ahexane or

tol uengy i %o@h@r%@@héﬁné éﬂé&ﬁ@)nb%h@aﬁb@r bﬂfmémrhfyéfocarbyl Cz 20 olefin wherein The
f eedst ock may b heat ed or, cooled priagr to feedin pol yrrerl zation

reactor. A &l %P”%%}?@Pé’r arnadigolsdinds sriaged ‘é{g'ﬂgﬁ ‘iaéae"étSt SKRIBRPT I eact or

and the reggdehfByerty. be heated or cool ed. General ly, the
catal yst conmponent and _i ngredi ents such as scavenger and activator can be
added as separate sol uPPYREERfIGHREOFEss@CEPrdHe t%F%?ﬁ”X%rH'OBéTF?Yrtée adding to the

reactor. Thedé@sdedanasy bf tAe wel khb\e oREih YBEHefidhtiodpro@aeeDinclting tkeend on
t he 20deS| n and the capacity of the reactor. Generally the reactors should
be ope %nown as "gas phase", "sldrry”, "high pressure" and "solution".
The use of a supported catalyst is preferred for gas phase and slurry
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
30  copolymerizable therewith (such as other olefins, preferably propylene, butene, hexene
or octene, and optionally dienes such as hexadiene isomers, vinyl aromatic monomers
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

35 70 wt% of ethylene and the balance one or more C,_4 alpha olefins preferably selected



under conditions to achieve a thorough m xing of the reactants. If two
reactors in series are used, it is preferred that from50 to 95 wt % of the
final polyoesivwepel ynerized in the first reactor, w thPChEPR@LANSE1 bei ng
pol ynerized in the second reactor. It ig-also possible to use a dual

parall el reactor setup. On | eaving the reactor the solvent is 25renoved and
the resulting polyner is finished in a conventional manner.

It is also within the scope of this invention to use nore than two

pol yneri zati on reactors. i nvention also relates to the
pol yner obt@ﬂh@ﬁlgéoquﬁ@t"ﬂﬁ ﬁfc%%te%éoﬁ‘@‘ieﬁ@ af‘%%%éeﬂen%‘ﬁ??'&ﬂthy'%% further

advant age Qfeddi® RAKEMREhIANIIPheISIRMNIERRDINThATbd hdahRupddEapt | nvention
is the speed of activation of the titanium di ene conplex upon the addition

of the act PPHEIMIFNEHEUNAINGatty TRAR AL O 8o 8193pIMEatig ng@e%ﬁ% fromthe

prior art mpResHeht ﬁvéﬁti%nf'@ Siefdat9 uéélﬁto%ﬁé@dr&%bty@fh?%hé'hﬁﬁhg a)ehsif bdibe
catal yst system of the present invention allo t he i nmmedi at e ‘'dosi ng of the

titani um coOl @éménéhq %C%@Ed@a’t'a‘f")@é‘g ufte 'PWéjef‘%'EYo‘?QﬁYetW §’¥Sut substanti al

loss of activity of the &%ﬁb&%hb@ﬁ@ﬂbfthM\Qre%%thJrﬁ.BK%&5&&8@@0«%@%\0331 -
1 0- Figures Figure 1 shows the X-ray structure

Cp* Ti { NC( Pi)a\PrepaEd Pow”wr@zﬂf-ﬂwzﬁpﬁ'\@%?'@g PregioauRon Wémuaotoay 1309358P8r e of
Cp* Ti { NC( Ple)d¥kdrhetic(cb= ane?té?ﬂwfwer%)of ém%nbnyr@wlewam bptiogIebiecordased on the

basis of the foll ow ng ex npar ati1ve experinents, wthout being
limted t hé’f'%‘i . mqrgg?erdglpﬂ%)dgenerally, such elastomeric polymers ngoz)@falt_fk%tpqﬁ% |4gn

Chr omati9gr a®Biyout SEWtCarkpb sl Pé?eB%fyrafb%ht 5E©tol 7548 éﬁ%é/Bhé affdofdonaingki al
Vi sconetry (D detectjon. (S &éwyﬁgﬁg@i pnent : PL220 ( Pol ymer Laboratories)

SEC with PIfPP06GR 2% HHe 8nd P@F 1or25aMde o Riepxi@ne Eseretyel chet ry

detector. %ﬁti@)ﬁt&ﬂﬁa AbRorAGIS! ghieslly tﬂvpﬂfpweh@'md‘n@ﬂfelr OHAbé RIplaced DiFadNs Ol vent
degasser 3522 Dat a processing: Viscotek data processing, software,

Tri SEC 2. 7CBPJUH?tsﬂéfo"%f'@r’éh%ﬁ'o@BP W&%?%%HH%W?W@R}JDW ol f BF HT ni xed
bed (4x) C%blyhfe@bltlﬁlfbgHﬂyp{@a’I@@é predntlii afbOmts Wohhadduh 8 a6 5 RAdey Ehédsartiig ( PE)

St andaqg 2 %e??nue!yar]rav\é\glc%mpogltlgn ggrggrlsklr% frrrc[))r|n)40-|’;g 8 %t%tol%re?hy:ll'e?\% f?om 60 to
20 wt% of propylene and up to 10 wt% of one or more diene monomers to provide 100
wt% of the polymer. Preferred but not limiting examples of the dienes are
dicyclopentadiene (DCPD), 1,4-hexadiene (HD), 5-methylene-2-norbornene, 5-
ethylidene-2-norbornene (ENB) and 5-vinyl-2-norbornene (VNB). Particularly preferred
20 dienes are ENB and VNB.

The polymers prepared according to the process of the present
invention may have a weight average molecular weight of 10,000 to 5,000,000 g/mol.
Preferably, the polymers have a weight average molecular weight of 20,000 to
1,000,000 g/mol, more preferably 50,000 to 300,000 g/mol.

25 The preferred polymerization process of this invention encompasses
the use of the novel catalysts system in a medium pressure solution process. As used
herein, the term "medium pressure solution process" refers to a polymerization carried
out in a solvent for the polymer at an operating temperature from 20 to 150°C
(especially from 40 to 120°C) and a total pressure of from 3 to 35 bar. Hydrogen may

30  be used in this process to control molecular weight. Optimal catalyst component
concentrations are affected by such variables as temperature and monomer
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

35  processes are conducted in the presence of an inert hydrocarbon solvent such as a



Flow. 1.0 mM/mn Injection volune: 0.300 mM Solvent/eluent:Distilled
1,2,4-trichl orobenzene with about 1 g/1 of lonol stabilizer 25Sanpl e

pr epar at ivw@:20DVsokvi ng for 4 hours at approx. 150C Fi | PCatEPeoooh3eugh 1. 2
mcron Ag filter Sanple concentration approx. 1.0 nmg/m SEC MALLS was
measured with a PL-GPC210 with Watt DAWN ECS; 2 PL 20u m xed A col umms;
Software : Watt Astra 4.90; 30Eluent: 1,2,4-trichlorobenzene at 160C
Intrinsic Viscosity (1V) vvas measur ed at 135C in decahydronapht hal ene as
sol vent . (1H, 300 13C 7 and 19F at 282
MHz) spect G m@fdéoqa&%mwah BWVQGBWﬁR*é?“t%%ﬁ'E:%%WGte@&é’& Eonalkd grounggeh

2011/ 07677%8%5'33%%97 e hdxane, heptane, octane, cyclohekzHél i er transformation
i nfrared spectroscopy . was used to deterrine the composition of the

copol yrer s BRRGHHRG*IS ‘irH’ehWéQgr?GateEjH‘&P 8- known in the art. The FT-IR

neasurement gives the GRERRMoHeANUR |hh%b/r€6éé%tb%c6ﬂaﬂ@ﬁ8ﬁr$e inferMBh gbrith@er cent
relative to the total conposition. 5T Mooney viscosity (M(1+4) 125C) and

Mooney &tr é’@aﬂ‘\%ﬂoaﬂémeo?f"l(rﬂ)m)‘a%‘? é'sﬁ%%ﬁ"é@%%'arthﬁ ﬁ‘dVQrB pr'gdomgd‘ﬁ a
Monsant o W@Q%’ad\@ﬁﬁ@roﬁgaé%ﬁé nionoﬁ)éﬂtttl‘f@ﬁoﬁorﬂfar Mkl BE ) RNLreEOIP Y thABIt

10Gener al experinments were carried out under nitrogen
usi ng Schi fikdipsciee ‘E‘é'&%?ﬁaﬁu&m'xﬁbir@t FRAr & MbFinGh g s HSEA AR WOPEMEFS @8 by

di stillati Qrefbra@m pﬁ@idédlfﬁ r@moaé@btémlalcbewsum@&qsbw&m@mrw okpden. TRS

i ndi cator. Tol uene was dri by distillation from sodi um usi ng benzophenone

ketyl as i ,ﬁ%qd@g)[cgrpurlfi@gorgfqﬁpwgfswgarg psagiices i thaartaprg- molecular sieves,
1, 4- di net hyplkmdind bBss @l &BQeMPSBovll taidlysiéeire Gadderor ﬂ'ie?dnh&eﬂi@n WnARhomeguced

pressure and stored under dinitrogen in a J. Youn flon val ve anpoul e.

Al other rl@ageleatiiRsifée- Sﬁpéﬁhﬁ'@lnt@B%{%{P'@h%qnﬁ h‘i@@l R folyeanca SR eéﬁ%’ stored

under ar gomrehfdddn a¥aHing meahken val ve anpoul es or under dinitrogen in a
dry-box. Al other rea?ents were used as received w thout further

purification. 20 Cp*Ti {o”K prayiesfeated or cooled prior to feedipgiq e 5 i,

1.83g, 18. %omrliamﬁeé&dﬁﬁdamoﬁalme 8 8dlvérR iy Bedaddbd 4$a8ecéndd Mol )
and N, N-di i sopropyl benzam dine (1.00 g, mml) in toluene (50 nL). The

mi xt ur édwageaderanddhe Eﬁac@é(shmaiﬁgﬂweé’%\%ﬁeq{)o % conversion 25to the

desired conpl ex, W thogenaryy deré e@tb@/bﬂ @nadmuﬁﬁéqdqﬁgrbureafs@@uﬁbgscé%agaﬂ xture
was f||tered the residue rinsed wt - hexane and product was

crystal | i s@Q9RFHReNRE DeRAded 8R S%@aratﬂ?@'“t'ﬁi‘%f%ﬂe ieagprg)r@gezm@(e(&pe,fgfem s. The

product wasdgih rt@tﬁe%h@t&d by 1H NVR (300 MHz) (CDCI3) 6 (ppm: 7.3 (m 5H),
3.7 (bs, 2H), (s, 15H), bs._6H), 1.1 (bs. 6H and by 13C.NWR (75.5

MHz) (CDCl3) 6 ( pp”) 148¢e 5e8|@8e |me1|2§1eooolymerlzat|on reactor will depend on the
20  design and the capacity of the reactor. Generally the reactors should be operated

under conditions to achieve a thorough mixing of the reactants. If two reactors in series
are used, it is preferred that from 50 to 95 wt% of the final polymer is polymerized in
the first reactor, with the balance being polymerized in the second reactor. It is also
possible to use a dual parallel reactor setup. On leaving the reactor the solvent is

25 removed and the resulting polymer is finished in a conventional manner.

It is also within the scope of this invention to use more than two
polymerization reactors.

The invention also relates to the polymer obtainable by the process
according to the invention.

30 A further advantage of the polymerization system according to the
present invention is the speed of activation of the titanium diene complex upon the
addition of the activating cocatalyst. Whereas most of the catalyst systems from the
prior art require pre-mixing of the catalyst-cocatalyst system, the catalyst system of the
present invention allows the immediate dosing of the titanium complex and the

35  cocatalyst to the reactor without substantial loss of activity of the catalyst system.



30128.7, 127.2, 52.5 (bs), 48.3 (bs), 21.1 (bs), 12.9.

Cp*Ti {NC(Ph) Nl Pr2}(T1-2, 3-CAF14Me2) (Conpound 1) To a stirring solution of
Cp* Ti { NC(Wwb2b1R7837€12 (0.50 g, 1.09 nmol) and PCT/EP2010/070331
2,3-dimethyl-1, 3-butadiene (0.27 g, 3.28-rmol) in toluene (30 nL) at O0C was
35added dropwi se two equivalents of n BuLi (1.4 nL, 1.6Min hexane, 2.18
mmol ) which WO 2011/076772PCT/ EP2010/ 070331 - 12 - resulted in the

sol uti on changi ng colour fromorange/red to green. The reaction m xture was
MImmdtovanQOWytornomtmmmauneamiwn stirred for 20 h.

Rermoval of Fi®4eS/ol atiles in vacuo afforded a green/blue solid which was

ext ract ed iefpo RRALAIALA ) Aol of HTRNCLPhINIBL(PA 4 El1epRENt ane sol uti on

was concentrated to 20 nL and cool ed Cresulting

crystal | i sdiguse2 sirhws thet erayastrugiuse pEGDHiH{AE (BimiivaldmeB-GiH4Megkery col d
pentane (5 nmL) giving the title conpound as a green solid (0.27 g, 53 9.
1H NWVR (C6D6, 299.9 MHz, 293 K): 7.06-6.95 (5 H, series of overl apping
mul tipleéts, C6HG), 3.98h¢Mhvention Wimlaw@mcidaﬂed:orgthﬁzt)asispfmfpnowihgd

2,3 OO ol B Sl bl unbipteflp fAMEger) - 2 ) 21803

105(6H d, CHW2, 3] =6 Hz), 1.00(6 H, d, CHWw2, 3J =6 Hz), 0.70 (1 H,
d, i-2,3- Me2iodd = 6 Hz), 0.58 (1 H, d, i -2,3-C4HAME2, 2] = 9 Hz) ppm
13C NMWR ( ): 164.6 (NC(Ph)N Pr2), 142.6 (i-C6H6), 128.9 (o- or
m C6H6) , 127. 9 ( p- CoH6)Size12Xtl i m@hromatogwm@)(SEmeode toRefracivesgex

(ad) acnt @) Thhind ITeDvECENER) DOhGIER a7 7 (D), do 8

24 4 ( CHVeBauipPEng (CI—II%Z)ZO (ﬂ(ﬂymel(lwvwgvrlmﬁﬁqwf(ﬂazm PRt es, Nujol nmull,
o1y 1652, (1, 1985 ohcerkn Wlkcotaf? (5), 1026 (w1187 (. 800 ()
(74.3): H, 9.4 (9.5): leoetekaoysmeﬁvdw&ctdrz 468 (5 % [M), 386 (35 %
[M- 2,3- C4H4ME2]), 223 0 - 2'Pr]), 100 (80%
[NIPr2]+). Single 20cr yst sé:rﬁ {)&%?teaf P% raygraq fr{hrogctl on anal ysis were
grown flbom a pent ane scﬁrmalsoweatdeg@emrt%éﬁ%z ure.

Cor Ti (N[ EL%%% BB oslly el g PR R e T b °3 bt adi ene
(0.45 g, 2.19 mol) |nVBt$IIQmene (30 nmL) at OC was added dropw se two

equi val ent & Qfms: BuLi (T%P/gs% -ﬁSl@I\éMﬂHgﬁg??g%ﬁg{%@@%m' ch resulted in

t he sol ution changi ng our om ora The reaction

m xt ure wasadiblagord toUm#emS%deIr@tandVﬂhdmﬁﬁlt eotyrihdens @Eisthnders stirred for
20 h abper which tine t cquired a dark green hue.
Rermva%bof t he 30vol at E(I{ﬁglsegglgg\&glgﬁgé gf4lfo ggﬁ%gadark green/ brown solid which
was ext r actlethperaterepent!dheC(3 x 20 nlL). After filtration, the solvent was
renmoved inp@yuo and the) g, gﬁﬁ” ting dark green solid was |soI at ed.

Unconpl exed di'ene renoved by sublimtion away fromthe desired conpl ex
(100C, 10- Injediwn votiine: i0c¥)0avlet one cold finger, 8 h) giving 4 as a dark

Solvent/eluent:  Distilled 1,2,4-trichlorobenzene with about 1 g/l of lonol stabilizer

25  Sample preparation: Dissolving for 4 hours at approx. 150°C
Filtration through 1.2 micron Ag filter
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;
30 Eluent: 1,2,4-trichlorobenzene at 160°C
Intrinsic Viscosity (IV) was measured at 135°C in
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.



WO 2011/ 076772PCT/ EP2010/ 070331 - 13 - green solid. Yield = 0.41 g (39 %.
1H NVR (Tol uene-d8, 299.9 MHz, 253 K): 7.54-6.85 (15 H, series of

over | appiwg@ 20ula7opet s, C6H5), 6.28(1 H m ri-1, 4- CAHAPRZ(BPROIPIOTESE) , 5. 90
(1 H m ri-1,4-CAH4APh2(vinylic)), 3.7Q1(2 H, br s, CHw?2), 2.20 (1 H m
i-1,4- CAH4Ph2(adjacent to Ti)), 1.98 (1 H m ri-1,4-CAH4Ph2(adj acent to
Ti)), 1.68 (15 H, s, 5C5Me5), 0.93 (12 H, br s, CHW2) ppm 13C NWR

(Tol uene-d8, 253 K): 156.8 (NC(Ph)N Pr2), 145 6 (i-C6H5 (i-1,4-CAH4Ph2)),
145.3 (i-C6H5 (i-1,4-C4AH4Ph2)), 140.6 (i- (NC(Ph)N1Pr2)), 127.8 (o- or
m C6H5(i - 1, 4- C4H4Ph2)) Foyper tW”@@rmBVOWﬁi@rﬁg SPR@(QSH?W 2R, wasyysed to

(p- GBH5(i - Jdeéerﬁ;mm@aa,mposh?&] &tﬁ@c%ﬁﬁ&%&’é&r&in 2tk meiB&d fhal Bknein in

0- C6H5(i -1 C4H4Ph'|)Z? 124.8 (m or 0-C6H5(NC(Ph)N1Pr2)), 122.6 (i-1, 4-
10C4AHAPH2 (”é%l?réc-ré}‘?t': Teg§uremsnt %vqsﬁhqcamwlm@tb%m%@moweﬁﬂ 118.2
(CoMes) , efr‘gr{tgbrleeﬂrr%ﬂé@kb?hé%tab'ddncdo)satuo% 3 (Thl 4- C4H4Ph2 (vinylic)),
45.1 (CHW2) 2), 11.1 %1}3 pl ates, Nujol mull,
cm1): 8583 (w), 1568 (&%, vav@ﬁysﬂyi ?*(%125 @@”é%oon?n@r@% 698 ().
Anal . f oungRe(Haticsl(MER] wbREGhERNPY dccokding’®-180(2898.dha Monsdhtd Modnay ; N, 4.8
(4.7) % B -MS mz: 592 (5 % [M), 386 (20 % [M- 1,4-C4AH4APh2]+), 15223
(65 % [M MV2000B4Haph2- Ph - 21Pr]), 100 (30% [N Pr2]). Single crystals
suitable for X-ray diffraction analysis were grown froma pentane sol ution
at -30C Op*Tl{NC( Ph) Ni Pr 2} Tl 1 4 C4H4I\/092) (Compound 3) To a stirring

sol uti on of SENE 12 , 1.75 mmol) 20and

1, 4- di ret hydendrat- butadl ene (0. 57 g, 7 00 mmol) in toluene (30 nL) at 0OC was
added dropw se two equival ents of n Buli , 1.6Min hexane, 3.50

mol ) which resul ted i MhEYREEBENE WSHE E‘Hélﬁé)Png”@Sf BilTPoeN wHng eehienk iner k

pur pl e. TheedhRrfes AMethlrtHer @n Vﬁ#‘ex@hé AeRddied piyedishistiehvrom sBdilMQIBriRiper at ur e
and was refluxed at 90 C for 8 after which tinme the reacti on m xture had

turned dar lRIg) édipg b‘FiéZt‘i’BU%ﬂO”kae%és {nSicatary Bugne was digiPYA$ iU gr een

sol i d whi chotam @&xid Bezephdndhe kBgNaaingich@rx 20 nL). After filtration, the
pentane_sol ution was concentrated to 20 nl. _and was cooled to - 80 C

yi el di i grretRinegtdtiai-Suighieen aned ¢-digsiut-&d- “bifiadce e diee RV&er3Hizol d

pent ane (5di'§t4)|ed %@r%ﬁju@eé Qreii%u@ an@%t%d uﬂé‘ér%r&d@hhﬂ@@eﬁ(@ﬁng 28Dz , 253
K): 7.18-6.85 series of overl aﬁ?drﬁ%w“ Iets

ri-1,4- m%ﬁé’?{’(ﬁ ﬁ‘UPF@)’}eaQS”@ﬁ"e{&O@@ mmergialy. @ﬁ?@l%ﬁc@?vﬁ%af‘@ﬁéeds 42 (2

H br s, CldvB&) argdn 8. (3u Tgﬂoﬁva\ﬂeéﬂﬁah%\@r@ndeﬂdlﬁ@roééﬁm"éd -boo MeS) |
1_.70(3H d, i-1,4-CAH4AMe2 0.97 (12 H, br CHwe2), 0.60(1 H m

-1, 4- CAHANSHAAP2RSBIR WETE UBPY 7S rerergd ithput fo‘h‘?r F’P”HC%@PMI\/EZ( adj acent to
Ti)) Y@ 2011/ 076772PCT/ EP2010/ 070331 - 14 -

Cp*Ti{NC(Ph)(N'Pr;}Cl,
EtsN (2.5 mL, 1.83g, 18.1 mmol) was added to a suspension of

Cp*TiCl; (1.45 g, 5.0 mmol) and N,N-diisopropyl benzamidine (1.00 g, 4.9 mmol) in

toluene (50 mL). The mixture was stirred for 16 h. "H-NMR showed 100 % conversion
25  tothe desired complex, without any detectable amounts of by-products. The mixture

was filtered, the residue rinsed with n-hexane and the product was crystallised from

this solution at -20°C, giving 1.20 g (54%) crystals. The product was characterized by

'H NMR (300 MHz)(CDCls) & (ppm): 7.3 (m, 5H), 3.7 (bs, 2H), 1.8 (s, 15H), 1.5 (bs,

6H), 1.1 (bs, 6H) and by "*C-NMR (75.5 MHz) (CDCls) & (ppm) 165.5, 138.1, 129.0,
30 128.7,127.2, 52.5 (bs), 48.3 (bs), 21.1 (bs), 12.9.

Cp*Ti{NC(Ph)N'Pr;}(n-2,3-C4HsMe_) (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

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



ppm (Peaks corresponding to mnor isoner: 1.78 (s, C5Me5), 1.26 (br s,
CHWVe2) ppnm) 13C NMR (Tol uene-d8, 233 K): 161.2 (NC(Ph)N Pr2), 143.6
(i-C6HS) ,WO2011@7¢2 or nC6HS), 129.4 (p-C6HS), 127.2 ( mPCOEPROICOHBE] 125.8
(i-1,4-CAHAMe2 (adj acent to Ti)), “4%7.0 (C5Me5), 51.8 (CHW2), 46.3
(CHwe2), 35.6 (ril1-1,4-CAHAMe2 (vinylic)), 23.1 (ii- 51,4-CAHAMe2), 19.7
(CHWe2), 11.1 (CoMe5) Ppm IR (NaCl plates, Nujol mull, cm1): 3583 (w),
1593 (s), 1302 (m, 1282 (n) 1208 (vv) 1158 (n) 1084 (w), 917 (w), 881
(w), 814 (m, 841 (w), 783 701 (w). Anal._found (calcd. for
C261- 144N2T“?§U'te@:'”t QS@'U("?'AC'@S”Q'WQ Coipl@fr@g‘ ‘B’?”gwedﬁogﬁe@ 65‘9 "%a/cbo” BIXWE nt z:
468 (5 )/ Quasldbived ﬁﬁ@arﬁ?gow 1t8 rodiMtemderdtufedditiMp2d 3tirredddr 2BR. RembVdI of

1, 4-CAHAMe2- Ph - 2'Pr]), 460% NI Pr2]+). 10 Part |1: Polynerization
reactions MeyRlaties lﬁmag%@ﬁqg@ BITGHN ysRlid which was extracted into pentane (3 x

| sobut yl al wgioxAfe: fitF404; tﬁé,peﬁt%n%o%ltstewa@@énc%atrateu%\2@\@& MY sdopiad f rom
Akzo Nobel and was dosed to the reactor as Al um ni um sol uti on 15in

t ol uene® 4-SRet FRALltipgd gystelisationud ¢ pre&ais! W@%ﬁt"ateﬁg@ddﬂ/esf\%wvnbulﬁ&h%féd from
Si gma- Al digegtanans rrﬁtt;)gmgetﬁe atl&c&n@émldétd &Benh Bolleres 53 Bhe! wmwt yst

precursor sol utions were mM sol uti ons in tol uene,

(tris(pent AFtRofopRMiA )ZB%IKéﬂeQG @/&é (@15%éﬁ”eéso‘c?ver'?ﬁﬂ'%m'f'i"éﬁsCP'T‘F)t%Wlene
The feed sggﬁaﬁs cHand) tﬁﬁ@Hzperfs\/ﬁm% hexaname , 2J = 6 Hz), 2,33 (1 H, d, n-2,3-
2,2,4,6,6-Pent amst‘hyl ept ane (PM—?) hy'(r:]rogel‘t)'4 were purified by cont acting
20wi th var iQHsMabaps pHzpre. red i, 4, 0-2, 80 HeMe 3t A0Y 63 Hks, IN-2,6¢C Home))i 1.8Bs such
as water, oxygen and pol ar conpounds. (Ml sieves 4A (Mer ck, mtrogen

et hyl ene. tjHogef3Medol-89 &/dsd, 13 Me4, NEF 61H2), pt@ﬁbéﬁﬁ'é d, Wilez, L= B4tzal yst BTS
R311 ( BASF, r ez p peé‘ge | th S we
stripped V\Ilotfl“y |ﬁ?8’33e2n§td§p4é?€w|t déﬁg - %r bor ng‘dé d(“]éq\ﬂﬁ) b ngys&tn

5- vi nyl - 2- N RMIRVEND,, QGVR): m@(mmmsgﬂ 1f4l2ctm bglegsmr@i(o%dﬁﬁ@éhs‘)o the

reactor after stri m ni um concentration in

the reactor Mpr&sgt A0 e 250 Cotta) 146-9 B2 e, HaVgs fA0i et o dOBVaHS o

E;gtlb od outCFS - TR Ao ek e St T o0, BuiiF R 32 B ih rrer
T

e 0° THEMIE A6 20:C STRERRIME TChRe, 282 830 IR £ 1R CHBER OB E R Y Bne

mononer s amr&ia@ &&eét,Lmtnolqﬁulhmhﬂﬁgeasmyelsegté)l mnqt(w)ymgcts)t a02d@v)gam7cap of

the reactor p e re of t C ke st ck-
pressure vém‘?/ég%%l(w %glzﬂ‘grztoze{f")ﬂgg%ﬁ@' ngls 1oy 9#‘&8@\1?%% é'? %Tb) Gy nggr eact or
was filledmishH5Q (ms)qtl FOAS.60%VENIS mrd46eE BNRIIHY3E6 | Zasr% wf - £BB and 0.7

T, e P L PRl AT ATl S,

r eact oppowasrRead gdtabté faﬂﬂ,raw\ﬁlﬁta%tl@ﬁ hfidlygigwaie gkawR fropa pdiitend S@Gtiddratwas
pressurized to 8 bar by feeding ethylene, propylene. The reactor was

condi t i oned®YPHYPHGUE fi xed ratio of ethylene and propyl ene for 15

m nutes. Then, the cat aI yst corrpound was added to the 5reactor and the
catal yst vessel i an additional 50 mL. PWVH Wen TBF20 or BF15
was used |tCR/\E§N§&PdQH PdF}l(‘Zeat“I 94"5P{‘@z)r(cf’m?°é‘é?fjé\ yst precursor. After 10

m nutes of pol ymar' sat 'TQ)rh §t|rlﬁ® Sdlllﬂﬁ)nrm@%ﬁ‘ﬂmé PRYN' W@fCI?t(‘P@Q%dZ 1@'?1%@)”)‘6
sol ution was ca rl enmeyer cont ai ni ng

sol uti én ofa”fjﬂgdaﬁ'ﬁklefb%?@ Wﬁa(i“@'ﬂﬂ)toodtf’aguﬂ 19a’ﬁ‘|‘ﬁ‘qu)r“i‘ iuenedpO Ailgrt 0%t W@@O C under
reduced preggsd erobw%% twta%ahwa@h@ dwtaomz $ MAOVEING irHE M & efl37 ﬁhfmdl)rtkrﬁuerS' C
viscosity (IV), for molecul ar weight distribution (SEC-DV) and conposition
(FT-1R). 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

30  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
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



Tabl el: BF15 activated, |BAO 65 scavenger. Exanple Catal yst Catal yst B/ Ti
Yield C2 ENB VNB Productivity Nr. Conponent Loading (nolar (Iinmo!)
rati o) (gwoQeted7617t %9 (W %) PCT/EP2010/070331
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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, CeHs), 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, n-1,4-
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 ,

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

4 4—2 4 4—2

CeHs (NC(Ph)N'Pr2)), 127.8 (0- or m-CgHs (n-1,4-C,H,Ph )), 127.7 (0- or m-CsHs
(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-CgHs (nN-1,4-C H Ph )), 124.8 (m- or 0-CeHs (NC(Ph)N'Pr»)), 122.6 (n-1,4-

44—

10 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-C4H4Ph,]"),

15 223 (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-C4,H;Me,) (Compound 3)
To a stirring solution of Cp*Ti{NC(Ph)N'Pr,}Cl, (0.80 g, 1.75 mmol)
20  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
25  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

30 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))
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15

20

25

30

£ or

Compound 1 0.14 2 4.05 53 1.0 0.7 1.7 2 Conpound 1 0.14 5 3.95
1.7 3 Conmpound 2 0.14 2 0.7 Nd Nd Nd
0 2011/076772 PCT/EP2010/070331
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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, cm™):
3583 (w), 1593 (s), 1302 (m), 1282 (m), 1208 (w), 1158 (m), 1084 (w), 917 (w), 881
(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-C4H4Me;— Ph — 2'Pr]"), 100 (60%, [N'Pr,]").

Part II: Polymerization reactions

General polymerization procedure

Isobutylaluminoxane (IBAO-65, 13 wt.% hexanes solution was
purchased from Akzo 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
were dosed as 1.0 mM solutions in toluene. BF15 (tris(pentafluorophenyl)borane) was
dosed as 2.0 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). 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 ymol/L to ensure efficient scavenging.

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
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 m| of PMH

solvent, and optionally 0.7 mL of ENB and 0.7 mL of VNB. Either methylaluminoxane
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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
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
5  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
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

10  were analyzed for intrinsic viscosity (1V), for molecular weight distribution (SEC-DV)

and composition (FT-IR).

Table1: 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)

1 Compound 1 0.14 2 4.05 53 1.0 0.7 1.7

2 Compound 1 0.14 5 3.95 53 1.1 0.8 1.7

3 Compound 2 0.14 2 0.7 Nd Nd Nd 9.1

4 Compound 2 0.14 5 0.8 Nd Nd Nd 8.5

5 Compound 3 0.14 2 10.3 53 1.0 0.7 0.7

6 Compound 3 0.14 5 13.0 52 1.0 0.7 0.5

7 Compound 3 0.14 10 13.4 52 1.0 0.7 0.5

15
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2011/ 076772PCT/ EP2010/ 070331 -16- CLAIMS 1. A catalyst systemfor the

pol yrer i 280i20m/0567701 ef i ns conprising (a) a nmetal conpl ePCOEPR@OMOTIZAL CyLIND,
wherein 5Ms titanium Cyis a cycl opentigdi enyl -type ligand, Lis an im ne
ligand, Dis a diene, and (b) an activating cocatal yst, 10which catal yst
systemis characterized in that Lis an am di nate-containing |igand of
formula 1: Subi Sub2(formula 1), 15wherein the am di nate-containing |Iigand
is coval ently bonded to CLAIMS

1. A catalyst system for the polymerization of olefins comprising

(a) a metal complex of formula CyLMD, wherein

5 M is titanium,
Cy is a cyclopentadienyl-type ligand,
L is an imine ligand,
D is a diene, and

(b) an activating cocatalyst,

10 which catalyst system is characterized in that
L is an amidinate-containing ligand of formula 1:
N
Sub{”  "Suby (formula 1),
15 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

20 carbon atom, and
the activating cocatalyst is a boron compound 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
from the group consisting of halogen atom, hydrocarbyl,

25 halogenated hydrocarbyl, substituted silyl, alkoxy or di-
substituted amino residue.

2. Catalyst system according to claim 1, wherein Cy is a mono- or
polysubstituted cyclopentadienyl-type ligand, wherein the one or more
substituents of Cy are individually selected from the group consisting of

30 halogen, hydrocarbyl, silyl and germyl residues, optionally substituted with one
or more halogen, amido, phosphido, alkoxy, or aryloxy residues.

3. Catalyst system according to any of the claims 1 and 2, wherein the diene is a

C440 diene optionally substituted with one or more groups independently



the titaniumvia the imne nitrogen atom Subi is a substituent, which
conprises a group 14 atom through which Subi is bonded to the imne carbon
atom Sub®0i28112076TIRst i t uent, whi ch conprises a nitrogenrPartmPRomloraagh whi ch
Sub2 is bonded to the imne 20carbon atygm and the activating cocatalyst is
a boron conpound represented by the general fornula BRLR2R3, wherein Bis a
boron atomin the trivalent valence state and Rl, R2 and R3 are

i ndividually selected fromthe group consisting of hal ogen at om

hydr ocar byl , 25hal ogenat ed hydrocarbyl, substituted silyl, al koxy or di-
substituted ani n§eEElsHdiga the gf%paq%?@ts"”é%/%ftré’ﬁfoéé‘ﬁtw c‘ﬁ'lr‘lgartdoh%q’%”ﬁ“?eﬂ wher ei n
Cy is a nmono- or cp@ylysubstituted cycl opentadi enyl -type |igand, wherein the
one or nore substituents of Cy are individually selected fromthe group
consi sting Yof 30 It%b%ﬁys"ﬁ’?cﬂ%%@mﬁy}? ang pf \PP ckaiigs éé‘? ?ryWhQr@@ltB‘?l@@Updgtl onal |y
substituted wi thaenetRéugwifct8LIDgs Bonddl Eahe PRAS BALER atodh Kk®kYaro@Eti@r Y1 oxy
resi dues. 3. Catal yst s¥stem according to any of the clains 1 and 2, wherein
the diePe is a CA2ON @ Ure optional |y substituted with one or nore groups

i ndependents| y \A@am%sl/s%é%%%e&lﬂnéﬁaeﬁ%ﬂm@%f‘alms 13d 3; wﬁ@bmqhee?rcfuqu t he

group consi sting of hydrocarbyl, silyl, and hal og enated carb .. Cat al yst
syst em accor di ng & HRQuPrwhi FaSibp R@”‘iedttS the '%%P@Pﬁ” e Ejraé‘t?d'pﬁ@ft'cat om
t hrough whi ch SuB3ros Jassnded to the i m ne carbon atomis an aronatic

5carbon atom 5. Catal yst system according to any of the clainms 1 to 3,
wherein thé- gr ou&ai%Y%FWWWBWSWQM?EHO Sf'ﬁ"ﬁs)tié ae¥NG8IN P2 i91He car bon

atomigpan ali phgbhé‘raﬁ@ﬁﬁma —ARORY whh Reahaihvf'@bmgyrﬁiq\ﬁdnaaﬂy@@l@dﬂeagrohptheny of
the clains 1 to wherein Sub2 is of the 10genera fornula -NRARS with R4

and R5 being i ndiSQURERNFtingeieaipkalicydracary! ?@QE“%@%@"@W'?@VWPC%PY%hat| C

hydrocarbyl, hal agena dﬂicbniyatah@ hBdeRsad Bmatidhamchbyediigsamrdyl , and
hal ogenat ed aronati c hydrocarb resi dues; R4 opt onaIIy formng a

het erocyclic str GEPWVWFWWQFQSX%@FOSWH@ strCtuge \fy,tbeegrs YR5r the preparation of

a pol yner qonpri  fecetls fbretagrpréya%t@hIomb%lyme%oméﬁslﬁg Qﬂﬁéét%nblé%m@robw
c2 20 olefln characterized in tic or aronatic

ol efi nPs cont ac@EINRHCtd for?érWh@aqO)%e(ﬂ”é’péﬁaéPﬁ”é%%B‘rta?tﬁﬁe %'eaﬁf%fa'@%wm ai s
1 to 6. 8. Procegparmeicdidid i orthdédWwith the2@dI@it Rydto deebiifRto lafy 5RRM

claims 1 to 6.

8. Process according to claim 7 , wherein the polymer is EPDM.



