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propanediyl substituted derivatives thereof were disclosed in W002/02577, published 1/10/02.
Despite the advance in the art obtained by the foregoing metal complexes, catalysts
25  possessing improved catalytic performance are still desired by the industry. Accordingly, it would be
desirable if there were provided metal complexes having improved catalytic properties to the
foregoing known compounds.
SUMMARY OF THE INVENTION

According to the present invention there is provided a substituted polycyclic, fused ring
30  compound corresponding to the formula, CpM(Z),(X) (L)X @),
where Cp is a polycyclic, fused ring ligand comprising at least: (1) a cyclopentadienyl ring
by means of which said Cp is bonded to at least M, (2) a 7 membered polyatomic ring substituted
with at least a substituent, =J*, where =J* is =(C).=CR*,, =NR*, or =0, where R* is hydrogen,
Ci-10 hydrocarbyl, N.N-di(C,4 alkyl)amino, or halogen, and ¢ is 0, 1 or 2; and (3) one or more

35  arpmatic ring systems, with the proviso that said substituted 7 membered ring (2), is fused to both
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35-aromatic ring systens, with the proviso that said substituted 7 nenbered
ring (2), is fused to both *166166* X11111111121111 I111 07 QEC 2006
L1111 11111 1Wblgslokgy43 000002* 0 7 DEC 2006 WO 03/ 089444 PCT/ 1JS03/ 10547 t he
cycl opentadi enyl ring (1), and said one or nore ar omatic ri nd’CsT{}éS& AE4(3) ,

said Co favidigediddfety] i (Bf, RBsaRf R Tor %@é‘armﬁgﬁ@&?@svs%k ?"a)asa%oadawﬁglug% ed
from Groups” 3-10 or the Lanthanide series of the Periodic Table of

El enment s80 goms P@efe‘ih%%@rﬁroﬁil a cyclic ligand group cont ai ni ng del ocal | zed
;t-electrons, \/I Q%hﬁ’éiiélng‘eQeéggrgQﬂoQJs Q’ § d‘he .ILIHE de qu%syo?}ﬁ%lPl 80011(! %&%le or

said Z bei ng bonded to M by neans of oca |ze ectrons

opt i onal thy Eddmymtscoval ently bonded to Co through a divalent bri dg| ng group,
VA Qr b) a dkv§ ent. noiety of the formula-Z'Y-, with Z' bonded to Cp and Y
coval®ently or 0"C60r di nat e coval ently bonded to M wherein, Z' is SiR62,

CR Si R=Si R2, QR &RGec L10Mon%g%e%cﬁ%ed%euvoﬁf ifeafdtheia sec\gnd Br ¢ JnQd’ -5,
-NR5-, -PR -: -NRS2, or -PR",: R5, independently each occurrence

hydr ocar B§ad: P‘?IVWW@IFIQ@@F By seid| 2 /beingironded toryidy aesanbyl CSIOIcgdiZh@/d-rbmnbyﬂxd sai d
R havi N&i Halfvoal% 09519% tﬁ%@%tot&qgmg kg 591 {é t bnncfjg tl Ongjpgr;\; delS two RS

groups or 5toget er wt ormar ng Sys ntly each
occurrence, ib) zhojadalagemleto of the fEmaer—AEH emtke;d’ Holhom rrayd;raea ardaydiently or

hydr%car t%%l %r COV lyg%qadag%e\nﬁggd al kyl , hal ogenated aryl. -NR,, and

combinat {°0hS Pf%> up to 20 non- hydrogen atons, and

optionally, tM1sB@§r©M$1RDS1m°aCRP RS SYRELnRS, ERéiSERG mn@mmo@mmr
poi ydentate L VM S base\ﬁﬁtl onal | bonded to R 20 X1Is hydrogen or a
nmonoval ent ani‘d ?NQ: rﬁ-g-a L Poup ’vi’rn‘ﬁpr to 60 atoms not counting

hydrogen; L lnﬂeﬂeedmahﬂnyeaeecau%ﬁdér rs%ngﬁch%vraumeio%ﬁbyrkm%}' ng conpound
having up_to 20 atomns, other n hydfogen, and optionally L and X are

bonded tBE¥ITAEFOYISEYLhysiropaghyly azrléﬁt heﬁrrgm © 20 agamﬁorgfrrduq@ Hyepizeng anspoption By

at ong; otta@rRStoQQﬂ) Igyplj £40e gtﬁyzflrms 0 , Xxis 0, 1,2,0or 3; t is a
number from G ° 2, %% e:rers o mg%-:’7re?nerably R is hydrogen C2-10

hydr ocar byl , Brr depenrdgntlagagh ecqusremteors hydroekm ot y membkesekbiey fro@Gyddedrbyls
met hyl en@d%ca@&fo&??&@ﬁ%&l%ﬁém%ﬂﬁ -alkyl, halogenated aryl, -NR?,, and combinations thereof, said R®
having up to 20 non-hydrogen atoms, and optionally, two R® groups form a ring system;
L” is a monodentate or poiydentate Lewis base optionally bonded to RS;
20 X is hydrogen or a monovalent anionic ligand group having up to 60 atoms not counting
hydrogen;
L independently each occurrence is a neutral ligating compound having up to 20 atorms,
other than hydrogen, and optionally L and X are bonded together;
| X 1s a divalent anionic ligand group having up to 60 atoms other than hydrogen;
25 zis 0, 1 or 2;
xis0,1,2,0r3;
t is a number from 0 to 2, and
x’1s0or 1.
Preferably R* is hydrogen, C,.jo hydrocarbyl, or fluoro, and ¢ is 0 or 1. Highly preferably

30 =J* is methylene or difluoromethylene.



20 1 DEC 2006 |In particular. there is provided a substituted ooivcvclic,
fused ring conmpound corresponding to the fornula: 5 ~ Gfs CH§75%% 2006
~Nf C(Ci 13)s wherein: 10 J* is methylene or difl uoronethviene,
i ndependent|y each occurrence is hydrogen or a hydrocarbyl group having up
to 40 atons not counting hydrogen atonms, and two J groups together may
forma divaient derivative thereby formng a saturated or unsaturated
ring; and X ils pehicolai. dere Midravidee b hytsanied@oiyoyclioEtday king dbnpdaeor di ng to a
particul ar he compound according to the invention is sel ected
fromthé%?sgﬁlg‘ﬁ%%tﬁ)sclk%ﬁnﬁﬁlabf: (8- met hyl ene- 1, 3-di hydr odi benzo(e, h i
azulen- 2-yi)-N (I, 1-di.ng 'vk§thvl)dinethvlsi ianam de titanium (IV)
aﬂ

di chioride, (8-nethylene-1 hydr ddi benzo[ e, hi

azufen-2-yl }N-(1, 1-di met hyPg ) di et hge,si | anami de 20 titanium (1V)

di nethyi, and (8-nethylene-1 Y ro@jj@ﬁzo(e, hi azul en- 2-yl)-N-(1I,
1- di nmet hyi et hvl ) di net hyiJ$==4 8 Yy taniu ,é,l V) di t N, N-di met hyi am de) .

I 59 MQ/E’{% et S, as a mxture with other
conmpounds, in the form of @\vat ed ad/duct, di ssolved in a solvent,
especially an organic |iqui svent ” iy the 25 formof a diner, or as a
chel ated derivative, especia

wher ei n "t he chel atwirgimgent is an organic
mat eri al such as ethyl enedi am netetraacetic acid (EDTA). vO 2a 0 7 DEC 2006
WO, 3/ 089444 TPCTAEEPRAS 65diflucrediviesecor di ng to the present invention,

there is proui.ded a.catalyst for olefi.n polynerization conprising,. A _J4) a
net al corrpou\rq %pe?%ernﬁ% Iesaég(qc)c‘,m%”f?d lsetfyla“}'ogg?]o SR AR o gnéln?uﬁ %{3,940? The
nmol ar r a¢d wunding ydrezeniajontte hidjrwior OFrodnskOgethed mh e fotQr divaidar derivarive thereby

forming a saturated or unsarurated ring; and

X is chioride, N,N-dimethylamide, or methyl.

L/

15 According to a particular aspecf, the compound according to the invention is selected
from the group consisting of:
(8-methyiene-1 ,S-dihydrodibe.nzo (e, Ajazulen- 2-yi)-N-(1,1-dimethyviethyl)dimethyisilanamide
titanium (IV) dichioride, .
(8-methyiene-1,8-dihydrodibenzofl e,h'_la.iulen—2-yl)—N—( 1, l-dimethyiethyi)dirﬁer.hylsﬂanamide
20 titanium (IV) dimethyi, and |
(8-methylene-1,3-dihydrodibenzo(e, sjazulen- 2-yi)-N-(1, 1-dimethyiethyl)dimethyisilanamide
tnamum (IV) di(N,N-dimethyiamide).

The above compounds may exist as isolated crystals, as a mixture with other compounds, in
o5 the form of a solvated adduct, dissolved in a solvent, especially an organic liquid solvent, in the
form of a dimer, or as a chelated derivative, especially wherein the chelating agent is an organic

material such as ethyienediaminetetraacetic acid (EDTA).



B. the reaction product fornmed by converting a netal corrpoun€7od‘£ f?r nmul a
(I'l) to an_active catalyst by use of an activating technique! r €& r
accordi ng hd Of’/ﬂ%94f5‘r esent invention there is provided a pro@Egsudoenoishe

pol yneri zat i of olefins conprising contacting one or re.C2-20 ol efins,
el i ng- cy P aesaiRs fdhe SRR O R o SRSt DT PERS v h

cat al ysgol@dRhtionicB@prishg:i ) a netal conpound of formula (1), and ii) an
activating cocatalyst, the nolar ratio of i) to ii) being from1:10,000 to
100: 1, or B.YeRet} empopphoidpeiet). 2ot ned by converting a metal conpound of
formula (1) §%,3RiAkLd ¥Ratakmt Catal yst by use of an activating technique.
The present catalysts and polynerization processes are especially efficient
f or 5pr odiegwiapratio of 1) ol WftiemgHom pdf.90feted 00dopol yners of two or nore ol efins,
In part]%_cul e re%c?[[?)%l Yo%%gtsfo%];efd%y?%rll\%ﬂl aa}ggal%owpgé(rllaa {0 tuﬁacalgg)ré%rggtri\?e such as
styrene, and I nter pg yners o hree or nore pa yneri zapl1'é NOMer s over a
W de r aragpdysoby e lofmeactizaing eschoigundi t | ons, and especially at el evated

t enper at ures 0 They. are_especially. useful for the fornmation of ethylene
honopol yner s}?ur@SIpa(?FV?{?E%o@Fp‘%fo“é{ﬁrém&i re BipLoyfed fgracess QR a- ol ef i ns
(that igolymdrzhiicasf BREAS G mdrisihg FBEtLHERAOROG 18ére 15 ), oleRBahii@AS ki olefikly | ene,
propyl ene and a di ene (EPDM copol yners), copolyners of ethylene and

vi i\ ar Gt FOOymegHisme pRdidqns vithe Cé‘%gib’lsb“r?é“P(“E@gbol ymers), copol yners of

et hyl eng, Styﬁ%&“@%uadgf@ﬂﬁmgggm pol yners), and copol yners of

et hyl ene, propyl ene and styrene PS pol yners). Exanples of 25 suitable

di ene nmononel)kiniapEvatiaecesetalst denenor bor nene, 1, 4- hexadi ene or similar

conj Ug%@%o@aﬁ'rati@%pﬁ(?@ﬁ%g%rﬁlﬁﬂo,@gﬁtoql&)ﬂ[ bsingly, the netal conplexes of
formula (1) denonstrate equivalent or inproved catalytic properties
conpar el t o Werarticapngsiuetdesmeddm anyaring Hopgkseanosnd silfpimuladoran pgive
hyd1r5ocagalpg)(r§t{)§&@rag§nacﬁogintogg‘)ﬁngﬁg thei r degradation products are nore

bi ol ogically 1nert conparéd to conpounds containing fused, polycyclic,

ful Iy ar omat Tke hgsgntisetabistsand polamduzatiGoOprihessesarabopstisllycffi¢iént forprodectidnon nmay
al so be ' | al | fl i.zation
ot ocess dtARh iR SBLHCTYr Bl & nAldiiEtn il oy BelseFEhl R

pr epol y#nsra vigsdarginatly menemen suthorsestyeinesfand interpolyaress afithre¢ erundrppelymerizable

POl YITE fn ek Ve P AU R ralle O'Fgol?mﬁgaamo%dﬂ{?ﬂg%ﬁa ﬁ%ﬂegig%}i LR IENAbE RGOV Er Y
of the prepolynerized catalyst prior to the prinary polynerizatfon process.
3 Q07 DE®y2006pccially 08/iaigonthd fROTRiWSH 3hyiE4 RompPpalt Ak DopHSERE PdtNe@Rand HE
| NVENTI | eren to.the Periodi bl e of .t he El enents herein shall
refer téﬁgﬁ%@l 0 erlé%ecrifxéoq$én5ﬁt§at 1%01%{%%9%'1 e%r%%irg?repcﬁgﬂoflsa??@léfé?Pd’Eyél}fﬁss/?f?ght ed by
CRC Pr estbyleneanpropyl&@9ad adieno (ERIDM copflpmem); eopiodyraers & @uylererandyioyipenatial | be

to the Group or oups as.seflected in this Periodic Table of | ement s
5 using the | iﬁ&g 5% trén(l%fs A T A Sbgeélﬁ’ HepdioRe H@ een
" ar omat paymers), exdscopolymers of ethylene, propylene and styrene (EPS polymers). Examples of
25  suitable diene monomers include ethylidenenorbornene, 1,4-hexadiene or similar conjugated or
nonconjugated dienes. Surprisingly, the metal complexes of formula (II) demonstrate equivalent or
improved catalytic properties compared to metal complexes containing polycyclic, fully aromatic,
hydrocarbon ligands, and they and their degradation products are more biologically inert compared
to compounds containing fused, polycyclic, fully aromatic hydrocarbon ligands.
30 The catalysts of this invention may also be supported on a solid material and used in olefin
polymerization processes in a slurry or in the gas phase. The catalyst may be prepolymerized with
one or more olefin monomers in situ in a polymerization reactor or in a separate process with

intermediate recovery of the prepolymerized catalyst prior to the primary polymerization process.



polyatom c, cyclic, ring systemcontaining (4S+2) vt-elect r%&s wherein S
is an integer greater than or equal to 1. The term "fused" Dﬂ'seimﬁherei n
with respd®@0¥@9#do pol yatomic, cyclic rings means that suyeh/gdBgsshave
two adj acent atons thereof comon to both rings. The term"fused” as used
her ei n METRLERIHEY HIGN PF JIESHEENRTEMt ai ni ng nore than two pol yatonic,
cyclic ringsy #E?é?é]ﬁ a used-.t.oget her
The netal conpl exes E@%S?r}nﬁ Cafaf) } &ﬁlﬁlec}%’l ee{ltl(s:(ﬁ)l% né’gggr%g%rtl gle Pemde‘fLTabgg

Cp gr oup"$he Elq:mmtsuplmtrh:ghﬁdhoéeopmghtedhycm Easshh@olm @nskmeanﬁe@ramuea; ar e bound

t oget h brid ch ot 11y t
motal | oite B BT Group SHSRYET EReNRER B16 PRGebUneR Siatigrery |

subst i tusingahedBPACal/stvra Sorthaibedis graqish Aemmamermﬁ &e t@f ‘tdfbwmiefér%l
conpounds 15 .are J n¢l uded, that npounds contai ning two dissimlar

i c- bondROY MG pKelic; Trg %&FW@O’NH’@% (4%+8hftaqlfiﬁrﬁgs hereiod lg?lbw&geweﬁerebanand a

| C- bondgdqual @r10UMe tdatfhssd NRtnsd }%1195\1%965 Rasé fPlofyatdnilc tc?@llc
the invention, the ring (2) is a net anedl yl substituted ere

non- ar GhHEPd TagEhaye &Ve afagenipiomEpernoimnmmeteisihotitrings. Thecternet fabedt osmped nds of
formul gl \l'ltlpﬁ%étg% 8 aQ‘lé@)é?Jt&P %Ht%hg m&re {h'al[;' Gy a&c%c ll(i 1I£Ineg% rlﬁé:ang tha¥ stems

fused to the 7 ere ng at positions a Acent
cy dPopeticaditenyiesrthargpftabrefuetdytogetiwni ng one remai n| ng ring position on the

7- menber ed r4 a t he 0 icrings (3
are not fus 131@?“ c?tae? &&CS%P%‘-%IHa(ﬁﬁdlls%bsg‘ pgex n?ongén”?golcg & BTOHRS: 9s (3)
remai niin@udngmqrsbevlmcbm twngpuplo@p 'gr mh?rlé/mgpsfmémﬂtdga&let b¥a biede@iPBdrbep. I | NY ]
syste ferre oun o) r a (|1 ose erein Zis the
o v ot fompltEl Sl eloGRTBRHAERLOG o\ QR LB 11 280 et hgesis D
- Cp- Z' -groupejror &&nl}/r‘mibstitmed Jih&wﬁﬁ)xfe@‘tﬂe&:ofABéthEyBEﬁtrﬂ:@ﬂﬁ unHNR 3B unds
PCT/USO3/_’L 5d " Aal (1a2, A,.A'a%.\l*. J. Z\ b) AaAaZ AaA a
13+ %j* A Q i, compauids gontaiing two gissimyilgy -bagyls Aroapsz inglyuling tbose or a A
A' alJ (donﬁihmA two &p gfoups or a Cp and a n-bonded Z group that is not a Cp group.

Desirably, in the compounds of the invention, the ring (2) is a methanediyl substituted 7-

membered, non-aromatic hydrocarbon ring. Even more desirably, the metal compounds of formula
(I) contain a cyclopentadienyl ring and two aromatic ring systems fused to the 7-membered ring at
20  positions adjacent to the cyclopentadienyl ring thereby leaving one remaining ring position on the
7-membered ring, the cyclopentadienyl ring (1) and the aromatic rings (3) are not fused together,
and the =J* substituent is located at the remaining 7-membered ring position lying between the two
aromatic ring systems (3).
Preferred compounds of formula (I) are those wherein Z is the divalent ligand group, Z’

25  bonded to Cp, and the resulting group, —Cp-Z’-, corresponds to the formula:



wherein: J independently each occurrence is hydrogen, hydrocarbyl,
tri hydrocarbylsilyl, trihydrocarbylgernyl, halide, hydrocar&ylDECy 2006
trihydrocéwgﬁw@yy%&y, bi s(trihydrocarbylsilyl)-anino, 5  PCT/US03/10547
‘di (hydrocarbyl)am no, hydrocarbyl eneam no,
di (hydrocar byl - pho$phi ng;  hydebcar byAenepf
hal o- substitut edydrocarbyl, hydrocarbyles

groqﬁgbylsiloxy-

tri hydrocarby] si Ab3%i t yt ed hydroca
substituted Hyg ‘::I s?tri hydrbcar nfxo- Substituted
ocarbyl ) am no- subsp ydr ocar byl ,

hydr ocar byl , di ]
hydr ocar byl enea¥ no-substd.t ut ed hydr oggy i (hydrocar byl ) phosphi no-
ydr ocar byl enephosphii no-  substituted hydrocarbyl,

ydrocar byl i m no,
'no, hydrocar byl sul fi do,
bstituted hydrocarbyl,

substituted hydrocar%yl,
or hydrocarbyl sul fidg- supstitu} d Eégrocarpyl,Jsaid J group having up to
40 atonms not A&gunti/hg hydrogeﬁ tonsaAor tfwo J/groups together forma

di val ent deri vat iy er€by formng a ed or unsaturated ring; A
i ndependent | y. ea t gncg i s hydrogen, hp - 20 (hydr ocar byl , di (C1-6
15 hydr ocar byl") ai or_fwo A grodips \on ad\\‘* arbons of the

7-menbered ring, Are—~ oi ned | east one occurrence 2 A
rbonz—ef the 7-mefibered ring are joi%ed together to
dant of an aronmatic ri%g group (3); a, independently
isal or 2; and Z' is as previously defined. 20 Mre
houndg of fdi®ula (1) are those wherein Z is the

p—X  bonded to Cp, and the resulting group, -Cp-Z -,
—5 0 WO 03/089444 7 DEC 2006 PCT/US03/105-17 J
/A Z- ACHR J (Ic')y CH2J Aq Jz\ (1d) Az

groups on adja
formthe divalent re
each occurrencg
preferably, t
di val ent 1igand
corresponds #Y
(I a") ACHJ

*J, or J (le'),

wherein:

J independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
trihydrocarbylgermyl, halide, hydrocarbyloxy, trihydrocarbylsiloxy, bis(trihydrocarbylsilyi)-amino,

5  di(hydrocarbyl)amino, hydrocarbyleneamino, hydrocarbylimino, dihydrocarbyl)-phosphino,

hydrocarbylenephosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, trihydrocarbylsilyl- substituted hydrocarbyl, trihydrocarbylsiloxy-
substituted hydrocarbyl, bis(trihydrocarbylsilyl)amino- substituted hydrocarbyl,
di(hydrocarbyl)amino- substituted hydrocarbyl, hydrocarbyleneamino-substituted hydrocarbyt,

10 di(hydrocarbyl)phosphino- substituted hydrocarbyl, hydrocarbylenephosphino- substituted
hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl, said J group having up to 40 atoms not
counting hydrogen atoms, or two J groups together form a divalent derivative thereby forming a
séturated or unsaturated ring;

A’ independently each occurrence is hydrogen, halo, C,.5 hydrocarbyl, di(C,¢

15 hydrocarbyl)amino, or two A’ groups on adjacent carbons of the 7-membered ring are joined
together, and in at least one occurrence 2 A’ groups on adjacent carbons of the 7-membered ring are
Joined together to form the divalent remnant of an aromatic ring group (3);

a, independently each occurrence, is 1 or 2; and
Z’ 1s as previously defined.
20 More preferably, the compounds of formula (I) are those wherein Z is the divalent ligand

group, Z° bonded to Cp, and the resulting group, —Cp-Z’-, corresponds to the formula:

5



Ais the divalent remmant of an aromatic ring group (3); and J and Z' are
as previously defined. 5 Preferred netal conplexes of fornulg g those
correspondNQgp/48844the fornula: 6 Q 7 DEC 2006 WD 03/ 089444, Tq]goy§8:§/ 10547
(lal) A(Ibl) ZY AZMXx(L)t(X)x AJ I\/(X)x(L)t(X')x J (lcl) Id)
ZzY MX) x(Lh(X)x- Jt (X )a) q Z' Y~ AAJ JA (la') kJ'
MX)x(L)t(X )x" A A I N(X)x(L)t (X)X
(lab2) Z AcZ) ( x(L)t(X‘)x “\‘ AJ AJ k' AA or
AJ MX) x(L§HEx ) >L3 p SE m@i) ly racenic

i soners, and m xt

CH
A
Z\ (Id"
A y ,or

wherein:

A is the divalent remnant of an aromatic ring group (3); and

Jand Z’ are as previously defined.

5 Preferred metal complexes of formula (I) are those corresponding to the formula:



wherein: 5 J independently each occurrence is hydrogen, hydrocarbyl,
trihydrocarbylsilyl, trihydrocarbylgernyl, halide, hydr ocar@yl[@gygggs

tri hydr oca¥QyP88%xy, bis(trihydrocarbylsilyl)an no, di (hydmasashydsyam no,
hydr ocar byl eneam no, hydrocarbylim no, di (hyciljr ocar byl ) phosphi no,

hydr ocar byl é ephos~h|nekﬂpydrocarbylgu fido, yhal o- Epgstituted hydr ocar byl ,
hydr ocar byl pxy stl tut ed hydrocar b) trihydr ocgrb | silyl- substituted
hydr ocar by ! ) ?rbyIS|ony 10 xe%whydrocarbyl,

bi s(trifyd o&? ) am no- subst roqarbyl

di (hydrocar}p ifut ed hydrs ,

hydr ocar byl @Q&%{)h{)éd hydror byI N T W.’B(ég)y()%9444 7 DEC 2006

PCT/ US03/ 10
hydr ocar byl enephosphi nOGC1§UbStI tuted hyd
substituted h 1 2

hydr oge
t her eby ¢
remmant of 3§

1hydr ocar byl suI fido-
aid J group haying up to Ql‘é) atons not counting
two J groups tager £z fo.@a di val ent derivative
ated or unsa¥ g£ 5 Ais the dival ent

ring group (3) a S .obu netal; Yis -0-,
S, -NR5-, X)xgkglxp%z AW 62i '\dﬁ?&g@ XS R62Si R62,
CR62CR62, cﬁe_CRe 25l R62i BR6, BREL", %eR62; R5 each occurrence is
i ndependent |y hydrocarbyl, trihydrocarbylsilyl, or 10 (1b?)
tri hydrocagbyl silyf hydr ocag byl, said RS having up to 2 ‘ong ot her than
hydr ogen, ane opt| onal | y( afwo R5 grou t oget he i forma ring
system; currence is indepe ~ ) pber sel ected
from hyT hyd]r ocar byl oxy, <Y genat ed I ogenat ed
aryl, -NR5Z; MO@*(L phs thereof, [ havi pg/ up t\Q

non- hydr oger at onsz
L, L",and X are as
x'isOor 1.

2 votlonaIIy, t\/boR6g ~ haring system 15 X,
pr ev usly defined; x is 0, M@kKLEXH is 0 or 1; and
e foregoing netal conpl exes, J, each occurrence

i s hydrogen, carby In a
desi rabl e enbodi nenj = [ EX ' ')’ngﬁ t he ga)or mal

oxi dation state (of syl A OK tatelf Y is -NR52 or
- PR52), S g‘) qup consi sting of
hal i de, ‘ -.. am do,

di (hydra hydr ocar byl sul fido, @ | groups, as well as
hal o-, gm noie?) hydr ocar byl oxy-, ¥y dr ocar byl ) phosphi no

.... vatives thereof, said X group
MO (LX)

javi ng up. to 30 at ons not

(1d?)
A

, or

MUK ) stru

ctural 1somers thereof, especially racemic isomers, and mixtures of the foregoing metal complexes,

wherein:

5 J independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
trihydrocarbylgermyl, halide, hydrocarbyloxy, trihydrocarbylsiloxy, bis(trihydrocarbylsilyl)amino,
di(hydrocarbyl)amino, hydrocarbyleneamino, hydrocarbylimino, di(hydrocarbyl)phosphino,
hydrocarbylenephosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, trihydrocarbylsilyl- substituted hydrocarbyl, trihydrocarbylsiloxy-

10 substituted hydrocarbyl, bis(trihydrocarbylsilyl)amino- substituted hydrocarbyl,
dithydrocarbyl)amino- substituted hydrocarbyl, hydrocarbyleneamino-substituted hydrocarbyl,
7



when xis 0 and x' is 1, Mis in the +4 formal oxidation state, and X is a
dianionic ligand selected fromthe group consisting of hydrpZ@EDaG/| ,
oxyhydr oc3®yd@peit and hydrocar byl enedi oxy groups, said Xpgfaws;hgybng up
to 30 nonhydrogen atons, when x is 1, and x' is 0, Mis in the +3 fornal
oxi dat dighydsecatbyl)plasphine-issbstitusqddtyfiocanbplg hptrpeniydened@sphinpanebsgitdpy sel ect ed

fromt ISt - i ] - (N, N-

di et hgﬁdalrghéan nzé)t? ﬁg%%ﬁ%%fﬂoaﬁdgg%&?ﬂlawfﬁgﬂh%ﬁa%%%%g%% ?@gélﬁtoéﬁégrﬂ X and
X' ar e choiing Bydrogenstolns, Mditeo U graupetog@héranayaforny x idivalentaterisdtaedhereyd L is a
neutr al .conj ugat ed or noncanjugated diene, optionally substituted with
one or fmrg%%?gl?%gcgcgrwfaugﬁtggggé, said L having up to 40 carbon atoms and
bei ng bound A gt dwyaldie anmasiordeheaalit Z8d gfompel)ectrons 35 thereof. S WO
03/089444 0 7 DEC 2006 PCT/US03/10547 In tﬁe metal conpl exes, preferred L
and L" group¥ s @orRf Bfbnonoxi de; phosphines, especially

trimet hyl phosphbnes. INpsetpyl.RRRSPH BR?,. tri phenyl phosphi ne and bi s(1, 2-

di et hyl phoszt)hi no) et hane; P(QR4) gi \évher in R4 iss_ Gl_20 hyédrocarb | ; ethers,
especi al |y 4 &% Bhy@RofURaBIR afRNER 2. ERFEER aCRy:SiRys B8 R LBi gsyieRdi; ne,

t et ramet hyl gfs a4 , i nL.:ng; ..ol efins; and
neut r al con%rg%%f‘%%%ﬁ%‘?%%@%ﬁ%ﬁ&%@%@553’%%35‘13?’??‘%1°§ 5 to 40 carbon
at 00rs. trodpicetoglsily mgirerdibyl szid B halinglireeOlatamoniiys tan dydiogss awhentienallt he
net al it\go'k_m togeso-lr-%stc]; %{h@?&'t%’i or%ziiolq Sstqgt]e, Further in reference to the
met al conpl %rxe%, prge er a'b}fy 'S HELs PR E’Iny’ selected fromthe group

consi sting & elghicoyrrdnad B indeyehidenBriydtages, dr yimendatseldted if@iklyldedtaingt,

munbor 1O Gl bR T h S BRPR B Rae &G e e LR

di val emtvifg upot20and-iwhepdesond) indéitiohaly, dv€REgghUPS) Ofingipéahent X' groups
are_ present, The s{k[led arti 3%2 v¥| | | appreciate that the quantity of the
varfous substilt lreAtd<a?a 2t HEViopdiefs [ of Z are chosen to provide charge
bal ance, theriebyi segulting in a neutral nmetal conplex. For exanple, when Z
is divalent, and x is zero, x' is two |less than the formal oxidation state
of M 15 V\héhS(ZOTCBr?P‘zi ns one neutral two el ectron coordi nate-coval ent
bonding sitegimet Mis in a formal oxidation state of +3, x may equal zero

and x' equal X equal 2 and x' equal zero. In a final example, if
Mis in a foPrrf‘%Fﬁ’iag{é’%P 8%%’8%&%% meal ymplexesZ, raa%osﬁrramaiwaxdé?ﬁem ‘?gland group,
whep eupgaro¥argyldr X NII(E, Ry BroeftAhmin®. ek Qeskable @MBodIALIAL] Wherlx #5296l z&H0UP

may be present. re highly preferred netal conplexes according.to the
present™ ilﬁfPé?ﬁT%’%b“EﬂPP"é%ﬁb%‘rﬁat? (o Vi o Hie FoP A deiien stele TRISRIRG oR1 Ri 0 Rl
R1 PR>,), and X is an anionic ligand selected from the group consisting of halide, hydrocarbyl,

hydrocarbyloxy, di(hydrocarbyl)amido, dihydrocarbyl)phosphido, hydrocarbylsulfido, and silyl
groups, as well as halo-, di(hydrocarbyl)amino-, hydrocarbyloxy-, and di(hydrocarbyl)phosphino-
25  substituted derivatives thereof, said X group having up to 30 atoms not counting hydrogen,
when x is 0 and x” is 1, M is in the +4 formal oxidation state, and X’ is a dianionic ligand
selected from the group consisting of hydrocarbadiyl, oxyhydrocarbylene, and hydrocarbylenedioxy
groups, said X group having up to 30 nonhydrogen atoms,
when x is 1, and x’ is 0, M is in the +3 formal oxidation state, and X is a stabilizing anionic
30  ligand group selected from the group consisting of allyl, 2-(N,N-dimethylamino)phenyl, 2-(N,N-
dimethylaminomethy!)pheny!, and 2-(N,N-dimethylamino)benzyl, and
when x and x” are both 0, tis 1, M is in the +2 formal oxidation state, and L is a neutral,
conjugated or nonconjugated diene, optionally substituted with one or more hydrocarbyl groups,
said L having up to 40 carbon atoms and being bound to M by means of delocalized n-electrons

35 thereof.



RCHRLCHO 1 MXLtX X R\ ~Y R10RL MXLtXx" RLYORLoOor RRL R
wherein, Mis titanium Rl each occurrence is hydrogen or a (hydeocagpy!,
hydr ocar bY@ 939¥%+ydr ocar byl ami no, 25 hydrocar byl eneam N@CT/US03/10547

di hydr ocar by no- sub titut ar rou dr 0ocC | eneam no-
substit uted ]lfl?%gr BLaByPe 6?0?1&‘35?41% &g 569)63?% ﬁ?ﬁm Fiil]vrl%’ogen, and
opti on&ls;be,mammlﬁethgpmpﬁnermwhlg@)hpmmﬁdmtpﬁg@megphn@ an@blz(IDEC 2006 WO

03/ 089444 Egéguso:%/ 1%547 A PRS- NR52, or -PR52; Z

i s Si Ré%M OspEinpIsHaeRBER b}'«‘@ﬁﬁ“ lﬁet@ﬁeocaéxéfﬁeﬁswe%, BR6L", or

GeR62; tet%y&@ﬁha@%weg @syegamyspyﬂa%pﬁgﬁemé YeuR¥R9e Ay R¥L diamine (TMEDA),
tri hydrocarbe& silyl, or  trihydrocar %|SI yl hydr ocarbyl, said R5 havi ng up

to 50 andimctbilpmmetdingns; lydiregerronsere éterl@ﬁamng fimmt 4nio 495prgfe@bkyss t9rd0R5
t oget h f t |
oge EE:rarb\% tan)m% C%%agleiles 1 ect%yd’%%ﬁgp dne*ﬁ]Bgd %@g&l fft%gsre e {hg gly %91? H{%% y

hydr ogen, or a ne rom rocar oxy,
hal oge rfatned oaﬂdk@dn stdteal ogenat ed aryl, -NR52, and conbl nati ons thereof sal d

5, v g, ek, R0AGN AR 800%, SOEORA L b LI R GTALPS T

is O orgrdip cﬁ)ﬂﬁistm}g of hgdré) halb, Hydratithyl, erﬁdl‘{fﬂ Halkpaming- si®EtQutedhydBodatbyl he +4
f or mal )él)g i.on stgbe Eor MlSlnttg) forma oxi dati on statengis
Pl I

-NPB2 & 952 Ui @ afoms; pfhg U  8TOURT ERERAY op thsrAXdaROLHE BT

consi stNnghetld Ak dhallehtd)enothﬁﬁj Wﬁ@tﬁérbml/ nelh'tyzﬁi HRBEEMMDsV¥ Wivalent X groups are
di (hydrocar byr ) am do, dr ocarb z}ghosphl do, hydrocar byl sul fi do, and
silyl Jregps, Thgskiled @m%%g PRpremaff E{‘ﬁ ? geantibyof)thgyargus suﬁf;ﬁave@&s&psyheoxy- and

di (hydriggityt 2 BResEH RPreMRhbie bR @ehkMa] té@8ind PO RBfral nSdl Horfpidk OUP
having up to 30 atoms not counting hydrogen,
For example, when Z is divalent, and x is zero, X° is two less than the formal oxidation state of M.

15  When Z contains one neutral two electron coordinate-covalent bonding site, and M is in a formal
oxidation state of +3, x may equal zero and x’ equal 1, or x may equal 2 and X’ equal zero. In a
final example, if M is in a formal oxidation state of +2, Z may be a divalent ligand group,
whereupon X and x’ are both equal to zero and one neutral L ligand group may be present.

More highly preferred metal complexes according to the present invention correspond to

20 the formulas:

wherein,
M is titanium,;
R1 each occurrence is hydrogen or a hydrocarbyl, hydrocarbyloxy, dihydrocarbylamino,
o5 hydrocarbyleneamino, dihydrocarbylamino- substituted hydrocarbyl group, or
hydrocarbyleneamino- substituted hydrocarbyl group of up to 20 atoms not counting hydrogen, and

optionally two R' groups may be joined together;



when x is 0 and x' is 1, Mis in the +4 formal oxidation state, and X is a
dianionic ligand 20 selected fromthe group consisting of hyqurgp@rmﬁdi yl,
oxyhydr oca¥QypessdH and hydrocar byl enedi oxy groups, said X gfpypyhayi,ng up
to 30 nonhydrogen atons, when x.is 1, _and x' is 0, Mis in the +3 formal

oxi dation st%hiseO-apd-N's %Rs,tEBlzL Prz1PRgz anionic ligand group sel ect ed from

the group copsiskkngrolsialh iy c %Nﬁggf%%tﬁamwogﬁ%mv F el

di et hyI am nonet yT ) penyl’; enzyl’ Z25 when X
and x' are Rtehcigectranse 1$,mdM>anslently Hyldepcad@yl, aihyeitocadoyldiditlj @n state and L is

one or MBI AYAPHER By BiRe. PodlRu Fai R B 8 urobat bR b biE ana

bei Bg b@dﬂkdgfcﬂpd\d)rwté@%ﬂlﬁﬁwtﬂde@nﬁﬁﬁhgZ}%ﬁknﬂ el ectrons thereof. Mst highly
pref erabl y, each 'occurrence is _hydrogen, 30 Z is_NR5 wherein R5 is Cl-lo
al kyl or cyclt cfaw%ﬂcu"eﬁﬁ%wdabwettbﬂty@w°enaﬁa mepnbey selegiefdionyverocaisl. and,

when X Hy8rodarbyloRN Gilyf. hafpnaRataliyZ %fageﬂ\xtedsarmmtf; aftdlcctn%mtmaasa@@ft LQprst at e,
and X i $ independently each occurrence net benzyl , hali dé; when x

and t Jewringgp ¢p 20monihydigeen atempy ang prsiopallt, o R4g1109p5rfamn amngiatsteah state, X is

a 1,4- 35 bugadignyt ,gro a metal | ocycl opentene ring with M 10
5 7' Dec 2006 08 0% BT AN S 0547 When x5 bt cand x- are zero,

| vIi0i s in theisH3]l pok;mal oxi dation state, and X is 2-(N, N

di et hyl am ntogggln;yl and when x and x' are O, t is 1, Mis in the +2
formal oxidatton sta e, and L is 1, 4-diphenyl -1, 3- butadi ene or

1. 3- pent adi exiesOBr Nost preferably in all of the foregoing metal conplexes,

Z is bonded t e 2-posi.tion E]hh C t adi {% TH ounds
of the pres eWta VIReh? r‘tﬂ’t S5 t\gtsﬁ% 40%??328“ OR zaé% % I?WEt S?f or
di fl uorditlﬁtxhxaﬂad ifyY issNBRStor tmsgdarﬁmim&nﬁmmigaﬂdseléztﬂdﬂo&nibb atduy ca&lstmg
preyi ou (lh\ .CEI c] osed OWIOZS%. The neutral azuyl en re epared from
SR R e R e O W S st
subst arﬂyﬂﬁichﬂbyla@lﬁ@ds dhcmglyt grobfgad waha UL, digeardcitbyhamid®, K¥dtocaRNy-, and ( 26) ,
4294 ( %%12% b tive metal ccarding to the present .
i nvent | BEYIRETRGR OSP 107 r'?Bl?SﬁWeélrpé“Yg% eﬂ%ﬁ??éﬂ'ﬁﬁéﬁfﬂ? paving up to 30 atoms not
h] azul &muﬂ.tmglt)ydhsl'géﬁ], 1- d| rret hyl et hyI ) di net hyI silanam de titanium (I1)
1, 4-di phenyl -1, 3-b ta ene- 8- di h dr o&kben 0 ,.%e., .
1 azul o 1. yPRNE £ SE8 6 VT B T SrRal pyboh SRex 156 SR g 1 1)
1, 20pendRrdice fiem tﬁBgﬂﬂi&;ﬁ Ji’tylls@ﬂﬂ%-df h§dﬂbhyﬂﬁﬁﬂ¢)@ﬁiy\@6£a€bylene and hydrocarbylenedioxy
h] azul en- 1- yI %l—gx( - di et h%l et di math I si | anam de
groups; said oup having up to”30 no y rogen ato
when x 1s 1, and x’ is 0, M is in the +3 formal oxidation state, and X is a stabilizing anionic
ligand group selected from the group consisting of allyl, 2-(N,N-dimethylamino)phenyl, 2-(N,N-
dimethylaminomethy!)phenyl, and 2-(N,N-dimethylamino)benzyl, and
25 when x and x” are both 0, tis 1, M is in the +2 formal oxidation state, and L is a neutral,
conjugated or nonconjugated diene, optionally substituted with one or more hydrocarbyl groups,
said L having up to 40 carbon atoms and being bound to M by means of delocalized n-electrons
thereof.
Most highly preferably, R' each occurrence is hydrogen,
30 Z is NR® wherein R’ is C;_j alkyl or cycloalkyl, preferably t-butyl; and
Z’ is dimethylsilane;
and, when x is 2, t and x’ are both zero, M is in the +4 formal oxidation state, and X is
independently each occurrence methyl, benzyl, or halide;

when x and t are zero, X’ is one, and M is in the +4 formal oxidation state, X’ is a 1 ,4-

35  butadieny! group that forms a metallocyclopentene ring with M,

10



titanium (1'11) 2-(N, N-di net hyl am no) benzyl, (8-nethyl ene-
1, 8-di hydr odi benzo| e, 07 DEC 2006
3] arzﬂul e_nf"—’?l‘)g‘-”w*(*l, 1- di met hyl et hyl ) di met hyl si | anami de ti tpamiugss/goM)

i chl oride, p , . _ .
(8- et hyl enév-%“fr,‘ 815 hdrodicsenz & i by 43 fran! pdidation Raes 2o st et hyl ) di me
thyl si bisagslgino)bérzAniddm (1V) di methyl, (8-nethyl ene-1, 8-di hydrodi benzo[e,
h] azul en- 1-yl)-N- (1, 1-di met hyl et hyl ) di met hyl si | anam de titanium (1V)
di benzyl , ogvhen x and x” are 0, tis 1, M is in the +2 formal oxidation state, and L is 1,4-diphenyl-1,3-
(8- et Bytmggggr,@;égngmﬁ@di benzo[ e, h] azul en-2-yl ) - N- (1, 1- di et hyl et hyl ) di met
hyl silanamde titanium (l1) 1,4-diphenyl-1, 3-butadi ene, (8-nethylene- |
, 8-@i hydr odil\@@hzr_gfeta@l,y ih]al_é_zﬂtlhefgr@-oﬁg)lgml(c;bmpﬂexes, Z is bonded to the_ 2-position of
E C8“- gg: y:cg%lggér%a%;erqﬁtgpé{llp.s lehg Qoamr?)o%gds c;fltﬁeayggs%m igltgnti%h g’fqurrr]r;[eg rlorenqgé
, 8- di hyatresgohiryzndtienbdigzd dfodmetJanddiy] ndstiditeedAiehe tdmyohadsnebdratially anam de
?g_ Er; a‘{;a:wg)ﬁ]élg' %is@%ﬁﬁé%%ﬂ%gﬁi lg%/kl@%gllltpa?)agﬁgnzeg Iar’e prepared from dibenzosuberenone

g] az :J| Bj_,‘rlgﬂmyihz)t'rohlfc(lﬂawéd By aaly/behdivaibel kiBtaaNAIS dcantammh #ethe tdohRfeUlted inV)
I chiorlae

(81Gret %Qm,3§6261’ﬁ%%%?2&enzo[ e, /t]azul en-2-yl)-N-(1, 1-di et hyl et hyl ) di me
'I[Dgyr} fJ 'Sl)g?igggl%traﬁdétn?éﬁdl WAL agdo%ﬁé]ﬁélthe Prbsdet hvEREon 2Rt WO 03/ 089444

( 8- net ymethlerc-8.8diilydepdibanasbazlaquéenhl-gl2-iN-elnl-gimethylathydhdinethyil sileramitiet hyl ) di net
hyl si | angpdnglen frhanhishiil M-pebgnzy! . and mixtures thereof, especially

m xtures of positional 1sdnmers. The skilled artisan will recognize that

addi t i Ghaethisntésslitytirodiendogs idgoileng! -¥i--(1, bBinesathyidthyd)dingethyysilgndvsite t ut i on of
knpgm [ i g%qj%r Qg ld,j_éafngﬁ@gg G oup 3-10 netals for those specifically naned,
cluded wthin”’

are also in n'the invention. Mreover, it should al so be
r ecogni&edthyleat-1.8tdihydusidietroge, ietudant -pide-(di -dimetlylethyd)denathtifiianarvide nol ecul e,

such as 1i.3; M)%@H—ém@fb@a&ﬂ%ﬁ%ﬁ?ﬁ to be included by the foregoing naned

conpounds. e conpl’exes are rendered catalytically active by conbination
wi t h afS-methyieat-l ilb@raddeatodd Y rulor1-yheN-6f, l-dimaintiétindidimghylgkhamigee, such as
t hose th@iﬁanga‘{n?a §¥%higNgd Yy known in the art for wuse with Goup 4 netal

ol efin polymerization cdnpl exes. Suitable activating cocatal ysts for use
heP@i n(§-methytbae-pSldimradgbenzol ol jagoere t-yD-Nl(Libuliveetedsthd gieethwbilagamide

met hyl al ynpxan Lseobutyl al um num nodi fi ed net hyl al unoxane, or
i sobut yl gll uﬁnxgrx%?{rﬂﬁghﬁgr al Lewis acids, such as CI-30 hydrocar byl

subst i (&rnethy@neds-dily deotiporridslazdepeg)alii(y, 1 dinmdthylethypdmbtyylyignamidaum  or 15

tri(hydr f. I onpounds and hal ogenated (i ncl udi ng perhal ogenat ed)
derivati 8@%1ﬁ£%§??&yﬁavi ng from1l to 10 carbons in each hydrocarbyl or

hal ogenat ed hydrocar byl group, nore especially
25  (8-methylene-1,8-dihydrodibenzol[e, hlazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (If) 1,4-diphenyl-1,3-butadiene,
(8-methylene-1,8-dihydrodibenzofe, i]azulen-2-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (I) 1,3-pentadiene,
(8-methylene-1,8-dihydrodibenzofe, hlazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
30 titanium (III) 2-(N,N-dimethylamino)benzyl,
(8-methylene-1,8-dihydrodibenzo[e, AJazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,
(8-methylene-1,8-dihydrodibenzoe, hjazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dimethyl,

11



perfluorinated tri(aryl)boron conpounds, and nost especially
tris(pentafl uorophenyl)borane; nonpolymeric, conpatible, ndhtdacdigeating,

ion form WP @ospaunds (including the use of such conmpoundgcyiags e di zi ng
conditions), especially the use of ammoni um, phosphonium, 20 oxonium,
car bon@umethylsriet iy§-fihydrodbergeflef i lam-)aNt($, | simetbytpy i dinethylseanedatedi nat i ng
anions,tﬂ&ﬁu%_f&ol%giqnlsalts of conpati bl e, noncoordi nati ng ani ons; bul k
el ectrol ysi's ?er ailnmed in nore detail hereinafter); and conbi nations of

t he f omagoiktgesalekdod abpaoplie agatms yiwitiand itoaehni ques. A preferred. ion

I Ce)»[ lmaE?s ?]9 %ﬁ%ﬂ@;y%g}{ \&ill(erecgagégég%? %ﬂo ?@ngyrlngm ngrrsogfl tHg}o%ggloEngq{st, Wbtainable
t ety akiysdupaithiahl of RhGRNEAKEY RQiRder GG $-00 fgRisTer B6di syedificaly aaeed, ateyst s and
activating 25 techni ques have been pFEVIOUS|¥ taught wth respect to

]

di f f erasetiDplages) withimibe sweatiqnn Maseovep 1) harldglso e fesp@needdhat gbpassbre 003,

Us- A-5 : SUS- A- B Sz 214 , - ;

Us A s Egn oy g fre ol dinds 3¢ gl RO G e by e

US- A- 5{o8:20in883medtSmpouds783, 512, WO 99/ 15534, and USSN 09/ 251, 664, filed
February 17,, 1999 .(W99/ 42467) . inations of. neutral Lew s.acids,
especial ly FW@XEEW%F%QFfe C%gzﬁm§$¥§Vﬁ§P§IHﬁ?ﬁuﬁ?gﬁy%g%%Bﬁﬁ%aﬁgving from1
to1d caxhanrst driseseh aatliveihg geiatidrepsudh as thatetfanat wevidusly knyosknds dretayt fpbor on
conmpound having fro 0 20 carhons in each .hydrocarbyl group,. especially
Cr 1S PSR GSFe ey P bbpANBS AR HapPESY HEAP P RO HELEF B Lewi s
aci d nherdidiRSuddipbRmRric PO EEREHEal@hoRine g @BREaly AlethyRiAN&ang ftlsabagii nat i ons

of a single neutral Lewi s acid, especiall tris nt af | uor ophenyl ) bor ane
wi th a2lpBmprepediier methylalgmensne. o waar%méiﬂee&b i&WWCg‘éﬁ‘&hﬁ cé-m Q DEC

2006  WA-OFB A uted BEIpUSA3MpORE, espécidllyadi(hp@roQbalahlnyisitis- ofPr ef err ed

nol ar ratios of Goup 4 netal conplex: tris(pentafluoro oo

phEhy| Bigaesagdyhherea empruads ydhalpganaied; @elnding.psthalogepated) derpvativgsitherfom

101 1. B orR 11910 capbbink @PLaBh hRRodalyToPBal GRARSURAHB RS bloufnGeedeabiypt s i N
one enbodinment of the present " invention conprise a cation which'is a

Br onst eaiflaeringtedap@piDborsp camaetndpgnd mesiotsperiallyids(entafhigrphenybparane;

nonc oof&lpaftnenia, RRipaitble, Aoncodflittsias, iBefRinihg doR@olfi (nclG@RE @RNEE BRgutRY” Neans
an anion or substance which either does not coordinate to the Goup 4
met al EURRAIMAT HlepPedinRg spnditipaph especiglhidthe i of mamoptyms: RROSPRPAT e deri ved

t heg ef piRiuRY cABbEin, SiyARthY oMRAshiint QAFAifRehSMiblednsé6brdina@RIdexRSort her eby
remai ning sufficiently labile to be displaced by a neutral Lew s base. A
noncoofeoseRipm§alifmi spmBRbL, pencapdipating wHenst bplk pleFnl vy (GRplaiRedRapore detail

functi QRbRdnras Ad cHabidsionsbARE kRokl RBLARgIcHcal G dnddniiBiala pRrp.gx does
not transfer an anionic substituent or fragnent thereof to said cation

t her ebyjonfforming gompand & 2 tEidmph-bydsecarbybampranius) &t a spkisdheraariestaahi ch are
not  degl.adgd a%eqrfaﬁ@w@ﬁﬁ&yph\egﬁma@@ THY thieBbihY altRAIBRA L AIRLE XndLGOMRRS €S
and are noninterferrng wth desired subsequent polynerization or other
usé&s otechhiguesdnpt boen pRyvesfusly taughtiwmitlorespest o diffiret med cainpleres 1a thei faldevang
coor di gt |00, COSRI £% 9! AL 7081 8064 30 ‘%%%-’3%2?%%‘,' UK -5 2501 d
core I'Ch anion 1S tapable ¢f Bal ancing the ¢éharge of the acti've catal yst
US-A-5,350,723, US-A-5,425,872, US-A-5,625,087, US-A-5,883,204, US-A-5,919,983, US-A-
5,783,512, WO 99/15534, and USSN 09/251,664, filed February 17, 1999 (W099/42467).
Combinations of neutral Lewis acids, especially the combination of a trialkylaluminum
30 compound having from 1 to 4 carbons in each alkyl group and a halogenated tri(hydrocarbyl)boron
compound having from 1 to 20 carbons in each hydrocarbyl group, especially
tris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a
polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis acid, especially

tris(pentafluorophenyl)borane with a polymeric or oligomeric alumoxane are especially desirable
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species (the netal cation) which may be forned when the two corrponents are
combi ned. (AL SO, . 4s_ai d ani on should be sufficiently |abile t@ 7Thgeai2ggp! aced
by ol efinic, di 018 i ni ¢ and acet ylenically unsaturated compowsdsi@y; ot her

neutra i a thers ar-nitriles. Suitable tals include,
but ar ECtlergt\t‘\A%S ‘i"?ﬁq’%ig%- t%%?f@% dﬁ”ﬁ%ﬁ%ﬂ ﬁ%‘osgoalqrfnﬁprr{i mﬁfag%quxﬁxotfls(lt‘)%ﬁuloﬁ’rh Sui t abl e
met al | phalglbafing: domord@e ade ditomal: &1 n®t: 10301 hed prederatlpfrom, 1: phasphoenos, and

silicon. Coppounds containin ni o whi ch conprise coordination conpl exes
cont ai ni ng gelézi%r?d?‘éﬁ’ﬁﬁ]flﬁlco%}i’o $ B0 PYCR BRI S M eone smbedimeakof thaREesenti nown and

many, paedtionlebBplist aSEdh PIREIIO W BShsRARLAI dAbillk & dBhAiBka PAsRAnds Omin the
anion portion, are available comercially. Preferably such cocatal ysts may

be T epFUBRHPENPGOOrHieating pRigmiAn g Agasrdrherein.dhgigima  nonggrdinatingf mp3ns au-arfigy) d
wher ei n: * i r i Si: : * o H) i ed acid
e 1 pbin gt 6l MBI o ol ol SR R e
and 3endihg satalyfid dstivajive démnvedtikrafong or wbich ipemey weakly sooAtinataiop sehponds to t he

formul a: - erei Ne-M i Qro r .alymnumin_the, +3 fornal

oxi dat ?%nﬁglg%eg%fe%ﬁeylé{n?%%lgbcéer?géiatbll Vi toeg%%s%%cgg 5] Y%H%%Ta?ge ISPEEt &d from

hydr i degncdomalnktyd geatictiGpecifadaliyieferSto dnydicnoaltittyWhenlfysitiosap By s ehatgddalancing

hal 0- substi tut ed.hydrocarbyl, hal o-substituted hydrocarbyl oxy, and 13 0
V\iDl (83/ BHN AL HU ﬁtﬁgcémiﬁ IRy ORTA F@%S'#‘?rfn aﬁ’a?P'(f-S“@%‘%f“i ¢ feegeitheaohindr ocar by

L agi cahzs% ¢itiog Ithctﬁﬁbygyrﬁ@‘l’gﬁalhmgeﬂlﬁbleﬁkshy‘l@bfihﬁ@tgﬂé/imodg’efﬂé@hig_gﬁﬂlﬁﬂ:ljﬁﬁl'e not 40
ydrocar Xy- a r ogenat ed si |yl hydrocarbyl radicals .sal |

havi nggi%%leg f%‘t?“&@}%%ﬁ%ﬂ t%w wally fermsd somelsx dreamnopEs aag aispprnteHa RSO

OCCUr I efgred hibsdqubilpbeBieri E2X0 Bl QBerQbesifitheddnBlexhydr ocar byl oxi de Q groups are
disclosed in U S. Patent 5,296,433. 5 1In a nore preferred enbodinent, d is

one, that i $Teiarred 2pigHTATR FhopeipngEng: $Pal§IcRorAiBatinnicpmples fampesingrichirge K.

Acig Vabédigg GRERbAhMBIIGId 6REWhicE hfign RUBILINGE GlhndihE 1R&hEE U @E géﬁvggégglgét In
the preparation of catalysts of this invention may be represente y the

f ol | owFRFGieyEhPeR! ®Bemhybich may be_fppmedprien the fifecpmppnentspge ¢ombinedadispr evi ousl y
def i neghig gﬂiiﬁﬁ sHRQII®R sﬁﬁci@ntflyol'é?i?cl to B idgﬁfaicgwbysél@t‘tlrﬁ?,_molﬁni@ﬁq a&é&rl@ni@allg i
hydr chrl;sg%ratéd c%%%ggxfd%roPthhgrxn%ut’ralfﬂe\%?srb%r;gsdsgggEirett)lyers or nitrillje(g.r g3i¥ableor§§£ls yloxy-,
include, but are not limited to, aluminum, gallium, niobium or tantalum. Suitable metalloids
20 include, but are not limited to, boron, phosphorus, and silicon. Compounds containing anions
which coinprise coordination complexes containing a single metal or metalloid atom are, of course,
well known and many, particularly such compounds containing a single boron atom in the anion
portion, are available commercially.
Preferably such cocatalysts may be represented by the following general formula:
25 L) (A)*
wherein:
L* is a neutral Lewis base;
(L*-F)* is a conjugate Bronsted acid of L*;
A" is a noncoordinating, compatible anion having a charge of d-, and
30 d is an integer from 1 to 3.
More preferably A corresponds to the formula: [M'Q.]’;
wherein:
M' is boron or aluminum in the +3 formal oxidation state; and
Q independently each occurrence is selected from hydride, dialkylamido, halide,

35  hydrocarbyl, hydrocarbyloxide, halo-substituted hydrocarbyl, halo-substituted hydrocarbyloxy, and
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hydr oxyf | uor ohydrocar byl -, di hydrocar byl al um numoxyf | uor ohydr ocar byl -, or
fluorinated silyl hydrocarbyl- group of up to 20 nonhydrogenO&TDEiﬂ’SZOUWth
the provi 3 ¢¥&e4itn not nore than one 15 occasion is Q hydrpg(fﬁfstqy/lmﬂ?/bst
preferably, Q'is each occurrence a fluorinated aryl group especially, a

pent af haleryprayadsilghpdipcartipd é#deqﬁ#Séwcwéwg§ertbalgéer@éﬂdth§d@wbﬂmhﬁ1m§%d ts,

nore py . I bﬁm

cont ai L’ﬁﬁ‘gga?r}ile"x %rakﬁgé%méi%%g *‘E%ﬂ &rarb ﬁ%gi lﬁ)‘ﬁﬁ%%a ter°c (rg%%os k/%otﬁ S have
been f withthetpoovise tlpiamtnqtmloeﬁrﬂhyn srmctcalbl“eecdlteurbéelﬁxanqﬁ@mfamltabh with not only
the pr net al | ocenes as wel | .

11 ustg}écﬁ Carlm%\%? Q?%?“HSFE] (ffc %feg) %%tb:a ntgﬁﬁ 4|3t4§}n conpounds whi ch nay be

usel as an Iechire piefdigdeobatialeys t id shef her i tiep@nak: 00 h@§a§1ﬂg€lehd’g@ﬂi\€éved
catalysts of ;this invention (as well as previously known G.oup 4 netal

cat al ySteEse 4 15 4 1 ACLYRHRE FRFIAGISSAMBRHPL Y Vaich grerpagiculasly usafalanthey | anmoni um

t et r akpepReitindt LAHQYRPETRRY inveRIALS) be rbprbRhRY b?mlléﬂlﬂhg general formula:
tetraki s( pent af | .uor ophenyl) borate, tripropylamoni um

tetraki s( peft’a ®¥bphenyl ) borate, tri(n-butyl)ammonium

t et r aki s( peggati,uorophenyl) borate, tri(sec-butyl)amonium
t et raki s(pent af | uorophenyl ) borate, 30 N, N-di net hyl anilinium
t etd aki s( pehf‘ésfalsmwwpﬁed?ﬁl)edborat e, N, N-dinethylanilinium

n-butyltri S@Q?Wr@fm%% ﬁ\(l%jt)l%] Sgat%a&es IQPCKII- N-di et hyl ani |i ni um

benzyl tri s(pentafl uorop ora di met hyl ani |'i ni um
t et r aki s(4 Qis bhlyd]¢odrhybt lh},;ﬂlrmaﬂwlo)xyZﬂuo’kphﬁ,rocﬁrttyet ﬁafrbhmmafwwy) bor at e,

N,N—dl ani| |n|u [e %Ss triiso | Si %%2
6-t et raf qt opl eyny(fc)ar of%{ 13é © by&i‘(‘ﬁ\%ﬂa‘m&%f%@ B’ér??’ﬁlm?\%r or Huortted
pe nt af klumi}dp:iwhyixgﬁonp sf et 2afonipyrdegyae By, Wit dik @rovisb4hdDin MO/ 1080444 | OEC
6 PCT/ Li'SOIP’/Qr].'rtg'% bN’ gblditet l%%%lga(ni i niymtetraki ?li{Eent f | yor ophenyl)
at e CRERE BRI AMES PRAR I SiTRTA $reURcE £ %@ﬁ’( or ophenyl )
bor at eespeclaliyet bwtdfmbfo@dagrygﬁﬁﬁoni um t etraki s(pentaf! uor ophenyl ) bor at e,
di met hyl hexgdgc Ii 21 etrakls ent f1uoro &é Bgate :
di met hyl oct &% esiéf’ P PRSRR ‘%FF& 124 mpss B ?% gpgonium- or
met hyl dﬂan@taryaajmnqduaﬂmam contdisihg akd @r(nﬁlﬁa and AIRYIQPEDE. yh‘he lbtbér&b@xalysts have
met hyl tggogx e %)trls ent oro | ) borate,
net hyl ?CP ?‘i‘ ﬁ%ﬁ’%ﬁ%‘yﬁmté %/ fﬁlg ?J’H¥‘H BRPOBERSAL PR yl ?H@ %/tﬁlor ophenyl )
bozmt ecompietel phicitiee KGaclpoyheanddehesras tellr aki s( pent af | uor ophenyl ) borate,
[lustrative, but not limiting, examples of boron compounds which may be used as an
activating cocatalyst in the preparation of the improved catalysts of this invention (as well as
previously known Group 4 metal catalysts) are
tri-substituted ammonium salts such as:
25  trimethylammonium tetrakis(pentafluorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,
tri(n-butyl)Jammonium tetrakis(pentafluorophenyl) borate,
tri(seé—butyl)ammonium tetrakis(pentafluorophenyl) borate,
30  N,N-dimethylanilinium tetrakis(pentafluoropheny!) borate,
N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium benzyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
35  N,N-dimethylanilinium pentafluorophenoxytris(pentafluorophenyl) borate,
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10 net hyl di hexadecyl ammoni um (hydr oxyphenyl)tris(pentaf| uor enyl) borate,
- iy
nmet hyl di hséﬁdec%l anmoni um (di et hyl al um noxyphenyl ) tri s(pent | B @paseny! )
bor at e, AR (e adecyl ammoni um t et r aki s(pent af | uor ophemgr)yudgn e,
met hyl C T dr oxyph tr| s(pent af | uorophenyl ) borate,
met hyl g\{lgéjﬁe gl?an}illmu 16%?1?11 %&]\ﬁgﬂ?ﬁ{%‘%% Xyphenyl )tris(pentafl uorophenyl)
borateN Maxnmwhylm oeteddenyiniimBRikipdredTualdphépeydoadid, uor ophenyl ) bor at e,
phenyl di oegt i\tdec | anmoni. um te a(’%kl S af | uor ophenyl ) borate,
phenyl Y A AR R Wt H‘@“‘ & &P@‘F‘)‘X}?Qﬁtﬁent af | uor ophenyl) borate,
phenyl @ln@&lﬁﬁ%ﬁ&%hﬁmmlmtérﬁﬁk@f_ﬂ%bétbﬁﬂdg‘é’%ﬁﬁ% phary! ) tris(pentafl uorophenyl)

i oct adec ammm um

borate %@/ trimethyl pheny

t et P akiduy ;lﬂcé?ij ATBRERHY fefralgpentaluopppheny )borate
by ar et TR B h O BEGEI AR orate,

(2,4, 6methyiﬁetttkﬁ5¢b%ﬂzemyb1)1dn(ﬁh}tdadeplychalbtnm(rpbmmﬂl(qﬂbfﬂtehy) iraimi noxypheny! )

tris( Pl [dieLeRenyl o LS {@B@axglgﬁn%x%ﬁea'yﬁ&g@aﬁgﬁ&@yp& hpgtadecyl ammoni um
(2 4, 6ntethyfdnhmardapﬁmmbmdmaataad@ﬁytbﬁmmwheuym) borate,

TN R RSN

E di et h?i}e&iylﬂiﬂleﬁﬂiéiljdhkﬁﬂ)ﬁh1)1in(rj(ti}%(hlpﬁﬁlﬁ'rﬂﬁdxypﬁdhypfiﬁ(kbéh%aﬂud}@;ﬂ?f]ﬂ) boratﬁ b
pent a I oct adecyl ammpnl um t et r akl s( pent af | uor opheny or at e,
( pent af® HH dﬂ)‘%ﬁgﬁ% %’W’%’PH ARRfHoERhenyl) borate,

(hydr oxeptyeingctalibdyil st enim | mydaﬁs)ﬂmﬂxhé(peﬁmﬁﬁ@phenyl) borate,

(pent af | uor ophenyl ) di oct a | anmoni u
(G ot P ISR MG (e AN r ey Feins s Moo heyl st
(P18 11 fdetRianpRiabyyIRE M hh @éu%&@@&gﬂﬂo%gﬁexﬁwmrate

t et raki s(pent af | uor ophenyl ) bor at e,

(p- t r i PhemidinstdespiasHRoR AR divekisReweiHosrrbem LbArate,
( hydr O?H&ﬂﬁimékahéd’y'lzﬁr(&&ﬂ&rﬂg )‘dﬂﬂ’)&pk&ﬂ L()pelggﬁl?c;r@phenyl) borate,

p-trifluoromneth I"oct adecy
( d| et hi’P%ylﬂ’ﬁCH’&RWﬁ@ﬁW‘)“’f’ t(‘ih§tPﬁélﬁ{n&1°f<YRR§F%lb‘ﬁéﬁﬁ’9m}ﬂ“%Qﬂha%é) bogge,
p-nitr h%ﬂbfﬂn&ihﬁ B&%@GM&@J@E@%%&%&% QefheidpHarBRReRy! ) borate, 15 WO
03/089444 7 PCT/ US03/ 10547 rophenyl d| oct adécyl anmoni um
(hy@r o@ﬂ»ﬁéwyﬁjwlphwbélﬁﬁtaqiqcmlemwn@ﬁyhydrbﬁrp&pwl)ms(pentaﬂuorophenyl) borate,
p- ni tr ephenyhethPehadBEBLANH I(
et hyl a?um noxypﬂgn&?St ris( peﬁlltngﬁnﬁglr glgﬂbg}la;lll?mg}6¥p§%rle D and m xtures of the
f or egouﬂﬁéyen&ﬂapq@phena Aeum salts such as: 5 d| - propy!l ) ammoni um
tetraki sﬁ@sﬁﬂ@r&mﬁﬁm&?ﬂeéyl DO §ifein tetﬁﬁfs@él’x gﬁ%\{ ERRET Um

oct adodety

t et rakl s(pent af l'uoro bor at e, anmoni um
tetraki ééﬂﬂwvmnﬂ%mmeyylmm@n (lamldoxyphenyl)tnS(pentaﬂuorOPhenyl) borate,

25  (24,6-trifluorophenyl)dioctadecylammonium (diethylaluminoxyphenyl)tris(pentafluoro-phenyl)

-‘=!

borate,
(pentafluorophenyl)dioctadecylammonium tetrakis(pentafiuorophenyl)borate,
(pentafluorophenyl)dioctadecylammonium (hydroxyphenyl)tris(pentafluorophenyl)- borate,
(pentafluorophenyl)dioctadecylammonium (diethylaluminoxyphenyl)tris(pentafluoro-phenyl)

30 borate, |
(p-trifluoromethylphenyl)dioctadecylammonium tetrakis(pentafluorophenyl)borate,
(p-trifluoromethylphenyl)dioctadecylammoniuvm (bydroxyphenyl)tris(pentafluoro-phenyl) borate,
(p-trifluoromethylphenyl)dioctadecylammonium (diethylaluminoxyphenyl)tris(penta- ﬂuorophenyl)
borate,

35  p-nitrophenyldioctadecylammonium tetrakis(pentafluorophenyl)borate,
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di oct adecyl anmoni um t et r aki s( pent af | uor ophenyl ) borate; to -substituted
phosphoni um salts such as: 10 tri phenyl phosphoni um 07 DEC 2008

t et r aki s( peovaédouar ophenyl ) borate, nethyl di octadecyl phosm 10547

t et raki s(pent af | uorophenyl) borate, and tri (2, 6-di methyl phenyl’)phosphoni um
t et r akipstipphenyidiestadephenmpriuth Orygdraxyphegiy D sigipstiaflusregheaxbbéreim sal t s such as:

L premyl GHOBLRA LBl ACPSOLS LIoT OBNEIVLL Bl pdSodlbriah ) oxont um

t et r akiasd pemtrasfdf tierfophenyl ) borate; di-substituted sul foniumsalts such as:

di (o-tolyl )Bl%ﬁf gni um.tet rlgki s%&ent af | uor ophenyl ) borate, and

met hyl cot ad&€yYsUMP BN t°et'faKT s( pent af | uor ophenyl ) borate. 20 Preferred
trigl Kyl amman{iyropyBhmebsiualterakRifeyiadiGebraen woargoni um and

di et hyl oct adecyl ammoni um The use of the above Bronsted acid salts as
act i vatieylocaesy amparaim fegpkigaenaiiugroppeiiRersteat i on catal ysts is known in
the ar teihe BscbRgRrdhah! OS8R [eRabSBsRn0§ 40802 US- A-5, 919, 983,

US- A-5, 783,512 and el sewhere. Preferred dial kylaryl anmoni um cations are

f | uor ogretagdcsiapaoatiet iptralistoeitaliveropprayDlbeoate- phenyl di oct acecyl anmoni um  and
p 25 trifluqg. -hyl | cyl )anmmoni um cations. It should be noted
that certai ‘ri:rli%{@%ﬂ%d%@%@é#rﬁ?@gﬁgégﬁs%éd ally those containing a

hy d® oxy phenyiiphenygpindphaniunhetrigos(pdnea faniophenytehoratequi re the addition of a
Lewi s acid,..especially a trialkylalumnumc ound, . to the polynerization
mi xt ur &GP ldl(fcﬁeec é‘fa}lé)rq’ghsof“u@’otﬁrﬁ%‘é%(‘felngﬁyoﬁoﬁg%lryﬁ%r Ltl% %brm the active catal yst
conpos i@ @rlim&hgphyl)shispiadniuen te@ikif(pentif@rophehlViadritelg cocat al yst conpri ses
a salt of a _ca itoni oxi.di Zil?r;r?i 30 agent and a noncoordi nating, conpatible
ani on repredk é&f“ﬁ‘}g OXPEUP SHUTFH 2 OX~) d(Ad )e_ wherein: Oxe+ is a
cationi ¢ oxidihhedyigkoafaietrflas(pddgafRoRPRIYO tat€+;, € is an integer from1l to
3; .and 35 Ad- and d are as previous|ly defined. 16 Q DEC 2006 WD 03/089444
7 beT/ Géeé?@mavuméﬁ%%(%@m@fmrea@q%%era&fx?'aﬂ zing agents incl ude:

f er r oc@batabec)loiGRItbYdkistpehtatinbubiRdylh 86a@ceNi UM Ag+ or Pb+z. Preferred
enbodi ments of Ad are those anions previously defined with respect to the
Bronst ed acidstostipisd sPEYMR 6315 8850 F§ cocat al ysts, especial |y

t et r akidgbpeyysaftbriomaphanydchat@bghenfipBodecaf the above salts as activating
cocat alni%té% ][cf(,f)lr Fd ition 5 p&! yrrgri zation catalysts is known in the art,
havi ng oHPER 1YL By Rt E3sspeRtagyoropiggy!) borate.

20 Preferred trialkylammonium cations are methyldioctadecylammonium and

dimethyloctadecylammonium. The use of the above Bronsted acid salts as activating cocatalysts
for addition polymerization catalysts is known in the art, having been disclosed in US-A-5,064,802,
US-A-5,919,983, US-A-5,783,512 and elsewhere. Preferred dialkylarylammonium éations are
fluorophenyldioctadecylammonium-, perfluoro-phenyldioctacecylammonium- and p-

25  trifluoromethylphenyldi(octadecyl)ammonium cations. It should be noted that certain of the
cocatalysts, especially those containing a hydroxyphenyl ligand in the borate anion, may require the
addition of a Lewis acid, especially a trialkylaluminum compound, to the polymerization mixture or
the catalyst composition, in order to form the active catalyst composition.

Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing

30  agent and a noncoordinating, compatible anion represented by the formula:

(OX)a(AY)e.

wherein:

Ox*" is a cationic oxidizing agent having a charge of e+;
e is an integer from 1 to 3; and

35 A% and d are as previously defined.
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Anot her suitable ion form ng, activating cocatal yst conprises a conpound
which is a salt of a carbeniumion and a noncoordinating, @dnfit i26e ani on
representé’%pﬁ'i/osf)i‘ﬁs1 formula: (c)+ A wherein: 10 (c)+ is ®CCIAG1wsar beni um
ion; and A- s as previously defined. preferred carbepi.um i is the
trityl cati gﬁ?mﬁﬁsac? CROnIG PHAERE sACRIR ANy errocﬁ?&%é’ﬁ%’? arFBH-esutéS 1@1\'&)%1 car beni um
sal t s @sroa&tiina4d g PeBC atefdritdembbdimemd df Al are theelayiors pizdbishetatdabiglst s i S
known in the g\rt, havicgfg been di sclosed in US- A-5, @50, 723. A further

sui t abFEPeHIP tROPIPFIEF acEeaniARRg R KU CAFAIYS™S G 5FRE%s a conpound which is a
salt  JeraRifpentdiidoydphttibORied Mie BscHIMEODOH Qi hmxivm%agdtms@ faNida@nion
represented by the fornula: R33Si (X' )qg+A wherein: is C1 10

hy db oc aplyyperizagiag catalystsis kpewdndheearta Bayirgeden dsripseddp Usedt5, 32 & erred silylium
sal t act | Vatﬁln;aﬁlexcéﬁﬁ l@‘lo}{% 1§niﬁ\£ Ect%{iﬁEéo*aé{ tg/ktj c\SI’rflpHEQS%Qompound which is a salt of

t et r aki spent af ['uorophenyl borate, triethylsilylium

t et r akiaspbertiah liancnd p memspblioragitg camgatéidwerion rspigsenied yebe fadaet s t hereof . The
use of the ove silyliumsalts as activating cocatalysts for addition

pol yneri zat i oﬁA catalysts is known in the art, having been disclosed in

US- A- 5, 625, &iéreirfcert ai n conpl exes of al cohols, nercaptans, silanols, and
oxinmes with .tri (pen%af,l uorophenyl ) borane are al so effective catal yst
actPvat ors &hdS by FEPHUWR M &%t ding to 25 the present invention. Such

cocat al yst s ARGyl efindd. WSprédehreL&Bbehdan ioAnomhBenityrdadss tat issui t abl e
catal yst activators are expanded ani oni ¢ conpounds, correstg?ndi n? to the
f or mul &iphepylpgthypum. 7ihe ys¢ pt tue gpove Gprbprapm.saltsgs aplavating sepglysisforeAdifgs +a' | 30

Z' s apiyplRhiofiod taMpPstOfs khewmnlind &t 2Bvinph&heh Ay th Ui s8t7088, not
counting hydrogen atons, further containing two or nore Lewi s hase sites;

g ¢ ! : . CC :
J' i ndependehtirthersaiiabioien frmite activating (sl SicemaresdrarRarda Y 1t stleast
ongsLewr 3 siRARG i9h kiRl a Rncdordin®g, ARgARRlahdn riiResehiteBY e $8tRMIa)’  groups may
be joined together in a noiety having multiple Lews acidic functionality,
35 ' is a dusbey)d4om 2 to 12 and 17 WD 03/ 089444 0 7 DEC 2006
PCT/ US03/ 105 frdn.» b', ¢, and d' are integers from1l to 3, with the
proviso that a" x b' is equal to c' x dl. The foregoing cocatalysts
(i 11 ustrat edByCtinbydosarsl.igd X creddl ingreas psarbehvtdsfiset i mi dazol i de,
i m dazol i ni dgerestiPilibHA0adivhiflRz 8t G€are RENZLILHARG | de, or substituted
benzi m dazol i de ani 0ns)
20 tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and ether
substituted adducts thereof. The use of the above silylium salts as activating cocatalysts for
addition polymerization catalysts is known in the art, having been disclosed in US-A-5,625,087.
Certain complexes of alcohols, mercaptans, silanols, and oximes with
tris(pentafluorophenyl)borane are also effective catalyst activators and may be used according to
25  the present invention. Such cocatalysts are disclosed in US-A-5,296,433.
Another class of suitable catalyst activators are expanded anionic compounds
corresponding to the formula: (Al"'a])bl(ZlJ ! jl)'°1d1,
wherein:
Al is a cation of charge +a',
30 Z' is an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting hydrogen
atoms, further containing two or more Lewis base sites;
J! independently each occurrence is a Lewis acid coordinated to at least one Lewis base site
of Z', and optionally two or more such J' groups may be joined together in a moiety having multiple
Lewis acidic functionality,

35 . j' is a number from 2 to 12 and
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may be depicted schematically as follows: R8B R8 R8 1+ 1 1 1 1+ 1 N

-NON-J Ai+ J1- N- NJ AJ N8 \ RB(R-? (H2 (R8) 2 Or
wher ei n: WO /4884434 nonoval ent cation as previously defi ned,pcq ﬁﬂ

is a trlhydrpcgrp | ~,ammpni um cation, containing one of tw CQ-40 a
groups, espéeitall; ?“‘i‘ﬁé‘re misgery fiBmd(to 8t WaBEerdsihe

F:rabl y
xbms egyal to ¢ x d°.

met hyl bi S( OothadeCilnBERALTIE tfmhgl%gecﬂaar@g%llﬂ%g&{ag%ﬁ détm@ua@h?a%ﬁa&[ rence,

i s hydrogen or a halo, hydrocar

ohydr ocar

silyl hymlplg@é‘miglywubs@tutgi 1hy<|lazol(mdmbmlnmgazvbd@o; SLd]st-ltuaddenmmldazollde anions)
tri(hy up to 30 atons not counting hydrogen,
g‘b? %8 8?;)@%&3 écb%m%tlcgﬁ n%f}%al OWS;

prefer
tris(pentafl uor o
include the tfi

I's tris(pentafluorophenyl)borane or
enyI ) al um nane. l8:_xanp| es of these cat@t yst activators
dr ocar byl ammoni uR¥, especially, 15

met hyl bi s¢t etradecyl) niggm  or rret hy bis(o adecyl) niumTsalts of:
bi s(trig¢pent ophenyl) q')r i ol ig] J' — NI N—y!

bi s(trlps( ent a roph mﬂ n ecyl i m dazolio

bis(tris(penta roph nyI)bora hgpiopdecyl i m da e, ,

bi s(tris(pengéfl uox@phenyl ) bo 2b| s(undecyl )i bbi de,

bi s(tris(pentafl uorophenyl)borane)-4,5-bi s(heptadecyl )\"m’dazol i de, 20

bi s(tris(pentafl uorophenyl)borane)i m dazol i ni de, RE R8

bisgtri s(pentafl uorophenyl)borane)-2-undecyl i m dazol'm'ni de,

bis(tris( peq,;h@;e}uyor ophenyl ) bor ane) - 2- hept adecyl i m dazol i ni de,

bis(tri s(pent af [ uor ophenyl ) bor ane) - 4, 5- bi s(undecyl )i m dazol i ni de,
bis(tris( pen’t Af amprcmhl@ntydaylmsa)mjemwﬁieﬁn@i(, hepprefdedly i} b migdwotbyli  de,
bis(tr nyl ) bor.an |msth | be dazol i de, 25
bis(tr ?@%Bgﬁ%lg{ udro Egrﬁél %rrtgrolg""ﬁa%yg hdsg?:%}%liybtggnm m dazol i de,

bi s(t rmﬂw&wi{&ﬁhdmylmnhmwmedrmeﬂjyﬂn)m(mtdm:ﬂbandﬂomum- cation,

bis{tris(pe afluor en ).al umane) a

bi §(§t ri s( pent 2Pt orG%g %}] °%ﬁ“”ﬁ%cﬁe%5 droﬁ%b?‘éd?g%g?‘f{‘?%ébi'gllﬁaﬁ’éa}rbyl’

bis(tr ha@mmafumeﬂﬂmmﬂ)yaloumq)mmdﬁxgbhcﬁ(ounﬂmﬁ It (hydroezi)sie) group of
bis(tri, SE ent af | uar g hsen)‘1 %rg umane) - g o‘f adecyl )i m dazol i de, 30

bi S(tl’l% pen? arT U uor op eﬁy?’ FUNBRE M G 8 18 WO 03/089444 Q 7 DEC

2006 PCT/ USbB/tIiQﬁfﬂlVaﬂuorophenyl)borane or tns(pentaﬂuorophenyl)alum1nane

15

20

25

30

Examples of these catalyst activators include the trihydrocarbylammonium-, especially,
methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- salts of:
bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide, bis(tris(pentafluorophenyl)borane)-2-
heptadecylimidazolide, bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)imidazolinide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide, bis(tris(pentafluorophenyl)borane)-2-
heptadecylimidazolinide, bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentaﬂuorophenyl)borane)-5,6—dimethy1benzimidazolide,
bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,
bis(tns(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide, bis(tris(pentafluorophenyl)alumane)-2-
heptadecylimidazolide, bis(tris(pentafiuorophenyl)alumane)-4,5-bis(undecy!)imidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolinide,
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bis(tris(pentafluorophenyl)al umane) - 2-undecyl i m dazol i ni de,
bi s(tris(pentafl uorophenyl)al umane) - 2-heptadecyl i m dazol i ni 8i&,pec 2008
bis(tris( S'k‘?lf’ﬁ?"l%ﬁrophenyl ) al umane) - 4, 5- bi s(undecyl )i ni dazecirnisdgi0s47

bi s(t t af | 4, 5- bi s( hept adecyl dazgol i nid
AR N R TR A e R e e
bi s(tr |75h(e H@c@ﬁrﬁﬂd@i&ﬂh@Wl(ﬁ@{p@rﬁﬁm}opﬁeﬁylﬁl&ﬁ%@ﬂﬁ@%ﬁshﬁ@éb%ll)mn@%ﬂhidge A

further ass of suitable activating cocatal ysts includé cationic Group 13

salts b@ﬁl’l?@%Wf%@erty@a]ﬂlﬁ’éneﬁ6r5rﬁ3$(hept2[dwrj)_l pridagoljnider Ar 3M) @) - wherein: 10 M
| el uby i Cl_20
LTS P S S e,

hydr ocar opt 1 ona one or hore groups which
i ndéperbdén'e'(byﬂtéh!@tppbw@alrumnmDa6rle8(h13d¢p§aloiaernbxym®zyhdehydr ocar byI si | oxy,

hydr ocar byl s h carb i Lyl dro | am no,
di (hydr ocar t%/f’}“g?ﬁ s °%S“q%&%%égégﬁ‘5y?§/aﬁﬂﬁ%%ﬁ‘? gé Cag?“‘iﬁr%“yg‘g ¥ byl sul fi do
gr oups cheaspoglidgrtothelfotnaui20 at ons ot her than hydrogen, or, optionally, two

or nore QL )ig/{] Wps m#ﬂ\g e,covalently linked with each other to formone or
more fused © §§ g8 QY ystems @ is an al kyl group, optionally

substi t ut ed wHetdh:one or nore cycloal kyl or aryl groups, said @ having
from1l to 30 carbons; 20 L' is a nonodentate or polydentate Lew s base,
préferably M’ salumigin galivg. edetdhnated to the netal conpl ex such that it
may be di sphacgdohy otulffl N monomer, nore preferably L' is a nonodentate
Lewi s base; 1' is a nunber greater than zero indicat i ng the nunber of Lew s
base noi et i &&,is €12 hxdecarhy roplieng by enbaieitrtadyvidheels cpgesrgraps &vbick an ani oni c

| i gand ting of
R s AN e AL e e A
a f | uodi(hedrecdrttylsdlyberminbytlydrepirbylymiob, difhydrobatbyl) 80ine ai(hydroatytphospbisb, or
preter r f rom 6 to
0 Tear e bt aRid oR PRkl HhBRARGL AUFRNR) nid 86

ar onat imeraQH groursha bermlvelwlydrhkffdrmm &chotBOtocfamb ore catmvmsﬁlsﬁmrgs IoESng)f t he
foregm?sge SFoup 13 netal salts are alumciniumtris(fluoroaryl)borates or
30 gall'1cinr umtr| s(fluoroaryl )borates corresponding to the fornula:

[ M'Q 2L' 1.] Q°As 48P )sroupybpeiorsdliy subdtituited with miaermae cyghlalkiyLion arggrowps,Gaid20

hydr Oci't*{jtl’ﬁ{vm pr[)glfletro%gé e 8 alkyl; Arf is ‘perfluoroaryl, preferably

pent af orop enyl s Cl. g aI kyl, preferably C1-8 al kyl. Mre

pr €der abl y IQ)is am@nodeRtaterag polsidantatcladwiChas, pﬂefcydblsglt: dups¢rsihbs:toopﬁr&aie@rtabl Y,
oo A B RS, LY bIRLSCRLENL TR 2, e,
of a t mdqohgehtadebewiglbpsl um num or tri ( hydr ocar byl ) bor ane 19
I’ is a number greater than zero indicating the number of Lewis base moieties, L’, and
Ar' independently each occurrence is an anionic ligand group; preferably Ar' is selected
25  from the group consisting of halide, C,_5, halohydrocarbyl, and Q1 ligand groups, more preferably
Ar'is a fluorinated hydrocarbyl moiety of from 1 to 30 carbon atoms, most preferably Arfis a
fluorinated aromatic hydrocarbyl moiety of from' 6 to 30 carbon atoms, and most highly preferably
Ar' is a perfluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms.
Examples of the foregoing Group 13 metal salts are alumicinium tris(fluoroaryl)borates or
30 gallicinium tris(fluoroaryl)borates corresponding to the formula: [M”Q',L’}]* (Ar5BQ?), wherein
M” is aluminum or gallium; Q' is C, . hydrocarbyl, preferably C, g alkyl; Arfis perfluoroaryl,
preferably pentafluorophenyl; and Q* is Cy.g alkyl, preferably C,q alkyl. More preferably, Q' and
Q2 are identical C, g alkyl groups, most preferably, methyl, ethyl or octyl.
The foregoing activating cocatalysts may also be used in combination. An especially

35  preferred combination is a mixture of a trithydrocarbyl)aluminum or trihydrocarbyl)borane
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0 7 DEC 2006 WD 03/089444 PCT/ US03/ 10547 conpound having froml to 4
carbons in each hydrocarbyl group or an anmoni um borate w t h03rDECoRB0goneri c
or pol ymeMe@ 03P8¥txane conpound. The nol ar ratio of catal yg;clﬂ[gﬁ%{lg_lq);st
enpl oyed, %ggr%rh%lpllny raqgeg fbom.l: 10,000 to 100:1, nore preferably from

1: 5000 to 10:1, rm%FmIBr P 8FYBPYP ¥ P DY IrPetBY k g50up:of an AnmepRENratoheth aused 5

by it selofigarseraror aclyinedd aligo:GRE Bdrddanal, 1S enployed in large quantity,
general ly at p;@ﬁari?}* 100 tinmes the quantity of netal conplex on a nolar
basis. Tri s( pefitra dBiosh raHyIpentayi empleredpratestlyasngan froact: 102010 tng 00:1,

cocat al yidre pefepdbh} @M 5000 8 100! Rbst Al metal conplex of form0.5:1
to 10:1 n%tr)e pr'eferagl y frlgﬁf %B?Lt p?%)ft‘%?l%q%@f'l%@et é'rlabqugm?)raSPn‘il?ei’ Uyl 5: 1.

The P en& ASHEAReFtivatingrpcealst ialeyptoyeaimdarggqnettia), bancaiiplablead 10M imes the

appr oxi g4 1 I i wi t.h. t he tal. c | ex. 10 The catal ysts,
whet her qgr lnk%%ﬁ%%gg}fl?igﬁg#%}}%%gassﬁsrt ﬁkpeenﬁgﬁ?{@w}en%r%’é’ WaEaUsed apar yner i ze
et hyl eni@aialiye egalystriaeregoyed hommbtr ka1 grefmi@Mcdmplex 300805 L& RPN L@LONE

ei t her in.. conpinatian. Preferred addition polynerizabl e nonomners
f or usegﬁgér}g?lgﬁ?%g [ lutﬁg'lo’flgsgi’ﬁge,ra%i’ §P®f i hie S hndherempipngactiaing ofcatabrsistags 1 ed

ol ef i ns gacealiyleimplogtd i aPproRinALERY i OFPQUARGS wiBhahALING ﬁg}y! i c _
unsaf uration Tﬁs \le It a% tgycl i ¢ conmpounds containing et hyl@éni ¢ unsaturation.
Exanpl es of tHe &Y Te V45T on BpiyBPire |ip it wifeble mprsien pemtteneed togrobaicnieae,

and nor bwkesydekinalel WRSohHahaih £ SHDSL | | edd 8- pOSi tions
wi th C1- 20 _hydrocar byl @%Q?JE)S. Preterred é?%!?@?ﬁakﬂgngﬁog% GRS & i n

c orpoun 8&RPIPFHoPy Hrefgred afdjtiorohenerizable mranmers Forsh oreid iiede diefimeodislagisene,

and t headd d&turddtBereSraPalrdyfsi r ; are especially suited for
use in El;sgg%rxgti on of et hyﬁghezi?gir-ggg %ﬁ%??ae?{%% gorllnevlomi S—‘E?@%EH%&’, Yinylic

et hyl en ORas Well pyAveliregoptpepydsenataingteyliydenid urkatupeon. eBeamples of the latter
et A enpchrdBBYdburche 29cl l.ene/ 1- oct ene. copol yners as well as
t er pol yner sggif; et thy‘l3 egépﬁeg{regg% goﬁgﬂegéfg% gnO%Bﬁng%en‘#eﬁé%vgﬁﬁﬁf AEUDsfytsd i8S, f or
exanpl ethe2ppid ¢-respiomg with €20 Mipdrocarb e fesvupe dPretareraiotefind aleltle, dibRfg2- 20
a- ol ef i gsmpREMEH ropyl ene, .. i sobutyl ene, 1-butene,
1- pent ene. - hexeﬁg%n)é??&lkg%lehgp&f? %8?1%%#2?6)‘5@1%% HVF@%@C%éW Udhe hko hsne, 1-
decene, “ABKYE EHaToPerrathonpiecotearila selaifonse imprepanition of ebylehereqfieneOt her
pr ef er r adylBRNNIBLESe, 2By 14 al.kyl ,substituted styrene,
et hyl i deﬁ}énor bor nerie, ylegﬁgtﬁg%agiithéﬁgé}&f P g-e rcl)%teg]&%ger{ 'Pen%?fienﬁlé’ﬁlﬁ‘&q/%‘ﬁﬁ’ﬂé’hé‘,
4- Aty | REPEInE AR e hd enedi-odteny cbrmiviasre as weldlantierblyness dfktyRat, phbgyileretahy hene.
Long  ChsHchnjiBEddQiiTe! Uﬂ%{fo?éﬂn%lé TS vci)lg%llﬂjt erm nated pol yneric

u

remmants formed in situ rrng cagntinuou tion polynerization
reactions. UNWerprefairedibbemprioelndsd thy Gs arulblefiny) sspsei@lly dtBflene, 518} IRne

macr onoj Inj re readil rized into the polynmer product al ong
W th et o onaesh Bl Teub e Kpder LNy | EPaietiohainin's) pevignaa steat.-

quant i tdessnepfonf ohin chabmoleEAAIGhbIRGNS, And RSk SBklebi @h&%&ﬁg@éd mbldHh&L r ed
nongner i ncl.ude g%’c%g}ii at.ion of ethyl ene and one or re conbnoners
1

selSct ed P i om FBH V! SHYHRERY TR 8k deneapriorspe chybhetedicend, 7-octadiene,
Vi nyl cydhybesteheesne, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with ethylene. Long

chain macromolecular a-olefins are vinyl terminated polymeric remnants formed in situ during
continuous solution polymerization reactions. Under suitable processing conditions such long

chain macromolecul_ar units are readily polymerized into the polymer product along with ethylene

30  and other short chain olefin monomers to give small quantities of long chain branching in the

resulting polymer.
Preferred monomers include a combination of ethylene and one or more comonomers
selected from monoviny! aromatic monomers, 4-vinylcyclohexene, vinylcyclohexane,

norbornadiene, ethylidene-norbornene, Cs.q aliphatic a-olefins (especially propylene, 1sobutylene,

35  l-butene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, and l-octene), and Cy.49 dienes. Most
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nor bor nadi ene, ethyl idene-norbornene, C3_10 aliphatic a--olefins

(especi al lvé/ E}r‘oggﬂéene, i sobutyl ene, 35 1-butene, 1-hexene, 87 DEC 2006

3- et hyl - (b | , 4-nmethyl -1-pentene, and 1-octene), and pch/ s aisenes.
Most  20prdferrsiOn OB Meddhixfur EESF 400 RSl Ik ferred mononers are
m xtures of ethyl ene and Styr er?gl;gl mgxturgggegﬁgttﬁﬁgf)g%éﬁerﬁﬁBTBW%rﬁéngnd

st yr ene; SOAFSE IdEet ey leys. siveene snd p sonsoniudated diems especigiat @ylide®A6bornene
especi aldr) ethydiddengnaLh r -hexadi ene, .and ni xtures of

et hyl ene, propyl ene a% agﬁgﬁ%gﬁf%gg\%gg]ea? aenﬁ OBLYSBgater dine, especially

et hyl i deetigeisaerberacroror 1,44ekabadi ene. 5 | n general, the pol ynerization may
be agconpl i Shﬁ%ﬁr?&kllc[ﬁ)endilti ons,. wel | émown in the prior art for
Ziegler-Natta 6r Kam nekySIZART PHe0sAE ORRshedaticenditiens atelldmewn ntbe prics

t enper ataurfesZitglariNdta o2 BBkinsky-8ing hafRIpyly @i ol Ot AR i@,scaHlFe?ﬁurgsr 20 o-
at rmsphezrsp to.10,000 atnpspheres. Suspension, solution, slurry, gas
phase, <oPidPSAIEY SHRAEP GRnd\pressirssirets mimesphrisde | PYtasssensdi Suspmsiony be

enpl oy edolutio e&iry 8ds pifisE YRR ite pOTRS 51%%14 Yizatohl | umina, .ar a pol ymer
(especial ly 10 poly(tetrafl uor%g_t hyl gne eéﬁﬁghﬁg%%ﬁapé—?cleﬁﬁco @c"b%‘a}é | oyed,
and desiFRAYS if desiisp| Hyerporthesnedially silisat slmsk orapelyuse ¢spetialygas phase

pol yoeri te@dHuBf r referabl.y e aqyed in an anount to
provi de p<§1BJKV\/ei gklllt Orggl? li%%)ggggcél? g?@@tl}m(}}bbzesegnﬁo St gfs)”gghd%%‘??k“fefié‘%ﬂi.tthG to

1: 103, BRESS prearetinpiys fhagrpolyigBatan frodedd . THersupmst is PREMERY LZHbiealn an

reacti oRgohile L i | yst ;. pol rizabl e conpoynds .15 enpl oyed
is from 1012: cimtao@%6%%%@%?@@%?%%@?%%1 %}’yrg?%?)lk‘?@%ﬁfmt 1 ¢ £10°, maygi t abl e
sol vent $rafeably fpmslolofito bid'pol ynerization are |iquids that are substantially

i nert under nditions encountered jn their usage. Exanples
i ncl ude str aihgﬁ‘t%}?l’@“%gé%‘c‘?ﬁéﬁ?@%ﬁﬁ Fm H?B%&#%“E%We%abl%@m@de,

but &he, epelevetie fromedhkio 1081t aoes profefablieronanel: Mixio £s thereof; cyclic and

alicyclic hy ns, such as cycl ohexane, cycl ohepane, nethyl cycl ohexane,

20 net hyl cyc I%E)lﬂ%og{ %ﬁvé?ts 5?1#‘]) ﬁfci?tt%‘é*g?Wé%“; arfb‘é‘i“l“l'ﬁ}g?ti aretubstaipy werr bons

such as upéarptagessicomttizas Eolferea iksie SsagaN dx ha inau&:ﬁ%nia@{ & bﬂnggé%t-ghgiln
uitable

Conpoungs S enzene, tol uene, xylene, and ethyl benzene.
sol vent s§al sggﬁn%(g:lfcﬁ e° |“3‘%E*de“61‘°§f?‘iﬁ‘ NGHICEFPenRAPtaRe tOCkBe ABA GHtpsS tereof;

conmononeydic afhdiayalictygstabomysubieasitytbh@@ge, ic%l&@ﬁﬁh&%ﬁét&ﬂc&&&h@kaﬁ%, | east one

addibd i o us.or 25 het erogeneous pol yneri zation catal'yst in the
s ame(S r eg% ltthg pggi?&ﬁﬁa%g’ea B Ftarey g’ﬁﬁetog PETOHRYES BgrqcArbogesuch gs parflyoningtad 8k foel t O

pr epar e alseteprpd alklybsisititay hrogade sdnigthhes REPRhLES; o EXHR 6, O such a

process . i 2d i n WD 94/ 00500. The catal ysts of the  présent invention
are part éhgﬁ%zriﬁ%io%ggbéﬁfoé‘ée&gﬁsof‘ﬁ “‘?eﬂéluﬁjr Sefinstiioeh By ack phpbeemertmOpol yner s

and et hytremmbigrsol ef i n copol yners having high |l evels of |ong chain 30

br anchi ng. Tq.%elcjastq (%f the ¢ .ta(“/sts of the present invention in continuous
pol ymeri zati on alysts may be utihzed {n combimation with at least one additional homogeneous or

25  heterogeneous polymerization catalyst in the same reactor or in separate reactors connected in
series or in parallel to prepare polymer blends having desirable properties. An example of such a
process is disclosed in WO 94/00500.

The catalysts of the present invention are particularly advantageous for the production of
ethylene homopolymers and ethylene/a-olefin copolymers having high levels of long chain

30  branching, Thc? use of the catalysts of the present invention in continuous polymerization
processes, especially continuous, solution polymerization processes, allows for elevated reactor
temperatures which favor the formation of vinyl terminated polymer chains that may be
incorporated into a growing polymer, thereby giving a long chain branch. The use of the present

catalyst compositions advantageously allows for the economical production of ethylene/a-olefin
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processes, especially continuous, solution polynerization processes, allows
for elevated reactor tenperatures which favor the formati o 7ofgqy iyl

term nat edVQoVshei chains that may be incorporated into apghomfag, 4gl ymer,
t her eby C?%I w ngE a long chain branch. The use of the present catalyst
conposi tTPOREEG LR BGETTRANEY amigne Hg prerieree Eetaicel arodsessdow depstyof

et hyl engdigetpli@ki n 21 26 WO 03/089444 DEC PCT/ US03/ 10547 copol ymers havi ng
processabi | i tTﬁ/ simlar to high pressure, free radical produced |ow density
pol yet hyl ene Ihemmgsenjcatalyit commppsitignstmaydiepdsintd gspshinayplbedadyapiragedus| y

enpl oye r. i ol yner avi ng i nproved processi roperties
by pol yﬁ%%@%?%%lﬁgﬁ%ﬁ&eb @F%ﬁ%" érr()p%’?lﬁ%/ MY qr%goq\ﬁ@'??“ﬁ afﬁ“??h?tg‘ge%/?h | ow

| eve s dffimnibitfiresowidnioly levethdia gl B0 indatifh dRse, Bibe hbddinedene, 1,77

oct adi en%%d.or 1,@-ﬁgecadi eﬂ.ﬁ. The uni que combi nation of el evated reactor

t enper afCHRES Rl greCHIRE c dParnighs ombIEEPR Pigie TR reactn tempssatuges. Kiegh r eact or
t enper aibleesaraitthhfiod bve B MABRE) af B2 tdakiok YemRAMA Qﬁg%@ﬂ%o%o%rh&%acfﬁgﬁy the
econom cal production of polyners having excellent physical properties and

o]
pr ocessHPPREushpilepe forhs ecspripicy grrgdvstian efmeprmesehavigyekentlent phy€igal 20

a-ol ef And Froodsk nghi r.. Preferapl stch pol rs are
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pr ddes s "H fhrenchimg apysomrorfyefsiablyosucirpylyberprepatedd asa elhiDipgasasomssicat al yst
by addif ]| 2 regui.site components to a solvent or diluent in which
pol yrrerllgrggﬁb nac\tfinnﬁ?l}uoﬁsé&g%ﬁ’&?&cgﬁi The catalyst conposition may al so be

gr epar ed andTmﬁtabymlnF@siéoﬁImhﬁbogepﬁedJSs Liindd g¢sdoub YatAeks 6 BidiGon e .
eposi t or chem ¢ attachjing the.requisite conmponents on an inorganic
or or galjﬁﬁ"g“%eﬁ" tPew 5?%8¥°1¥%’|tt Prcfmuﬁ%dﬂﬁﬁ]é@ YRR @oviiPe condurigde Ihai | i ca,
si | i ca geilyst edmmsifion may 8lyS be ppasria «giplysed aa€haa8bkous clalydl MPRisbibGR! €S,
tr|1%l ky+ a!)é{rln nurr%lconﬁ urtltd%\,. and organic or inorganic polyneric materials,
especi al Ty hEYs e 2fpaiee %Féqqé HREPTRRATERIT AR At INOERARE OEPIEARIA PBliS Iatad al yst
i s prepwiiedEkgmpl@at bidhGolid@nd i, §REY, 6ilie FROMMina ISk S5BRIdXd Blald da_(:&}%'@,
al kyl)al um nU{‘n COf’{EC{K d wth an activating 20 cocatal yst, especia f an
ammoni UHMEgsiEcafss, tha '9811“85{?}’&? SATEROMPdS, a7 Arefie POBMIEARIF PHvmaiematstielh as an
anmoni ugspsadily pofyolefins. In a preferred embodiment, a heterogeneous catalyst is prepared by reacting
(4- hydr oxg(—)B 5-ditertjar butgl phenyl B{ri s(pent af | uor ophenyl’) borate or~(4-
hydr oxyPH PRGOS SOPTPO P BESATTRRNS A Siffren ot YREpatoem cpmipeunde ity aR peityategcat al yst i s
deposi t @datalysipespdrtally St RPGIdniURY sabiP b AGHRLKY AV I HiSpentafliRbb ey 1) SRERYuBY as #r
simlar_techni (;]age, %nd thereﬁg;,te_r removi ng_any solvent or diluent. The
metal  cOHPPERT 8" AGGEIIPEY P e STispit IPhepeyripyenitforamhenyDbereisosi(#Hi ng or 25
chen calyldyoxgphieagliriigpentflusRpRenlyDbdrhe. %ﬁ&@tﬁx‘aﬁin? b&éﬂ%ﬁys@fs' Qéﬁo@ﬂé‘d‘&ﬂté’ the
si mul taneousw/ or prior to addition of the activating cocatal yst. Wen
eﬁoa%eaﬁ 8‘9

pr epar eyfPPRt BpES S RIPIng. FBISB g e?r similatteqhpigue and fhpreefierapmowing pron i s

enpl oy edlvehmoralildntlr The BEORMPRRAS SRty R EIARN A% b bsi
limtation, slur r%/i pol ymer i za]féiion t akes pl a%’g In |fa§iﬁ?‘ﬁﬂg?‘%§l§§tﬁ’|§g Tn whi ch
5

t heé®pol AFEIcaly giGRIne the' samp & Bip F¥RRPItCithastibsraently Primbbanatilsyy, ortriver di | uent

addition of the activating cocatalyst.

When prepared in heterogeneous or supported form, the catalyst composition is employed
in a slurry or gas phase polymerization. As a practical limitation, slurry polymerization takes place
in liquid dilue_nts in which the polymer product is substantially insoluble. Preferably, the diluent

30  for slurry polymerization is one or more hydrocarbons with less than 5 carbon atéms. If desired,
saturated hydrocarbons such as ethane, propane or butane may be used in whole or part as the
diluent. Likewise, the o-olefin monomer or a mixture of different a-olefin monomers may be used
in whole or part as the diluent. Most preferably, at least a major part of the diluent comprises the o-
olefin monomer or monomers to be polymerized. A dispersant, particularly an elastomer, may be

35  dissolved in the diluent utilizing techniques known in the art, if desired.
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30 for slurry polymerization is one or nore hydrocarbons with |l ess than 5
carbon atons. |If desired, saturated hydrocarbons such as e¥ A, opane
or but ane WR&{P¥H4,sed in whole or part as the diluent. Lilkewsesidhe

a-ol efin NONUBN 1 }es Andlndl - ' -olefin . nononers may be used
in whol e or part as the %i F%grﬁ?é ecﬁff)rfst{ gs:ﬁ%#%?% fegoverse Cf‘tglggttcoﬁlp%%“grmﬁért of
t he di | bemiotestsdfromsesygerhandanoigiref Therefore fercaatysnAGHBMS dna chielynohyib@e zed.
A di sper icul.arly an el astoner,. my be 35 di sso|ved in the diluent
utilizi &?ﬁ’?%% ﬁ‘ﬁ%ﬁ%@*ﬁ?ﬁ%&mmew “é‘?ir@eiffeedé%‘?sf"éﬁ‘a‘?- Pr fgraPL% thegeéorods WO
03/ 0894 4éacREF/AtdSRBbANGAT thdtprasbice b fEGny, b ghd) Slickiad ya exhrﬂ?ﬂéﬁ%@g&hs as wel|
as the recovered catal yst conponents nust be protected from oxygen and
moi sPure. TheT&PRYRENTAign may b (AHed-QBipbh B eRWishe acantiupss mol yaesizatm

prepar egrates. MA@ ploPesd R} pRFYSRINinaAMEH DSt &élfa?yst k ﬁsleﬁé TBEBIGLE: and
Preferably, therefore, the reactions are perfor med Tn the presehce of an
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conononer , arf¥ithoyplimiging it anyselyvenicopearfehcmmtitionams measfpptarsthetodt §0eE a

reaghi o : r- product .caonti.nuously renoved therefrom Wthout
T gD BB R T RACHES TR, BomEPvEgne PO AR HY out
such a m®dpedymmupedy,creheoeris®lveat Al malptions chditranskt h%dh&dfﬂe%%tcfreac'[ or,
t he rm”%%ﬁ'%séﬁ’u? lg)acs)(le Omeri zed, are . introduced continuously, together wth
sol vent “and an opt PoRal HesTTUPTaakn P mgRaTrers. fepethepwih &Y SOSH%si ns a

|i qui d phdisenatdimensad dissdisdcaplyingd. I defirddDNEHAT SnodhPge! MeTbrich had&R¥ eSOl vent
or addigti onaLl di | gentd.and 2i ssgil ved polymer. If desired, a small anmount of
a "H - b SAE AP AUREPHGdidce hé OEAdRMSRE InsPesatifrtmnuso be apdesk (Ganleshandor

1, 918ecadiaeigt sraygodinaOusbeinaeldleel in@rd @hotst i % CAeatRloy tmpRfafure and

bh
conti nuouslg)l{ int{)oduce@ i.n the reactor Iluntgp phase. The reactor
t enper aPIPET TR PHrRESIRIPYRdiPstRs BoI YW MOgomy Tati, thetcpialyst asdition rate, as

sol vent freinoBeEooliaf bPheatifecdiiali@dk¥és br BEWI ThOPoIy ALSatidSrate ¥ bintRfe LYy £20! | NG
or heati ng rfc%'&ai\sfssg?c{;@(;kets or both. The Ef;)l ynmerization rate 1Is control | ed by

the rat®®® °n, d4F ERYne erRisnke s Rofumearedist is detempaedi heratiopf oduct

is det ertyreetopmohemérah ive redctor VI i€ REntid M8 BYRARTEthI kL Fl:%pécﬁ@tﬁfe% rarddNi Ch
|.l ed by mani E::d%:atl ng the respective tTeed rates 20 of these

is contr
corr% neff BeYSOFRENGuLLR s reaciqhe TRGPQ) RS Rspdtime lepdiaraigti s spatrelied, i s

cont r ol lopthnally Pl icen@diling oty peYHefidibh Q%Még%ﬁc}péglt]y%b&%}ef?ﬂlox dabl es such
as the te?r%erature, nmononer _concentration, or by the previously nention

chai n t FEHEFEIOBAE Y theqieviously rendiop ghatn BRnsEs; @EBSHCh dstsirodineBlydregen he

react or intB&Suded td\ﬁie!reziéﬂ@,\/ﬂg id Well BRWANA the HRE ThEAGLRE oih Ll Yel td.ct%d GRRtact ed
with a catalyst kill agent such as water. The polymer solutionis

opt i onal°PRYREH agent suqh ag Yoo oibg melymensghitisani eptiosaliereizerand thppolyrashi ng of f
gasesus pradaeTeregortedl flasiBfg b8 ShAMA! mSRIMEEYs vli1 ag 'résﬂﬁgltsoﬁ}ent rr%ﬂggn?gt
pressure, and, if necessary, conducting further devolatili Zation o f
equi pmeRtdusssoessaregandgid pefeasan Fordagsingyurthed devolatitizationom tquipoers sphasess t he

nean regkagAgginklelBu®f. inheohahly Srbel fhe mean residence time of the catalyst and

polymer in the reactor generally is from about 5 minutes to 8 hours; and preferably from 10 minutes
to 6 hours.

30 Ethylene homopolymers and ethylene/oi-olefin copolymers are particularly suited for
preparation according to the invention. Generally such polymers have densities from 0.85 to 0.96
g/ml. Typically the molar ratio of c-olefin comonomer to ethylene used in the polymerization may
be varied in order to adjust the density of the resulting polymer. When producing materials with a
density range of from 0.91 to 0.93 the comonomer to monomer ratio is less than 0.2, preferably less

35  than 0.05, even more preferably less than 0.02, and may even be less than 0.01. In the above
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pol ymer in the reactor generally is fromabout 5 mnutes to 8 hours, and
preferably from 10 mnutes to 6 hours. 30 Ethyl ene hom)pol!/?r&ﬁ :li o)
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\ " 1C_C R1(PPh3)3C1 1. NaBH4 Pd(PPh3)2Cl2 CO (5.5 MPa) 2. H+ Cu( ORCCH3) 2
PPh3 O NEt3/H20 5 6 NX 1 KNTMS2 Tj (Nwez)4 2a. Me2Sic12 f0.DEU2006 7 .o
00 QSiWOPHIS | sic14 o \ | MeMBr -Ti BCL3 Ti, -Clpaaisobiiofas\We Cl

NVB2 9 kol t

(8- net hyl enén§§E8 duhy%"resﬁmﬁtéoﬁ’zo[e h] azul en-2-yl ) -N- (1, 1- di et hyl et hyl ) -
di met hyl si | anam=gte titani um di ( N=\di net hyl ) am de (9)—=Rreparation of
10- br ono- 5- net e- SH-di benzol a gl ove box,

met hyl tri phenyl phoni um brom o 8. 82 g,d{ 23 mol , 354, 23, g/ nol ) was
f , 7 BuLi (9.21 nL, 23
fi Xture was stirred
10- br ono- 5H- di

di ssol ved in, 15 FHPhas K
mol, 2.5 Min

5-one (6.55 g, @- 285. 14 g/ nol)
was added as a E,sol ution. The—i xture was stirred—and heated at refl ux
for two days. The cool ed solution was taken out of glove box and dil uted
with 100 niL of kllexan a t of water—was added to quench the
excess rea}g;e:_E@TTiand i xture $3Pj | tered pugh a plug of silica gel.

The silica was |25 0 6 V}Q@%Q{sgll 503/ 10R4f;, rinsed with
addi ti onal trexane, = gy filtr at—e—w&s—-e @ nder—seduced

pressure. PiREIREsi due was puri fi edolpys wbgyonmat 0g on sitica gel and
el ut ed wi tHUERE he (1 1) mxewre by vl une. I vent was renpoved to
yield 5.53 g (85 perc 283 17 yEetbQ of t 'tIe conpound as a

D 1. I(NTMS2 : T](NMe2)4
7a Me,SiCly
2b. Bu'NH,

@
0 AD 2 AD

SiCly or \ MeMgBr
BCl; _'Il‘i\ \ T—'1!'i
Cl

10 1

Example 1 (8—methylene-2,8-dihydrodibenzo[e,h]azulen-Z-yl)-N-(l,l-dimethylethyl)-
5 dimethylsilanamide titanium di(N,N-dimethyl)amide &)

Preparation of 10-bromo-5-methylene-5H-dibenzo[a.dlcycloheptene (4)

In a glove box, methyltriphenylphosphonium bromide (8.22 g, 23 mmol, 357.23 g/mol) was
dissolved in 150 mL of THF in a flame-dried flask, and n-BulLi (9.21 mL, 23 mmol, 2.5 M in
hexane) was added drop wise. The yellow mixture was stirred at ambient temperature for 30 min.

10 and 10-bromo-5H-dibenzo[a,d]cyclohepten-5-one (6.55 g, 23 mmol, 285.14 g/mol) was added as a
THF solution. The mixture was stirred and heated at reflux for two days. The cooled solution was
taken out of glove box and diluted with 100 mL of hexane. A small amount of water was added to
quench the excess reagent, and the mixture was filtered through a plug of silica gel. The silica was
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pal e yellow oil that crystallized upon standing. 5 'H NVR (CDC13, 300 MHz,
8(ppm): 7.89 (m 1H), 7.58 (s, 1H), 7.39-7.23 (m 7H), 534]70502806) 13C
NVR (CDClW0W35)8&84M—Iz S(ppm): 150.0, 142.0, 141.5, 134. 5,pcﬂr;£[$503,10.]433 0,
130.4, 130.2, 130.0, 128.4, 128.1, 127.8, 127.7, 125.4, 120.1. Preparation
of tr| m%ﬂlzad@gloﬁgthﬁwngn@dmfdpggWfé[c%_ncentrated under reduced pressure The

l 1 Si o4 n u 1tn'e 66
gocyc| skans g A SO T S A gt 5

mol ), ‘ebpiserSeIvEDt ve sareqved melééé?’(g@iaergent SAnig g melnef the fifnemypon ?ﬁﬁ@fe’fphene
(0.52 ropyl am ne was added trinethylsilyl
acetyl giale%'(e%%h}ha éghg%ﬂ)u%n %Hcﬁgt ed to reflux. On refluxing for an hour
t he sm xt ur e 'BUNMER (GBCk, 2000MSie) d(phinf )):e%.89 Thel e 4GB i(QnH),mi3et Uzemyas)d.34t ed

wi th 50 rékgof hexane and filtered. The filtrate was concentrated under 15
reducedSptBssure and the residue was chromat ographed over silica gel with

hexane/ met hybeR&mR ﬁfﬁ@%lﬂasﬁ\%{zl SFﬁbm\fpl 1558, 1850,8l448N134t501¥1 €193 3; BH 4 (50

percent) of trimet - et hyl ené-5

di benzol[3§2d]3é>5ﬁbll%‘édt-£>rhrllﬁ 3yI137e't AYhe I)Qé)}ll ane, 5, as a yellow oil. 1H NWR
(CDC13, 300 M-lz, S (ppm)) 0.29 (s, '911), 5.26 (d, T=1.2 Hz, 2H), 7.35-7.37

(m 6 96-%%' ?’;’@', (& ) 0.0,

0 138 1 tion
1330, 138 e%%éé‘*@@an %r 3.% gj?en“ﬁfg k% 155&:%‘%%%%@@% pg@%ﬂ‘?ﬁrﬁf
r eact or(0viees 1 mmlgewbpm(llhaoctatvﬁxydmj: ®.183. 0 ngl,lol)l_ﬂldmmﬂle)lyl -Bosphine (0.52 g, 2
chlorotrls tr hosphi ne rhodl 0. 0. tr| h am ne
(2.02 Qlé AOOT‘? °¥dl ¥ mﬁ@n{ﬂl TS flilenrget(~1 gﬁ'%ﬂgl acﬁt.y%e " ETRJ)Q Rt et %4 72 g,
4.0 rm'die)xteamjreﬂlﬁ)}ﬂ Mreﬁh\iﬁg-lﬁ)r alt Ihaarrtbeﬁmi}mire twas dgpk esdiolidifed Wetrbaonaﬂ bon
ion, m xture

nonoxi de. to 800 i, and_heat C for hr. The reac
o oo Rt Ren g R P R et T ot e S e v e onh e St e s
purisf i eddiayd pmkuumﬁﬂgrfaﬁme vong @ hrofiatog€aphg@ bvenssiliba fe anw/heedinbyegiienghl or i de
(2/8) as.elu rcent f.
b ot g L b Peit Lt iy B3 B0 e Rl S byt B (e BG E ¢ ng
yel | ow disakzo[d, (l]cyHohMRer(-mDSZIbe&xyﬁglOmlMﬂZS,ﬁsz(mllﬁi’)v)oil.2. 57-2.66 (m 3H),
3.34-3.44 (m 1H), 5.22-5.26 (m 2H), 7.29-7.51 (m 6H), 7.94-7.97 (m
2H) 26 q B BSIROEHA4 300 DEG, 2 53 POTIUSORN 1056, raﬁmum)(ﬁmmn (#5. 45
%25%)] 713@ 22H34 5 119.7. 125.6, 127.0, 127.4, 127. 128. 0,
131 4 mo?H) 42 1, 143.1, 150.0, 166.8, 207.1,
C NMR (CDCls, 75.45 MHz; & (ppm)): 0.0, 95.2, 106.8, 119.9, 124.2, 127.4, 127.4, 127.5,
128.0, 128.2, 129.3, 133.0, 138.1, 141.6, 141.8, 150.1;

MS: m/z (%): 300 (M), 285.

Preparation of 8-methylene-3.8-dihydrodibenzo[e, ilazulen-1(2H)-one (6)

A 300 mL Parr reactor was charged with compound 5 (3.0 g, 10 mmol),

25  chlorotris(triphenylphosphine)rhodium (0.092 g, 0.10 mmol), triethyl amine (2.02 g, 20 mmol),
triphenylphosphine (0.52 g, 2.0 mmol), water (0.72 g, 4.0 mmol) and 100 mL of THF. The reactor
was pressurized with carbon monoxide to 800 psi and heated to 165 °C for 16 hr. The reaction
mixture was worked up by concentrating under reduced pressure and the residue was purified by
chromatography over silica gel with heane/methylene chloride (2/8) as eluant to yield 1.2 g (47

30  percent) of 8-methylene-3,8-dihydrodibenzo[e, 1Jazulen-1(2H)-one, 6, as a low melting yellow
solid.
'"H NMR (CDCl, 300 MHz, & (ppm)): 2.57-2.66 (m, 3H), 3.34-3.44 (m, 1H), 5.22-5.26 (m,
2H), 7.29-7.51 (m, 6H), 7.94-7.97 (m, 2H);
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MS: mz (%: 258 (M), 229, 215. Preparation of 8-nethyl ene-

8-di hvdr o g(?gﬂ of e hlazulene 7 5 To a stirred solution of t%éﬂggtm 6 (1.0
g, 4.0 thyI ene chloride/ nethanol (3/1 by vol um®CTaGosi)ssnas
added sodi um:papaRyeptfe;s( gtio red by
thin layer chromat )c()gr aphy 4%1\91{)9 f@‘zmmé dﬁgéefpg}a%fgﬁéé st f&%ﬂéqﬁ 1ng _
ket one, 1250, AB1-&r132.6hI37i2n@42.Ir e4c t.i 160.0n065. Syaoked up diluting with water (30
m.) and the ed over anhydrous magnesi um sul fate and
concentr at edMSg 8/") é@y\gregé re to yield a yellow solid. The 10 yel | ow

solid as.. ar%t sol \fgd |1n berﬁe £ £58 m.) cont ai ning p-toluenesulfonic acid (10
ng) an e Twas noni t or ed by tlc for the
di sappearance of the alcohol (45 mn). The reaction was worked up by

wasts ng wthTsatsmatt@dmaxqmwset&m ur bl4%&80%ﬁerﬁﬁkﬁ€dh@& a& k) dri ed
over a hydr ous rraggsem um sul fate and concentrated under uc pressure to

yi el d %0611156 &fag agdge§ sqgfum perohydride (1.0 g, 27 mmol). The reactlon was momtored

LA S o W i Y Sy e 0

5.24 (rdeptloyws pigrked upjgilutppyith Gvase (BQmL) =6 fhz predid) jay6r Wk dridd ods6 Hz, 1H),

7.27-7. 45 MHz 119. 9, _125.9,
126, 2, 53y s Apeq it ehddohe S ierd BRI ild s oyt Spdy The
134108, Mgwgohclaqsldlsjsolvgdim b2nzeded(bO4nL Y phtamidS- tdlﬁieﬂeil%mc 4a ((d\ﬂlg) 288 Beatedil O,

119. 2 tert-but h 8- net hyl
S di hy geggﬁgé *e%gth an%lﬁ ree»\r/ l?ﬁuné%fe)zgrjf’éﬁr e gappgzganceo he alcohol (45 min).
8- met hyTI@rreadth wd$ ydtedap b,emsa{r@ mimsauirae@aquzo(saoa&n1gncaaoo%amhﬁonw%
as K 3.2 nunol) was added as

Stlrredm gd& eranh?z?j'ros e teaé% rated under re

solid in RNE S RESOERPR SRed F‘H\KE‘H af adlqr redyeed prBTHRICdaEat ur e
over ni@d g (G8qetrehi) bfthé B-nyeelylonws 158-8ihy drodibeneapa WaB @ 9ded: §og2il Nduce
further precipitation. After cooling at -25C over night, the solid vvas

filser ed, wa‘sfhEIsbm/\((tIﬁCh,beo(m &gqm ?@ Al J’kzﬁ@ﬁuﬁgei e (d 9ssd Hgﬂ%_%

nd t hen d to neat

lid
?2 I16 \(‘;\(%3’3{28%i rr?rglllz) e}g 656(& é‘éthﬁI)sﬁ Pt £ frep Hafl Ha 720469 (w8t he vol atl I es
wer e remved‘*aMﬂR(@BegWﬂ@mk hﬁ(pbﬁﬁj dg@ a9 8d §505Ved 4 ?27T§'"5r'>7"‘9d excess

t - butyl Thé redction m xture was al |l owed

to sti rlzgxpellzsn‘? g}l%tq’3 *H%é %z 6at1?'% é>513§€$ We0-3 IdrdplAde, Mk the.5r esi dual was

extracted anmsfml/g@{)emmpgogqlgep@ Sol vent renoval under vacuum
resulted in the isolation of the desired corrpound as the mmjor isoneric

Pr GuC{PrésarRah®r h ] 03/.089444
7 DEC 2Qth PCT/ US03/ 10547 y et s

8-di hy di benzo[ e hl azul en-2-yl) silanam del bis(dinethylamdo)titanium
(9) The isomeric mxture including 8 (0.673 g, 1.81 mnol) was dissolved in

70 mL n-oct aBnethylene-1,8-dihydrodibenzole, hjazulene, 7 (0.78 g, 3.2 mmol) was stirred in toluene
(15 mL) as KN(TMS), (0.64 g, 3.2 mmol) was added as solid in portions. This mixture was

allowed to stir at room temperature over night, resulting in yellow slurry. Hexane was added to

25  induce further precipitation. After cooling at—25°C over night, the solid was filtered, washed with
hexane and, dried in vacuo. The resulting yellow solid was redissolved in THE (30 mL) and then
added to neat Si(CH;),Cl, (4.16 g, 32.1 mmol) drop-wise with stirring. After addition, the volatiles
were removed under vacuum and the residue was redissolved in THF and excess t-butyl amine
(0.52 g, 7 mmol) was added. The reaction mixture was altowed to stir over nj ght. The volatiles

30  were removed and the residual was extracted and filtered using toluene. Solvent removal under
vacuum resulted in the isolation of the desired compound as the major isomeric product as pale

yellow oil (1.07 g, 90 percent yield).
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and titaniumtetraki s(di nethylam de) (0.406 g, 1.81 mml) was added. The
solution was heated to 5 and stirred at reflux for 5 days. Theegojgg i on
turned redVOAM a4 al i quot of the cool ed solution was renm@duggﬁoyﬁl atile
conponept - uot were r under J . : NVR
spectra-of- tf A LR ST R = ARARI8H of the

| i gand b]@(d]rhletﬁ‘tlaﬁfﬁo)nﬁuiﬁlﬂ ()){ d| met hyI )(8 met hyI ene- 1, 8- d| hydrod| benzof e,

h] azul en-2-yl )sil anam de] bi s(di nethylam do)titanium 9, and a small
quantity of unreacted Ti (NMe2)4. 10 'H NWMR (CeD6, 300 MHz; 8 % ppm): 0.62
(s, 6H: 1. 36lf 1§omgﬂ)mm?realacl(1 ng_§|L9 67355,117Q1(r§m012|q)as disgplypq i ue $0m fyoctane5- 7. 10
(M 4H) andhitddind +3Qki 48 |

[N-(tert-butyl)(di mg ﬁ%aglﬁee)ﬁﬁ?agnel %mgnﬁm@aégg%gﬁg(g)?lun%n]“éazsalegﬁd

yl) S | aprshataet af el fom divehTor sodsionsurmied tede Ar saradliatiipuy of tiewboledsabition was

i okl bl TR b i TRV SIS B remaqued under rednocd ortsmure: The B (1 2

( Exanpl BMB speasa adigedsidueeat cOSBlGII:ﬂt \(/ﬂfh Sonnmlete donvanion.of Are [REANGENQFLEI pi t at e

for rred I ur,.the soli coll ected by vacuum
filtrati o?ﬁ *%{?" t%‘fl%f gﬁﬁﬁlf%er ?%ed A ef‘é%%’auqf’?‘g@@f‘%‘é’a@&ei d under reduced
pr essur bistdimethemido dikdiug:, of anaatsafaua]hamfey of @feddVR &5,0scopy showed | ow

| evel s of inpurities in 20 the desired conpound. This was purified by

di ssol ving i nI;} exanes/tol uene sol ution %}ZIO 30 filtering, and

rendVing the (Gs@s 18Q MHza P SPRIMIEY 67 Geitil d- 3BI(%§§IUr—e64 (Ea}éﬁbﬁéf/'l(%é%ool ing’
caused &heQrasiucts-1® & ¥13); 3l7izH @IS, igﬁwqgfoﬁt Jfcro-crystal line solid

was isolated. Volatile materials were renoved fromthe first n-octane
filtrate under reduced pressure. The residue was slurried in 15 nL hexanes.
An orange solid was collected b;/ vacuum filtration and 25 dried in vacuo
to gi velw2mpls 2y Nsftexirbygibd dimethed) @ongshriete-§8edipydredipemppe azuign-per cent . NVR
spectra of bg; H’,;g,tnﬁ{eﬁgglguglr&cﬁgﬂﬁgstent w th very pure sanples of
[N-(tert-but (di et 8- net hyl ene- 1, 8- di hydr odi benzo[ e, h] azul en- 2-

yl )i | anam dg'}’tﬂiletfalﬁiﬂalﬁg éﬁl’étlfﬂncﬁfl[Hdte“ WN&@%@B@@S-H@OMW 8-S (ppm): 0.36

(s, 6H) dlh dr%&bé&o[e%;gzuleg’ 2%5(1 mtaﬁuﬁ%xélﬁortd%hq n- oct:ége ai‘xg%ﬁ% 15"% %ggde H)

7.29-
-0. 12 3*‘2“ gl 16@H’21mL Tiromal). ﬂ@r@ge m@mpgate forgied 1m1(necbsfelyr ddteb gneshogoihe eelfd
peak), ¥29clhecttd Qacuﬁ'n"f’ ;iltl:latloﬂ- 3901%tlle]xr4§crzi]als W& Té}nd:vle%gx(t% 2%%%@%8%@56 for

(MCH3)+ (C24H24Nd ji SI) 538; found 472.0544
DEC 200Brepury tosnvs/0r \t_t,g'pf mgsggp(bﬂ)éotgn NMR spectroscopy showed low levels of impurities in

[ Nz(d ef {hela@élvéd)c()%&ﬁh hiﬂu)s G PRt l%%’lﬁss%}x%ﬂ}i Qlﬁg{aﬂgé@ﬁ{éﬁé)sclhﬁi0%1(76’}?6’% en-2

yl ) si | anam de] titani um ( To a so
[N ( t entolbmey F’}temgrmdhymt,»\(l@g mt\'h&ahteneatin@s ehidayddungil bengod. B rparzuyetvoEng

caused the product to crystallize and 0.296 of a micro-crystalline solid was isolated.

Volatile materials were removed from the first n-octéne filtrate under reduced pressure.

The residue was slurried in 15 mL hexanes. An orange solid was collected by vacuum filtration and
25  dried in vacuo to give 0.106 g of product.

The combined yield is 0.402 g, 45 percent. NMR spectra of both materials are consistent
with very pure samples of [N-(tert-butyl)(dimethyl)(8-methylene-1,8-dihydrodibenzo[e, h]azulen-2-
yDsilanamide]titanium dichloride.

"H NMR (C¢Ds, 300 MHz; & (ppm)): 0.36 (s, 6H); 1.38 (s, 9H); 5.50 (s, 2H); 6.66 (s, 2H);

30 7.07-7.18 (m, 4H); 7.29-7.34 (m, 2H); 7.41-7.46 (m, 2H)

C NMR (C¢Ds, 75.45 MHz; & (ppm)): -0.12,32.5, 64.1, 110.4, 123.9, 124.3, 1283
(obscured by a solvent peak), 129.0, 130.0, 131.1, 139.7, 143 .4, 149.6

HRMS (EI): calculated for (M-CHs)" (C,sH.uNCL TiSi), 472.0538; found 472.0544

28



5 yl)silanam de]titani umdichloride, 10 (0.296g, 0.606 nml) in

di et hyl et 0 \//@%added 3.0 M nethyl nagnesi um bronide in didtBEa @Ber
(0.45 i, The sol ution darkened and a preci pit areT/usSes/maa7
imedi ately. After stirring the mxture for two hours, the volatiles were
removed under reduced pressure. The residue was extracted twice with a
total dfxag@pled [Néteanegy))(Fimethe@nmecthylent- Sodibydwedibefidold gnadera2d t he

vol atil es no fro he ¢ ined filtrate under reduced 10 pressure
to give O. \fﬁ‘@)(%“{"gf“‘&ﬁg‘ Sty a"(E'r""d?gbystal line solid (54 percent yield). The

NVR spectra Toar selueomsf [BN-@at-bwyh{dimethyl)(8-methylene-1,8-dihydrodibenzo[e, h]azulen-2-
[N-(ten 'ﬁq %déftdl met hyl ) (8- net h}/l ene- 1 8-dij hydrod| enzof e, h] azul en- 2-
yI) i | aSHATARE] dalARtYRy ichipads, d00-2P6e: 46 urmeaTbiethyigthenips added M methy. 38

6 i : 1 1 . 8-7.16
E ?n 4||:|)|)mag§71]esglgn (%1%%‘6‘@“? géthg?etlﬁﬁg;) @F&L 154 %ﬁ‘noﬁ)s Th% H%mt orpda?l\% éosa 8%'% éjp?m{% _

NVHz : f’()tgﬁq‘.)n)lme@atglg A§t¢r qlm%thgmlggrejor tyx@fhogrs tjgg_ gol?tllesj_@@e qemolzgt? uitler and
127.9 (agkhs HOSEH ¢f: RYGSOLIERIREASIe witPBifa of BFmT medihde %%fané-s 141. 3,

151. Pol ynmeri zat1 on Gener Condi't1ons anes and ol efins
are pu rekfractovdry filkgred gidibe wlathespmrt faneded fromalecoritdhdddibiede uitlar i&yluq@as sage

t hr,qug um na lLable fr I nc.) and
O S v Pl ity B BB TP S s g
purl f| ek mnsxstelgamhp{ue(zez Abdtyl)(timﬁsmes metyleaol ;secnh;,mrmnaqb,ujahmﬁmescrl bed

bel ow ar.e acco d using a gaseous pad of dry, purified nitrogen or
ar gon. &%5&%‘01&} %Eﬁ?%mf’ﬁ‘egreactor are purified by passage t hrough col ums

of A-204 al, éa%éa%ﬂoggi{e f{pom LaRoche | nc, reactant. The

al um nas are ( Zct PEEYe -4/ (51GERAY- ?ﬁ@ 61311 876K PR4 & EHdgen,

and b g:®aE 28! 7.0557.8¢ trh vat er2dy 36 (B AMEN543612006 Wi th 5 percent hydrogen
in nitrogen. Polynerizati on 1 Astirred, two-lifer Parr reactor was charged

w th tolueng;and with purified styrene conononer. Hydrogen (if used) was

addéd as a not B4R %DméﬁﬁﬁW%ﬁﬁPRiP))aQéﬁ{Mb& 565f $%2. a2 ﬁa1I19 7381k é35Ur e
expansian 157.9Both obBouidd @Q@l\kh%aksﬁﬂhgaﬁ 187D 1988 913@% 941)'\@'1‘31 7.The reactor was

heated to the desired ténperature (either 90C or "and saturated with
et hyl ene at the deS| red pressure (1 50 MPa or 2. 17 MPa) . The appropriate
anount of cataly (8- net hyl ene- 2, 8- di hydr odi benzo-

[e, h] az"mh@ﬂ"?af)?') Gﬁr-“(rf‘ Eo'eﬁlﬁe‘lf*hw ethyl )-di met hyl si | anani de di met hyl titani um

(Exanpl e 3) ,Ma@dalk&Rs akdliysd 1@&@9&5&&&% Yhdr@Rs wifl phlitEREo MR F8 m xed
in _a gl ovebox anE(lj transfe%ﬁ?e?j toS ; cataly Y ﬁr%% l IBE 1 OGOQ%V\O %)035389444

PCEP usd)glpf%fsaeit?mu&td%ﬂ“efpww‘amtn%lamh j(é@t e\eﬂiﬂﬁ% 8%&@%@@6@@ and@r i odi ¢
addi ti qogtat (CalbkYoid Eogea YEnieN Kt ') QtnSOr%yg usm% aa}gﬂﬁgd b EdAGhah hgjcourse

of the run, anounts indicated are totals.) ol yner 1 zat | on con§| tions
wer e meTeRBIETS 96 80l trisi ang selREons GﬁSCVW%%eéQ%?qeéﬁ@nth]@F@rmm a gaseous pad of dry,

purified nitrogen or argon. Gaseous feeds to the reactor are purified by passage through columns of
A-204 alumina (available from LaRoche Inc.) and Q5 reactant. The aluminas are previously

25  activated by treatment at 375°C with nitrogen, and Q5 reactant is activated by treatment at 200°C
with 5 percent hydrogen in nitrogen.
Polymerization1

A stirred, two-liter Parr reactor was charged with toluene and with purified styrene

comonomer. Hydrogen (if used) was added as a molecular weight control agent by differential

30  pressure expansion from a 75 mL additien tank at 275 psig (2.0 MPa). The reactor was heated to
the desired temperature (either 90°C or 130 °C) and saturated with ethylene at the desired pressure
(1.50 MPa or 2.17 MPa). The appropriate amount of catalyst, (8-methylene-2,8-dihydrodibenzo-
[e,h]azulen-2-y1)-N-(1,1-dimethylethyl)-dimethylsilanamide dimethyltitanium (Example 3), and

cocatalyst as 0.005M solutions in toluene were premixed in a glovebox and transferred to a catalyst
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After the indicated reaction tinme, the resulting solution was renoved from
the reactor into a 5 nitrogen purged collection vessel conf&iD&ECn@0800 ni
of i sopr o 348¢Gtol and 20 nm of a 10 wei ght percent tol penraysehpdgon of

and. pnaSanay Dt bRl 870" 5L PORGIAG s Bt oS i BBy

Pol yrerts addedrdmeung the eowdsd &dhd min,ampong Iir&iliﬂli&ﬁl aVeamtnwm DheSid | h érizaforEonld s’
tenperatureo tlng period. The results are

cont ai N&d° fnﬁmt?g’ﬁ?gu‘l"" tgf)mf‘a’ﬂ‘hee%&le@ﬁ ?‘fBE‘%ﬁ al yst Styrene Tol uene Ethyl ene
T. H2 Time Alente®didatédm@hokiod She (180 re@Wﬁé sc{l@on(vkap@émcfv@li RYEASE readiofintd o PFBL
(6.0) 456 433 1.50 90 345 6.5 2 1.0 " 0) 0"60)201674217
13050 TeToseR Pyeesl agllectiop vggsel|containgrgel 00 yl@f B‘OENWB@O(@ agy 2@ 7y of FaH weight
contin Ma 9 87, 000
200" D EE S ucre Big Qi 1Ehdered phitoy AEREI i ME 100 P e8P 0 100
134, 00(CoPp@ation) arEPhospRom srbilis (1BGdos?™ 168 iromt(Elbats@eBY ebtpamatioph emwrims ane 2-
dloctaqggy S | uoro | bo ate 5.3
ef fici ency‘”J, g po{im%&%ﬁ%&ﬁh& vn@illaznéa TSR FCYI 5" Eﬁf’ }ﬁ% 6F 98 er |
mol perhoenieatifggletidd. Oﬁhﬂehydsem&oﬂainemﬁl Palle/rer i zati on Conditions: The
prqéi ous batch reactor polyneri za,} Qn conditions were substantially
repeated using 740 20 g of m xed Mghnes sol vent and 118 g 1-octene
cormonorer. Hydragen (QCadtapsi , SHenk PRusrs Etgaded by di i er entinal
expansi on_RadMandly M. @Rl tankThe gent enpphf (hE I gash Ofmbasess hen
heated to IA0C sunder ThPR! BT (&0 MPaj3 0 effyyl eng, pregzure. glq1e cat al yst
(as 0. 0050 M sqigittom a‘gdm uene,r anu gocatatyst— m I
(trls(perflyorogtwnyl)bo were cpfi nedyin & one iéothree
mol ar ratiogin tbhe gl ove and ‘trans gred”fromt eglcn/e box.to the
cat al yst shyt taﬁr’gk 2% J@ lgﬁg@) 1/16 in g 16 crr) t ubi ng usi ng taluene to
aid in thetransfer: |||c L,ouorrya tank—was—then——presstur+zed—+o—766- psi g
(4.8 MPa) using nitrogen. After onteu@ of the reactor had stabilized
3

at the desired rungt en'p%ﬁ%t(u)re c%\al ystl\/lml njected into the

reactor via a dip

3.17 40.9 87,000 3.0
2 270 5.6 38.9 99,000 33
3 97 0.7 16.3 134,000 2.1
4 92 0.8 17.0 134,000 2.0
5 150 13 16.7 154,000 2.1

tr1spentaﬂuorophenylborane '

d1octadecylmethylammomum tetrakispentafluorophenylborate
15 > efﬁmency, g polymer/ pg Ti

*. polymerized styrene content of polymer, mol percent

Solution Ethylene Octene Polymerization Conditions:

The previous batch reactor polymerization conditions were substantially repeated using 740

20  gof mixed alkanes solvent and 118 g 1-octene comonomer. Hydrogen (A 23 psi, 160 kPa) was
added by differential expansion from a 75 mL shot tank. The contents of the reactor was then
heated to 140°C, under 500 psig (3.6 MPa) of ethylene pressure. The catalyst (as 0.0050 M
solution in toluene) and cocatalyst (tris(perfluorophenyl)borane, 0.015 M) were combined in a one
to three molar ratio in the glove box and transferred from the glove box to the catalyst shot tank

25  through 1/16 in (0.16 cm) tubing using toluene to aid in the transfer. The catalyst tank was then
pressurized to 700 psig (4.8 MPa) using nitrogen. After the contents of the reactor had stabilized at
the desired run temperature of 140°C, the catalyst was injected into the reactor via a dip tube. The
temperature was maintained by allowing cold glycol to pass through the internal cooling coils. The
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te‘rrperature was mai ntained by allow ng cold glycol to pass &hrough t he

i nt er nal M‘P‘ﬁg coils. The 30 Q WO 03/089444 7 DEC 2006 PEMEISEHE 10547

reaction was 4t sted to proceed for the desired time with echyssseosrovi ded

on demgpgioAdN Ai@B@lo priddk t in the. s manner

may have t;?aen useg. FHe cocﬁlg)éﬁl%? Scﬁ%t e Vﬁe%ez%y lQneepl?\/\c/c)avrlcgecéljt nedr?mg&dpexlaﬁ%et&’ | Eto a

4 i termJnti?ttOFls)qeqatabungadiradesmlsamnmammlyedva/%eteMus’&ﬁ Mhe oénténtsldd tiveregiadr

per cent e oI ution.of .antioxid | rgano 0 f G ba

Cor por a"¥e|tr§r}11 l?& gy |aI4iqlzt EPIEOEER P&'§?%‘é"’?f\ﬁ ayep (‘Ei“g;zoc%]lr“ﬁg;r HYVIRN. The

r eact Orpewaﬂ tmtmm soRENEs antidxidah? Ahafdx ™o 0 5PfryE Wibaatorpdi@fén)Rhd QhbifiRr t he next

run, sr lgﬁ{tre“ als were renpved fromthe polyners in a vacuum oven up
ni

to §45é 0 AP OUPHAIY: Abe Teaciet Wasdlenpyashgd wish | &fovkapf st athe
oven. ReeW prior & @e nGQRIRAIVISHild Ratlal) § e red @it thE

Pol yneri zatllgon Ru?lnCat al yst RunaTl me $(| ere Ef f|OC|ten%&%%%§fl9%C%R®rovgn

(ol es)up e 4y C eyymiehy apd Fholediort legat g pryor t@re@@va]:{r((r@ﬂ'@)ov@ﬁj 12@111& @e 20 0. 930
>100  10nihindERASabik o S determi ned by di splacenent technique using

met hyl et hyl ketone ** mcronelt index technique, calibrated using standards
of known nelt index 31 A substituted pol ycyclic,
fused ring compound corriégﬁfﬁﬁéqgn%@%neﬂv?ymelnzatlono J CH3 S\cH3 J°
N(C(CH3) 3 wher ei Ratalyd* | Rundlinyg| ergeldr dEfficimcpmet bytsape; SMMi*mdependent |y
each occurrence {isndigsiir ogefminy a hyg ocar(hyk Tgy oup lawi ng u@ghin@d0 at ons
not counti ngghygy,o t ons, and t J gro toget may 1 orq0 a di val ent
der vative ther ebyg%f]%)am ng a sat u?é;% ed orblgﬁsat ur a{}s%ori ng; >gid§d Xis
chl'8ri de, N, N- di methl)él amddb or mnethyl .

density 15 determined by dlsplacement technique using methylethylketone
** micromelt index technique, calibrated using standards of known melt index
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10 2. A conmpound according to claim1l selected fromthe group consisting
of :  (8-nethylene-1, 8-di hydrodi benzo [e, h] azul en-

2-yl)-N- (1, 1-di met hyl et hyl ) di net hyl silanam de titanium (I V)'paiQﬂﬂ 3406 de,
(8-net hyl ene-1, 8-di hydrodi benzo[e, h]

azul en-2-yl)-N (1, 1-di net hyl et hyl ) di net hyl sil anam de titanium (IV)

di met hyl 4 15

(8_net hyg‘e'rre—l 8- di hydr odi benzo[ e, h] azul en-2-yl )-N- (1, 1-di net hyl et hyl ) di et

hyl'si | anani del. ti t Asibstitugddfolytiy¢Ils, Mseti A doypaardd@respdndiAd to MeShinthla:

pol yneri zation process conprising contacting one or nore olefin nonomers

under pol ynerization condi I’m with a catal yst conposition conprising a

nmetal conplex according t o@ one Jof claims 1-2 and an activating

cocatal yst. 20 4. The pr oc af clai m:& conduct ed under solution, slurry
|ts|,m%'s 5. The process of claim 3

or high pressure polynerizal %
conduct ed under slurry @t asevpol Wé@ﬁ%‘)l?:oln andl tions, \g/ne_rl_ﬁl n the
ul ated support. 6. e

catal yst additionally conpr

process of claim 3 wherei g cocatal yst is: 25

tri spentaf |l uorophenyl bor ang 21 hyl t radecyl amoni um

t et raki s( pent af | uor ophenyl )bo ate, met hyl al unoxawieereinr i i sobut yl al um num

modi fied nmet hyl al ugoxane a mxture thereof. 32
is methylene or dlﬂuoromethylene

5 - J independently each occurrence is hydrogen or a hydrocarbyl group having up to 40 atoms
not counting hydrogen atoms, and two J groups together may form a divalent derivative thereby

forming a saturated or unsaturated ring; and
X is chloride, N,N-dimethylamide, or methyl.
10 2. A compound according to claim | selected from the group consisting of:
(8-methylene-1,8-dihydrodibenzo[e, A]azulen- 2-yl)-N~(1,1 -dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,
(8-methylene-1,8-dihydrodibenzofe, #]azulen-2-yl)-N- -(1,1- dlmethylethyl)dlmcthylsﬂanannde
titanium (IV) dlmethyl and
15 (8-methylene-1 ,8-dihydrodibenzo(e, A]azulen-2-yl)-N-(1, 1-dimethylethyl)dimethylsilanamide
titanium (IV) di(N,N-dimethylamide).
3. An olefin polymerization process comprising contacting one or more olefin
" monomers under polymerization conditions with a catalyst composition comprising a metal
complex according to any one of claims 1-2 and an activating cocatalyst.
20 4. The process of claim 3 conducted under solution, slurry or high pressure
polymerization conditions.
3. The process of claim 3 conducted under slurry or gas phase polymerization
condltlons, wherein the catalyst additionally comprises an inert, particulated support.
6. The process of claim 3 wherein the activating cocatalyst is:
25 trispentafluorophenylborane, methylditetradecylammonium tetrakis(pentafluorophenyl)borate,

methylalumoxane, triisobutylaluminum modified methylalumoxane, or a mixture thereof,
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