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20 as well as W095/14024.
According to the present invention there are provided metal complexes
corresponding to the formula (1):
RI

(D
MEX K
z

where M is titanium, zirconium or hafnium in the +2, +3 or +4 formal oxidation
25 state;

R'is an aryl ligand or a halo-, silyl-, alkyl-, cycloalkyi-, dihydrocarbylamino-,
hydrocarbyloxy-, or hydrocarbyleneamino-, substituted derivative thereof, said R’
having from 6 to 40 nonhydrogen atoms;

Z is a divalent moiety, or a moiety comprising one o-bond and a neutral two

30 electron pair abte to form a coordinate-covalent bond to M, said Z comprising boron,
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PCT/ US97/ 19463 or a nenber of Goup 14 of the Peri of

t he El enreM&98/274@2 al so conpri si ng ni trogen, phosphor ug&@u}?{%&
oxygen; X is a nmonoval ent anionic |igand group having up to 60
atons excl usive of the class of ligands that are cyclic, delocalized,

[err]-bound |igand groups; 5 X independently each occurrence is
a neutral L&RaINeARE af| Cgaw hé otbepsetiedic Table of g Flpments. ansl 3isp earaprsing

X' is a di va{,ﬁgenamdgghgmglgﬁggmg;x?g& havi ng up to 60 atons;

pis zero, 1,2, zero, or 2, and 10 ris
zero or 1. X'samonwnasevr@c&mm&hw @ fog0 HImp E¥FUIRIOG st al
optional |y idhs3Wt fgdreshdiare cyclic, d%i%céhz@hxﬁ—BE)@nd’\ﬁJahd%HL% conpl exes, in the
f orm of g sol vat ed adduct, optionally in sol'vent, especi al I y an
organi ¢ Piquid, aRdependantly gaemecousenseds aaweetrﬁ'éewﬁ basgdigatingicompound
derivative tH&anngp,to\Qb%li@hQ the chel ati ng agent Is an organic material such
as 15 et hyl eneqj,am net traacetic acid (EDTA Al so,

according to theqt)r’%gé’l’(f11 nﬁ%’@ﬂ’ﬂ'?&?ﬁ“dt%é‘ﬁeh?"é” R GRS at al yst for ol efin
pol ymeri zati on cqﬂplzem ngz or 3; A 1) a netal conplex of forrmula (I),
and & vatélng cocatalyst, 20 the nolar ratio of 1) to
2) being from 1: xip 5 c? £o8 B. t he reaction product fornmed
by convdfting a rrmaérocoorrpl ex of for mula (1) to an active catal yst by
use of an activat ue. . . Furt 0 the
resent 1 nvent | ortTeiaePgE FRAREs may et e eclaied P otBRah e Rmb BE . on
of ol efi ns @srgpmixture yitb @thexcbinplpxes)dn the foron ef <Cfalvated fdduc}, optiafallpé ainder 25
pol yneri zat i al) a
metal conpl esgnlgpp?gbéd gsd \Q%régh&dﬁ%t Q.L,%%l ""g%gé‘?‘l’mg‘ad‘ (/grtéhr%at%ocat al yst,

t he nol ar r &erivatye ﬂlqre@f@wzpreuethnghélam agemrscnmrgamqaetepai gich as B. t he

reactlon5pr@*%ngdgnqﬁgepya&g?¥aat(gggAp metal conpl ex of formula (1) to an
30 active catalyst by use of an activating techniq

Final Iy accordi ndV%#® af’%d&ﬂﬂé%g\?tpf??ﬂﬂéﬁ‘t’?‘ﬁﬂ?"t W@F%'Slpém’;!ﬁe&ﬂ crdalyst fonrdefinss f or

t he pr@w@tzhﬁgh Smprizigt ymers of a nonovinyl aromatic nononer and
et hyl ene onpri si nt a mxture conprising one or nore
nmonovi nyl ar‘%rrat j1g ameta quwﬁ@;@ Ub@AY| ene under pol yneri zation
conditions w th @)eaatastivetihgcocqalystj ng: 35 A 1) a netal conpl ex of
formul aghl) .y, @R iar ratio of 1) to 2) being from 1:10,000 to 100:1, or -2

B. the reaction product formed by converting a metal complex of formula (1) to an

active catalyst by use of an activating technique.

Further according to the present invention there is provided a process for the

polymerization of olefins comprising contacting one or more C,z; 0-olefins under
25 polymerization conditions with a catalyst comprising:
A. 1) a metai complex of formula (1), and

2) an activating cocatalyst,
the molar ratio of 1) to 2) being from 1:10,000 to 100:1, or
B. the reaction product formed by converting a metal complex of formula (1) to an

30 active catalyst by use of an activating technique.

Finally according to the present invention there is provided a process for the
preparation of copolymers of a monovinyl aromatic monomer and ethylene
comprising contacting a mixture comprising one or more monovinyl aromatic
monomers and ethylene under polymerization conditions with a catalyst comprising:

35 A 1) a metal complex of formuia (1), and

-2-



WD 98/ 27102

PCT/ US97/ 19463 2) an activating cocatal yst, t he nol ar
rati o of wpasa7@e being from 1: 10,000 to 100: 1, or B. PCT{URI7M443t | on
product formed by converting a netal conplex of fornula (1) to an

active catal yst by use of an activating technique. 5 Use of the

present catal ysts and processes results in the highly efficient
production of hi2yhn aecliveting ascarsiyght ol ef i n poI yrrers over a w de range of

I ' nd d Th
bre ™" 2 RoRl o' dt 3 i 2 WS BHE VB0 BBt B opol yrer e of et nyl eneand
styrene (ES. the reatyjoreprefiuct ok metd by o.meémhg menetaticoprpdex &30ivhyia (1Y toedrs )
wher ei n th%cmed&‘?algs? b%zQJse o?Eﬁ'%&:ﬁ&ﬁRS&%ﬁR%ﬂEn 1, 4- hexadi ene or sim|lar

nonconj ugat ed esent novel polynerization
cat al ys®s al | ondJse®f therpresers catalystst anﬂprobesglegae%llts imberhighly efficientof

CO”DnorTerCafﬁ%@ﬁé%ﬂﬁfgﬁ’h@@cn%l‘%Tbﬁw&&!eﬁr?ﬁﬂ?ﬂ%?sro\)e?%‘%w&é‘ gRe! ymer per unit

st due"to conbi natl on o catal yst efflIciencies and high
cormononer Polymerigatianrgesdiions gnd pspecially at elevatﬁdée@a@@nygs sThey arti s i nventi on

may al so begselMigdserl R tie @Hﬁwntof%bam}s of emyue@%d&ﬁéﬁg\s@ efin

polynerlzatlon processes in a slurry o the gdgas phase

cat al yst mE?VB‘@’%@@S&‘W%&“WFHG6E§DMPQMP%"SI)WB?“PH‘ thedisReis in situ in

a 10 pO'eiﬂWﬁéri’e@«biﬂbﬁ\é’r@aNM{exﬁﬂlehQ oﬁs:ﬁrﬁﬁﬁﬁ@k@nﬁb@l@ﬂiﬁeﬁ@' tihel U3k IRdi at e
recovery of to the primar

ed cat al prior
pol ymer i zatpf?ﬁ‘?”b??i’(?ég‘é'gmﬁgzat% Msé%a"ﬂé@ég tb? ingqreoration of greater q&pc{unts
ref erence tobcdrhendreer] esbeziall@bingl arbmhheccﬁherm;snﬂaehewpcﬁ;haéﬂpdref:wa to the

e 1005 RtePau eomaiahey bl teleAE BRhets B0 MR be o ¢ he
Grou,p or Gireopgration. reflected in this Periodic Table of the El enents
usin e | UPAC D ; - 0, |ns as
usedghr‘egel n ar e@%&ﬁpsgﬁoéfﬁﬁgt’qvgﬂgéw@r Q%oQJe éu(%ﬁpned%f] a support iz g[.gl ni ng

vi nyl i ¢ ungadused ingrefirogolymeérnization cymbssesoums@umnsma@@taye.l oheit ene,

Cycl opent ageyanahBh éw‘]@erﬁegwm GO QIGAR MrHiked I diyfflal 0 the 5 and

posi ti'on rocar byl groups. so i ncl uded are nixtures
Of such ol @plymerigationggactongnin azepaaie amégsw't%mﬁ@fq esovary Bt per r

di ol efi n copWnkize&raERESrid? o iH¥rimary polyhﬁh&&fon&ﬁ@&&ﬁnds i ncl ude
ethyllg ne norbornene, 1, 4- hexadlene and nor bor nadi ene Long chain

vi nyl r mOgiailed Descrption may be formed during the polynerization

process, for exafptierdnteltd thepP@itifETHle of th Eldrhenty Heretlestailllirefenrithen of a
protonfro hain. This resul S

P eor por at Fefode Tager e CRmBRts! BEisRAR N eonvrn Ry TRC FFestn oo

e. | ong chaiso, bnareiérence told Gragt arl Gretiss almadl be to the Group or Groups as

- 3- reflected in this Periodic Table of the Elements using the IUPAC system for
25 numbering groups.

Olefins as used herein are C2.100,000 aliphatic or aromatic compounds
containing vinylic unsaturation, as well as cyclic compounds such as cyclobutene,

cyclopentene, and norbornene, including norbornene substituted in the 5 and 6
position with C1.o0 hydrocarbyl groups. Also included are mixtures of such olefins as

30  well as mixtures of such olefins with C4.40 diolefin compounds. Examples of the
latter compounds include ethylidene norbornene, 1,4-hexadiene, and norbornadiene.
Long chain vinyl terminated monomers may be formed during the polymerization
process, for example by the phenomenon of -hydride elimination of a proton from a
growing polymer chain. This process resuits in incorporation of extremely long

35 chains into the resulting polymer, i. e. long chain branching. The catalysts and
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PCT/ US97/ 19463 processes herein are especially suited for use in
prepar at i o'W@P8/21AY| ene/ 1- but ene, et hyl ene/ 1- hexene,  PCT/US97/19463

et hyl ene/ styrene, and et hyl ene/ 1-octene copol yners as wel |l as

terpol ynmers of ethylene, propylene and a nonconjugated diene, referred to
as EPDM pol yners, ethylene, styrene and a nonconj ugated diene,
referred to J¥OFESBRE heyein aiplespegially sgitedsion yseindrenaratipp|cf athytene/1shutereme,

referred to aghyidie/1-NonePe®{Rh68GrdnaCand ethyleﬁéﬂi%&éﬁééo&&ﬁnfr&%‘%\?&% herein
are used for the'yg{q%ga at1on” of ethylene/styrene c]c;f]go yners.

Monovi nyl  ar JR&P AoitRyiens. pronyleseaed & nencarvgaies dipes.refeped to asiERDM ut ed

et hyl ene conpalymkss,hamyiére, sheeredndt RoncbRjubated diene, rEfbrred to as Vel N
Rl i ndepeﬁdent Il)éﬂ eacheg_cby urrence is hydrogen or Cl 4 alk

a |, an
R2 i ndepeidefiMEEHN r Bippyleng apg syrengqfeferred to as EPS) Most Preferrerbthget al
conpl exes, preataysteahddrogessep hemdirtaealsta forthégrepaiatior6f ethPERIRNRES |
especially trér? lg&él,sohosphi ne, triethyl phosphine, triphenyl phosphi ne and
bi s(1, 2-di net SH/F sphi no) et hane; P(OR)3, wherein Ris (err] hydrocarbyl;
et hers, es fdaricainylaroeatiampdombrs fanusetirsin ol e htyy substilutidn e,
bi pyri di ne, t et ranet hxl et hél enedi am ne (TMEDA), and tri et hyl am ne;
ol efi ns; and LHIENGLAMRPuUNds having Bigdermuaii ng from 4 to 40 carbon at ons.
Conpl exes includi ng diepg % gr opps 20 i nclude those wherein the netal is
in the +2 formal oxidatil6n state:! Further in reference to the
net al conpl exes, selected fromthe group consi sting
of hal o, hydrocarbyl, iR', kyl am no substituted hydrocarbyl.
The nunber of X grou nds on the oxidation state of M whether X is
ani oni c, di di’oni g or Reutral, whether Z is divalent or not and
whet her any dival ent X" pgroups 25 are present. The skilled artisan w |
appreci al@ that the quantity of the various substituents and the
identity of Zymatdn:.chosen to provide charge bal ance, thereby resul ting
in a neutral netal_conplex. For exanple, when Z is divalent, and r is zero,
p is two | efly iPHRRENERRIY eRch@Iccwranea s ksregeatas Cat4 AkyivEsh Z cont ai ns

one neutral two g, indéleRb r.di -£QY bonding site and Mis in
a formal oxidation zsl?af\dee o%ﬁt%a(&g%gg"%trcrg&scgb%ﬁgé'ero and r equal 1, or p
may equal 2 and r Iretheahetabcompléxesppriefatild X gedtpk @re carbon monoxide;
15  phosphines, especially trimethylphosphine, triethylphosphine, triphenylphosphine and
bis(1,2-dimethylphosphino)ethane; P(OR)s, wherein R is C1.oq hydrocarbyl; ethers,

especially tetrahydrofuran; amines, especially pyridine, bipyridine,
tetramethylethylenediamine (TMEDA), and triethylamine; olefins; and conjugated
dienes having from 4 to 40 carbon atoms. Complexes including diene X' groups
20  include those wherein the metal is in the +2 formal oxidation state.
Further in reference to the metal complexes, X preferably is selected from the
‘group consisting of halo, hydrocarbyl, and N,N-dialkylamino substituted hydrocarbyl.
The number of X groups depends on the oxidation state of M, whether X is anionic,
dianionic or neutral, whether Z is divalent or not and whether any divalent X" groups
25  are present. The skilled artisan will appreciate that the quantity of the various
substituents and the identity of Z are chosen to provide charge balance, thereby
resulting in a neutral metal complex. For example, when Z is divalent, and r is zero, p
is two less than the formal oxidation state of M. When Z contains one neutral two
electron coordinate-covalent bonding site and M is in a formal oxidation state of +3, p
30  may equal zero and r equal 1, or p may equal 2 and r equal zero. In a final example,

-4-
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PCT/ US97/ 19463 If Mis in a formal oxidation state of +2, Z may be
a di val enw0l983awd group, p and r nmay bot h equal zero aRGTARET/HE6 r al

| i gand group nmay be present. Preferred coordi nati on conpl exes
used according to the present I nvention are conpl exes corresponding to
the formula: [err] wher ei n: R is
phenyl, bi ptdigin adprrmlpmdnwn state of +2, Z may g 4 divaleptigandgroup, pandrmay Y i s
-0, -5, HolR ea2ua1f)é% and oNB%eutreth a d%gup%y be present. £* is SiR*2, CR2,

Si R*28| R 2, CR xR 2, R* each
occurrence is i r?d%fﬁé’ﬁ‘élé?ﬁ’p‘fﬂam%f@ﬂﬂxesdm‘seﬂ afeRFaine ta thegrpsant invention are

hydr ocar by lcomplestes eardupbadifg téihedbrmui@! ogenat ed al kyl, hal ogenated aryl,

and conbi nati ons thereof, said R* having up to 20 non- hydr ogen at ons,
and optionally, two R* gRoups fromZ (when R* is not hydrogen), or an
R* group fromZ and a group fromyY forma ring system

X, X and X' are as defi ned,; pis 0, 1 or 2

g is zero or one; and |sqlero or 1; 20 with the
provi so that: q,2-;rqandr are zero, Mis in the +4
formal oxidation state (or Mz*s |n the +3 formal oxidation state if Y
i's -NR“2 or -PR*2), and X is amsanionic |igand "selected fromthe
group consi sting of halide, hydrocarbyl, hydrocarbyl oxy,

di (hydrocar byl ) ami doW"EFQ"hydrocar byl )phosphl do, hydrocarbyl sul fido, and
silyl groups, 2% ,s nVYE biphasyl BRh&phthylli (hydr ocar byl ) am no-,

hydr ocar byl oxy-, ;ﬂfe YEbip @ﬁy( hyd%)ca)lr}lbyl ) phosphi no- subst i tuted derivatives
t hereof , said X'\ﬂ; ifﬁf‘"l’fﬁw ng up to 30 nonhydrogen at oms,

when r is 1, p a.n,d-q- ase-mar.p,pmﬂd.unanoﬂsz formal oxidation state, and

X' is di g Lot h pnsi st Lpg of

hydr ocipbadl yl, Zg %’%d?‘é&?@ﬁ §§% E gbocgﬁbﬁ%gp%glzo%/éﬁboﬁjps, said X

group havi ng up R*ceadb onm@dednguedew&rﬂasﬂy hydrogen, or a member selected from
hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and

combinations thereof, said R* having up to 20 non-hydrogen atoms, and optionally,
two R* groups from Z (when R* is not hydrogen), or an R* group from Z and an R*
15  group from Y form a ring system;
X, X' and X" are as previously defined;
pis0,1o0r2;
q is zero or onhe; and
riszeroori;
20 with the proviso that:
when p is 2, g and r are zero, M is in the +4 formal oxidation state (or M is in
the +3 formal oxidation state if Y is -NR*; or -PR*;), and X is an anionic ligand
selected from the group consisting of halide, hydrocarbyl, hydrocarbyloxy,
di(hydrocarbyl)amido, di(hydrocarbyl)phosphido, hydrocarbylsulfido, and silyl groups,
25 as well as halo-, di(hydrocarbyl)amino-, hydrocarbyloxy-, and
di(hydrocarbyl)phosphino-substituted derivatives thereof, said X group having up to
30 nonhydrogen atoms,
when ris 1, p and q are zero, M is in the +4 formal oxidation state, and X" is a
dianionic ligand selected from the group consisting of hydrocarbadiyl, oxyhydrocarbyl,
30 and hydrocarbylenedioxy groups, said X group having up to 30 nonhydrogen atoms,

-5-
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PCT/ US97/ 19463 when pis 1, q and r are zero, |V|IS I n_the
+3 fornal WRI9ATIBn state, and X is a st abi l.i zi ng ani oPFEURY HAHG
group selected fromthe group consisting of allyl, 2-(N N

di met hyl am no) phenyl, 2-(N, N-di net hyl am' norret hyl )phenyl and 2- (NN

di net hyl am no) benzyl, and 5 p and r are zero, g is 1, Mis
in the +2 fornmal WeN®deilof 286 sate znga,d\n)gln,ttge #3 formal oxidatiop sfate. a9 Xi§& ed or

nonconj ugat eghbilizR@enichiy iig%ﬂé'gl‘dﬁp’%é#bﬁéd#ﬁrﬁ%é"grbbp @B@slﬂlhg'@éﬁll 2-(N,N-
hydr ocar byl to 40 carbon at O{Tér{& formng a

r ng up
[err]-conpl egnethvfam"\mwnm 2-(N,N-dimethylamingipgthypphanyt 28 conpl exes are
those accordgim@hylgmtd@%d@rzﬂyamjs formula 10 (I1) or (I11), vvherei n M X
5 z*, B clma r _are. as previous] deLin{ga?., wi t h .. the
prow so Phat: Whe pahdrargzere, gig , M is i e, 42 formpaloxdation sgite.and X' fsa 44
formal oxi dakuwal, sdridgateddrtholcbijugated dlehédﬁmeﬁﬂ@'rﬁubytit%d lwitheme ot aitee

thyl, b I lide; .. o, d
and W s nrvirecS T EpIER. sBid i herin uata el BaRoR siims Shdfofn Kitedmpieny |
group that withrig. a rretallocyclopentene ring wwth M V\,hen p S

1, gand r are z oxi dation .and

(N, R af et hyl ant M esbTed Batal Eomplexcd aF8 indl siatndih B4R GeuSlifhomiid T~ )
isin the +2H)fmr(rm,l wrmreman,u)arx'sxaﬂe Z* b, ) andsr ate 4s previously defined, with

di phenyl -1, %n %rto {) . or 1, 3-pentadi ene. 20 An especially
preferred coordina "o conplex is that corresponding to the forml a:
[err] when p is 2, g and e aed zer®'Miisintthd w4 jdrmahoxidatios stde.@anddeis net hyl

or benzyl. nde en?entlx eagll\ bldtRfehad i-r}\é%yfr%teﬁkyl(:&rﬂéhg%es that may be enpl oyed

in the practic presen Avention 1 nc
3- phenyl i ndenyl MNP IPeasg are zero, r is one, and M is in the +4 formal oxidation state, X"

(1 t 4b3;t %:11 %nmy oo d'mtm b %Fddp tﬁatﬁbﬁﬁyé By s ehgm@tring wanun (11)

(t-butyl am do) di Nﬁleﬁﬁ ig [1eﬁ @Pdéarﬁﬁm Wiizigrile ¥3 fermab exidation state and X is 2-
1, 3- pent adi N@N-diafethylamino)benzyl; and

(1-buty1 anm do) df netiy] (LET b o3RI AU YA hobP BSAAAUAL Gt 21 0

diphenyl-1,3-butadiene or 1,3-pentadiene.
20 An especially preferred coordination complex is that corresponding to the

@)
©© Ti (CH,),

xz__Ti—-NR"

formula:

wherein R” is t-butyl and X is chioride, methyl or benzyl.
lllustrative metal complexes that may be employed in the practice of the
25 present invention include:
3-phenvlindenyl complexes:
(t-butylamido)dimethyi(n®-3-phenylindenyi)silanetitanium (lI) 1,4-diphenyl-1,3-
butadiene,
(t-butylamido)dimethyl(ns-s-phenylindenyl)silanetitanium(ll) 1,3-pentadiene,
30 (t-butylamido)dimethyl(n5—3-phenylindenyl)silanetitanium(lIl) 2-(N,N-

dimethylamino)benzyl,
-6~
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(t - but yl awioosyadaiezet hyl ([ err] - 3- phenyl i ndenyl ) si | anet i t ani unPEVPSY/idéhy| |
(t-butyl am do)di net hyl ([ err]-3-phenylindenyl)silanetitani un(lV) dibenzyl,
(n-butyl am do) di net hyl ([ err]-3-phenylindenyl)silanetitaniun(ll)

1, 4-di phenyl-1,3- 5 but adi ene,

(n- but yl am @o)tyiamidaiginggtey!in-33phsEngindenylisiandtianiuraiiérdimathiylin( | 1)

fjiﬁfhif dm §-§)§§.‘:§§§ﬁyme[tex'W-.S;:ehﬁx'},nﬁem&gmagv mOSRSER Y 11 1) 2 (NN
38?‘“ ¥};EL?Q%%#?@%@%ﬁ{sﬁ\?%‘eﬁ%%éé%@%‘%%ﬁ%@h@ﬂﬁ?!ﬁféﬁ'@%ﬁ-u‘r’r‘( o
| benzyls utadiene,

(cycl ododeC?ﬁl__%gg}&gwﬁg%{(fa:?.éhléﬁyﬁﬁ@%ﬁﬂgilahgﬂﬁﬁ'imn)(lﬁi1',@-98&5&3%,“”( ')

1, 4-di phen
(cycl ogodegwmyldm)d:bbdmethylm5[-3>ph¢njﬂnqimwngilahatiteliymxm) 2NA-i tani un( 1 1)
1, 3- pent adi ,
(cycFododel:@ﬁ‘%?ﬂyfllagyla?)ﬁs?mll ({agrr] - 3-phenyl i ndenyl )silanetitaniun(l11)
2- (N, N (n-bulylamtdo)dimethyif) & phgnylindenyl)silanetitanium(iV) dimethyl, _ :
(evel odastecH] ARl ALY AL bhbayin Bl YlahBAERYRYY) kB8R, ani um(! V)
((jp%/cl odf)aecyl am do) di net hyl ([err]-3-phenylindenyl)silanetitaniunmlV)
i benzyl , : . s . . N .
(2,0 & 1 1l RSRoReY RIS eI (P 2P PP ORI BT - SR un 1 1) 1
, 4- di phenyl butadiene, but adi ene,

(2,4, 6t 11 Ry el AN S 5 hyiRc BRI RRIH ) 3 BBRLbART 1)

1, 3- pent adi
(2, 4, 6-15 i nieytigdaducyachigadimettyihT-Bahedyiiddaiyisidnititdeop()IS 24t i t ani um (111)

2- (N, N . i hvl am po) benzyl, 25

(2,4,6-tri n%m?é}fygﬁ'f]%gsy%yi"net hyl g [err]-3-phenylindenyl)silanetitaniun(lV)
di met hyl,  (cyclododecylamido)dimethyl(n’-3-phenylindenyl)silanetitanium(iV) dimethyl, _

((jiz bi’ng'yf & T OSSO SR Y L S ShE yiina S ns RSN S hinRgH ! tani un(i V)
(t-butyl am do) di net hoxy([err]-3-phenylindenyl)silanetitanium(l1)

(i 5462gn;ygﬁg?%?‘ﬂs'%9it‘?°§?‘h""e?’%?@ﬁ-s-r@%rwwsﬁwgwegfnagwgm 1.5
, 3- pent adi iene,

(t-butyl ani 0,%,% _ié@%%xigig,g,g,iy,léﬂ?y-.(%bgoa;,'eLm%@x,}n)sﬁgaemﬂm(ﬁm H¥ehfaliteng; (N N

((j![ HELP g;: gm (29, sitrirabthtayifid @ dinetBAMmAiarmhenylthdayysiaretitantunt @it 2:(N,NV) di et hyl ,

(t-butylam g@eﬂy@#ﬁﬂ%&ﬁy‘i”] - 3- phenyl i ndenyl ) sil anetitani um(1V) dibenzyl,
25  (2,4,6-trimethylanilido)dimethyl(n’-3-phenylindenyl)silanetitanium(lV) dimethyi,
{2,4,8-trimethylanilido)dimethyl(n®-3-phenylindenyl)silanetitanium(lV) dibenzyl,

(t-butylamido)dimethoxy(ns-s-phenylindenyl)silanetitanium (1) 1,4-diphenyl-1,3-
butadiene,

30 (t-butylamido)dimethoxy(n’-3-phenylindenyl)silanetitanium(ll) 1,3-pentadiene,
(t-butylamido)dimethoxy(ns-a-phenylindenyl)silanetitanium(lII) 2-(N,N-
dimethylamino)benzyl,
(t-butylamido)dimethoxy(n’-3-phenylindenyl)silanetitanium(lV) dimethyl,
(t-butylamido)dimethoxy(n5—3-phenylindenyl)silanetitanium(IV) dibenzyl,

-7-
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PCT/ US97/ 19463 3- napht hyl i ndenyl conpl exes:
(t-butyl amQie®2Tieet hyl ([ err] - 3- napht hyl i ndenyl ) si | aneti t ani %ﬁT’Pﬁ?V"“"’
1, 4-di phenyl -1, 3- but adi ene, 5

(t-butyl am do) di net hyl ([ err]-3-napht hyl i ndenyl)sil anetitani um
(1)1, 3- pent adi ene,
(t-butyl am do) di net hyl (ferr]-3-naphthylindenyl)silanetitanium (l11) 2-(N, N

di met hyl am$g) h(c!len | complexes:
(t-butylamdo g err]-3-na hthI|ndenI)5|Ianet|tan|um(\3|\/)
di met hyl , a(ﬁgutylamldo) imethyl(n°-3-naphthylindenyl)silanetitanium (il) 1,4-diphenyl-1

(t-butyl amﬁ@gd;lédgat hyl ([err] 3- napht hyl i ndenyl )SI | anetitani um (1V)

di benzyl_, 10 3- bi | i ndenyl conpl exes

(t-but yﬁam(&BWﬁaquF\eF KR S@amtbﬁ@ﬁyw%mmapm dhdi3peniadieng | | )

1, 4-di ph . B

(t- bu!t SI :nmyggv)ltyﬁmndo)dn ett@lrﬁy ﬂgs ﬁgﬁﬁrpyt)ﬁg?r?y}%n‘unl\ g|r|1)e2t p\tl gnl um (11)

1, 3- pent adi émethylaming benzvi

(t butyl am fier)ugl‘aﬁﬁéd?d’ ietriithda %a&ﬁtﬂﬂﬁ%ﬁ;}lﬁ%&’{%ﬁlrﬂ ﬂVF&xHeiH?I wpu (I r) 2- (N N

di net hyl am no)
(t-butyl ani (&bgmviamww!@pwni -3-paphthylisdgnylstrnesitanium Avkdibenzyl, um (1 V)
di met hylg, and
(t-butylam do) di met hyl ([err] 3- bi phenyl i ndenyl ) sil anetitanium (1V)

di benzyl . 3:biphenviindenyl camplexespl exes can be prepared by use of well known
synt hetic t@sbmamftfo;dm%%yumwfbwﬂeaydnaem@ﬁémfamnag Als. &%r{am,@ml oyed to
pr oduce the | ower oxidation st | exes. uc ocess is

di scl osed ivtagieng. 08/ 241, 523, f| I ed May 13 1994, publ i shed as

W95- 00526. (t-Eﬁ?laﬁﬁ&ﬁ&Héﬂ@l(ﬁ*@b%@ﬂﬁﬁh@rgro)kfhn%n&?ﬂuwm)Q UMY, €T i ng

sol vent _at a téenperature from err] C, preferably from-78 to
100[err]5C (Frbﬁwlam'dc’)dm}sﬂyf(@r%blpﬁenv'@ﬁewl)@ reitastun) @) BN.Nhe term "reduci ng
agent " her ejifein§lalRim |rretal or 25 conpound which, under reducing
condi tions causes thé me%, to be reduced from a higher to a | ower

oxi dati on s(t-av@lamg@aﬂmeéyl(ﬁ?-?:@mhsaﬂqnéem@%aneﬂ@am (YY) dgetyt apd e _
al kal'i et . smy@Hféy)amtmﬁt@br&hﬁg@deﬁh)emﬁwﬁhwaw dibenzpl, | oys of alkal i

metal s or kal1ne“earth S such as sodi unil mercury anmal gam and

sodi unt pot assi umhglqogiplexes can bepeapgraskbyorsesai well inewn exfiiesticdeeiiiauesconpounds
are sogioum OsRIRkisd FHE'!'udlﬁg a§9nt caa%aewuw@dgé amalu&@mel IbWé’H d*iﬂa%lk!ia?e l'i thium

or potassium aI kadi en Gig NBI %r eferred
reduci ng adfORiRiexgseS t’fgféa 8!’%’&?? ’SrPé‘i%%déﬂ U§§N£8( %1‘3 S@Qr filgd May 1 | s,
especi al | y gublishedrasan0e5@QE26.1 Tie fsat#dns are conducted in a suifablé abrhuﬁteﬁemg i on
e o RRER RS rra i SRR ST LA B e meet ™ ¢ s
et hers, parpreferdbdy frgm Brta 501G dBy thaei ternh {réduciey dgend” tewaih iscmearg@uétaher, but ane,
- 8- 25 compound which, under reducing conditions causes the metal M, to be reduced from
a higher to a lower oxidation state. Examples of suitable metal reducing agents are
alkali metals, alkaline earth metals, aluminum and zinc, alloys of alkali metals or
alkaline earth metals such as sodium/mercury amalgam and sodium/potassium alloy.
Examples of suitable reducing agent compounds are sodium naphthalenide,
30 potassium graphite, lithium alkyls, lithium or potassium alkadienyls; and Grignard
reagents. Most preferred reducing agents are the alkali metals or alkaline earth
metals, especially lithium and magnesium metal.
Suitable reaction media for the formation of the complexeé include aliphatic
and aromatic hydrocarbons, halocarbons, halohydrocarbons, ethers, and cyclic
35  ethers, particularly branched-chain hydrocarbons such as isobutane, butane,

-8-
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PCT/ US97/ 19463 pent ane, hexane, heptane, octane, and m xtures

t her eof ; cwol9se7ead alicyclic hydrocarbons such as cycPEREIEAF2463

cycl ohept ane, net hyl cycl ohexane, met hyl cycl ohept ane, and m xtures

t hereof; aromati c and hydrocar byl - substituted aromati ¢ conmpounds such

as benzene, toluene, and xylene, (lerr]| dialkyl ethers, (err] 5
di al kyl et h@entioei hexahe.dweptane; pethps.cdndynixieesihgtesk cycligramdtalieyctiny dr of ur an.

M xtures of rocargbﬂ?sué?{ cﬂilihgg%rfe < é&e%kﬁr%ameﬁw cyclohexane, .~ The

conpl exes ar rendered cat active |nat|on Wth an

activating (f'éﬁib!'@){%leptﬁﬂeb’c}n &xtuses ﬁ'ﬁ“’ eaft aromatie gnd bydipsaibid-substitytad| e

activating aromaucc&ﬁ@éo@huﬁ&ﬁﬁbé&@n@%ﬁbﬁb i2h@llxyéRe RO ?(mnme%r@b goneric
al unoxanes, especially 10 met hyl al unoxane, triisobutyl al um num modi fi ed

met hyl al ﬁrm)dsailejl etver denvatwessmﬂip@ly)aﬂdytamemts arditetrahydrefuran. ddiktiises afuch as
Cerr] hydrqiqé";l ‘%?%(éo' Qr@talléotglﬁ ble G oup 13 conpounds, especially

tri (hydrocarby num-or Tri(hydrocarbyl)boron conpounds and
hal ogenat ed (i nclTigicompirxen aratpadateddptaidicriiadtive by corapiaation Wiltvamg

from 1 o LOchalibgRScdtly @y WdRGALRKalAG BhRGEnsLRbiTdhaRy Y| or oup

nore 15 especi a finated tri(a boron conpounds, nost
especi al |y °°°ata|V§ﬁ5|f%'(Lt§§rﬂeé¢'F dtﬁ“ti’srﬂi’é}fm’)"dﬁ igemeniAiBPYanes; Q,Speﬁ'é%at i bl e,

noncoorqlonatmétaytammaxane triisd LAY aRBniRRTRSHIE rﬁétﬁﬂblﬁﬁioﬂﬁhé B? use of such
conmpounds under oxi di zi ng condltlon%g ?-.3‘ %/ use 8f
anmoni um , ﬁ?ﬂ%‘&*ﬁﬁﬁ‘m%“e BRYFAI Lifvis acidsy 1-30 hydrog ’PVISFBf’ﬂt”tS

| f f 20
sulfonium Sahg 18 coﬁﬁm?&s, bs n.419%ﬂgﬂ@%@nﬂﬂrﬁmwm(@m&% 6&BHUM

salts of conpa oncoor | ectr SIS expl ai ned
in more competads awb*a%wmﬂ@r()ncwfw reshlparfiatesh §96‘fat'h’?r°e

activating %&@ﬁ % YSE&beRdlin each hyEﬁféQFByﬂ&%logEhSteﬁny@&%ﬂle g’?@ﬁgb Vﬁér‘eng
cocat al ﬁgt s and activating techniques hav %rew ously taught

with re ecte%c'alvrneéf#aﬁmawettaqanek?ﬁmwwﬁdﬁ r?é‘df"eﬂslt

r ef erences tEsténtafTJor&BBenw;So&n'é ﬁ&ﬁadﬁﬂencu&rﬁp@bﬂﬁﬁo:&%rdumna, A8, 651,
EP- A- ':'*20 732, a ons of neutral

Lewi s aC| ds, °%'§5%8?’5P?‘§PGEH'€A‘83W9|“P.%P?%ﬂf %:fchgogalppgnqa”nder C’X"'I"Z'Qfgum num
conpound ha\uongntlbms)rresbet:ﬂuyﬂfthearsbm\\ amnonhand) pabéppbngnemomum-acarbonium-,

pach o o D <RS2t R BB RERAC bnBaiEuld RS, biterdoflino e 11
f ur t her 28ont=aitabf mnblesﬁoncmmmmmMs, buivetecticlysis tn‘xnlamedsn woré, a
pol ymeric ory.ol I‘%?gﬁéﬁeq %.lnH tlo?é]gfntPg gcrre &9 th,aM btafiysts §ddqg| e

neutral Lew s acid, or ane th a
pol yreric orte@‘mlfgmefrhe f@rﬁm&&n@/aéne Cé@%ﬁ%‘ﬁ"&?ﬂ? a%ﬂ'ﬁﬁﬂ%é’“ﬂ'&% Ravei ng

cocat al yst s.pd2hé) ré\fiétﬁsﬂ/ tHBbrﬁrwﬁhéFebQ&ctQ; dt%@HPméta'iTBérﬁﬂrlexes m the followmg
corrpl ex:tris(pentafl udro- ¥ a[]JeS alsunDX%ge 468 851 jEPlAl to
P20, tror GRRTCRR TN AT VA 1% 675 US-A b
25 520,732, and EP-A-520,732 .
Combinations of neutral Lewis acids, especially the combination of a triatkyl
aluminum 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
30  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 activating
cocatalysts. Preferred molar ratios of Group 4 metal complex:tris(pentafiuoro-
phenylborane:alumoxane are from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to
35 1:5:10.
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PCT/ US97/ 19463 Sui tabl e ion formng conpounds usef ul aé
cocat al yst sWaP8gA2enbodi nent of t he present invention REHBEFI762463
cation which is a Bronsted acid capabl e of donating a proton, and a

conpati bl e, noncoordi nati ng anion, A As used herein, the term
"noncoordi nati ng" neans an ani on or substance which either does not
coordinate to 5 SuiwlﬁooﬁmnmmMOuomusﬂfmiaag:opatelgstsyoon&:empd)dameamf t he
catal ytic dery

coor di nat ed t%‘g%%%%(t:g%ﬁt}ggcetg P Hse atcgﬂ"éx'n%% DerohCtef QC'H%F P&h W&alt'é% |l e
to be di spl acaragn, énﬁématlhlemcmcg@rd@atm ammdbr AF naed h@remntr@nerm

speci fi call v f@hebciahand rth@kA ailhohs %tfgmcwfmeﬁ iePGodtndt c6AHEE to

bal anci ng£ ?‘F a cationlic net oes not transter an
ani oni ¢ subst} L@ﬁt‘p BMetRILoMRINING prepwrser @mplﬁx@@éh%iC%‘é'ml%ﬁe"!\'lﬂé‘t‘ﬁe@ﬁﬂvﬁdr m ng

neutral conpl gsesrom, GQWH%hhspérﬂy ﬂr@hl@?éoor&hgteé% 8ikh complexe‘émé?gbyaﬂ'eﬁ'naﬂ%g
degraded to n?elg_&ral i ni forned conpl ex decorfposes

and are nonin ‘?'@?t‘yr%b l\ﬁnt‘P He &@gl%fabvéaagwa!éﬁw'sﬁwyrréﬂ%a@qr@ﬁamg HiMer uses

of the swtjficelly. refers to an amon whlcﬁméﬁfdn@ﬂorﬂrﬁb Q§1§ cRdrge bHRAEING Qﬁlbﬁ'urf" ng a
singl e coordipation co risin bea“rﬁ‘ga metal or

metal | oi d cor®® mn&mﬁﬁ}o%ﬂ"‘?lﬁx 8% agﬁferagn a"'°'B l4sgt errErgment Herest t he
a(r:]t i ve cat@l y&tsaspm:bashe(reﬂs;efoﬂﬁhghemadl bsmble)eéu cicompatilile anions” ark @highg When
the two conpo

Surti orent 1y WaEh B EBRRLR S nodiiafriR sty AR P pomplex dsgpmposes

acet yl eni cal | gndiareatonintarteding with desicatisubsetpieat palymerizatien br ather iesek of thes es
such as et her "ﬁé eitriles. Suitable metals 20 include, but are not
limted to, num gold and platinum Suitable netall oids I ncl ude,
but are not I i m t eQrefesredmnians, ar thesp kontaipingasingle coerdinatiabosgmnierd s

cont ai ni s antARSisHY £ EhdFGEBEArS rﬁagmlnsaéuom&emc@&%mq %@albrusw a single

net al alloid cour se
particul arly halanring,the shags of the active patalystispgcias Ghe gietal saticm Wﬁtcbrﬁlambﬁ he

ani on porti onfonﬁé@wﬁ&@tﬂe&%%oﬁ@ima{@ hl éo}hb.r%‘é Also, said anioR’spb@Eda! Y such

cocat al ysts (?‘B)r eseg e follow ng general formul a:
(L-H[err] (%@fr%?f}"y 1835 55 Figp Biad b oleinic, aoietic 3nd dcetylprirelly pasatiTgige
base; 30 compoun(i br bthér heutal Bsvis s sueh €s ethers or nitriles. SuldiRé Rletdls a

e a1 niaier Pepaf U Bl o imtol € ol L i, SuaflEipstatats esponds
to the fornul naciu{deQﬂiare not limited to, boronyytespharus,2md silicon. Compbdlindss bor on or

allgm num i Nt Ogualifing GRISRS whith $8HoAle SdctlifaticAMmplexes 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.

25 Preferably such cocatalysts may be represented by the following general
formula:
(L*-H)d" (A)*
wherein:

L* is a neutral Lewis base;
30 (L*-H)+ is a Bronsted acid;
A%isa noncoordinating, compatible anion having a charge of d-, and
dis an integer from 1 to 3. '
More preferably A™ corresponds to the formula: [M'QJ];
wherein:

35 M' is boron or aluminum in the +3 formal oxidation state; and
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PCT/ US97/ 19463 Q i ndependently each occurrence is sel ected
from hydr iwle ss@ak kyl ani do, hal i de, hydrocarbyl, hydr cRGFH§IBIMeR

hal osubsti t ut ed- hydr ocar byl , hal osubstituted hydr ocar byl oxy, and
hal o- substituted silyl hydrocarbyl radicals (including per hal ogenat ed

hydr ocar byl - per hal ogenat ed hydrocar byl oxy- and perhal ogenated 5
si |yl hydrocar byl Q indemsicdehtly sadhcboQuinerwierig selpcted frat lnairide,ialiylamidohe provi so

Lhat i n Nt nalide, miBESoHIARGRRLAGHN hERSEbhu R hododh ey CHARSRLAL

sui t abl e hydrocar s are
5, 296, 433. hydrocarbyloxy. anphalg- ﬁubsampecésl hydtpcarhybtsidials (including one, that i s,

the counter ggca;@ﬁa@dﬁgm@bw- perngrbgga&&gfagsﬁaeawoﬁwmdspeﬁka%

Activating sts I‘ISII’I& are artlcqar y usef ul
in the pﬁepaﬂﬂbydwa@v' fasticals) ssaid B havinasun 2o farkansith tB@ PrvisiodBiatiin Bet

by the foll %r@%&ﬁﬂ%réﬂcwfréﬁdmkﬁ halide. Examples of suitable hydrocarbyloxide Q
(L*-H[err]( *i's as previously

defined; 15 9"°”F)5 are dﬂsc'Bs?%'”k}b\rg;r?ait?Fté 298433t oxi dation state of 3: and
Qis a hydr ocar byh a,mdwdmmd)yrhewmenf Idugbnaamds hivelcatneriyh has 4 kinglel Nat ed

nonhydr ogen hedatve Shamaah A Brleile HectsRiete omeristist Bias R aHS one
occasi on0i s particylelp asefalih the preparation of cat&tyst ef thistinkention nizydee epldssntatde
ammoni um sal té"%@%ﬁﬁ"é@%ﬁ%’r&%ﬁ%p trial kyl ammoni um salts containi ng one

or nore Cl12 bX preferably, Q is each occurrence a
fluorinated aryl group, especially, a [fertid{BQdtophenyl group.
II'Tustrativey,byt. not limting, exanples of boron conpounds which nay be
used as an activating cocatalyst in the preparation of the inproved
catal ysts of thid-"isasprevigygindplinedare 25 tri-substituted ammoni um salts

such asjys t '8 GRbkbA .ammma&ﬁaﬁm&h&(a@maél uor ophenyl) borate,
tri et hyl ammoni um tetraki s(pentafl uorophenyl) bor

tripropyl amoni uR sé hﬂ@@{%ﬁhwmmﬂmdenﬂsﬁéwemcafbv' fluorinated
tri(n-butyl nyarsRaIyYEXY-CHF manaé@a%hﬂﬁwewme%bhﬁ ob@cﬁ f 20 naHhydrogen
tri(sec-butyl)ammiumtetra entafl uoro
et o e A sl B e o SR Aaplp i G rocartyl
N, N-di met hyl ani | ifreferred Lbwis\bdseisaltpamnt aimotiuopEatsyhorelpoefatably
N O BB o AR bR S R b bl 557 s grovray
6-tetrafl UOore R eieH lobctfence RATURtRated ary! group, espec:ally, a pentafluorophenyl group.
-1 lllustrative, 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 are
25 tri-substituted ammonium salts such as:
trimethylammonium tetrakis{pentafiuorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluocrophenyl) borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,
30 tri(sec-butyl)ammonium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(pentafiuorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium benzyitris(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluoropheny)
35 Dborate,

-11-
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PCT/ US97/ 19463 N, N- di net hyl ani | i ni um

tetraki s(4WQIH278propyl silyl)-2, 3, 5, 6-tetrafl uorophenyl ) PEESPH19463
N, N- di met hyl ani | i ni um pent af | uor ophenoxytri s(pent af |l uorophenyl ) borate,
N, N-di et hyl ani i ni um tetraki s(pentafl uorophenyl) borate,

N, N-di methyl -2, 4, 6-trinethylaniliniumtetraki s(gent af | uor ophenyl 2] bor at e,

5 di met hyl\bhrdimetiianifiniim trtakis(4-Grirenrpesiyb 2. 8r B Srighsfuerepbienyliborate,

net hyl di oct aqlcaiAyRMiliARN péhtaliicrémRnbAtlis(psmRNRRHNenPbeats, di al kyl

ammoni um sal ts such as; . di - (i-propyl)anmmoni um
tetrakis( per‘l\t‘@r‘l‘"ﬁ@y@ﬁﬁf@ﬁm t)EtrBUF(QFét,aﬂ“°r°p'¥e’{Yﬂtbﬁiﬁt%ct adecyl ammoni um
t et r aki s( pert a-titeuaprenstrimdpyiatitium Getrakist ditafRotapdotstdratenoni um

t et r aki sgpent.af | uor enyl ) bora and di oct adecyl ammoni um

tetrakis pen‘i"gﬁhﬁf&p%ﬁﬂg’r‘i"‘%m{e ?k‘s{g’e"taﬂf'?ﬁol’g"tfyﬁblo $ed phosphoni um salts
such as: methy/idiqoteeieyylpinamipiuem tetrakit (enmfiusiopeartyd)fdotate,ophenyl ) bor at e,

nmet hyl di oct I i t et r aki s(pent afl uorophenyl ) borate, and 15
tri(2,6-di neaﬁ‘ﬁw%éﬁ '%% gg]ﬁ%?eh?ﬁh t et raki s(pent af | uor ophenyl ) borate;

di - subst i t utdidi-prrpyljammseilndesalés(perstafiuorophengl) pbrate;| oxoni um

tetraki s(pe . L(o-t Al xoni um

tetrakis pe%gﬁkﬁg{aggﬁg%ﬁn gi%%rgqu(gﬁataﬂugbé&é\wgék%%ecyI ) oxoni um

t et r aki d@penmathyioctadptesyldmmoniuattetrakisipentafiuoserhenyl) berate, 8od f oni um sal ts

such as: i | ; Al ' .| uor ophenyl ) borate, and
nmet hyl cot ade%@?tgﬂfﬁgg%ﬁ%@# %i%?%%%@g’ f"ﬁ{gﬁ !zﬁgvﬁy ") borate.

Preferred (L¥-sd4ppidutepl nbasphmmiim salisauch@sdi oct adecyl ammni um and

St vat i ng. caBren TP Ham fvalds pentatubRPhSRf) Sifkier ) ° e oxi di 2ing agent
and a noncodPeif¥idiaciagiecBhesphrRim tehinkis(ppriafiucsentenyl) Borate, and for nul a:

([ err 15 ertrij2 \rpdthyipedyl)phosphoniuftetr&kisipemBfiuorophenyl) bor@xd;err] is a

cationic oxidiz agent havi a_charge o? e+, e is an
i nt eger fron&'f”b%ﬂ'étfegé’ﬁamumsaﬂgs”"has' Alerr] and d are as previously
defi ned. diphenyloxoniunbearakissnmafluaraphenyl) boeate,di zi ng agents i ncl ude:

ferroceni um y - . St | r nium Ag[err] or
Pb[err]. Pr e(ih@{ré’é’gsgén'ﬁ%'hite ramsép%'}%&ﬁ[oé‘#q&%@?%&?{%g'g@ani ons 35 previ ously
defi ned wi t hditostasiecyl)axoniuheteBakis@ertfiaarophenyltbaratéing acti vati ng
cocat al y®t S, gi-substi | | s(pent af | uor ophenyl ) bor at e.
05 i-su %%E%%@%@h%aﬁ@%%ss . .
PCT/ US97/ 1944i{®-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and

methylcotadecyisulfonium tetrakis(pentafiuorophenyl) borate.

Preferred (L*-H)" cations are methyldioctadecylammonium and

dimethyloctadecylammonium.

25 Another suitable ion forming, activating cocatalyst comprises a salt of a
cationic oxidizing agent and a noncoordinating, compatible anion represented by the
formula:

(Ox*")a(ADe.
wherein:
30 Ox®" is a cationic oxidizing agent having a charge of e+;

e is an integer from 1 to 3; and
A% and d are as previously defined.
Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-
substituted ferrocenium, Ag* or Pb*2. Preferred embodiments of A% are those anions
35 previously defined with respect to the Bronsted acid containing activating cocatalysts,

especially tetrakis(pentafluorophenyi)borate.
-12-



Anot her suitable ion form ng, activating cocatal yst conprises a conpound
which is a salt of a carbeniumion and a noncoordi nating, conpatible anion

repr esent ewomgrtzive f or nul a: PCT/US97/19463
[err]Alerr] 5 wherein: [err] is a CJerr] carbeniumi on;
and Alerr] is as previously defined. A preferred carbenium
ion is the trityl cation, that I's triphenyl nethylium A

further suitabl e Anothef suitaibledon futingaadtivgtimpematdlyss tomprises iasdmppuag@npound 1
0 whi ch | %vhfﬁhéglatsaf%f gﬁ%ﬁ%nﬁé}nﬁ%‘} Iﬁﬁ 3389&%“5}9&%%%(9}1&%lenaqﬁoncOrrpat bl e

ani on represe

R3Si ( X' ) [ er répigsantdd by the formtubaz ei n: Ris C([err] hydrocarbyl,
and X', q and Alerr] are as previously de(%)i ed. 15 Preferred
silyliumsalt activating cocatalysts are trinethylsilylium

t et r aki sPentwderaisr ophenyl borate, triethylsilylium

t et raki spent af | uggqp @Q}G'cgﬂfeﬂ[)ﬁn RRdand et her substituted adducts
thereof. Silyliumsalts have been previously genericall di sclosed in

J. Chem Soc. Cher\ is@gaigvioushoisfingg3A peeferrgd cabpniumdon isthe iyl catiorgthat

et al., O gawpRéihdtApiuml994, 13, 2430-2443. The use of the above silylium
salts as 20 activating cocatal ysts for addition polynerization catalysts

i s disclosed i n Adudhsriskijtable ion foiming &ctivating seaatalyst cogipdees  Aeepourd 1994,
publ i shedl i wheshus ¥ahe 6t a Eigliindsn and a noV¥REdiREng ScamipavbleGihionlreprb88fted

Certain con‘BI gﬁ(e of al cohols, nercaptans, silanols, and oxines with
tris(pentaf Y %%HEW% )borane are also effective catal yst activators and
may be used 25 according to the preseRySi(Xhyanti on. Such cocatal ysts are
di scl osed i Wherein: USP 5, 296, 433. The techni que of bul k

el ectrolysis'i W3l ves the el ectrochenical oxidation of the met al
conpl ex under el &ds Cakglydsocadnytiand &sy and A'lage ps pesivusly abfimeds uppor t i ng

el ectrojgte conpplSi ' ' | el J he techni que,
sol ventis?, 30 s&%%%&?q %ngﬁég?rg%'@ﬁﬁeig%ﬁ?%%%&e?o gtw'gwg%{hential s for the
el ectrol ysi {eteakispertatitosepitenyiborate, trirdbylsilytian testakispentafjyprenheoylboratemandwoul d

render the giepsussatiid P¥adiisthdrebt AilyHurh 38K hal been gﬁvgfuggrﬂ\%eﬁégﬂ?t antially

formed during the reaction. Mre parhcularlg sui t ents are
material s t ARFlogedin J. ChemABoc, khem. CREM: o183 PeH3BHRswall as|Lambed) §-B-s

(general l'y etal., OrgSriohestallics, §894 M2480-2448) Ofrerush ©f theCetid@d kiRyiiom saits a8l vi ng
t he supé)é)rt | nlg’ el ectrol " vents" are those that

qﬁ/te aa%,% inert. "lnert ,sg_l
are not<Y edBERRNIRY copataiysIster addition pejumerization gtalysts is disclosadiin Yisssesiah| oyed
for the el eatmbky3045314, filet SegRintien b y19vasputiisRed in equiraledf fofasdesi r ed

-13- X‘é%g%s%%/o%mlgt%h 21, 1996.

PCT/ US97/ 19
Certain complexes of alcohols, mercaptans, silanols, and oximes with

tris(pentafiuorophenyl)borane are also effective catalyst activators and may be used

25  according to the present invention. Such cocatalysts are disclosed in
USP 5,296,433.

The technique of bulk electrolysis involves the electrochemical oxidation of the
metal complex under electrolysis conditions in the presence of a supporting
electrolyte comprising a noncoordinating, inert anion. In the technique, solvents,

30 supporting electrolytes and electrolytic potentials for the electrol_ysis are used such
that electrolysis byproducts that would render the metal complex catalytically inactive
are not substantiaily formed during the reaction. More particularly, suitable solvents
are materials that are: liquids under the conditions of the electrolysis (generally
temperatures from 0 to 100°C), capable of dissolving the supporting electrolyte, and

35 inert. “Inert solvents” are those that are not reduced or oxidized under the reaction

conditions employed for the electrolysis. It is generally possible in view of the desired
-13-



el ectrolysis reaction to choose a solvent and a supporting el ectrolyte .that -
are unaffected by the electrical potential used for the desired

el ect r ol ysiV¥O 982002 r ed sol vent s i nclude difl uor obenzeRET(EHIN/19463

i somers), dinethoxyethane (DME), and m xtures thereof. 5

The el ectrolysis may be conducted in a standard electrolytic cell

cont ai ni ng an anode and cathode (also referred to as the working

el ect rode antlegmlysissieactionde cherse a solvent aspe suppasting elesdiytaiat areat eri al s of

constructi Omrfa@féctteg%y% ele&ﬁgal%bféﬁﬁal LEL&? ritfGe d&s@feﬁ@l&tro{xaxs P@é}grr% ass

coated nmetal. The el éctrodes a ared from 1 ner

material s, bipmf%'ﬁcla%dlﬂwﬁbere@nami isqreergh dinethpxyethene (aMéE) mwdfmnmm by
the 10 reachpgps. M xture or reaction conditions. Platinumor palladiumare
pref er rec%sl nert conductive materials. Normally an ion perneabl e
menbr ane such as B'& $ierofsissgay pe gonducted in astangaetelestohdic|cell pontainingsar at e

conpar t ment Sanddb%n%ﬁiﬂoaél (ﬁé@ﬁeﬁérﬂﬂﬁo%@ W\Fvb electrode ahB CoGiENéIBErdleeCL r 0de
conpartment. The work gﬁ el ectrode |'s i nmmerse reaction medi um

conprising tHEPEREVEY)- P'@)!“"i‘tﬁ”%‘é%@(“ﬁmt@ﬂ f°’§8? \9%‘:’1?’9 A3RSpPlRstion geramic
el ectrol yte, amfglaﬁt;oatﬁdtﬁétanﬁﬂﬁélaétﬁoddgﬁtd@d aret fromtiineacbidlctive

ol ect rods | STRlEHale R RER Bra et ahdeave i &GS SEfeste B BBor ¢ 1 ng
el ect r ol e. redttiondeisiureor reattiongmnditignd) ePldtiriuen of paiidiuyn are prefetrbeimeat i cal
| cul at
caloul 2t on s AT ML il 5B ab AT oY AP 550 GORDFE. 7o
background 2separates thecall inknsepardte compagmentdy they wankih g eleatbsaenmenpeidtricne

desired el eci{QlYRie? elekbfodd %anartr?ent ?ﬂ%&vmﬁeleé%e% ﬁﬂw&% M is

conpl eted when the current rom-t to the
backgr ound |'&ggtjon ’PW"ﬂ'ﬁPQmﬁﬂﬁh@ the metaptampiex torhacadtivated ogolvent supparting et al

conpl ex 1&an QectRie, |aY1ddﬁ§' %iﬁe‘?q\atenals desnred form dcﬁ‘r‘éthg%é' el%HlP&?{ %i)lng

el ectrolyte e salts conprising a cation an
noncoor di natﬁt%@j 'Z49 1R resuitingrsopipisx: ddresappisr elerteds 'é@f"r“érs;ﬁﬁé%a Abgure:oft 5

corr espondi npe %ﬂvéﬁt&nﬁ%ﬁﬁp&rﬁnﬁl@éﬁdlﬁéeﬂ'ﬁé dediRRS WitAge may be determined byl €7 '] 1S
a cation whi ctive towards the starti rtlﬁ%egd resul ti ng conpl ex,

and thborefog] GHFHRans £E ekparit il by suierhioy Hesgal Leing 4 relgmidhny o o
cations, ( esledtrodemsathudea sittar alv,cdbdmmrbm'hea o] lctaIJeledtrcﬂmD Thél Bagkground

h h Q t . f d t
Dre- Ehe 20" ceRal g (B cRent ek Tt Bodhe 3 20 deied Sornahponk =62, (ons.
During acti deteérovinast EHe@lmwylssxesomﬁleleldevtmnabenttrrent\dmnsnmm the desiréd

el ectrol ySi Sevel to the E@lﬁ?@@gﬂgvé]f erH rﬁ&?{%‘?r% n%etslcgﬁ\;é'rg{: é ?ﬁt?aﬁﬁ-negéct he

counter electrode an rking e
t he ani on ofcom%e’?@uhetﬁaﬁgvé&tﬁﬁﬁded product. Either the sol vent or

t ?_2 cation of t h%&ﬁ@l@%%ﬁ&ﬂnﬁh@%&lﬁey bR dats'cBRIBRSHg &cation and a
PCT/ US9 7P 9 £88Patible, noncoordinating anion, A-. Preferred supporting electrolytes are salts

corresponding to the formula G*A"; wherein:

G" is a cation which is nonreactive towards the starting and resulting complex,
and

A’ is as previously defined.

30 Examples of cations, G*, inciude tetrahydrocarbyl substituted ammonium or
phosphonium cations having up to 40 nonhydrogen atoms. Preferred cations are the
tetra(n-butylammonium)- and tetraethylammonium- cations.

During activation of the complexes of the present invention by bulk electrolysis
the cation of the supporting electrolyte passes to the counter electrode and A-
35  migrates to the working electrode to become the anion of the resulting oxidized

product. Either the solvent or the cation of the supporting electrolyte is reduced at
-14-



the counter electrode in equal nolar quantity with the amount of oxidized
net al conplex forned at the working electrode. Preferred supporting
el ect r ol ywes98a7202 t et rahydr ocar byl anmoni um sal ts of PCT/US97/19463
tetraki s(perfluoroaryl) borates having from1 to 10 carbons in each
hydr ocar byl or perfluoroaryl group, especially tetra(n- 5

but yl ammoni um t et r aki s( pent af | uor ophenyl ) borate. A further
recent|y diteaoantedeleteade io@geai raalar eartity witrethe amayehefraxidized métal
activating t S und in the
presence o fé&ﬁaéﬁ}&(ﬁaa ai ﬁﬂe ﬁcﬁ’kl‘?\b%?éﬁ:grggg df’?\eé@teoas@gﬁhlng%&cﬁ&g%g &€ This

t echni que |t§trnbyd1r0¢a1wl§mmosmrmsdt$ of tetraklwlmraw&aorat\ea hayingrfeom bt g
nmentioned Ugi LERvn i ;]a(ﬂ ttfé er 304, 314.
The foregoi né g’%e@;er% ﬁ’énﬁeca ya%%%bg@ﬁééﬂpe&ﬁlh ueec a I activati ng

cocat al tsbutylammqmyn)éﬁt@éﬂsﬂeeni%fwmnmenﬂ)rmrntq ion. An especi ally preferred
combi nation s aafintleiéeehlly discoverda blebirdbrdriaisRiihiad T GBHER RN of

tri (hydrocarbyl )borane conpound having from1l to carbons in each
hydr ocar by| agivating eacatrlvsts GI‘“@BW@V?‘MS'%F” ?)B'F%F@rquspﬂ%ﬁk@ﬂﬁfeﬁeﬁce oftonpound.

The nol ar rgdurée 6fa ﬁ@{e@bma&iﬁg%ﬁ@bmé aRidhl Q'ﬁ%@le nﬁ%&rlémo)fe fuﬂjﬂGBéloéédDm
1:10,000 to referab y

f bl 1: 500
from1: 1000"""9"""“""qnddn rﬁlf’ﬁ%f(’éﬁ%‘@ %{Rslﬂ'tq.?s%tateﬁ af%rEéP?"ca@'a%r@bt i vating

cocat alist ,nurﬁbaramcanad in | arge quantity, generally at |east 100
tinmes the quanti f et al a | ar, 20 basis. ..

Tr i st pent af wor oNBIRAST HRER R HeBati Ranias piirfamasossiasts | <
enpl oyed i nmay atsbde usatihmcd:mb:hbﬁomeﬁmbsm’raﬂy preferfed annrhiatidn is 4 mbxd@ebf nore

preferably , a rithys r&'.:a%g}i)]m iéﬁrygc%riri(ﬁ%xlocgréﬁllb%rrm é’onﬁ;fo%% %aﬁ\ é/ﬂ'aé\ 1o 4TN€

remai ni ng ac | ng coca ener al

appr oxi mat ewb@swn et hydraearblyt grovp with ah eligaseeric Qf(pniyrr@xlc alumoxane The
cat al ysjiss, gg}ﬁé%e or not supported in any of the foregoing nethods, may 25
be used to polynerize ethylenically and/or acetylenically unsaturat ed
nononer s hake mglar rafia of catalysygocrialy st empinyed rarferablytraegesdrafme or in

conbi nat i om:15108b¢s 661, more préRIABIR frém! 11500408 1bhen@[s?ﬁfe}er£tﬂﬂi fr]>m0I| fddons
especially et m ene, propylene, isaobutylene - pent ene,

1 -hexene, -ttt AlTioxapeWhanaused bydiself ps f“ﬁémaéﬂ%c"‘?ﬁtali‘fét'éﬁgmbye in

decene, | Orugrgymjammgémlyeauéﬁt 100 Ghek ititbquantiy ofimetalicompleR@hetmholafX her
preferr, ners, i nclude styren errJé al k%‘ substltbjrt ed styrene,

30 . ,
tetrafl oro%?ﬁ‘ﬁllmg' entaﬂuoropr\;pxl}}?od £8 GHthaz A aqlVARAS RERBNEY B or nene,
1, 4- hexadi eeraplofed inGctnakiir eatio, to the metalicomplex of fone)0ed1¢ to 40:v] myteqyrefecdbbiene,

di | b ' '

mer ool cccf ot SR il bRRleraPl R 1t b it Thav e R B BcRBTSR 1
formed in saregederaliygmptoyed iniepgrosioiataly equimolaquqtlmwmtmematdomp@x. Under
35 suitable pf?ﬁ?é&é@\% g@ﬂgfpifggﬂ%éliﬁﬁbdea'?ﬁaﬂ‘@ﬁ e FREEANPEHOLE may! LS

are readily
PCT/ US®H 19as8sed to polymerizg gttyhenicatiy @antiier acatylenigally ywsatupptestmenoraersng wi t h

et hyl ene andaviid#6m 2N8M00D0RBIArINCitbAs either anoﬁmwrﬁmh&m@ﬂ FReferad |
quantities of long chain branching in the resulting y
monomers include the Co.pg a-olefins especially ethylene propy ene, nsobutylene 1-

butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 1-

decene, long chain macromolecular a-olefins, and mixtures thereof. Other preferred
30  monomers include styrene, Cq.4 alkyl substituted styrene, tetrafiuoroethylene,

vinylbenzocyciobutane, ethylidenenorbornene, 1,4-hexadiene, 1,7-octadiene,

vinylcyclohexane, 4-vinyicyclohexene, divinylbenzene, and mixtures thereof with

ethylene. Long chain macromolecuiar «-olefins are vinyl terminated polymeric

remnants formed in situ during continuous solution polymerization reactions. Under
35  suitable processing conditions such long chain macromolecular units are readily

-15-



Preferred nononers include a conbination of ethylene and one or nore
conononers sel ected from nonovi nyl aromatic nononers, 4-viny] sg{} ﬁye,
5  vinyl cYYP¥ER¥he, norbonadi ene, ethylidene norbonene, ﬁ% atic

[err]-ol efins (especially propyl ene, isobutylene, 1-butene,
1- hexene, 3-nethyl-1-pentene, 4- nethyl 1- pentene, and 1-octene),
and Cerr] dienes. Mst preferred nononers m xtures of ethyl ene

and st yr ene; PAmArized e heqoikmes Reodust 2ipRg witeeHiang £0d ether shattchain olefin

m xtures of Mékomh&es glﬁéEmﬁméumﬂe@oﬂ@r@@dﬁw&&haﬂnﬁIrﬂﬁ@res%ﬁiﬂg(bbﬁkﬂey 10
et hyl i denenor bor nen rlzatlon may be

acconpl i shed at &dﬁfﬁnfpmow@rq '”R'H%vﬁ °°g‘%'”at'°’? of %taﬁ %‘r ongqr PYe

Zi egl er - Nat t confsnoltmng ﬂgekgzzecﬂrdsm Md\?ﬂnﬂdr&fﬁéﬁ?)od mamazrg%rsremaylcmmd exehat f

is,. tenperaty rom 5 refera {0 rr nd pressures from
at rmsp[\rg i c ‘f'?ﬁ%’@ OHBRNG Bﬁ'ﬁég‘ﬁg"' e§l‘)’§ ”%’ﬁom%‘? k‘% H;ﬁpgﬂﬁ' &39?‘3‘835 phase,
solid 15 | r [ on may be
enpl oyed if %éé%c?al!@%\‘%@fen@%% Slér{%ﬁt&%ﬁpégﬁgﬁ 8 rﬂftlﬁ@i al um'n |4 or ya

pol yner (esp®@eihyt]-pentene, and ﬂcﬂoﬁﬂe tangdfGa.qn dienes;| ﬂ@)PfoF"%F’ ﬁ‘@ﬂ?@?@rafﬁ) may

B L T N

zatl ably
enpl oyed in ratxtlaamqfrath)quostymndand ameingbrjugated dieoé, especiallyst (based on 20
netal): po 000 to 1:10, nore preferably from 1:50,000 to
1: 20, S@p étﬁyﬁd@ﬂéﬁ&b&ﬁe erably from 1: 10,000 to 1:30. In
nmost pol yneri zat ||0meﬂ@’§bﬁhmym¢fgam may baererroplished a apoditipns yeakknovbl e
conpounds  englyqy eiibriat famegaéﬁ:h% or péa,ﬁ.ﬂs;é,ﬂé.ﬁﬁ E,]pelpowyneatmn%sé&hgytp&{ om

10[err]:1 to 10[err]: e solvents use for solution
pol yneri zat i ‘énteﬁ‘tpérﬁ“l‘fﬁ fromi2RAS: P@@&#ﬂ? é@ tOZ%OO Ciand|niersussfsamyht  and

br anched- Chaét&o?M@ér@Q@ﬁ@@D@ afSsPhérs! sgbgsgr@raﬂ; scmmnguny, , gas pl phadé& %bﬁcme
hexane, eptane oct an nd. m xtures thereof alicyc

hydr ocarPonsStal§Apwaer p %’T‘%’I"F@ﬂ%%’ °tE9"cH’6‘l’f‘e$ﬁt°8ﬂ@“°’ﬁ‘E?Y19?8 '%ﬁ‘éﬁé‘ﬁé’md
met hyl cycl oha gugptst, espedially silick, @&:rﬁri%roeafpolypwrf(éspeblamt ed hydr ocar bons such

as perfl nat apd al I-su ed ar matlc
conpounds s R gra!ﬂ%oe ﬂ%‘%@é’ﬁlé‘ poiygfiqj%rgay & PERISYed Y é{e L{’E%
Sui t abl e sol wiert thezhtlystsnark udex ini eggestphase polymhzétmns:rwdess.hTmmgumh i|s

mononers or A EhBioyed in an amo ntto rI*}SeS%Je%rX éﬁ% Jtha gt (Btaééd 5r?d in
combi nati on A 2Lt 0 qaint iomaY

het er og@feoumeigbisyneort fzqnnowowoaoysno, mf%yp&rféhlfffp@akﬁ%@@ to 1 :20, andonnect ed
in series Ormbﬂpr@f"eﬁ%bfl'orﬁQ -1BIRBas §-3g0! ymer bl ends having desirable 35

properties. An exa such a process is disclosed in WO 94/ 00500,

equi val ent In most polymerization reactlons the molar ratio of catalyst: polymeg@ble
WD 98/ 27102 compounds emplo ed 1s from 107%1 to 10™:1, more preferably from 10”1 to 10°5:1.
PCT/ US97/ 19463 S. Serial Number 07/904, 770, .as_well as U. S.

Serial Nunber 08/ &_‘Mtgggg vep@dJse for solufigp EQWTEQZ;?MT gggmert liquids. Examples
Utilizi@$ t hiecipdesedightantdryithed-chalh hjdrotaboms sueh@ddopomns, Bulehe;opol yer s
havi ng pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic
hydrocarbons such as cyclohexane, cycloheptane, methyicyclohexane,
methylcycloheptane, and mixtures thereof; perfluorinated hydrocarbons such as

perfluorinated C4.1¢ alkanes, and alkyl-substituted aromatic compounds such as

30 benzene, toluene, xylene, and ethylbenzene. Suitable solvents also include liquid
olefins which may act as monomers or comonomers.

The catalysts may be utilized in combination with at least one additional
homogeneous or heterogeneous polymerization catalyst in separate reactors
connected in series or in parallel to prepare polymer blends having desirabie

35  properties. An example of such a process is disclosed in WO 94/00500, equivalent
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densities fromO0.85 g/cnferr] to 0.96 g/cnferr], and nmelt flow rates from
0.001 to 10.0 5 dg/mn are readily attained in a highly efficient

process. WO 98/27102 The catal ysts of the present inventi orPGlES97/19463
particul arly advant ageous for the production of ethyl ene honopol yners
and ethylene/[err]-olefin copolyners having high | evel s of long chain

branchi ng. The use of the catalysts of the present invention in

conti nuous Yodd. )S“r@re'riald‘ﬁtirober@r7t&%§§7@sas wepasilalS. gegaMiumias®8/10858 Litledn

pol ymer i zat‘gaqﬂ1 Q%é)cesses allows for elevated reactor tenperatures

whi ch favor the forma on of vinyl term nated pol yner chains that may
be i ncor por at ed umzmgahgpwwg:apﬁwgtmoleﬁmbmpyowmers angioppalymers hm@wg:hai_n__,_,__

branch. Thedél%ﬁ«e@?ro%g@é&ﬁ?ﬁ&gf%t %Sta%d?%{ ﬁ‘ci%@ﬁ(i’ée/ AWM T No al | ows

for the econom cal e} yl'ene fin copol ymars havi ng
pr ocessabi |qiq/mmsarmr¢%qﬂyta6alnegm phigbly aflicientipeecasadi cal produced | ow density

1 5 polyethyl epg cata!ysts of the preseﬁhﬁwgﬁmﬁ Qﬂ?cﬁiayl? Ta8va‘h¥§§e%ms REthde

advant ageousl y enpl oyed to prepare l efin polymers having inproved
processi ng PPguetionictathieng spmepelymierrand ﬁwfem/a-olefm copplymersoaving high

et hyl ene/ a- @baébmonuwﬁgﬁan%ma Hﬂ)é’ds@‘bﬂf% daftanﬁstsbhherpmht .w&l%hmg di ene,
such as norbornadi ene, 1, 7-octadi ene, decadi ene. ' The uni que

conbi nat i onCYWINYEHS POMRTIZAKRN PIESRSSES: ?%@Phﬁ%ﬂ*’@gw% seiHtiorplymerZatian; ght
(or It owc{rel prgbéwfg eélbwaForml@Ated refactof té%%é?étuie%rmﬁérﬁfa%ﬁﬁle «’f’d’rﬁ'nagbﬂ Bf GAYID POWer
reactivity advan usly allows for econoni ca roduction o

o Tymr & halbrHale BENAr eSS S1% 1oy e IpErTPeatec D & Srow GRaNeeRt ST aHY 1

Pr ef Er abl K giviah ap&’ng’é]ﬁierr@ﬁﬂmrTB@uﬁ theleBselm Edtalysts s{raem]agomggéb@qd a
"H'-branchi C omer u olyners ar oduced I n a

sol ution 25nﬁ%""’p?(%8r tg§§°°'?ﬂ5‘§'? %‘ﬁ’é’?‘é’bPE‘B@ASE‘?{FT%&EPQ'&W&% Y ocess.

The cat al ySprocmblﬂﬂytsirﬁllhrImylghfpréﬁsemmed radical phariege fowodensitpt al yst by

addi ti of ui site conponents to a solvent in which polynerization
wil | bg% p&yqu '%ed out by solution polynerization procedures. The

cat al yst conposi Thepresent catalysts system bayhecpivestdgesus\cemploysttoggepare

et ot CREr U i AP Ml Ry SSRGS °1

i nert |norgan|c 0} es O
sol i ds i ncl aldee oséthylese/asildfinaaixtyeds with lomi lavels of 4 trasdhinduning diengounds,

and_or 930t Cafth oo nosmorh BT A oRRLYAE 4G SBEEIES THEIREh lntiab 8] o7 1o

In an preferre ef'ogeneous  cat I's prepared by
co- prec?i t elevaigd resstartaraperatims, sigh rawewi@trwe!ght (or low; rﬂ@i’f'gé'ﬁﬁ%) atdighound and

an acti vat Ofeacf$ Wﬁtb%s%d%@éﬁrﬁ%oﬁ%ﬁreﬁtwﬁj advantageously allows for the
hydr oxyaryl (tri spentaf | uorophenyl)borate, such as an anmmoni um salt of
(4- hydr oxy- economical production of polymers having excellent physical properties ang-_

WD 98/ 27102 .
processability. Preferably such polymers comprise ethylene, a C o-olefin and a
PCT/ US97/ 19463 v y such poly y 3-20

3, 5-di t er ti di'yisanchingtuemydnp(rter. Rrptenakly.| such pplymeys arerraeducedirpa eblatiored i nert,
L or 2Me | precess, GAUAAANLAIPE ddifhldls SBigpepRRdent 18 @ (1 (Cler ]

al kyl) num co prepared i n heterogeneous or
supported form ﬂ'mfecaialvaﬂwgtp%@npmwbmepared as aj homagshegusccatalyst byl urry or

gas phase PRyt bfard teQlisité'SompbiéHts i@ boilérTin ®hick BolyleHEdtion will be

carried out by solution polymerization procedures. The catalyst composition may also
be prepared and employed as a heterogeneous catalyst by adsorbing the requisite

30 components on an inert inorganic or organic particulated solid. Examples of such
solids include, silica, silica gel, alumina, trialkylaluminum compounds, and organic or
inorganic polymeric materials, especially polyolefins. In an preferred embodiment, a
heterogeneous catalyst is prepared by co-precipitating the metal complex, an inert,
inorganic compound and an activator, especially an ammonium salt of a

35 hydroxyaryi(trispentaflucrophenyl)borate, such as an ammonium salt of (4-hydroxy-
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5 pol ynmeri zation takes place in liquid diluents in which the polyner

product is substantially insoluble. Preferably, the diluent for
slurry pol yYWEPB221%20n is one or nore hydr ocar bons wi t WPEEYEIHIR4E 5
carbon atons. If desired, saturated hydrocarbons such as et hane,

propane or butane nmay be used in whole or part as the diluent.
Li kewi se the %err_%—pl efin nononer or a mixture of different a-olefin
nononers may Be-digrtiarysdehenyfiispentafiugraphenytborate. Aipreferied inensinofgasicer abl v,

at |east a nmagghp&aidfoPlisd Rehis embodinflint eIt (é?{mké{uf%mﬁﬁaﬁn@d Sinn monomer
Al a tinmes, t

or nmononers to be pol ynerized, : e 1 ndivi dual
i ngredi ents as wel Rreparpd Fuhripragenepug oy sypported formg Haratalyst sompesitione

protected fromemplonn inakium} sigashaddgsipherifitioh.NRs adfradtiéaitlimitation, sturry
overed in an oxygen and 15

conponent s- and cat al ysts nust be prepared and rec

noi st ure %eep%{yrﬁﬁg 'sze.‘keﬁrpiqcér"éﬁ?‘i}&g'f%éfséf‘&hé’?‘ the ROYEISE ProgHY iy e
perforned in sitestantially inpolasien Gesfefabfithérdiluent A6 dlurgpsolieizaien isfdde X! e,
ni trogen.

JIh I rization y,. be carried out as a
bat chwi se or gydé’%%%rf’%rbso‘ﬁ'gh %sg%a%g‘ml%@}?@'é‘?i r?eﬁﬁr%‘géég’r%eﬁgﬁrf’?ﬂm% process
i s preferred, siah ashétbdnes pesiane ar aligae may be useétihwhels@r pa® &® e @igentand
i nuousl y sup reaction zone and

optionally sof; Sﬂﬁe%eea-%?egnp JTNSTIRS 95 AT a?l%‘ireq? c?réﬁ,ﬁerér“ea-glgﬁn MONoMess M3y

pol ymer product continuou
limting ith ausedinyholecorqrantoes the diidenti Mostjreferably e leaetamafod bar af thgi NY

out such a pol; | | rocess is as follows: In.a stirred-tank reactor,
Che o KB EFAASRR oY SRR oo of eReRaELE bR ARMIRIBEL v t oger ner
with solvent and Atalltiraes, dipg indivilualdhgrediehtsais Wedirasape ricovdrbe caaiyst or
contains a |iQup tanti ally of. nononers together
with any sol vgdrﬁgoor%hg%ﬁ}]%i oﬁa?ggﬁ%ﬁré’m §§5§n an mo'%%/rfsglh\?'éezorﬁb ?ﬁﬁﬁag'sff
desired, a snédmpeneptamndofatalystsimust bempleparedand mecavermddn anokyges and
nor bor nadigenemgiktufe Bk ath =5 | : -~ :Cat al yst
and cocg? al ygt a?ghgﬂﬁlte?éﬁu%ﬁs r?ﬂ?’ﬁﬁ&(%ﬁ’ﬂ%é@?ﬁ?%ﬁ% ér}g ?ﬂ%ﬁdi 'ﬁﬁ%ed
phase. The reRf€Edice of an drl’réﬂ?fég%ﬁiﬂcéaén@f pramplesmtregan- be control l ed by
adj usting the sol vend pepReARitiohMdybe Hried éd?%s%q}ba?étrﬁﬁéeTﬂdﬂé&nm&bJsat& as
ot h. e

wel | as by cooling. or heating coil's, Jackets or ] >

pol yneri zat i o?P'¥'Bg'éz%"8" Efﬂ?ﬁﬁgﬁ erptipyoysRIogese ds prefesdainydiichuenent sasalystThe

et Ey: ene contethylene, como@bnfﬁh%rﬂ@p}iﬁﬁﬁllylabndht(‘atre b&rﬁﬁ@b@g}mﬁm??wdm%e rati o of
et hyl ene C rin.t reactor, ich is controlled by

mani pul atéloﬁg rtg%g&(r?‘re%ﬂg&nF\Pé’?%eé'c?“?%E?@f‘”‘?‘ﬁgg’@mo"egtheE%Wﬁ?Jnent s to the
reactor. The pol ynWithputdichitirg imaing evalyahie seopg lof tHesnvamtion @nleatbandSor carrying
optional I'y, by, GBH b Bblyhia0iz 8 HbroBUSIEL IAEHLOf & &lrtedlh e resalélt%P,irgqs the

t enperat ure,
WO 98/ 27102 monomers to be polymerized are introduced continuously together with solvent and

PCT/ US97/ 1946ah opti -,{Tﬁmr t ' : evi mention

chain transfer %pngr?ta ! Chgtljc as éa g(éﬂgGﬁ}ﬁ"_srtE ?‘gg]‘r)n&gfé?rﬁlsy%ﬁ%%é;ﬁh%tc\réo &%ée% to the

reactor, <ds i¥ Pal!yrﬂs\mmomecrﬁ@gamermmeny sel¢arg or additionabdiifdentand i s .

contacted wi tdissoivaatpdiyedr. i ddsird@ e ¥matsHod of'8 H9 brandhe EQAirlzquEBnégldﬁtés?“ s
a

in
gascous & RERURRBNd (aPRclsss pg SeaaradBRe BAY s Ha At CaRbELANLed
pressure, andocafalyst are contineasfistroduesd ihcthe Reactatnitidiphass, Ot rehétgat i on i n
equi pnent s uctgmaﬁra?urg%\ﬂalp%élslu;'ezringg be controlled by adjusting the solvent/monomer ratio,
30  the catalyst addition rate, as well as by cooling or heating coils, jackets or both. The
polymerization rate is controlled by the rate of catalyst addition. The ethylene content
of the polymer product is determined by the ratio of ethylene to comonomer in the
reactor, which is controlled by manipulating the respective feed rates of these
components to the reactor. The polymer product molecular weight is controlled,
35  optionally, by controlling other polymerization variables such as the temperature,
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extruder. In a continuous process the nean residence tinme of the catalyst
and polymer in the reactor generally is from5 mnutes to 8 hours,
and pref emab$gnrrieom 10 mnutes to 6 hours. By using aPCRUSHYEI463 hat
i ncorporates |arge anounts of hindered 10 nmonovi nyl nononer, hindered
nmonovi nyl honopol yner fornmed from residual quantities of the nononer
are substantially reduced The process of the present

i nvention cmndmre:apd:emadon @r aylvfwwageuélymtehtk)n chain tr@merrﬂgéﬁlesuch as a

o "ol o no. Steafiby MaBoh |lbecRiRa e BRPRE 835 R 1 Bl e B YHF reskits
et hyl ene areffiuebt is Opntapgeldemtiﬂ a @malysthﬁl agqnbisqammswzaien Orheqfolyetdrysbition tM t h
higher [ er tl&l\ﬁ h@ﬁteﬁu&t}:’ 1?1§an er produ tag)@r{wg fﬂgﬁlﬁagff g;s&g%ene

4- et hyI entene are we esses,
cool i ng of "@Wm%’a@w well #ayesa@a;bs@wmddibgent ﬁded@@dﬁressaw@hé. ihas, whi chis

fed as a VCHeé&ééa‘?-y 'cbﬂau&lné ﬂ:r&@?d&ﬁoﬁ%ﬂh tBHﬂVécﬂﬁprﬁéht%\’xétPQé alde atﬁ‘i@é' ng

effect. The vol ati | case can
exampl e, a %Pﬁ?rr I‘%alcﬁéﬁ'ﬁUOPﬁ ﬁ[ﬂcéss V‘Grm%’ resiggngedinee okthe satalvstandl hydr ocar bon

having 3 t gomdrieinerraidr ?’enﬁaﬁh!@ds ﬁ&ﬁ%%m@ie@'ﬁa hblrs, and pre?é?fbl?ﬁ'éﬁ fphat the
nonomer or conpnoner its is a volatil [ i id (or can condensed

to provi de "WNLES 0 P hguisy Vt‘ﬁfr@ FCfaly tg%fl"ﬂ%?b‘? a‘Pé ’Q%aWHE"tﬁéﬁhméerB¢OV| de an

evapor a0i venmtnyn@o@érﬁachmd&eamr@sm?lfhdhﬁdﬁol ymertdtaigatomvsiilaican be
enpl oyed in ns containing three to eight,

%% manner are
preferably QuAptiies o} the monapgfAre skbs a'H‘F du vol atile |iquid evaporates
in the hot fl ui dihequodesd of mefmesangmsemmnmmloyed to aw'ra‘.dtagé‘iﬁ tHid ui di zi ng

Cnder go soe oyt eebhiblsHdordRR. Fas e AR Tor 4 il meuamtin crver ges

from of nbfmaaa@p@maltysmpaomomwmmzahom an@cmlwnegaatlormfchtmrmrmdt he

: |
o oS el e, AR Spctymeriedith o B b VA FREE Lo ol B 01, B2
gas i s coolexampie, ﬂ)éwlutamet M\em ganethyl-1-pepiere amelWell;kneanmmataet Insuch from

the gas. | I*Hréce's!sé’é“cgollr@ di'?rﬁa' fea&bvm%gw%'r&ﬁdewytth@gggg# r%c}c?e %!lievdchtcﬁ i zed

bed. It to recyc precipit e bed as
liquid dr oﬁ?‘éﬂ%adaiafﬂﬁé@wﬂﬁoth?ebe to prowctscgme\@pgseélvew@@me i Jheype of

process is v@ﬁéﬁil&r I bﬁlcbm l@%eﬁﬁmhé‘se' é&n@ae ﬁ)c?@%mplb’ §volatlle 1nert4:g§i@3fo399 VO
94/ 25423 and articul ar %/ preferred netho

recycl FHg tﬁ’fémPleanatUﬁ}e? Héd'%%l'g?%h?‘ﬁ“%éﬁ% dtreferakly 4 fafiicarop@Rshiel ecycl e

gas streamthe case tﬁﬁldhé mdnahiéf 8€éorhdHomdriiteletf id adiolifd ligvid (o ari b bed,

Prlgf erably usqﬁgggg /t%grﬁgfle such arl}qwd) this can be suitably fed to the bed to provide an

EC;’ / USﬁ?/ 19;4«6[30ratwe cooling gﬁmﬁr Bk&mples bﬂoldﬂmmmeer@fwmdiﬂcdnlmmbl éd"ih/n t he

e Thi scr 94/ 28032.
The pol ?re&'?{'gg'f | on'pég E r?ggtggwrgrt}‘ﬁeﬁ oﬁ'qhﬁé’r e'?%gfl egrp%g'é c%ebéml s catal yzed
by 25 t atorosnThewvaiatie Ixnmd evaporates inthe het fhmﬂzetd ke tofforoegasl wisich mBesh
catal yst C@ﬂtmﬁe flédlzmﬁLb%EOrfttﬁéjvagtlilﬁﬂquﬁ%@mah&rggf ucegﬁgﬁ WW?” mat eri al

as describ I'rectly in the
fluidized BEgergp wmmlzatwn in tb@b@ﬂ'y ?‘@@Pr&sﬁﬂ hﬂUld then eoeegesifrashd one or

nor e COW”QH@Fe%cRﬁ‘ a%ngﬁrtf ?%gclg g3s & itk @mpﬁéés"i’&rméaft exiHangs t ed

catal yst or [‘) Start-up

part of he recycle loop The recycle gas is cooled in the heat exchanger and, if the

30 temperature to which the gas is cooled is below the dew point, liquid will precipitate
from the gas. This liquid is desirably recycied continuously to the fluidized bed. Itis
possible to recycle the precipitated liquid to the bed as liquid droplets carried in the
recycle gas stream. This type of process is described, for example in EP 89691; U.S.
4,543,399; WO 94/25495 and U.S. 5,352,749. A particularly preferred method of

35 recycling the liquid to the bed is to separate the liquid from the recycle gas stream

and to reinject this liquid directly into the bed, preferably using a method which
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pol ymeri zation reaction is achi eved using a bed of preforned poI ymer :
particles, which 10 are preferably simlar to the target po ﬁolefl and

condi ti oni YOP¥HEBEd according to t echni ques that are 9463i n
the art. Such processes are used comrercially on a large scale for

the manufacture of high density polyethylene (HDPE), nedium density
pol yet hyl ene (MDPE), I|inear | ow densi té@gol yet hﬁg‘ene (LLDPE) and
pol ypr opy| endlengmates fine droplets phhediguidythin thsihede phRIacessis gescriped

exanpl e, of theptoHaeiddis CWO 94/280320p! oys a nechani caIIy stirred bed or a
gas fluidized bed s th%% rrerl zation reacti on Preferred is

the process wherei etq%v rPE%fH“d??W@QEﬂ’?WﬁQ% ﬂegfzfeﬁgag is catalyzgd by 1y a

vertical cyl Itﬁ@lemmhombrwmmcamtm@us BOG@HEP6f csamwsu suagcaaryétwadlbéed bed of
pol ymer pgrt i cles orl ed apove a erfor at eqeg)al at déscnt% bw di zati on

grid, by & fl HRP%F N fPgRgic AL oreay ‘b%&’Pmm @€ enpl oyed to
f1uidize the bed Cihepolysress id redudstdiREtyin the hddizes bed by cattalgzéue pol yneri zed,

d al o of
eaction 11 of PP TBLEROR oL Ao GAR e FRP G T ROCRRCT P CBine MSPEct or

normal |y partidles of chialyst suppartedi catalysd nepreablymek mitiin theesbed. Vv@tadaiptof the
ducti
R e A

have an dPporareprefgrably similay ta theéamatnolymfm, ah conitioning tbaheaas@r@eg to
advant ageous t&&m‘rb?@ﬁgma&\éi:é @Ql?k dvrl iRt &rt. “bhé@p?ob?@sg@%é ﬁ%&%nﬁﬁ%@h Gy Ot

gas stream as 1s en nor nal recyc ans of

a bl ower or (ﬁ)‘ﬁiﬂ%@g@rfo”he maf@!fﬁﬁttﬁﬁ@f bllhlﬁéﬁﬁwrma@mﬁeﬁi@@@ m%leer p the
gas of the heghsfpdhRitinigd (WPE)nhne-gp%w?@ensut@b&gé'tﬁﬂgné)@_lm ahg di scharged

continuously or discontinuously tromthe fluldized bed as desired.
The gas phasdPERPYEEESs suitable for the practice of this invention are

preferablg conti nUMéfgaBrphﬁgépx%&eMrﬁﬁo Pudriise, fr@frexhhfplecaméwwmauppl y of
reactants to the reaction zone of the rcgs%{%?rd%tﬂ%t he renoval

of
products frorfiMRIQYSAmeshancaly stiregbrd gra gagfiyi PEYTeRFPNdi ng a
st eady- st at e reastionaon&nPreferrddie thegrotesso@hezein the polymetization esxttionis caemerl of

t he reactor. . . o - - o - 20-
WO 98/ 27102 out in a vertical cylindrical polymerization reactor containing a ﬂuxdlzed%gd of

PCT/ US97/ 1946®lymer particles supported abqve agidripratediplate, thediuidizatioe gridf byt ntiow as

phase pr eges tenperatures greater than 50[err]C,
preferab%@ ffoélrfr@g%ah ﬁ%dto 110[err]C, nore preferably from70[err]C

to 110[err]C. e gas employpg$¢ fuidizg thenbedrermprisegitheomanomeqsioenamears

nonomer used g 'Betpﬁﬁ/meréed dﬁgla\%esre'n?étdsoc{‘hé&léﬁ&%gﬁmﬂnhfo REDVE AL Aefisi ty
for the conposition bei ngwgro uced 0.5 | ess. Desirably

when produci rfj reaetien framdhepes Zhebakgasps PHW&Q fé‘fmft’?‘bﬁﬁ’i’ of the 733@3091‘05"63'5 93

t he cormnorrerwé at nzahorﬁ edsdeo alsd kheﬁﬁ at; faam&.t;l red@b@&rezoabl IYaWr@SélaPé'b?n
0. 05, ev rmre e er es&\‘ftf t han O

Typi cal I gefio vg'nqr%%gm? ﬂﬁ'ﬁ""@s §""‘E§P8‘? E‘rtQBI y
| ess than 0 zgassueam hmeanmppbmmﬂyltq gtravitatetblaak info the,bedy #trcanmaise gy ef er abl y

less than 0. Qa?dvgﬁ‘tggm t5\&l a cyclone to remove ultra-fine particles from the hot gas stream.
The gas is then normally recycled to the bed by means of a biower or compressor
and one or more heat exchangers to strip the gas of the heat of polymerization. The
30 produced polymer is discharged continuously or discontinuously from the fiuidized
bed as desired.

The gas phase processes suitable for the practice of this invention are
preferably continuous processes which provide for the continuous supply of reactants
to the reaction zone of the reactor and the removal of products from the reaction

35 zone of the reactor, thereby providing a steady-state environment on the macro scale

in the reaction zone of the reactor.
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be .| ess .t han 0. 01. The above-descri bed ranges of process

vari abl es are appropriate for the gas phase process of this invention
and may beWa82q02e for ot her processes adaptable to t PETIUSIGH 9458 Of
this invention. 1 5 A nunber of patents and patent applications
descri be gas phase processes whi ch are adaptable for use in the
process of this invention, particularly, US. Patents 4,588, 790;

4, 543, 399; 5 352 Typisally 5the 36id&@d bel of e, G:nhaSe 4fite898 opbratéd.atl 23;

5,453, 471; 5 473 5,541, 70 and EP
appl i cations ggg tg% grgﬁgz‘gﬁggg f’?‘&ﬁ‘%@?’f‘?&g‘? gqf&\/\ﬁ GRreRsE
94/ 25497, 2fvtom MM/’HE’@S WO 94/ 28032; WD 95/ 13305; WO 94/ 26793 and WO
95/ 07942. |l ed artisan will appreciate
that the mvenhﬁzfﬁ ggr? g\&grf:ﬁélroeqfﬁowggowgrémono%erré@? f8ein the absence
?f I me_ @orrpmiﬂnlerlMDc HeMSmpbnlﬂwdesmedcdehsweflb* hedompbsitelbeing produdé®

ol | owi ng em ustration g vent i on
and are 25 (ﬁéoﬁ%& p%%és{etarg&é‘c'{ﬂ Ewdtug% nlﬁter ?‘é@%agfa?'&da?%e Pﬁé""&ontrary
all parts a@r§1 t°0 93 tlpﬁaﬁmmmstomomquwametbsenha MR, pybfierdbhsless than

AN o QB SRHArE pHRbRLACE! ER 03D, And el Aoy (I

spectroneter. Tetrahydrofura her uene éhd hexane were
used Tynicabyi the rﬁi@éﬁ&@érosﬁm &@ﬁn@@gbiséeasdhm5 pieterafiyiless tharc2j vat ed

al uni na0andmafe pre reémaamé% 8h ¥Rfle BRitéhb . habl e
from Engel ard %ﬁ'ﬁﬂdi—@ (‘:,onpou?lggén B@ﬁgqgﬁé%ﬁ%ﬁ reagents
KH, i ndene, 1. and Ni (dppp) d 2 were all used as purchased
fromAl dri Ch 2 ﬂﬁ@éﬂhv@dﬁ@@nbe& rEﬁééB’éf‘p%cE&@Whétﬂ@ﬁé\%apgropnateﬁ?fjthe

2,4,6-trinmeth ndanonf X eS|zed as descri |te ture
Al | NFCRELLESHE @‘%@Y?’E‘Pﬂ@ﬂ (RRYERe SHigDIS; ?rr%ﬁﬁﬁf%%%%ﬁ)%%t%g a
conbi nat i ortheprafice ofghisvievemtisn.and hi gh vacuum t echni ques.

;:é-:}-; U S&l) ; /19463 VPn&%@? gf%iaée tﬁ %nquatent appgﬁzmo% §F§°”8F gas phase processes
Di chl or of N-whichhateyddaptable for et imthe pBcebe of/thisrinlentidn, )pla]'tE:ula&yl,awrSDPﬁ(eats)
ol e TR P 0 e oo e
and EP
applications 659,773; 692,500; and PCT Applications WO 94/29032, WO 94/25497,
20 WO 94/25495, WO 94/28032; WO 95/1 3305; WO 94/26793; and WO 95/07942.
Examples
The skilled artisan will appreciate that the invention disclosed herein may be
practiced in the absence of any component which has not been specifically disclosed.
The following examples are provided as further illustration of the invention and are
25 not to be construed as limiting. Unless stated to the contrary all parts and
percentages are expressed on a weight basis.

TH and 13C NMR spectra were recorded on a Varian XL (300 MHz)
spectrometer. Tetrahydrofuran (THF), diethylether, toluene, and hexane were used
following passage through double columns charged with activated alumina and

30 copper/manganese mixed metal oxide catalyst (available from Engelhard Corp.). The
compounds n-Bull, all Grignard reagents, KH, indene, 1-indanone, and Ni(dppp)Cl2
were all used as purchased from Aldrich. 2-Bromoindene, 2-methyl-4-phenylindens,
and 2,4,6-trimethylindanone were all synthesized as described in literature. All
syntheses were performed under dry nitrogen atmosphere using a combination of

35 glove box and high vacuum techniques.
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5 Preparation of 1-Phenylindene 1- 1 ndanone (13.30 g, 0.1006 -
nol es) was stirred in diethylether (300 nL) at - 78C as Ph%Br 0. 150
mol es, 50. WOM2782 3. 0 M sol ution in diethylether) was CHYEY /1948

m xture was then allowed to slowly warmto 20-25 [err]C and then stirred 16
hours. After the reaction period the m xture was poured on ice and then-
extracted 10 w th aqueous solutions of 1 MHO (1 X 100 nm.), 1 M NaHCG3
(1 X 100 nmi)Exampiel then H2O (1 X 100 nmL). The organic |ayer was then

dried over @ﬁ&ms'& |C§1é?ﬂérb&lf}(t-buu|) 1f,ﬂhinmg%é%ﬁrg@%a_da4 1-9@3;5&;@1\.“&4@5 [ les
resulted in_t e | SO atlono aye OW Ol I ch by was seen to
still cont aibititagiym (gl pd Rethyisilvi{gphepylindgR) thitamido) TGk o ¢

under vacuumto vyi thede5| redpoduct as a pale yellow oil (18.56 g,
95.9 15 percent ®Hepar ati on of Lithium 1- Phenyl i ndeni de

1- Phenyl i ndene (6.00 ¥™<). 0312 noles) was stirred in hexane (300 nL) as
nBuLi (0.0312 nol es)»shi2. 5'mt1pf 2.5 M solution in hexane) was added

dropwi se. The mX{Jt(re was then allowed to stir for 48 hours at 20-25
[err] C during which ti a solid 20 precipitated. After the reaction
period the solid was egl ected via suction filtration and was used
w t hout further pUI’IfI ation or analysis (5.53 g, 89.4 percent).

Prepar at 5on gf LS henyl i ndenyl ) (t-butyl an ne)
Lit hium 1- Pneng/ ﬁen?‘a@é g 0.0279 noles) -in THF (50 nL) was added

dropwi se to a solldnganengr133ora ByPea moleg) wasstiyiesrin disfhtathsri(3e0 pk) &> g,
0. 0279 nol egped @s %Mgsﬂdﬁéolzﬂgieﬁtéo ooTJﬂL%f @W%Qtl&ﬁﬁ déthyl¥Ber) Wasst1 1 16

hours. After the reaction period he volatiles were renoved and t he

resi due ext RAEe&qTRgBIXEYr Fﬂ"@ﬁé’éﬁ’\ﬁhwgd Fns&!awb! warm to 20i5rand then stireedhtSane

g gsgl ted inHolig. iMRk &l reactith ptehsd fRShikre Wa®HoGrbd 3 icdarf ther Sxtfidted g,
pe

o1 et hy 1011 Yt aspreys A aRg! § EEEELyX 20 mb).di MNAHGRS Hox 100 m), and
Di met hyl si | hdn3rpd e ioadainy IT}‘(etov%maalaﬁéﬁvm)mé@dﬁ@d Suer mg%eﬁﬁ Fﬁiﬁhﬁo’ﬁ was

stirred in hexane (200 nlL) 'as nB 37 noles, 21.5 nL of 2.

sol uti on i n followed by removai of the volatiles resulted in the isolation ofayellozfzml Wthh by WO
98/ 27102  NMR was seen to still contain some 1-phenyl-1-indanol. This oil was then distilled

PCT/ US97/ 19463 exane) was is mxture was then
al | owed to YNASr vAsUWE P ¥'eH’l}F‘F Agsired P'°d“°@vﬁ$ eﬁa[e,mﬁogogﬂecfp@g. eTi pitate

f or med. 1%he p\eﬂjeat)| | es were then renpved and the resulting yell ow
resi due washed vvlth 7% ne. A er, he reaction period the solid was

dried and i soFste A whi ch was used w t hout further
purification or 1- Ehenyﬁmﬂhy% eo @80 m31zgmo&§) Qaﬁ)etrrﬁamh}:exane (300 MiLgpar ati on of

i hyl si | d
D et ol o | VIEHEr GRERY mdiel 1 sl b2 ¥} SR hsxang) was gades romwiseoTBE) s
added sl ow ynlatgraawas)lhed atlowex tol stir foy 48 hoilis@t 20-REPLC3Uriag @bich, tinte H84id nol es)

'PB CITgF ( gé pracn%ta T fﬁ@ﬁs&ﬁyﬂrp%nx\@ﬁeﬁéolll&%g él?ec?éd via g\?&ftl&ﬁ%ltf&\ ?fﬁgﬁ% <t ur e

allowed to s«qsws%wtﬁwtéamqr iporiigatigmor analysis (553t 89.4/Fereantk he reacti on
period the \RbsHrhfidhof\imBthyRITNSSheANRdERAR (IR R}ISHRE)

Lithium-1-Phenylindenide (5.53 g, 0.0279 moles) in THF (50 mL) was added
dropwise to a solution of dimethylsilyl(t-butylamino)chloride (4.62 g, 0.0279 moles) in
25 THF (100 mL). This mixture was allowed to stir 16 hours. After the reaction period
the volatiles were removed and the residue extracted and filtered using hexane.
Removal of the hexane resulted in the isolation of the desired product as an oil (8.63
g, 96.2 percent).
Preparation of Dimethylisilyl{3-phenylindenvi){t-butvliamido)dilithide
30 Dimethyisilyl(3-phenylindenyl){t-butylamine) (8.63 g, 0.0268 moies) was
stirred in hexane (200 mL) as nBuLi (0.0537 moles, 21.5 mL of 2.5 M solution in
-22.



extracted and filtered using toluene. Renpval of the toluene resulted in
the isolation of a dark residue which was then extracted with hexane
and concenMOt8&31W@nti| solids preci pitated. The preci pirCavesssas4sshen
collected via filtration and washed with cold 15 hexane resulting in the
I solation of a red-brown crystalline solid (7.39 g, 69.1 percent).
Exanple 2 Synthesis of: Dinethyl[N-(t-butyl)-1,1

-di net hyl - [ @emr@)y\{aﬁﬁgéﬁd sloydy). sThisimixtira was2hegn allowed tosfit 16 havirs durre)

f dt T
Di et hy! si ?@?Bﬁfﬁ% T z@fbﬁ@%‘é' s e vk L g%'qg‘)’edog%ﬂ%s mol es)
was stirred'® eﬁL“)““J@XNLﬁ\/g% e(roh@mpsgomwm th@ seiRbvad. of

3.0 M driedi dhd RBiatet &4 £ ald“ﬁém&wm\ﬁéw‘ééd% W fRherflrficdlionlaf € Was

then allpgwed to s or 40 mnutes. After the reaction period the
vol ati | e \A@P@’y?'ﬁﬁ%v%ﬂ 2hA pFFP@“T' esi due extracted and filtered using
hexane. RemPvegarstfontid ®ith hiiRfieh laffdatioph 25  of the desired
product (0.210 g, .70.2 perc = Synt hesi s of:

Di chl or o[ N- (cycl Pﬁr@%pv'ftlﬂ(31mnwﬂdﬁwlx{J@xtwa@mmn@ew grq;ogdsa malesiwas o( 2-
)-Ntitani uﬁuc’:@d siewlyelsel $id tb  siF
di net hyl si | 3; herr){ | ndent %vs 'y|°<§rTe(§<'3(|T'§'rfq’°ég % 9000214 mol]es) 'n THF (30
Pr epar ati on EF f"sY"F?gJﬂ e[%‘@rﬁ}f §°F| %ﬁW‘ﬁtEﬁI BP?%I@ 8 g, 0.0122 moles)
;3 é% U8917(/) 19was‘mar9£idiéa B34 solid anE_the mlx;]ure a:low%d to S(;ll’ for af adgl?t’lgnal 45O 1104
. [ - 1- phenyl i ndeni de
mol es) in Tﬂ?ﬁﬁﬁ% sy ‘Q%Eeagﬂ%fbae"“]‘“g vy %BW”&EF 'EeH‘%’ 1""%%?%6‘#6 Me2Si O 2
(51. 3673hnob&@ctémarﬁ-ﬂtefé:ﬁﬂsmg.)oluéﬁei Removhldfehe ltonuenlevnasuitehermtral né&mﬁh to g
stir 16 hou t | vol atil es wer ve
and the res?pugﬂgx %’%‘?:Jt]@ﬂ‘r" %ts tR‘P’% g)?lreaap %s"Y E’g’%@?ﬁﬁ@d C%WQWEdd'F‘t"t??QdSS
hexane r esuPtestpitatedt ﬂ'éelpseﬂlpitale)wasfhenmeﬂem via filtrationl and washei wieH ¢ad- r ed oi |
(28. 61885 9, hexane reaﬁm% ?A}lon of a redd AD @R%h@&éll% Rid (7.39 g, 69.1

30

D net hyl si | yl (Bﬁ&heny eny

Me2Si ( 3- PheR§CPMdenyl ) Cl (4. 7327 g, 0 01661 mol es) was stirred in hexane
(100 m.) asEg QQQS 1786 g, 0.05118 nol es) and cycl ohexyl am ne (1.6960 g,
0.01710 .

~ Nltitanium (also referred to as dimethylsilyl(3-phenylindenyl){-butylamido)TiMe

20 Dimethyisilyl(3-phenylindenyl)(t-butylamido)TiCl2 (0.330 g, 0.000753 moles)
was stirred in diethylether (30 mL) as MeMgl (0.00158 moles, 0.525 mL of 3.0 M
solution in diethylether) was added dropwise. This mixture was then allowed to stir
for 40 minutes. After the reaction period the volatiles were removed and the residue

extracted and filtered using hexane. Removal of the hexane resulted in the isolation
25  of the desired product (0.210 g, 70.2 percent).

Example 3

-Nltitanium (also referred to as dimethvisilyl(3-phenviindenvi)(cvclohexviamido)TiCl

C5H5
\S:L

TlC].z
A 7/

—

30  Preparation of dimethyisilyl(3-phenviindenvlchloride

-23.



10 nol es) were added. This m xture was then allowed to stir 16 hours.:

After the reaction period the mxture was filtered and the volatiles
renoved resvbos/emozn the i sol ation of the desired prodLYEtT"é? ’é“%l | ow
oil (5.2800 g, 91.7 percent). Preparation of

Di met hyl si Iyl (3-phenylindenyl) (cycl ohexyl am do) Li 2
Me2Si (3- phenyl i ndenyl )(cycl ohexyl am ne) (5.2800 g, 001524 noles) was 1 5
stirred in hexane Y-15hentlindearide (21.8736a. (311 Gfneles) 'Tf"t'):d-"ﬁtm'df”a? dedl

solution in g wrs@ﬁ?‘&%@ﬂttdﬁ@ﬁ NPé!é@iL (“3'1 @B’Yﬂmoﬂ%) §1 THF‘IWOQHWSTW ikwesl t o

stir 16 hours during which

hombgeneous  d7as thap @'Jawqdﬁe SF'é‘aﬁ:’E‘?‘t‘}’Pr ﬁ@?”B‘ﬂ rqaﬁgon penod ts%P'%l?'i"P‘%g’eWer e renoved
resul ting in ibhgvédHdihkPesidle étlac@ltaniaitbRy ushlgindxard)i Beraold! df as

|1 gt el Bow hetane [RSaires i EHAIRRoLIBE desiR Rt ot BRI T eAETER ooy

anal ysi s (4 ébﬁil@pétceﬁﬂ. 3 percent). Preparation of
Di net hyl si |yl -hen de I 1 d .
Me2Si ( 3- phenyFERAEHHA- 0.01042 noles) in THF

(50 nL) was added Meﬁnwmwmdenw)m |(4 y327f g, D CBISBQ TMF953 WaS. SSfre@nrg)exen@ 1042

| 25 1
P03 (1 454190 ML bs RExTlzag &) 8 oBY TS Mofeel Bk Bclchibfiale 31 6500 o178
m xture a0l owecles)o/vweladdédlrﬂaﬂ mixture wagckbien alovedd tqstlrﬁfhmtgg Amzrttge t he
reaction perigg. orﬂepe\‘lﬁb el rhﬁﬁéégn"glﬁg f:ft&?&‘éﬁg t@\%léﬂ& removed Fe%ﬁl'nﬁg'ﬁxhtﬁét racted

and filtered usSin uene uene resulted in
i sol ation of lwlmfﬁh%ﬁ%ﬂfédmmt ama vellpwoik(53800 &6l 914 PRESEAHe and cool ed to

OC. The 30  slaghfgch Wiﬁ’i &yl IR Ghexl I@n’fxdd L| ation as a
red-brown crystalline g, B g Exampl e 4
Synt hesi s of: MezSI(S-phenyllndenyl)(cyclohexylamlne) (5.2800 g, 0001 24 moles) was

Di et hyl [1- ( Céfﬁﬂe@heﬁé’ia)wejuéo ﬁhLyrEs AsliLi (@ osh s NGoD-iE wi 2.5IM sslationiho( 2-
)-Ntitanium (al so referre

di met hyl si |yl Q%aﬁﬁ)e‘ﬁi‘ﬂ ‘i‘qﬁjﬁgﬁﬂﬂ“ﬁ)( ail@fs M%ﬁ?lvéarﬁ aHlByvﬁj ﬁﬁai‘"é 8 hours during which
Me2Si ( 3- phenytirme grnyixiute pedapex HickhahygenEbids ¢iD. A8 thayealtiod(@siad thenol es)

was stirred 'nlﬁleest VU le%rrﬂg\ge resul{lﬂ‘ g); inRe %%M%n g\oa Qﬁgﬁlw&iﬁd thidso (i/'é-)wgg 3.0

M
98/ 27102 then washed with hexanes and then dried resulting in the isolation of a light yellow

PCT/ US97/5}5946 wder which v wc?sstfgeU%tﬂBuf el %ﬁ.ﬂ?f&a@lﬁ:ﬁ%ﬁ‘ ?inﬂ@s‘fs dgad LJe9aw se. This

m xture was t ours. er thé reaction
period the vopercéntbs were renoved and the residue extracted and

filtered usingoREXARR of ity@3-ph&li £16Sedviaafiddymicihe i sol ation
of the desired produc OWred resi

ye ue . (0..1404 &? 1 Per,cerngb__) .
5 Polynerizati onMezS'(3'Phe"V““de"V’)(Wﬁ?ESY'?’H‘é’P?Li’a(?i-"&ﬁ‘s é’o&ra1 oneles}i
f ol }O‘I"’S A t& olrhtt) eﬁad%’tfded@@ﬁ&k :sgtolfsmmt; of TlCEml lg@ 8E18hy, anpmzmgés;hry 360
0 so anes sol yven val e xon
% Y - CrE nd bt ‘e podis enalonrg Hsthror K hdire 28c ¢ 483

Chem cal
a nol ecul ar V\e.ogsm waoiesovasientidiyd as &Eeltcmnd the npxtes&lipwee)‘q)stmmrcan froma

(o] and SatiiByHe Minils, ek e (spEie ool e VoSS Fpbyed GRLRE [0 90

appropri at e aresidue exfracted ahg filterechtsing toluene Removal of the toluene resulted in the
isolation of a dark residue which was then slurried in hexane and cooled to 0°C. The
30 desired product was then collected via filtration as a red-brown crystalline solid
(2.7475 g, 56.8 percent).

Example 4

)-Nititanium (also referred to as dimethylisilyl{3-phenylindenyi}{cvclohexyiamido)TiMe,

35 Me:Si(3-phenylindenyl)(cyclohexylamido)TiCl» (0.393€ g, 0.0008476 moles)

was stirred in diethylether (75 mL) as MeMgl (0.0017 moles, 0.57 mL of 3.0 M
-24-



cocatal yst (trispentafluorophenyl borane) as 0.005M solutions in toluene are

prem xed in the drybox to give a 1:1 nolar ratio of catalyst and

cocat al ystWOASR®#102t he desi red prem x tinme, the sol uti @CIEBS97/19463

transferred to a catalyst addition tank and injected into the 15 reactor.

The pol ynerization conditions are maintained for 30 mnutes with ethyl ene

on demand. Additional quantities of prem xed catal yst are added

peri odi cal | $olufiprein diethylethes wasiasged drapwism This méatmawasftmmllbhe? !tcegm—é Ori
uenched w | o] : e n ant.i.oxi dan

1 ganox er 19 SRS PG s (RRn BB ne volauied WBiFiby B8RP neTosuER | 12

resul ting s&KtRGemMandiegerysing bexang. diemayel efdhe hexangaesultad oviba isohdtioat 135C

20 for 20ohmierdesirdiesiabilict 245 mo&vbed?@éi&le\’(éﬁio@ghtsbq Bt 1 on and

conpar até've Ci’:lt al yst, (i'ndenyl) di met hyl (t t'yl am do)’si | anet it ani um
di met hy! 3 aﬁ@y%éﬁtﬂﬁ Tabl e 1.

Table 1 The polyfeBak#aten conditibhd &rel RT6MWRF Alwsditer PRRI&AdkdriE X Slerr]
Pl[err] %200. . Jf9. 2.40 ITerr

57 000 % afgeg g{ltg approximatejy %60 g of Isopar-E™ mixed a}hapgq qsqlvent (aygilapie

9. 9 0 oB8B8Exxon Chemicals lfc.) ZnEIMBe rgrdf’gtyielﬁ)cdhﬂﬁxomer.lHydroégn i addedas O- 74
(-t - but y1 B BRIy e sent Ry ROl erasse s patiianam AdBigh: 25

2 (N-t - Hat yedditioolafliah28 hsitl (2070ddTa)] Thé reavtdriid betitedModiOme 4nd saturated *

conparati ve,.: t i i . ra pol ymer
pe ?pgr am Ti with Binyfiho & 38@ bﬁgﬁg%’@?@é %%rs%? ?og)ﬁxgte amount of cataqy% aRftici ency x
per cent styFeeasalgs (trispentafluorophenylborane) as 0.005M solutions in toluene are premixed - 25-

WD 98/ 27102inthed box to give a 1:1 molar ratio of catalyst and cocatalyst. After th i
PCT/ US97/ 19463 7 0% © SV f\oar ratlo of catalyst and cocafplyst. Afferthe desired | o

cor r espondi REpMivtimgethe @pMpraiS(t'ra)n;sfqr@drt? a catalyst addition tank and injected into the
15 reactor. The polymerization conditions are maintained for 30 minutes with ethylene

on demand. Additional quantities of premixed catalyst are added periodically. The
resulting solution is removed from the reactor, quenched with isopropyl alcohol and a
hindered phenol antioxidant (Irganox™ 1010 from Ciba Geigy Corporation) is added
~ to the resulting solution. Polymers formed are dried in a vacuum oven set at 135°C
20  for 20 hours. Results using the catalysts of the invention and comparative catalyst,
(indenyl)dimethyl(t-butylamido)silanetitanium dimethyl, are shown in Table 1.

Table 1
complex Efficiency® styrene’ Exs®
Pl 122,000 19.7 2.40
2+ 57,000 36.7 2.10
M2 38,000 9.9 0.38
Ti 20,000 37.1 0.74
DI+ 39,000 10.4 0.41

! (N-t-butylamido)(dimethyl)(3-phenylindenyl)silanetitanium dimethy!;
25 2 (N-t-butylamido)(dimethyl) (indenyl)silanetitanium dimethy!;
* comparative, not an example of the invention
® grams polymer per gram Ti
mole percent styrene
® Efficiency x percent styrene
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where Mis titani um Zi rconi um or hafni umin the +2 +3 or +4 formal

oxi dati on IS an ar nd or a hal o-, zsl
al kyl -, cchQe?PWAm, di hydr ocar byl ammﬂ “l l“f car byl oxyl’c'r’&lﬁs"”l"1

hydr ocar byl eneam no-, substituted d , said R havi ng
from6 to 40 nonhydrogen atons; Zis a divalent noiety, or a-
noi ety conprlébﬁﬁggne [err] - bond and a neutral two 10 el ectron pair able
to forma coo e-coval ent bond to M said Z conprising boron, or a
menber of Group 14 of tfie Pex et eorhplek @oftbspdhing 18 M Yofmuia st @l so _
conpri sing ni trogen, ghosphorus sul fur or oxygen; Xis a

nonoval ent anionic |igand group having up to 60 atoms exclusive of the

cl ass of |igands tbeat~\arefcyclic, delgqcalized, [err]-bound |igand groups;
15 X indeeach occur( ence is a neutral Lewi s base ligating
S ABALD

conmpound havi\g—yg 0 _at ons; X" is a dival ent anionic

| i gand group having Up to\6 ; pis zero, 1, 2, or 3;

gis zero, 1 or 2, and 202 r is zero or 1. 2. The netal
conplex of Claim tothefo nul a; [err] e
wherein: 25 ]wf?e%é M’%Qgﬁ{\i IFCBII'NHWqu]’ {‘rBtmeh t-o]%.,[i-i,i or +4 formal oxidation o
titanium 5 state Yis -O, -s- -NR*-, -PR*-; -NR2*, or -PR2*;

-26- o) : -
PCT/ US97/ 19463 R & aRF "ga"d or ghalar, eyl ajkylipydoaligl- dipygragarbylamingn. o
CR*=CR*, CR* Zyﬂmcarby&xyf,;@rzhmdrocarbyleneammo- subititutert derivativerthemeot said R’

| ndependent | Vg dar cted from hydr ocar byl ,
Yﬁfﬂﬂ?@’t%ﬁ? 'haﬁiﬁ%

hydr ocar byl oxy, Sil hal ogenated aryl, and
4 IS a dlvalent monety, ora monety comprising one o-bond and a neutral two

10  electron pair able to form a coordinate-covalent bond to M, said Z comprising boron,
or a member of Group 14 of the Periodic Table of the Elements, and also comprising
nitrogen, phosphorus, sulfur or oxygen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the
class of ligands that are cyclic, delocalized, r-bound ligand groups;

15 X' independently each occurrence is a neutral Lewis base ligating compound
having up to 20 atoms;

X" is a divalent anionic ligand group having up to 60 atoms;
pis zero, 1, 2, or 3;
qis zero, 1 or 2, and

20 riszeroor1.

2. The metal complex of Claim 1 corresponding to the formula:

R
(I
. Vi i PR
Ny
wherein:
25 R’ is phenyl, biphenyl or naphthyl,
M is titanium;

Y is -O-, -S-, -NR*-, -PR*-; -NR,", or -PR,";

~26-



conbi nat.i ons thereof, said R* havi ng up to 20 non- hydrogen at ons, and
optionally, 5 two R* groups fro

R*
e Lot
C]IS zero or 1; and 10 ris Zer$ or 1, with the

proviso that: when pis 2, q and r are zero, Mis in the +4
formal oxi dati onZse&iR 2 GR™ VIR 2$iR"2 CR"CRMCR GRS} GRILSiRLdatGaRtst ate i f Y

is -NR*2 or -PR‘g} ea&{%cﬁrrbﬁc@@ i g@ﬁ&fﬂtlg{ rgg{égcar% 3 mérﬁb&ns%?e%tefdr fam the

group consisting of halid hydr oc

di (hydr ocarW'?WMVdm@W&WCﬂWbPPPBH&%F‘HM; h@i?@ﬁf@é@r@yﬂ and fi do, and
silyl gr 0Up§ombmatlons%$er&@f| baid R hﬁ{/ﬂg updb QBY‘QH Pyaiod¥h it and opt fionally, .o

hydr ocarbyl rocarb hosphi no- subst it
t her eof , 33 M’y K %{PBE&)"WH\Z G\«j‘egp‘y tig not hvoy osm) r%ﬁﬁﬁir%%f'%m @rﬁpd an R*
when r is 1groppmd1\quﬁﬁggystéﬁﬁ s in the +4 formal oxidation state, and

X' is a 20 ni c, se ec e m t he group consi sting of

hydr ocar badi yl , »23 &%@g?ﬁﬁpre‘""”s ‘gg *hydr ocar byl enedi oxy groups, said

X group havi ng upis® 13§ 2ponhydr ogen at ons, when p is 1, q and

r are zero, Mis 3 formal OX|dat|on state, and X is a

stabilizing ani o?lk r&elwgaﬂcﬁn&roup sel ected fromthe group consisting of

allyl, ¥ (N N riszerobriet hyl am no) phenyl ,

2- (N, N-d| met hyl ag nyl, and 2- ( N, N 25 di met hyl am no) benzyl ,

and %@ﬁ&ﬂ&&g@are zero, gis 1, Mis in the +2 forml

oxi dation state, wherdp j¢ 2,igsana r are zercp blisiimthe “edfnira) axiddtiar stater(coMjisipat ed

di ene, opt 'tﬂgajslfbfrn%mﬁhbﬁéﬁﬁgte"ﬂ ¥is qie, gF Frﬁ}r)‘n and X i a#X?BHSﬁ%M groups,
0 Wi

said X having u carbon atons an
M 30 selected frorg the grpya caa$ialingce hplids hwroew vlnhzdrmr'@yioxys

(3- phemg i nélenystacafbiylyBhlus! élthydrocarbyl)EHééﬂhﬁm H@r&dr@ﬁﬁﬂﬁdoaﬂh&'ﬁ]y%rﬁhéﬁ“ de( .

th

3- phenyl i nden di me am d | anetitani um di ne
E)heﬁyl i %den?ﬁ ‘?’é} %%‘E“H?‘I' E’%‘fﬂ‘“&‘ﬁ’é%”%%fo'}‘gq'?%@f ®Wa@dm di chl oride, or (3- 35
p2(7anyl i nder@i(mdrdﬂsatdwbtﬁwphinﬁlwhyﬂlt&féudﬁhﬁaﬂvéﬁﬂtérécﬁ,ruantlTX@h’dUthWlng up to

PCT/ US97/ 19%‘30'}"\'0&‘)99" ag‘oms, 4. A catalyst for olefin polynerization |
conpri si ng wheh ris 1, fpand qrmrbabrocmlpluelheoM foimal oxibiatiamstate, and X" is a 2)

o 5T R Ao Bhacrom 0GB Bkl B GhroBoARERRPREHATT 1
met al conpl&nhd Imdrqgamwnn_’gdtogy groups, said X group having up to 30 nonhydrogen atoms,
when p is 1, g and r are zero, 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-dimethylaminomethyl)phenyl, and 2-(N,N-
25  dimethylamino)benzyi, and
when p and r are zero, qis 1, M is in the +2 formal oxidation state, and X' is a
neutral, conjugated or nonconjugated diene, optionally substituted with one or more
hydrocarbyl groups, said X' having up to 40 carbon atoms and forming a n-complex
with M.
30
3. The metal complex of Claim 2 which is (3-phenylindenyl)-dimethyl(#-
butylamido)silanetitanium dichloride, (3-phenylindenyl)-dimethyl(t-
butylamido)silanetitanium dimethyl, (3-
phenylindenyl)dimethyl(cyclohexylamido)silanetitanium dichioride, or (3-
35 phenylindenyl)dimethyl(cyclohexylamido)silanetitanium dimethyl.
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active catalyst by use of an activati ng t echni que. 5. The
ol efin polynerization catal yst of 4 wher ej n the activati

cocat al yst WO#BRI¥&s trispent af OHHE’H 1!I|Hﬂ ﬂiﬂ PC'IEUS97/194me
ol efin polynerization catal yst t he activating 10

cocatal yst conprises an al unoxane and trlspentafluorophenylborane in a
nolar ratio from1l:1 to 5:1. 7. A process for the
pol ymeri zati on of 4ol ef AG3taly§hisr piefim golymarization sgmering: or nore CJerr]

[err]-ol efing, undﬂap@tge@,hb@ﬁbfgg,,ﬁqnmglons with a catal yst of one
of Clainms 4-6. 15 8. he process of Claim?7 conprising

copol ymeri zi ng et A Anartivating °°°ata'ys§tyrene 9. The process

of O ai m 8 WheGholaSra@iébf 1)a8 2pbbing fdAY 1:$®bOY toP100:1, or POl ymeri zati on
condi ti ons. B

- 28- the reaction product formed by converting a metal complex of Claim 1 to an

active catalyst by use of an activating technique.
5. The olefin polymerization catalyst of Claim 4 wherein the activating
cocatalyst comprises trispentafluorophenylborane.
6. The olefin polymerization catalyst of Claim 5 wherein the activating
10 cocatalyst comprises an alumoxane and trispentafiucrophenylborane in a molar ratio
from 1:1 to 5:1.
7. A process for the polymerization of olefins comprising contacting one

or more Co.100,000 @-olefins under polymerization conditions with a catalyst of one

of Claims 4-6.
15 8. The process of Claim 7 comprising copolymerizing ethylene and
styrene.
9. The process of Claim 8 which is carried out under solution

polymerization conditions.



