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proton, to sui h@rﬂ:’o@rdnnatmg anions are described to function as electronic stabilizing

cocatalysts, or counterions, for essentially cationic metallocene complexes which
are active for polymerization. The term nohcoordinating anion as used here
applies both to truly noncoordinating anions and coordinating anions that are at
20 most weakly coordinated to the cationic complex so as to be labile to replacement
by olefinically or acetylenically unsaturated monomers at the insertion site. These
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medium, or premixed with an organometallic catalyst compound prior to
introduction into the polymerization medium, as Bronsted acid salts containing
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nitrogen-containing Bronsted acid cations capable of donating a proton, to suitable

Lewis acidic organometallic catalyst compounds, as part of ionic cocatalyst
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EP 0 426 637 describes the use of the cocatalyst compound non-

substituted triphenylcarbenium tetrakis(pentafluorophenyl)boronate as a proton-

20 free ionizing agent that abstracts a metal ligand to form a catalytically active

metallocene cation and a loosely coordinated anion. U.S. Patent 5,502,017

addresses ionic metallocene catalysts for olefin polymerization comprising, as a

cocatalyst component, a weakly coordinating anion comprising boron substituted

with halogenated aryl substituents preferably containing silylalkyl substitution,

25 such as para-silyl-t-butyldimethyl. This substitution is said to increase the

solubility and thermal stability of the resulting metallocene salts. Examples 3-5

describe the synthesis and polymerization use of the cocatalyst compound

triphenylcarbenium  tetrakis = (4-dimethyl-t-butylsilyl-2, 3, S5, 6-
tetrafluorophenyl)borate.

30 Olefin solution polymerization processes are generally conducted in

aliphatic solvents that serve both to maintain reaction medium temperature

profiles and solvate the polymer products prepared. However, aryl-group
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olefin polymerization cocatalyst activators which are active for polymerization,

-

particularly at elevated temperatures, which are more soluble in aliphatic solvents.
20 BRIEF SUMMARY OF THE INVENTION

This invention addresses a process for the preparation of polyolefins from

one or more olefinic monomers comprising combining under polymerization
conditions said olefins with the reaction product of i) a transition metal
organometallic catalyst compound and ii) a cocatalyst complex comprising a

25 trialkylsilyl-substituted carbenium cation and a noncoordinating or weakly
coordinating anion. The cocatalysts of the invention provide carbon compound
by-products and weakly coordinating, stabilizing anions for essentially cationic
transition metal organometallic catalyst complexes that exhibit high
polymerization activities.

30 DETAILED DESCRIPTION OF THE INVENTION

The invention provides a process for olefin polymerization in which anion-

containing cocatalyst complexes and organometallic catalyst precursor



transition netal organonetallic catal yst conpl exes that exhibit high
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01130785 PCTI USOQf 29093 -4 conpounds cart-be conbined to formactive
catalysts for olefin polynerization. Subsequent contacting, or in situ
catal yst formation essentially concurrent with said contacting, with
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For illustration purposes tri allll%lbasi_l yl group-substituted phenyl groups may
be i ndeWendent|y sel ected fri@® Sips-6Ceghb )€t PAY,ow. 20 R'1 iR 3 R 3S
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where each of R', R?, and R is independently a substituted or unsubstituted C; to
Cs2 hydrocarbyl group, n = 1-4, m = 1-3, and [A] is any noncoordinating or
weakly coordinating anion suitable for use in olefin polymerization. Typically
15 [AT is a halogenated, tetraryl-substituted Group 10-15 non-carbon, element-based
anion, especially those that are have fluorine groups substituted for hydrogen
atoms on the aryl groups , or on alkyl substituents on those aryl groups.
For illustration purposes trialkylsilyl group-substituted phenyl groups may

be independently selected from the groups depicted below:
20
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where any' R is independently any of the groups bel ow except H and any R"
I's independently any of the groups below-5 H CH(CH3)2 C4H7 CH2CH=CH2 CH3
CH2CH(CH3) 2 C5H9 CH2CH2CH=CH2 CH2CH3 CH2CH2CH( CH3) 2 C6H11 CH2CH2( CF2) 7CF3
CH2CH2CH3 C(CH3) 2CH(CH3) 2 C7H13 CF3 CH2(CH2) 2CH3 CH( C( CH3) 3) CH( CH3) 2 CBH15
N(CH3)2 CH2(CH2)3-30CH3 C(CH3)3 CI9H17 N(C2H5)2 CH2C(CH3)3 CH2Si (CH3) 3 ]
C6HS OC(CH3)3 CH=CH2 CH2Ph CH2Si R3 The ef ,e;ctlv G oup § 15_el ement
cocat al yst conpl exes of t h&'ShyeliRan ar e’ éﬁ

derived froman ionic saltgs bi Si Ng R3S

ani oni ¢ conpl ex, where AT can )} represente 10 as: é/j

Mis one or nore Group 10-15 RBt ®" oid or Retal 'Rprefer bly

alum num and either each Qis ligand effective for providing electronic or
steric effects rendering [ (KM inongoor di nati ng
anion as that is WO 01/30785 P in the art, or
a sufficient nunber of Q afe a whole is an
ef fective noncoordi nating @y

where any R’ is independently any of the groups below except H and any R" is

independently any of the groups below:

H CH(CH3)2 C4H7 CH2CH=CH2

CH3 CH2CH(CH3)2 CsHog CH2CH2CH=CH3
CH2CH3 CH2CH2CH(CH3)2 CeH11 CH2CH2(CF2)7CF3 )
CH2CH2CH3 C(CH3)2CH(CH3)2 C7H13 CF3

CH2(CH2)2CH3 CH(C(CH3)3)CH(CH3)2 CsgHis N(CH3)2
CH2(CH2)3-30CH3  C(CH3)3 CoH17 N(C2H5)2
CH2C(CH3)3 CH2Si(CH3)3 CeHs OC(CH3)3

CH=CH2 CH,Ph CH3SiR3

The effective Group 8-15 element cocatalyst complexes of the invention
are, in a preferable embodiment, derived from an ionic salt, comprising a 4-
coordinate Group 10-14 element anionic complex, where A™ can be represented
10 as:
(MQQ: .. .QT,
where M is one or more Group 10-15 metalloid or metal, preferably boron or
aluminum, and either each Q is ligand effective for providing electronic or steric

effects rendering [(M)Q1Qz . . .Q,] suitable as a noncoordinating anion as that is




substituents specifically include fluorinated aryl groups, preferably
perfluorinated aryl groups, and incl-ude substituted Q groups having
substituewodlas@sti onal to the 5 fluorine substitution, BOTNSRBuori nated
hydr ocar byl groups. Preferred fluorinated aryl groups include phenyl,

bi phenyl, napthyl and derivatives thereof-6-The disclosures of U S. Patents
5,198, 401, 5, 296,433, 5,278,119, 5,447,895, 5,688,634, 5,6895,771, WO

93/ 02099, WD 97/29845, WD 99/43717, WO 99/42467 and copendi ng U.S.
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treatnment methods will be suitablé in 30 accordance with the invehtion.
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Weakly Coordinating Anions", Chem. Rev., 93, 927-942 (1993) and C. A. Red,
"Carboranes: A New Class of Weakly Coordinating Anions for Strong

20 Electrophiles, Oxidants and Superacids”, Acc. Chem. Res., 31, 133 -139 (1998).

In particular embodiments one Q group, or ligand, of the anionic complex
may also be bonded to a metal/metalloid oxide support or polymeric support. See,
for example, U.S. Patents 5,427,991 and 5,939,347, each incorporated by
reference for purposes of U.S. patent practice. Metal or metalloid oxide supports

25 of the described bonding method for the invention include any metal/metalloid
oxides, preferably those having surface hydroxyl groups exhibiting a pKa equal to
or less than that observed for amorphous silica, i.e., pKa less than or equal to
about 11. Accordingly any of the conventionally known silica support materials
that retain hydroxyl groups after dehydration treatment methods will be suitable in

30 accordance with the invention. Because of availability, both of silica and silica
containing metal oxide based supports, for example, silica-alumina, are preferred.

Silica particles, gels and glass beads are most typical.
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pol ymeri zation in accordance wt I nventi o cl ude the known

organonmal | ic eﬂ?‘&ﬂS‘F‘tRW”*ﬁ’ﬁ@”éo?ﬂSbﬂﬁd Serial é‘f‘h P9/i0ﬂ2 ?57&(!'!11‘1 %Hbﬂe 1998,
| er- | |
Ziegler-Natta %H@ftgbilﬂ%se IWQ I8R5 Z AANIURe i 53@135&&'& rlje%rén@@fd%@og&cene-

conmpounds known to b in coordinati ol yrmeri zat i on n such
conpounds are @ﬁb’aﬂ)lpetemfprwpal ytic activation by the cocatal yst activators

25 descri bed for th?xﬁe?"ﬁ@ n° eth]SH?sfSE \%@asnﬁﬁ/gg'c%i Ltya*é?&s“% %BHQ

transition netal conpoun ereln gan can
abstracted by mnhacoondinasinglagion cocatalysawill slso paslmablalaamegmsfoowpbmygnhhs

|nclud|n hydr| r

al kyl stitut g'%wftéwg‘?g %@?\5’5‘%?@%@%9&%062@&{ Mgpae’%g gféglg emlo

abst ract i on anmayrmmsphysmdlymkltedmmmnfﬂ&dcmrmmablagupﬂmm&emln(ﬂea,de t hose
metal locenes dgscrlBefl ik LNRins oF WO 150385, wirsi/l A72 W BsR51E and “

U.S. Patents 4,463,135, and 5,610,115.
Transition metal compounds suitable as olefin polymerization catalysts by
20 coordination or insertion polymerization in accordance with the invention will
include the known organometallic transition metal compounds useful in traditional
Ziegler-Natta coordination polymerization, particularly the metallocene
compounds known to be useful in coordination polymerization, when such
compounds are capable of catalytic activation by the cocatalyst activators
25 described for the invention. These will typically include Group 3-10 transition
metal compounds wherein at least one metal ligand can be abstracted by the
cocatalyst activators, particularly those ligands including hydride, hydrocarbyl,
and hydrocarbylsilyl, and lower alkyl-substituted (C,-Cio) derivatives of those.
Ligands capable of abstraction and transition metal compounds comprising them
30 include those metallocenes described in the background art, see for example US
Patents 5,198,401 and WO 92/00333. Syntheses of these compounds are well
known from the published literature. Additionally, where the metal ligands




Patents 5,198,401 and WD 92/ 00333. Synt heses of these conpounds are well
known fromthe published literature. Additionally, where the netal |igands
it WO O1WSIB®SPCT| USQ0/ 29093 -8 i ncl ude hal ogen, ami dBCHUSWRERY noieties
(for exanple, biscyclopentadienyl zirconiumdichloride) which are not
capabl e of abstraction with the activati-8g cocatal ysts of the invention,
they can be converted into suitable |ligands via known al kylation reactions
wi th organonetal | i c_conpounds such as |ithiumor alumnum5 hydrjdes or

al kyl's, al kyl dnelugs aalegen, amide o plkaxygwgieties fop exampleq pisgyqigpeptadignyls 7o 982

for the reactigQpofilimOURAIBARLWWhith & APE4pABIS oF Abbrsthiba vairS tHeSdctil attrigd

met al | ocene conpounds grl or to addition of activating ani on conmpounds. All
‘docunent s ar e ¢ogatalypts ofthednveptions they«as be tonveped istsuitable ligamls vigknown

practice. Addi f L QF A I _ ' rise,

b “can” 10 be Ueilifin AE3EE Qih SeaRbonBEH, CoBEBRR AR MR/ G P

abst ractsi on t ohydoiies ar alkgksadlkylainalokyneac Griguard reagents,i abe) Se¢ also EP-ADO appear
in the patent Litgrature, e.qg., .EP- A-0 129 368, U. S. . Patents 4, 871, 705,
ar'937. 200, 5. 351 Soforeegebaiot Gramronmiamy Saghoupds Wi\ eidsestuies

¥D A- 2_4/ 01471 mealldfend coRpohis pﬁﬁ[)tp aﬂ'&i&ilah Iaﬁcaeﬁﬁad_tmgralnwnngmmﬁddag%lescri ged
or this invention as npno- or i scycl opent adi e substituyte oup 3,
4, 5, or 6 traﬁamweaﬁ aFFe‘_f‘%ﬂ‘"P%‘BWégM Frferencafat @}rnOSFh%‘q%cM%Pgﬁc}"Fegands may be
thensel ves substi t uAgditi¥ial GeRABLAH of MEtRIIo RO bdiRpcues Whith REmPFited @eart © each
other, or may be bridged through a heteroatom to the transition netal. The

si ze an® const be alkylajedoo eamprispcat| least \ong ligand sapshle ofhshistragtien teifere® s are

not critical t '  and t he
"venti on but  SHieqRy SRR BRof inchlt Badcl e FlofRlen BEIR o, B8 |
enhance t he poAythi?d 368 UoB. Ratenits/4,871,71514,937,.298: 15,32K 800 EPeA-0s41B ©44,R-ng
sought. Preferably.t | e rd I el weld ti kut,ed
cycl opent adi en?faé) %ési%’ %sﬁlé%&?lmgggiwg%%ﬁ?ﬂgl}g& %@ %enﬁg l uglr‘éehnyl ,
azul enyl, or smetllotent ecompooatdo@an die tdesribed Woerthisr imbgstibnt @s eacidv-ovher ,
will be | ower Kyl - substi t.ut ed. 5 ot 2 positio Wi t hout or
Wt hout P st i PiYCleRptiamieny) uBRishea civws) 4 $inc'® winelEh il ool ang
may addi ti onal erein b MeiliahyKigands Yitdyosd Hhgmselddsydubstitatell Wit Yhe 8N ehofs

aryl al kyl substituents, the |atter as linear, branched or cyclic
y y groups and may be brldgeé to each other, or may be bridged through 91/ heteroatom

to the transition metal. The size and constituency of the ancillary ligands and
bridging elements are not critical to the preparation of the ionic catalyst systems
20 of the invention but should be selected in the literature described manner to
enhance the polymerization activity and polymer characteristics being sought.
Preferably the cyclopentadienyl rings (including substituted cyclopentadienyl-
based fused ring systems, such as indenyl, fluorenyl, azulenyl, or substituted
analogs of them), when bridged to each other, will be lower alkyl-substituted (C;-
25 Cs) in the 2 position (without or without a similar 4-position substituent in the
fused ring systems) and may additionally comprse alkyl, cycloalkyl, aryl,
alkylaryl and or arylalkyl substituents, the latter as linear, branched or cyclic
structures including multi-ring structures, for example, those of U.S. Patents
5,278,264 and 5,304,614. Such substituents should each have essentially
30 hydrocarbyl characteristics and will typically contain up to 30 carbon atoms but
may be heteroatom containing with 1-5 non-hydrogen/carbon atoms, e.g., N, S, O,



structures including nulti-ring structures, for exanple, those of U S.
Patents 5,278,264 and 5, 304, 614. Such substituents should each have

essent i al W op8TRs/dr ocar byl characteristics and will typiREVYSPORWB ain up to
30 carbon atons but nmy be heteroatomcontaining with 1-5

non- hydr ogen/ carbon atons, e.g., N, S, 0;2WD 01/30785 PCT/ US00/ 29093 -9 P,
Ge, B and Si. Al docunents are incorporated by reference for purposes of

U S. patent practice. Metall ocene conpounds suitable for the preparation
of linear poly& 4B awd SigAlbdacments aredneospassted by hsencsdorpurnasesaf Udpol yner
means conprisi ReeafprhRe! 5 two different nonomers) are essentially any of
those known in“the ‘art, see again WO A-92/00333 and U. S. Patents 5, 001, 205,
5,198, 401, 5, 324, 80Metallogene compourndsguitabbodr thedreamtion oé lindar polyethylensys . -

Sel ecti on of 0N 0 for | OiE ﬁﬁH 0,
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art, spegific meddiffenet mompmers) amcsssentallyodry gfathesetknbwh du dielart seenagaih0
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bridged chi r alandre368 8 06; €txespecifié ¢istiig! Seleatianl of métalRcembéoipouddsS@usicbl, U. S.

Patent 5,017, 714, U.S. Patent g‘ 296, 434, U.S. Patent 5, 278, 264,
WO- A- ( PCT/ US92t0 (s jisajgstie.cg syndietastic pelypropyjens; and dheir pynthesesq argywells g3g,

and academ ¢ | ikhekmbin kiR kageéiﬂf: ldrerRe& Mhy HE REIE 1S drkt YiRéHhtireOdhdt he
Pol yrmeri zati on Behavi or of Bri %d Zirconocene Catal ysts", Spaleck, W, et

al, O d&nonet arademic, oo for exampls Jowrndl of preanawesdlic iGhewisey 368, 359-370
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Though many abayg,3ng di et edphp,eat al ety SYSipEs whiinpl UToiang,
, S, 4

activators, thé anal dgous Tet al [[0Cene "tonpounds Wil | use Wth the
cocat al yst act iWatA(RCDIUSORI16066) WOLA-S3/10003, HP-AR-0 5700581 n&BP-AN-0 578t al yst

syst ens,  when hal ogen.. angi de or,.al ontai ning | gands, of the

net al s E?I\,here %gg’uﬂadl ﬁ%ﬁe'g}cemiﬂ Sce e\lﬁmgﬁ%n?‘f é’g%‘cfgmgapgﬂﬁs%m&f' B act i on,
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Catalysts with Annelated Ring Ligands-Effects on Catalytic Activity and Polymer

Chain Lengths", Brinzinger, H., et al, Organometallics 1994, 13, 964-970, and
20 documents referred to therein. Though many above are directed to catalyst
systems with alumoxane activators, the analogous metallocene compounds will be
useful with the cocatalyst activators of this invention for active coordination
catalyst systems, when the halogen, amide or alkoxy containing ligands of the
metals (where occurring) are replaced with ligands capable of abstraction, for
25 example, via an alkylation reaction as described above, and another is a group into
which the ethylene group -C=C- may insert, for example, hydride, alkyl, or silyl.
See additional description in G. G. Hlatky, "Metallocene catalysts for olefin
polymerization Annual review of 1996", Coordination Chemistry Reviews, 181,
243-296 (Elsevier Science, 1999). All documents are incorporated by reference
30 for purposes of U.S. patent practice.



See additional descriptionin G G Hatky, "Mtallocene catal ysts for
olefin polynerization Annual review of 1996", Coordination Chem.stry

Revi ews, woaN/3078243- 296 ( El sevi er Sci ence, 1999). All doBGRUSILNB e
_incorporated by reference - 30 for purposes of U.S..patent practice. WO

01/ 30785 PCTI USOOL29M3 -10 Representatldre netal | ocene conpounds can have
the formula: LA LB Lc; MDE where, LA is a substituted cyclopentadienyl or
het erocycl opent adi enyl ancillary_ |igand n-bonded to M LB is a nenber of
the class of anci | |Repjesentgveinetadgcenpepmpoundsyan Ravesthe fammla: 3 het er oat om
ancillary ligand a-bonded to M the h»% h@' I gands may be coval ently
bridged toget her through one or nore oup 16 el enent- containing

1i nki ng gr oupswhére, LT ds arsubstinited syclopentadienyl oobeterecytiopentgdienglaandillagyi ng  a

ond. D and £ lipistinERda R F s Amelhi3 e a3t Br thelantlibdot B8 a0
a-bond 0 M 1f), it} wrpl:étéfoaaﬂnd&@mahpngm hs-8bAtRE t&M; LtﬂeQJA ) LPia6lls can be

broken for abstraction purposes by "a suitable activator and into which a
pol yneri zabl e mey bgwevalentlynbridgedringsther threughi angaarimaerg Group A 3ilfal¢nagnt-

Pol yrer | 2at 1 ool ihRRa R8T, YRR YR AL Bl A 154 Rlvidg 'S¢

rings, where a non- om repl aces one of the
ring carbons |8dmshodétceM(ﬁequalsmm3§pMasfa|(haup dor § ordnsitioe metdlhand, Dhe terms

"cycl opent adi eny) =, "l den I" and ".fI.u renyl . far

baekar g andeiUE ars TnisPententl rampaniont Tt femis o SVBE At BOB M U s
Ser. Noyy 08/99 t?olaén Bﬁa t&'e’z(o%%?e?or EﬁdarY}@ WK $850e bloR¥i fi abGRABHEN
priority with S. . 09/ 042,378, filed 3/13/98, both incorporated

by reference fBiPPs ;bdswmabma@wa@ata@ﬁtmﬁgr‘ablsh @ePolymerigably menemergor
representati Venﬁ%ﬂoh&ﬁ@rnﬁwcf}{éﬁg%ndéodrﬂﬁhﬁ&re?ﬂ?&anz&%ﬁl ORRB! #b GV bf

conpounds such as pent anet | opent adi enyl t I'um i sopropoxi de,
pent anmet hyl cychegroraten |cent9ﬂnmg| s oy/fused ningsi where a non-carbon Group 13, 14, 15

di met hyl silylt - ' | kani:
di cni ori de,” pShIEBRpRG oheBe et bont B ccnfiltnld R shedlliio
di met hyissi | yl t be rveithin hllgd te2s d‘ymlqymtaﬂwdylényﬂndml't -andt "fluarenyld. zBee; dor um

g: Ln;étllyld’e, di ”%EJAY'leS Itlllé/bacﬁérg)gnrgsanla%ac ings Qﬁﬁbaﬁxfﬂlﬁk h%%glegcc\éln%@ndp%og%f ni um
with U.S. Ser. No. 08/999,214, filed 12/29/97, and WO 98/41530, having
common priority with U.S. Ser. No. 09/042,378, filed 3/13/98, both incorporated
by reference for purposes of U.S. patent practice.

20 Non-limiting representative metallocene compounds include mono-
cyclopentadienyl compounds such as pentamethylcyclopentadienyltitanium
isopropoxide, pentamethylcyclopentadienyltribenzyl titanium,
dimethylsilyltetramethyl-cyclopentadienyl-tert-butylamido titanium dichloride,
pentamethylcyclopentadienyl  titanijum trimethyl, dimethylsilyltetramethyl-

25 cyclopentadienyl-tert-butylamido zirconium dimethyl,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido  hafnium  dihydride,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido  hafnium  dimethyl,
unbridged  biscyclopentadienyl  compounds such as  bis(1,3-butyl,
methylcyclopentadienyl) zirconium dimethyl, pentamethyicyclopentadienyl-

30 cyclopentadienyl  zirconium  dimethyl, (tetramethylcyclopentadienyl)(n-
propylcyclopentadienyl)zirconium dimethyl; bridged bis-
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di et hyl si |l yl tetramet hyl cycl opent adi enyl - dodecyl am do haf ni um di net hyl ,
unbri dged bi scycl opent adi enyl conpounds such as bis(1, 3-butyl,

met hyl cyoyepgseedi enyl ) zirconi um di nethyl, pentanet hyl ®EITUSHIMNI enyl 30
cycl opent adi enyl zirconiumdi nethyl, (tetranethylcycl opentadienyl)(n-
propyl cycl opent adi enyl ) zi rconi um di met hylgi-bri dged bis This Sheet Has Been
Replaced | ~ 111111111 11111111 WD 01/30785 PCT/ USO0/ 29093 -11

cycl opent adi enyl conpounds such as di et hyl sil yl bi s(tetrahydroi ndenyl)

zi rconi um di chl@gtiopentadiehyl compounds such as dimethylsilylbis(tetrahydroindenyl)

sil acycl obutyl (tetr, t.h I di I - | - . t adi I
e e e e
di met hyl si | y- bigyclgefiadiently gifdoninim dingdthydy bidied Histiidbiyl Sdohpobindsi sudke ray |

haf ni 5 di et hyl, dinmethyl silylbis(2-methy] benzi ndepyl). zi '
i chl or) de, i drbelty Uy BRI UrerNyA SRS TSNP BN | and

f luor enyls 'igfi?ﬁheﬁ:ﬁﬂt ai&h@ﬁyﬁﬂﬂﬂﬁ@ﬁé&yﬁ)eﬁhindenyl) zirconium  dichloride,

di phenyl net hy uof enyl Xcycl opent adi enyl ) zi rconi um di met hyl ; and the

addi ti onal nonolimethylsBylbis(Z-methylbenzindenyl) zireoniwn dimethylc andsBuarenyd digandst ed and

10 described in . Patents 5,017, 714, 00, WO 92/00333 and ,EP-A-0
591 756. All acggﬁﬁgr{s are incorporat ecfﬁglgguﬁa#’erence for purposeg'gﬁf uU. S
patent pract i odipheRgimetind{fluateny®cyclaptntadiengl)ziZorigimer -diinethyl; t r amdsi tthen net al
conpounds include. tetrabenzyl,.zirconiu etra bi.s(tr methyl sil.yl gt hyl)
zirconium 15 BPP?‘s'(’PP‘?'n@I\éh‘I‘é‘IYF(}"PFI&I‘%YI °%IR%‘HI"E uch & r"hé%eezl%tﬁ( aﬁgf ni um
tetrabengyl titaetribed iRisShPatare5/0yY,704,5,3248000W0 0200343 andt BIHAHON591
tris(trinmethyl silyl thyl) niobium dichlogide, .tis(trine si |l yl nmet hyl)
tant al um di chl oﬁ6deA“%&“‘%FI%I%F‘E%‘HW’?%‘&Pﬁ&é@e&G‘ng 5%'hp"l&f6‘??ﬁ§)§$ ?’?/%r%m}/'%)r
coordi nati on pojryéaRel zation are the ligand capable of abstraction and that
| igand into which the ethylene (ol efini¢) group can_ be 20 inserted., These

features enable the RQP@%H@?%‘E?StWaéBPPGn Zﬂ?%‘?ﬁhﬂq‘i’é transitign ; metal cpmpounds o ungd
and the concomi faghe f QiABLIAD Sfcdnlifn,| ARkS SAUAMEYISAPIRENIY | Afcofifuni, he

nvent! Olr;. oxotris(trimethlsilylmethyl) vanadium, tetrabenzyl hafnium, tetrabenzyl titanium,
bis(hexamethyl disilazido)dimethy! titanium, tris(trimethyl silyl methyl) niobium
dichloride, tris(trimethylsilylmethyl) tantalum dichloride. The important features
of such compositions for coordination polymerization are the ligand capable of
abstraction and that ligand into which the ethylene (olefinic) group can be
20 inserted. These features enable the ligand abstraction from the transition metal
compound and the concomitant formation of the ionic catalyst composition of the
invention.

Additional organometallic transition metal compounds suitable as olefin
polymerization catalysts in accordance with the invention will be any of those
25 Group 3-11 that can be converted by ligand abstraction into a catalytically active
cation and stabilized in that active electronic state by a noncoordinating or weakly
coordinating anion sufficiently labile to be displaced by an olefinically

unsaturated monomer such as ethylene.
Exemplary compounds include those described in the patent
30 literature. International Patent Publications WO 96/23010, WO 97/48735 and
Gibson, et. al,, Chem. Comm., pp. 849-850 (1998), disclose diimine-based ligands

for Group 8-10 metal compounds shown to be suitable for ionic activation and



Addi tional organonetallic transition nmetal conpounds suitable as olefin
pol yneri zation catal ysts in accordance with the invention will be any of
those 2Wwd¥moms3-11 that can be converted by |igand ab@CFAEBM3 nto a
catal ytically active cation.-and stabilized in that: active electronic state
by a noncoordi nating or weakly coordi naking anion sufficiently labile to
be di splaced by an olefinically wunsaturated nononer such as ethyl ene.
Exenpl ary conpounds i nclude those described in the patent 30 literature.
I nt ernational oRfinepulyriReridatiorat smm/wmemsmso Tr¥i3itiody sefABpolpmerizatibioson, et .
al., Chem Comm 849-.850,(1998) e di based.| i for
Group 8-10 mt%ﬁﬂyéggﬁ i ooy, p[ng ‘Frg'nf%' gﬁ gaa%??r\/g}epz@n and WO
~$1130785 PCT/ lé‘éﬁl@{l &?&98 mghlaxnaitiahl saatelahmmbuzzaﬂl@n?vﬁe@g.hmngm{%?&487?5.
ransition nmetal pol ymerj cat al yst stens from Go tals
wher i n the. adOIXABRPICARGHENG B siriems m dsstated GShigent t 308127 st at o

and st agi | 2edselayiliBith L0/ i s SR OS!NSRalsoRB BRI ngariifthdli Céatattdh 92N

systens are descri bed U. atent 5,502,124 and 5 rts divisional

Patent 5. 504, Compomds oflkS P@teet B\ 53nd theetridensate ligand @atamn}sﬁrouaénpohnds
f U S Patent 5- 10
gr ganonet :I chlogafgiﬁoﬁéglggn&tél% éo;'#p%%& ehgl"hg&@n% appFﬂ@aé‘%on eri al

nunber 09/ 302214181bef DP/éGZZZB /ﬁh&d 29 181, 19aﬁ,dand #s equwwlailteHCTﬁEISDMOQg@ﬂ 09306.
G oup 11 cat aI 2,;1 [Sar copr?ounds I vation w t.h ionizing
10 ehcat al yst <ot S FatpSR wERR-CaputRh et o5 SRR Vi thiifiae
mononens are dedsl stkgackeﬁmcroﬁmﬁﬁé Iafld evchyrl Erolfp- CntaBiifig PoRn thonbmmeRr arer i ty

docunent, i ncl ydi U no. 08/991,160,. filed 16
Decenber 1097, depsitbd gpd e’f%@tf %d&@ﬁﬁ g&é ?wf&% BEPLY secypentineinding e £ o
the purposes qf. SUPﬁentpaﬁJﬁadnonFB’ei\Cﬁd ©8/991.768)- fited P8 irsiatmberib97 O Fnchl@scr i bes

bri dged and unbridged bisam do transition netal catalyst conpounds of
Group 4 netal shesglasumenss is incopnaraied By |rofeeance for e pusposes of &f-P.naatenty i dged
bi s(aryl am do)prgt;gyp 4 conpounds for olefin polynerization are described
by D H MConville, et al, in Oganonetallics 1995, 14, 5478- 5480.

Synt hedbs met hods 4h8. Ratens5,318.93hdesaribestbridged and upbridgeddissmidattramsitionher 20
wor k- appear i ngpnidh Graigde oMRHRANGS bf Brodpt 4 Hetal BPAAETBE UGS pdigirizdtion

5241- 5243,

of (-olefins. Bridged bis(arylamido) Group 4 compounds for olefin polymerization
are described by D. H. McConville, et al, in Organometaliics 1995, 14, 5478-
5480. Synthesis methods and compound characterization are presented. Further
20 work appearing in D. H. McConville, et al, Macromolecules 1996, 29, 5241-5243,
described bridged bis(arylamido) Group 4 compounds that are active catalysts for
polymerization of 1-hexene. Additional transition metal compounds suitable in
accordance with the invention include those described in WO 96/40805. Cationic
Group 3 or Lanthanide metal complexes for coordination polymerization of
25 olefins is disclosed in copending U.S. application Serial number 09/408050, filed
29 September 1999, and its equivalent PCT/US99/22690. The precursor metal
compounds are stabilized by a monoanionic bidentate ancillary ligand and two
monoanionic ligands and are capable of activation with the ionic cocatalysts of the
invention. Each of these documents is incorporated by reference for the purposes

30 of U.S. patent practice.
Additional description of suitable organometallic or organometalloid

catalyst precursor compounds may be found in the literature, any of such will be
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descri bed bridged bis(arylam do) Goup 4 conpounds that are active

catal ysts for polynerization of 1-hexene. Additional transition netal
conpoundsWOWBeBs e in accordance with the invention ind 0

described in WD 96/40805. Cationic Goup 3 or Lanthanidé nmetal conplexes
for coordination polynerization of 25 otBf<ins is disclosed in copending

U S. application Serial nunmber 09/408050, filed 29 Septenber 1999, and its
equi val ent PCT/ US99/ 22690. The precursor metal _conpounds are stabilized by
a nonoani oni ¢ Piitaklarvdiese soreprising Yr wheeeneapatlel of alkylatien ¢ spopiise, ligydsds and
are capabl e of b\t sy 0 W | QfpkC y§t adhe v i on.
Each of these ‘ﬁgﬂﬁe\éﬁtlgﬁ?lgg’:%% E)]g?'agg(}g’ ?qfﬁé@%’egbg' %lr)&{aheetﬁﬂu’r ?gltsees 30
of U S. pat enbeapshadorn diﬁw-ﬁd@ﬁmﬁOOn&llede%i/ymﬁzdiDmeMMbLﬁe oBeyondnet al | ic-
or organonet al {Qj

nal be found in the
literature, any 6 °‘§eu?:#1"\7’myﬁ§elk"' %%%é%hg%ﬁgﬁg@ggﬁyRepl aced 11111111
FETTL sl 1] 111 11TWhetudidg 8i8 aBoveRéatdlvdBO6r tHe @fi@ntion] thetuial eduigst\whstern
conpri sing, or ere ca .e of alkylation to conpris | i gand capabl e of
o 71 no abst r Wil FegEraBationsfly offupe Sue SOmo RS fic o HER” Sonr
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I oni zi ng ani oncagalyst poiscmsriaclade water, exygen, maildmypatitiesy ett.c Rrefefibdy ptopsare

i ities, t al yst i i ncl t t al ities,
ero Pridt or abl e et et o geh Mip i oaeR ieu SO Preia X stieBihe
reacti on vessefreatthért € adfpfub separativdiTiechhiqudsr eftdrneinidutiig ahe aimthesiepar ati on

techni ques after or.durifnq the synthesis or .
preparation of Yhe vanous components, but some minor amounts of

organometallic compound will still normally be used in the polymerization
process itself.

20 Typically these compounds will be organometallic compounds such as the
Group-13 organometallic compounds of U.S. Patents 5,153,157, 5,241,025 and
WO-A-91/09882, WO-A-94/03506, WO-A-93/14132, and that of WO 95/07941.
Exemplary compounds include triethyl aluminum, triethyl borane, triisobutyl
aluminum, methylalumoxane, and isobutyl aluminumoxane. Those compounds

25 having bulky or C¢-Cy linear hydrocarbyl substituents covalently bound to the
metal or metalloid center being preferred to minimize adverse interaction with the
active catalyst. Examples include triethylaluminum, but more preferably, bulky
compounds such as triisobutylaluminum, triisoprenylaluminum, and long-chain
linear alkyl-substituted aluminum compounds, such as tri-n-hexylaluminum, tri-n-

30 octylaluminum, or tri-n-dodecylaluminum. When alumoxane is used as activator,
any excess over the amount needed to activate the catalysts present can act as a

poison scavenger compound and additional organometallic compounds may not



preparation of the various conponents, but sone mnor anmounts of
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further control of polymer particle morphology in typical slurry or gas phase

Di

reaction processes in accordance with conventional teachings.
In alternative embodiments of olefin polymerization methods for this
20 invention, the catalyst system is employed in liquid phase (solution, slurry,
suspension, bulk phase or combinations thereof), in high-pressure liquid or
supercritical fluid phase, or in gas phase. Each of these processes may also be
employed in singular, parallel or series reactors. The liquid processes comprise
contacting olefin monomers with the above described catalyst system in a suitable
25 diluent or solvent and allowing said monomers to react for a sufficient time to
produce the invention copolymers. Hydrocarbyl solvents are suitable, both
aliphatic and aromatic, hexane is preferred. Bulk and slurry processes are
typically done by contacting the catalysts with a shurry of liquid monomer, the
catalyst system being supported. Gas phase processes typically use a supported
30 catalyst and are conducted in any manner known to be suitable for ethylene
homopolymers or copolymers prepared by coordination polymerization.

Illustrative examples may be found in U.S. Patents 4,543,399, 4,588,790,



15 bed, slurry or solution processes conducted in single, series or
paral l el reactors. Pre-polynerization of supported catal yst of the
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for purposes o practice. Ce y speaking the
pol yneri zat i onacléaet fidh sobutioar aedirayoisasluriedy systems, 8ndithenee 4oyt dighbout

250C. Preferably the pol rization. n ' r L. | rom 60C
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| ow sol vent anbunt SThe invention is hence especially suitable for use with solution

polymerization using bridged fluorenyl systems and/or naphthyl containing non-
coordinating anions optimized for higher temperature and/or higher molecular

20 weight production at temperature in excess of 130 or even 170 degrees C and up
to 250 degrees C.

Linear polyethylene, including high and ultra-high molecular weight
polyethylenes, including both homo- and copolymers with other alpha-olefin
monomers, alpha-olefinic and/or non-conjugated diolefins, for example, C3-Czo

25 olefins, diolefins or cyclic olefins, are produced by adding ethylene, and
optionally one or more of the other monomers, to a reaction vessel under low
pressure (typically < 50 bar), at a typical temperature of 40-250 °C with the
invention catalyst that has been slurried with a solvent, such as hexane or toluene.
Heat of polymerization is typically removed by cooling. Gas phase

30 polymerization can be conducted, for example, in a continuous fluid bed gas-

phase reactor operated at 2000-3000 kPa and 60-160 °C, using hydrogen as a

e _—
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The ease with which these objectives can be achieved may vary with the
solubility of the non-coordinating anion and transition netal conponents.
Sone of tW@O0Mrss 15 active catalysts or those likely to BiWES29Yher nol
wei ght at a given tenperature, nmay have reduced-solubility or nmay be

nodi fied for increased solubility. The t+¥vention is hence especially
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et hyl ene-cyclic ol éfin and ethyl ene-a-ole I'n) elastomers of high
mol ecul ar wei ghite prockss can beropmied|out imi & stimed tankeeacmropanad thani dne opergtetihe

catalysts of tigesel'igsy SPEJLrgﬂel.u ngieeer thterg%g(ier%f gfggllc)susl'g lo!fltl;ll.g.nPatent 5,001,205 for

15 general process conditions. See also, International Applications WO 96/33227

and WO 97/22639. All documents are incorporated by reference for description

of polymerization processes, metallocene selection and useful scavenging
compounds.

Other olefinically unsaturated monomers besides those specifically

20 described above may be polymerized using the catalysts according to the

invention, for example, styrene, alkyl-substituted styrenes, isobutylene and other

geminally disubstituted olefins, ethylidene norbornene, norbornadiene,

dicyclopentadiene, and other olefinically-unsaturated monomers, including other

cyclic olefins, such as cyclopentene, norbornene, alkyl-substituted norbornenes,

25 and vinyl group-containing polar monomers capable of coordination

polymerization. See, for example, U.S. Patents 5,635,573, 5,763,556, and WO

99/30822. Additionally, alpha-olefinic macromonomers of up to 1000 mer units,

or more, may also be incorporated by copolymerization yielding branch-

containing olefin polymers. Additionally oligomerization, dimerization,

30 hydrogenation, oleﬁn/qarbon monoxide copolymerization, hydroformulation,

hydrosilation, hydroamination and related catalytic reactions employing



pol ymeri zati on processes or by introducing ethylene gas into a slurry
utilizing the a-olefin or cyclic olefin or mxture thereof w th other
nononer s, WP@MJBE i zabl e 10 and not, as a pol ymeri zat i on RGIYEH3, whi ch
the invention catalyst is suspended. Typical ethylene pressures will be
bet ween 10 and 1000 psig (69-6895 kPa) -afid the polynerization diluent
tenperature will typically be between 40 and 160 C. The process can be
carried out in a stirred tank reactor, or nore than one operated in series
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general proce | L4 Bl ﬁg{m”' i

96/ 33227 and%ﬁié%ggﬁvﬁ&dggﬁggﬁtggﬁe m%igl?ép%r elc‘i&%{? ]ér?lg e\rﬁgnce for
description adhegl ynerization processes, netallocene sel ection and useful -
scavengi ng conpou . h ol ef.i ni I saturate sj des

t hose specificall ynlq%(fa@ gﬁ‘?ﬁ"}?gglgg%so@?r%‘ygg‘éﬁﬁg? gérg%d’z%g&@ F’%dga %P\'%

cat al ysss accdndividgallyofor beordinatienpilpmeridation 6xeaiifbecmixed Yo priepare polymer

al kyl -substityted styrepes, isobutylene and ot her em nal |y disubstituted
o1 61 na. ot hy IR SiTkSHBBKPEWB OIe RSO RETHAGRTLCH T3t CPRPOIR O anc

ot her ol efi ni coFimhotmoiREAbléhds EtobFIMYIBA SatalySiCdoripolitisOpdIPmer Bl¥dsican B ef i ns,
such as cycl opentene, norbornene, al kyl|-substituted norbornenes, 25 and

vi nyl group- cdnerared werdep polymesizatinne saniditions, gnglogaus g theseusing, fpdividual

pol ymeri zati o : . W3 , and WO
99/ 30822. Addirbtafaﬁﬁgﬁ[ws.g%ﬁz& gﬁ%ﬂ%&“@%ﬁ?ﬁgnom g‘”?@ﬁ‘é&t pRdsdne,
units, Wor noraad othey tratitiond) denefss ayrilable Stonb polymsts| mader witlamixsd catalystii ng
branch- cont aigj g!neﬁ, s. Additionally oligomerization,

di meri zati on, s btgﬁf/ rog{égr}%ﬁo#g%?g%l efin/carbon nonoxi de copol yneri zati on,
hydr of or nul ati on, Tigdfoosaticat obH bjentiedd polymiersatanohe achieved at esiticthtomplyt i c
reactions enployin 01/ 30785 P USQ04 29093, -17 organonetallic cationic
Compl exes. can "DeEBcs) RITAHINER] o1k Provel 5 25 &  Biled S RE RBlePy; in

i nvention wit lgeReraity belidved thariasin blehdifig pronides a thorelsontagenddus prodidiandir t . The
catal yst conpositiaons, .of . the inyention can bg used as. descri bed above 5
vy cal |y PP S e S PR T Post ity Tt St e S B L par e

pol ymer bl ender infsith bithBiRg incobuw® cohbihing nisrk YHiR long ithlost i tHeahe rea€i@pouNds.

By sel ection . . L. . .
to simultaneously produce multiple distinct polymer products. This method

requires additional catalyst synthesis and the various catalyst components must be
matched for their activities, the polymer products they generate at specific
20 conditions, and their response to changes in polymerization conditions.

The following examples are presented to illustrate the foregoing
discussion. All parts, proportions and percentages are by weight unless otherwise
indicated. All examples were carmried out in dry, oxygen-free environments and
solvents. Although the examples may be directed to certain embodiments of the

25 present invention, they are not to be viewed as limiting the invention in any
specific respect. In these examples certain abbreviations are used to facilitate the
description. These include standard chemical abbreviations for the elements and
certain commonly accepted abbreviations, such as : Me = methyl, Et = ethyl, t-Bu
= tertiary-butyl, Cp = cyclopentadienyl, Ind = indenyl, Flu = fluorenyl, THF (or

30 thf) = tetrahydrofuran, Ph = phenyl, and pfp = pentafluorophenyl.

All molecular weights are weight average molecular weight unless

otherwise noted. Molecular weights (weight average molecular weight (Mw) and




of nononers, blends of coordination catalyst conpounds, polynmer blends can
be prepared under polynerization conditions anal ogous to tggg Si ng

i ndi vi dusNO0184784| yst conpositions. Polyners having i ncr 843 for

i nproved processing 10 and .other traditional benefits available from

pol ymers made with m xed catal yst syst-dds can thus be achieved. The
formati on of bl ended pol yners can be achieved ex situ through nechanical
bl ending or in situ through the use of a m xed catal yst system It is
general |y bel namber aygiegs moldcular yyeighii %n)pwem degsyge Geb Rgresstion s
product and 1 d al of
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activitses, tisamp!bkymfe P dic 1 2, 4-kiehofdertent e(1a5°C)pasing | three2Polyaredi t i ons,
xanpl os are. febwtrise Ho O st B s3REs F18,5205: nd BoReblL PORAE par o
proportions amkchRes i Eged (ﬂfr@mb&igﬂ&ﬁhﬂm Pol§mefHSandtRudted BRteriadmeaf. ed. Al |
exanpl es were carried out in dr gen-free environnents and solvents.
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any specific n t exanpl es certain abbreviati.onS are used to
facilitate t hewerd@mpioypd,l bmweVéhedam on denefelly taceepted dstaridards c alg. MNabpeali at i ons
for the eleme n [ nl C [ S o Me
eyl et Dueft SRt TR 7S e BPR et A .Zelﬁﬁ 'nd =
I ndenyl, Flu iomemnyhlchWhEca(unlatediﬁ)m ehiortitnes.r ahydr of ur an, = phenyl ,
and pfp = penMenyl. Al'l nol ecul ar wei ghts are wei ght average

nol ecul ar wei ot herwi se noted. Ml ecul ar wei ghts (wei ght average
mol ecul ar wei GHolyniérixhtiaiExanplés1 130785 PCTI USO0I 29093 - 18 nunber average
nmol ecul ar wei ght ( were nepasured by Gel Perneation Chronmatography,
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scattering (LS) detectors and calibrated using polystyrene standards.
Under a nitrogen atmosphere, a 1-L autoclave was charged with hexane (460 mL)

and trioctylaluminum (0.04 mL of a 25 wt% solution in hexane diluted with
hexane (10 mL)). The autoclave was stirred at ca. 1000 rpm, heated to 113.6 °C %
20 0.4 °C (press = 47.2 £+ 0.5 psig, 426.7 &+ 3.4 mPa) then pressurized with propylene
to 103.3 £ 0.3 psig (813.6 £ 3.1 mPa) then ethylene to 251 (psig 1730.6 mPa).
Ethylene flow into the reactor was allowed during the copolymerization. An
activator (“Act”) solution in hexane 3.94 x 10~3 M, [(3, 5-(Et3Si)-Ph)sC}+
[(pfp)sB]-, (20 mL, 0.79 pumol) was pumped into the reactor. Then an

25 organometallic catalyst precursor compound (“Cat”)} solution in hexane 3.97 x

10-3 M, (p-Et3Si-Ph),C(2, 7-(t-Bu),Flu)(Cp)HfMe;, was added at a variable rate
sufficient to maintain ethylene flow into the reactor at < 1 L/min and the reaction
exotherm < 0.5 °C. The mean temperature during the polymerizations was 113.7
°C + 0.5 °C. Ethylene uptake was monitored with a calibrated mass-flow
30 transducer. The polymerization was halted after ca. 11 g of polymer was

produced. The reactor was vented and cooled. The polymer solution was poured



5 Sanples were run in 1,2,4-trichl orobenzene (135C) using three Polyner
Laboratories PC Gel m xed B colums in series. This general technique is
di scussedwpo®1/3a7B%ui d Chr onat ogr aphy of Pol yners and Rel FAPWER ars 111
J. Cazes Ed., Marcel Decker, 1981, page 207, which is incorporated by
reference for purposes of U S. Patent p¥actice herein. No corrections for
col um spreading 10 were enpl oyed; however, data on generally accepted
standards, e.g. National _ Bureau of Standards Pol yethyl ene 1475,
dermonstrat ed affpmdhe esaelar iftq A lagobeaker sTher rsactvagringed evithadditiopalchot at ed
fromelution tjdEse gg?%%mhﬁﬁ The FStyMEESoIARLE Wareoomibited thehrdateaitiea | 2.
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conduct ed as fsiteamnef nitiggerefto semover beyane: atthe Pplyies wag furtheradiies pades was

charged with A I : i (0.04 nL of a 25 %
solution in hgﬁgggﬁéﬁg?&mwﬂggﬁgh{%‘?ﬂ#ﬂr@%e aut ocl ave was stirred
at ca. 5000 r pBxanipelledPdlymériZati6n Exanfifle 0. 4 C (press = 47.2 0.5 psig, 426.7
3.4 nPa) then presspurized wit ropylene, to 103.3t 0.3 psig (813.6 3.1
nPa) then ethyl enesﬂ?pr%Td'Crﬁé’FéQY%P%ﬂ?ﬂDa). Et hyl ene flow into the
reactor was alwrpmgnéﬁﬁti@pWrization. An activator ("Act")
solution in hexane 3.94 x 10;02 Mgléeg 5-(Et3Si)2-Ph)3C]+ [(pfp)4B]-, (20
nL, 0.79 grmol) was HisRsecednisob 1 i ¢%%r. Then an 25 organonetal lic '
catal yst precUugsfipl€ o4 erizafiod ReéacBiga Uti on in hexane 3.97 x 10-5 M

(p- Et 3Si -Ph)ZC(‘Z,—%-—(‘t-Bu 2Fi u) (Cp) Hf M2, was added at a variable rate
suffici®nt to nai ntBhen genasll ehdar [way pondycted ewitle an grgapemetallic) galystang t he

reaction exotherm< 0,5.C. The n at ur i e | ymeri zati ons
ho 1137 O oo BRI dheake (8e Nonrisrisa i Drane ey
mass-fl ow 30 tEexasehasinusdd WlaRUf T4t salutiemineramplaiaed after ca. 11 g of

pol ymer was produced. The reactor was vented and cool ed. The pol yner
sol ution was c YerasHo W0/ 29093 -19 fromthe reactor into a

| ar ge beaker. The r-ﬁ?é:ﬁrggedm@somawfgpatédj addi ti onal hot hexane (ca. 500
mL). The pol yner solutions were conbﬁj‘g?e&gt h&n treated with a stream of
P Wt

ni trogelf to reHxampleda Semparpyetya 6F9Ber dried under

The procedure of 1a was followed with prior art hexane soluble activator.

A 1.5 x 1074 M tris(perfluorophenyl)borane (B(CgF5)3) solution in hexane (25
mL, 3.78 pmol) was pumped into the reactor in place of the activator solution
used in example 1a. Due to low activity, the polymerization was halted after 2.92
20 g of polymer was prepared. '
Example 3b. Comparative Example: Act B(CgF5)3
The procedure of 3a was repeated. Due to low activity, the polymerization
was halted after 0.7 g of polymer was prepared.
Comparison of examples 3a,b and 1la-c reveal that [(3, 5-(Et3Si)-Ph);C]+
25 [(pfp)«B]- is a more effective activator than (C6F5)3B. In exp. la-c, 0.11, 0.13
umol of (p-Et3Si-Ph),C(2, 7-(t-Bu):Flu)}(Cp)HfMe, was added to a reactor
containing 0.79 pmol of [(3, 5-(Et3Si}-Ph):Cl+ [(pfp)aB]-: 1033, 12.41 g of
polymer were obtained. In examples 3a,b much larger amounts of (p-Et3Si-
Ph)2C(2, 7-(t-Bu):Flu)(Cp)HfMe; (0.7, 0.9 pmol) and (CsF5)3B (3.8 pmol) were
30 employed but very little polymer (2.92, 0.7 g) was obtained.



vacuum at 80 C. Polynerization data is given in Table 1. 5 Exanple Ib.

Pol yneri zati on Exanple The procedure of | a was repeated. Exanple |I c.
Pol yer i Z¢¢ bmserdsxanpl e The procedure of 1 a was repeat e RCT/USHHIE 2a.

Pol ymeri zati on Reaction 10 The general of |a. was-conducted with an
organonetal lic catal yst precursor substitution: A 5.0 x 10-5 M

rac- Me2Si (I nd) 2H Me2 solution in hexane was in used place of the Cat
solution in exanple | a Exanple 2b. Polynerization Reaction The procedure

of 2a was repdixamgle 485 PBlyarepizatiokcExa@pte Achi(3,\Se(BE&)RhSCl Kpfp)dB]-C6F5) 3 The
rocedure of la was_followed wth prior art hexane sol ub act.i or. A
D T4l {21 o T Presa s b AT 5 e [BERE CASTIgt 8f [ TEp fbrane (25

nm, 3.78 I i it h ' '

Coi uti on PuserUiRGROMAN Ol Pmg 3.1 EREIMG KBGO M) baE iR HALST 1 was

hal ted after 2mgherpfltered thrpegh af45\uwm filter priorct. pumpingpinte ths rectarfdPl at i ve

Exanpl ey Act Eﬁg F5)3 The procedure of 3a was repeated. Due to | ow

activity, the pol'ynmerization was halted after 0.7 g of polyner was
prepar ed. ConBuanmtadito Potymerizhtion Beaniplaictt [(63, S-E$0aPhk Rt [(BERB]
5-(Et3Si)2-Ph)3C+_.25 [(pfp)4B]- is, a nore effective activator thgn
(CB6F5)3B. In exp. |Thg Brocegure of (expmple, g Wass repsaied Jiingpeoggme filtere
7-(t-Bu) 2Fl u) (GrxbhMe2 was added to a reactor containing 0.79 nol of [(3,
5-(Et3 Si)2-Ph)3C]+ [(pfp)4B]-: 10.33, 12.41 g of polymer were obtai ned.
I n exanpl es 3aBanplede. | CongratveixampleofAct [PhECEIB(CHR)IC( 2,
7-(t-Bu)2Fl u) (Cp) Hf M2 (0.7, 0.9 pnol) and QCGFS)G;B (3.8 nol) were 30
enpl oye@ but very |Thetpracedure\fegxamplegin wes follgyedagthom agtivalgr coprrapnd30785
PCT/ US00/ 29093, ha2G: Exanpl &: 'n'}‘tg»‘fééf'b b O R : :
5-(Et3Si) 2- Ph?sélatﬁ%f [)?4%1’&%%&&0% u%‘gh%lf exagg’lgtﬁ?%ﬁa%hgh{r@o&%%’ed. A
m xture of [ ([PEsCIEMS®EFIa] LY. BogHs.5 waid) #hBlhexane8@miy, was. sirrsdfor 18nd
hexane (80 nlL) was stirred for 15

min then filtered through a 0.45 um filter prior to pumping into the reactor (20

mL).
15 Example 4d. Comparative Example: Act [Ph3C]* [B(CFs)] ™
The procedure of example 4c was repeated using the same filtered
solution.
Experiments 4a-4d illustrate an important consequence of the much higher
hexane solubility of the activator [(3, 5-(Et3Si}-Ph)sCJ+ [(pfp)aB]- relative to
20 Ph3C* B(C6F5)4~. Because [(3, 5-(Et3Si)-Ph);C)+ [(pfp)sB]- is more soluble
than Ph3C* B(C6F5)4™, larger amounts of R1 can be pumped into the reactor.
Polymerizations conducted with (p-Et3Si-Ph);C(2, 7-(t-Bu)Flu)(Cp)HfMe; / [(3,
5-(Et3Si),-Ph)sCl+ [(pfp)aB]- produced 10.62 and 11.37 g of polymer while the
corresponding  (p-Et3Si-Ph)2C(2,  7-(t-BulFlu)}(Cp)HfMe; / Ph3Ct
25 polymerizations produced almost no polymer (0.07, 0.08 g) even though ca. 3
times the amounts of (p-Et38i-Ph);C(2, 7-(1-Bu)Flu)(Cp)HfMe, were used in

examples 4c-d.

30



mn then filtered through a 0.45 mfilter prior to punping into the reactor

(20 5 ni).

sol uti on.

Exanpl e 4c.

. Exanpl e 4b. Pol yneri zati on Exanpl e:
5- (Et 3Si )woPH3038s] + [ (pfp)4B] The procedure of exanple 4 ZCTAS
the sanme filtered

Ac

t [((3,

Conpar at i ve Exanpl e:

0?’%"We"at ed using

Act [Ph3C]+

[ B(C6F5) 4] 10 The procedure of exanple-%b was followed with an activator

conpound

substitution:

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

and hexane (80 ni),

was stirred for

filter prior to punping into phag

YMERIZA!
Act [ Ph3C] + [ B(C6FE5) 4

Lo

A mxture of tritylcarbenium
+ [B(C6F5)4] (5.1 ng,

5.5 nol)

then filtered through a 0.45 m
TIORRESUTS 15 Exanpl e 4d.

Conpar ative Exanple: The procedure of exanple 4c was
repeat ed usi ig Eké# sqmmdliat §r quehol s ¢Relyimeen. | WkPeCsi nenMs 44- 4Mw Mustrate an
I mportant comsequencg of the{nu hilg hex spl ypiy 1 tly e
activator [(3, 5-(Et3Si)2-Ph BCﬁg [ p]t}%sﬂB] - f‘gﬁat ] vgﬂﬁo Zoo@hlgg
B(C6F5) 4-. B4QgUuSe [(3.a sg EI 3 ~FPR).3CL+ [ ( piP) 28] nor ol ublle t han
Ph3C+ B(C6F5)4-, | ar( ero' 1 3-()) Rl léiﬁl’l\ He g%npp 6;22%?17 tlhe Féactod.
Pol yneri zati ¢A8 condiict ediwi {h o9 Et|33i1-79h)[2C(R, 7} (647689 2Fi 1)A Cp) HiMe2 /
[(3, 5-(Et3$2=Prr3c+TfrimZAB1pruducygd—1062 187 g of ol yner
while the .cc)rl%espondi R 8. e 2519 ) 2683 |7 (32 Bul) 2EPOY dp) ihe2 /| Phace
25 pol yneri zataons pio al npad o 1pgbyer 26.9. 0f7, 08 [g) aeven though
ca. 3 tinmes {theanpyntsof {p-Et 3SH- PR} 2602 —7—(H-Buy2F-)-{-CpHi-MER wer e
used in exafpPes 4c{d.0.B8 WO ON7B0185 1R&T/|USRY/ 2\%)9'3 a -21f TABLE |
POLYMERI ZATI ONafBSUCTS ol T [p POl yngyr Y NW M 1Act
mass (IR (LEL. _(DRI) 1(F§98§ ?Q3§a7c ng%m ’%?@794 7543?%: g

3b(C) 0.893 3.8 0.7 b b b

4a 0.067 | 079¢ | 10.62 31 622215 | 1.9

4b 0.067 0.79¢€ 11.36 32 595706 2.0

4c(C) 0.194 d 0.07 b b b

4d(C) 0.225 d 0.08 b b b

(a) Polymer not analyzed by GPC. Melt Indices measured at 190 °C employing a

2.16 kg weight: exp. 2a, 0.284 g /(10 min); exp. 2b, 0.314 g /(10 min). (b} not measured
5 (c. d) R1 is completely soluble, exp. 4a,b, while Ph3C* B(pfp)4—has little solubility

under these conditions (d) pmol of Ph3C* B(pfp)4~ added is unknown.

Example 5. Synthesis of Invention Act [((3, 5-(Et3Si),-Ph)sCI+ [B(CF;)s] ~

(1) 1,3-Brp 5-(Et3Si)benzene. A 3 L flask was Charged under nitrogen
10 with 1,3,5-Br3benzene (100 g, 0.318 mol), OEt2 (1 L), cooled in a dry ice/2-PrOH
bath then treated with one equivalent of n-BuLi (79.9 mL of a 3.98 M solution of
BuLi in pentane, hexane). After stirring for 30 min, Et3S8iCl (59 mL, 0.351 mol)
was added. The mixture was allowed to slowly warm to room temperature. The
flask was brought into the drybox then the pentane was removed with a stream of
15 nitrogen gas. The solids were extracted with pentane (4 x 20 mL). The pentane
washings were filtered, the salts were washed with pentane (5 x 20 mL). The
product was isolated from the pentane washings by vacuum distillation, bp = 89-

95 °C. yield (89.67 g, 0.256 mol).



b 0.11 0.79 11.79 31 647659 1.7 1 c 0.118 0.79 10.33 32 575956 1.9 2a
0.045 0.79 10.69 26.5 a a 2b 0.164 0.79 11.28 27 a a Sa%@)s%(% 8 3.8 2.92
32 57391W0I0180788h(C) 0.893 3.8 0.7 b b b 4a 0.067 0. 79& 622215
1.9 4b 0.067 0.79c 11.36 32 595706 2.0 4c(C) 0.194 d 0.07 b b b 4d(CO
0.225 d 0.08 b b b (a) Polyrmer not anat3zed by GPC. Melt Indices neasured
at 190 C enploying a 2.16 kg weight: exp. 2a, 0.284 g /(10 mn); exp. 2b,
0.314 g /(10 min). (b) not neasured 5 (c. d) R is conpletely sol uble,
‘exp. 4ab, while Ph3C+ B(pfp)4-has little solubility under these conditions

d) Funol of Ph3C of
I(nzlen'ltJ ingn zct [((yﬁ(Sm%rEjt 3—%E§§ﬁ§ﬁ3n%%e“ﬂ?%?ﬁ£ia:s§%iﬁ% eéwnﬁﬁ‘@ﬁdé

"5- (Et 3Si ) benzeM8 mal)3anhyiioas kthen sparhat withl nitrogen, cobleddg erdry Iéb/MtOH

ath then & bR Fsh vl oracesbivele of emli (6T 8 40 Ay T

sol uti gn of ﬁhlhlhekﬁeﬁ@lﬁh@ﬂﬁﬂut@@&ﬁﬂﬂ))mLN:ﬁﬁ;Sent‘ahéY rAﬂﬂ@ stifting36r 43 fhin, Et 3Si C
(59 nmL, 0.351 ny| was The m xture was allowed to slowy warm to

room t enper at‘@iﬁ%‘ ﬁpémh %ﬁmﬁb)swﬁraéé%frh?H%WW@SGP?‘M&‘%SMYWpent ane
was rermved racted
w th pent ane &rgé%ﬁéﬁ?tﬂ}eéye%ggl t ;Irr?g%& %?HEEE@E?@ d{ﬁ%‘ﬁhg{%’e salts
wer e washed vpdntanpems aemoved witl?@ strkam oTInﬂrogpm gahJcThe/\mhds yadraexdccfedom t he
pent ane washi n by va istidlation = 89- 95 C. 89.67 g,
250 ol - VBt pebe X rttaso ds Grage Bnings Sperd Higred! i vt g Do e
A 3 L bl ask vagtiliedan aad 2 \wbidistilled SPhentbinedQnith®e (8 469%)1%@4@ 126her,
sparged with nltrogen cglgl ed in a dry ice/2-PrOH bath then treated with

one equi val enf® lo} bepzens (3443 & )(5015]6“125’ Dhwas teleam unqie ethee (COdpkk i on
CERERL ® A a v Ca e TR
ca. 60 min, Et3SiCl (10 mL, 59.6 mmol) was added then the mixture was allowed
to warm to room temperature. Workup was as described above on a smaller scale.
15 Fractional vacuum distillation gave 2 bp 160-170 °C.
(3) 1-Li 3,5-(Et3Si)2benzene. A solution of 3 in OEt2 was prepared
from 3,5(Et3Si)2-C6H4Br (15.1 g, 39.2 mmol), lithium metal (1.8g, 259 mmol)
and OFEt2 (ca. 200 mL). The solution was separated from the excess lithium. A
concentration of 024 M was determined by titration with 4-Me-
20 phenanthroline/nBuOH.
(4) bis-(3,5-(Et3 Si)2phenylketone. Dimethylcarbamy! chloride (88 uL,
0.96 mmol) was added to a 0.25 M solution of 3 in QEt2 (7.6 mL, 1.9 mmol).
After the exothermic reaction was complete, aqueous ammonium chloride was
added then the aqueous layer extracted with ether. The ether extracts were dried,
25 reduced to an oil then chromatographed on silica gel eluting with hexane then 5%
OEt2/hexane (v/v). 4 was isolated from the 5% OEty/hexane eluent. yield (0.5 g,
0.78 mmol).
(5) tris-(3,5-(Et3Si)2phenyl)methanol. 4 (0.5 g, 0.78 mmol) was taken up
in OEt2 (20 mL) then treated with 0.24 M 3 in OEt2 (3.3 mL, 0.79 mmol). The

30 color turned light blue then yellow. After the reaction was complete, aqueous



to roomtenperature overnight. The flask was brought into the drybox then
the pentane was renoved with a stream of nitrogen gas. _The s I'gs wer e
ext r act eavo oa/aet8spent ane (300 nlL). The pentane washi ngs REFASPYINR, ed t hen
vacuum 10 distilled. | and 2 co-distilled. The combined m xture (tot. 46.9
g) containing 12.6 %1, 3-Br2 5-(Et3Si yBtnzene (5.43 g, 15.51 mmol) was
taken up in ether (50 nL), cooled to -80 C, treated with 2.15 M nBuLi (7.2
m., 15.5 nmmol) then stirred for ca. 60 mn. Et3SiCl nmL, 59.6 nmol) was
added then t hemmogium ehlgpde was %Mé%lthe{‘éh%éﬂ”ﬁ?‘{so‘aY%GW%‘é‘?ﬁ’p%P@Fre rkup was

as descri bed me'd% %e&ﬂ B a;h%lFr 4 maéomw distillation
gave 2 bp 160- %ﬁl)&gaaf%e en c 0 ébgﬁége(e sol ut?l?m of 3 in OEt 2_

was prepared from(6) ﬁﬁ3§§3}3§1mmﬂ)n(eﬂyl@l@d33§ @ Tl 977 mmal) WA net al

Uhe axcess |1 takenp iy e S th peated B0, ARl GRRE 05, Lo 700
\g ?nr;t ﬁyf\/gar ﬁgnm@ya,ag Added Agéﬂ}%ﬁﬂg fof 10 min, She(t&nﬁerétﬁfﬁwﬁlrhﬁﬂmmﬂ jrdet one.

hl d 0.25 M
sol ution of Brgmﬂ&tﬂgr‘lf@eebsﬁﬂedp Qefg’ﬁ‘oﬁ’f rggo’mnc ﬁ ng Bwé‘g &rﬁ%mp@acti on

was conpl ete, téﬁ%éﬁé}h'l% AFHD RbNEMC W redsvedasy vaslips diskfiaidnie Addiwads | ayer
extracted with e The ether extracts were dried, 25 reduced to an oil

t hen chr omat ogmlaqzme(ao mh)mﬁdﬂadgeiheé?slﬁuﬁwlWQYP@E‘%M“?‘I‘}&&@@ 478+ 2/ hexane
(v/v). 4 was 'OS @ﬁlg fromthe 5% OEt 2/ hexane eluent. yield (0.5 g, 0.78
mol ). (5) tris-( (Et 3Si ) 2Phenyl )met hanol. 4 (0.5 g, 0.78 nmol) was

taken yp in OFt2 (@ BE)E gsggm)seat(ackmm’ro DABICEFSMT QR nfg3. B4TL, 0. 79
mol ). The 30 color turne |gl blue then yellow, After the reaction was

conpl ete, aquemnsl)m@d_dezé(tﬂaso ob6d945@08. 47112801&%#@“*‘6?1%‘97‘% was
added then the_aqu et. her Th [ exjracts were
dried then red&‘&@ﬂs ?‘T °F§\eeﬁ'8&ﬁgk7‘§lt8 ﬁ}‘ﬁffe)" iy %‘?e redction
tris-(3,5-(Et33 n yl.C 8B g@gq.}, t aken
up in dry tol Lf8'r’1 e v%{}ﬁ?tﬁléé h@a%({dggd{%l @b({ugt Zﬁ"&et )W&Sé‘? I d g’( 5m, 70.3
5 nmmol ) was adgkael) wak hédedStifrédeyefmight1 Rediced ntixtarelte ameraagw:b Enpactedni sed 20
rCognmd tl?e m ti%(ﬁlcm?thohbo% cre)\;/a(ralg (& b gOe];nlLuxhen erng rm..P fIltre]nee% tﬁen pilz\t%gd }no cool to

freezer. After 2 h the solids were collected by filtration then dried. yield (394

mg, 0.245 mmol)

Example 6.  Solubility Studies

A measured amount {ca. 50 mg) of activator and dry hexane (ca. 20

20 mL) was stirred for 30 min then the sample was filtered through a 0.45 mm filter.
The [(3,5-(Et3Si)2Ph)3Cl]+ [(C6F5)4B] filtrate (Act 1) was orange colored while

the [Ph3CT* [B(pfp)s]- filtrate (Act 2) was colorless. The mass of the sample was

recorded then the hexane removed with a slow nitrogen stream. Weight %
solubility of the activator was determined as 100(mass solid remaining) / (mass

25 filtered aliquot).
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tenperature. The sol vent was renoved by vacuumdistillation. Additional

tol uene (20 nL) was added to the residual oil then vacuumdistilled. yield
(0.45 ¢, wdnégrssnol ) 10 (7) (3,5-(Et3Si)2Ph)3C+ ((C6F5) 2BT/USPI29BBCEF5) 4-
(320 nmg, 0.47 mol) was added to a solution of 6 (0.45 g, 0.47 muol) and
met hyl ene chloride (20 nmL). Evaluatior2of the 1H NVR of the m xture
reveal ed that the reaction conversion was only 86% an additional aliquot
of Li+B(C6F5)4- (45 ny, 0.07 nmml) was added. Sti:rred overni ght. Reduced
‘m xture to an orange oil. Extracted 15 pﬁﬂygf.égtmgfgp hot hexane (3 x 50 nL
then 1 x 25 nL), filtered then ptaced—+n— h the solids
were col l ected by filtrafftmtarheraligr mass? 90@@35(539Wt‘y ', 0. 245 mmol )
"Exanple 6. Solubility St s A ed nt (cgq750 ng) of activator
and dry hexane (ca. 20 Hg“e m@qu?rregq?gr 30 m n then t he sanpl e was
filtered through a 0.45 ffh¥i | t er1305§he [ @3.75- (Et 38i1§2Ph) 3C] + [ ( C6F5) 4B] -
filtrate (Act 1) was or col or ile he [ Ph [B(pfp)4]- filtrate
(Act 2) was col orl ess. ﬁglezmass 0 %:’g sar(r)p%e was 8rgle)%borded t hen the hexane
renoved with a sl ow nitrdgeh stre’ér}OSV‘él gt % sol Q98 ty of the activator
was determ ned as 100(mass solid remaining) /7 (nmass 25 firltered aliquot).
30 WO 01130785 PCTI USOQ 29093@) mas®+h rhg (b} kkehCanMpbetligiit of ACt i vat or al i . massa
solid mass wt % Act 1 13141, é%%? 0.17 Act 1 13056.1 21.7 0.17 Act 2
12512.6 0.2 0.002b Act 2 137BBI-0 008b (a) mass in ng (b) likely an upper
limt of solubility. WO 01/30785 PCTI USOQ 29093 - 25-




CLAIMS 1. A conposition of matter conprising a trialkylsilyl-substituted
carbenium cation and a noncoordi nati ng or weakly coordi nas‘} lon. 5 2.
The conpo®DWL/MT8Hf claim 1 wherein said cocatal yst conplrg s@%@scri bed by
the followng fornmula: [((t'R2R3Si)5-nC6HN) n{ C6H5) 3. nC] + [ Ar, where each of
R, R2, and R3 is independently a subst#t-uted or 10 unsubstituted Cl to
C30 hydrocarbyl group, n = 1-4, m= 1-3, and [A]- is said noncoordinating
or weakly coordinating anion. 3. The conposition of clains | or 2 wherein
sai d noncoor dCAMMY) or weakly coordinating anion is a . hal ogenated,
tetraryl-substituted G oup 13 non- carbon, elenent-based anion. 15 4. The
conposition of clainms 1-3 wherein fluorjne groups are substituted for

hydr ogen at omd- on Arronmpogition of matter eampsising) 4 (rialkylsifxl-substitiied caherif®se aryl
groups, of said anjgfy, and o ABfcobRIRARE bi WEKR cobtdhdiBg AnidnWher i n sai d ani on
contains a boron or alumnumas a central el enment. 20 6. The conposition
of claisrs 1 oR. 2 wikbe eomposition ofielaim 1i whegein said recatalyst complends deseribade
carbonate, netallo | ocar borane. 7. The conpositions of
clainms 1-6 wherei nggg%hr}&(lﬁv%g?@’ %and R3 is i ndependently a C to C32
linear or branched al kyl gr (R R B SIEHEHIMBIB:HCTNAT, clains 1-7 wherein n

= 2-4 and m= 2-3. 25 9. A use of a conplex of trialkylsilyl-substituted
carbeniumcation angd a G;ou 8 ebenent_inoncoordi hat,i ng ot weakl

coordi nating ani on""‘?‘ﬁre §?“$‘bi°?i éi’ng‘ 2SR adb Al e&Fﬁ“P% %a?asf"@gtfm%%n%round in
the pregparation of ydsubstithted 3 tto Tsyhydtaehibyl grolyy, e+ il i ert-3rand nfAY™ is

pol yneri zati on procegs itself. 10. A Pr-oce s for the preparation of

pol yol ef i ns from offid Bpnceerdinaing o weakly ogqr B8 conpri si ng combi ni ng

under pol ynerizzat i gRe eapbsitioR BT chathsll 0P Sfhertn #id Horichérdmasiiet weaklyc onbi ni ng
i) an organonetal lic catalyst conpound and ii) a cocat aIGx;ost conpl ex
conprising a trial keardinpting mmipw; issp dwlogepatedpdatrarybspbstityted Group 13 non-

1,1111111111111111 L b ofenfenSbdsed baiof,! |1 11111111

15 4, The composition of claims 1-3 wherein fluorine groups are substituted for

hydrogen atoms on the aryl groups, or on alkyl substituents on those aryl
groups, of said anion.
5. The composition of claims 1-4 wherein said anion contains a boron or
aluminum as a central element.
20 6. The composition of claims 1 or 2 wherein said anion is a borane,
carborane, borate, carborate, metalloborane, or metallocarborane.
7. The compositions of claims 1-6 wherein each of R!, R? and R} is
independently a C; to Cs; linear or branched alkyl group.
The composition of claims 1-7 wherein n =2-4 and m = 2-3.
25 9. A use of a complex of trialkylsilyl-substituted carbenium cation and a
Group 13 element noncoordinating or weakly coordinating anion in
stabilizing an organometallic catalyst compound in the preparation of a
catalyst for olefin polymerization or in a polymerization process itself.
10. A process for the preparation of polyolefins from one or more olefinic
30 monomers comprising combining under polymerization conditions said
olefins with the product of combining i) an organometallic catalyst

compound and ii) a cocatalyst complex comprising a trialkylsilyl-
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LTt Flo WO 01/ 30785 PCT/ USO0/ 29093  -26 substituted carbeni um cat I on
and a suitabl e roncoordinating or weakly caoordinating anl on. Jgép

process WOUMBHIBRg to claim 10 wherein said cocatal yst c BEpUS303 descrl bed
by the following fornmula: 5 [((R R2R38|25-nCGHn)n(CGH5)3 rrC]+ [Al-, where
each of RI, R2, and R3 is independentI"$®a substituted or unsubstitut ed C1
to dO branched or I|near hydrocarbyl aliphatic group, n = 1-4, m= 1-3,

and [A]l- is a nonc rd| g, or weakly coordi nating gni on. 10 The
‘process of accor df ‘*%’é““ifa tomy dwetq?é %%H’r%?’al‘“ﬂ#‘éy cat al yst

conpound and the g&ﬁ.aﬁ,adlﬂgsgm‘gprrpl ex conprising a trialkylsilyl- substituted
carbeni um cation and the noncoordinati nglganl on are_ dissolved separately or

‘sequenti al |y lln aThy gresess pesarding (e aleim 119, wirpreinpsaish eacatalyst sewplediifg t o
claim 12 wherein { ﬁggwgf&g%‘gédfggmhﬁss 15 than 10 wt % of an aromatic

sol vent, such as tol uene "and al a tenperature of less than 250 C

to a ps)l yneri zation reacto[((R'RfR3SﬁhaC;HM€sHs)gj1Ch¢Abrdl ng to any of the
preceding clains wherein said organonetallic catalyst compound is a G oup

3-11 nmetal conpounvherec@patblof Bf, R iamdt Rorisf independéntly polsybistinitethtoron to a

structurally saturat | en at . oni t at.e .The rocess of
according to any (‘J‘f“’g’ﬁ%ﬁlﬁ\gdﬁ"% 8‘? l%f‘f‘ ogaE pliphatic groyp, n

organonetal | i c catja4, y&k 1@%&@&%&&@&1@%@%&%@ dReRing GAiBROUN
having the formula : where, LA is substltuted or

unsubsgi t ut edZCycITchpam% efigtconting treelainic ik dBewkesein dhg breanemetalliey | i gand
1c;bonaed 10, M, | Suubcdie ol e USnihSSaflonikh LLga 1,
| i gands may be cowabs&imtt(yca:bem«iatxmwﬂtthenondoomlughng) agiop arendisselv@doup 13- 16
el ement - cont ai ni ng.separa kiy 5 sequentially in a hydrocarbon solvent.

13.  The process of according to claim 12 wherein the solvent contains less

15 than 10 wt % of an aromatic solvent, such as toluene and is added at a
temperature of less than 250 °C to a polymerization reactor.

14.  The process of according to any of the preceding claims wherein said
organometallic catalyst compound is a Group 3-11 metal compound
capable of activation for olefin polymerization to a structurally saturated

20 monovalent cationic state.

15.  The process of according to any of claims 10-14 wherein said transition
metal organometallic catalyst compound is a Group 3-6 metallocene
compound having the formula :

LAL® LS, MDE
25 where, L* is a substituted or unsubstituted cyclopentadienyl or
heterocyclopentadienyl ancillary ligand 7-bonded to M: L® is a member of
the class of ancillary ligands defined for L2, or is J, a heteroatom ancillary
ligand bonded to M; the L* and LP ligands may be covalently bridged
together through one or more Group 13-16 element-containing linking
30 groups; LS is an optional neutral, non-oxidizing ligand having a dative
bond to M (i equals 0 to 3); M is a Group 3-6 transition metal; and, D and

E are independently monoanionic labile ligands, each having a ¢-bond to

Jr—
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30 groups; L'; is an optional neutral, non-oxidizing |Iigand having a dative
bond to M (i equals 0 to 3); Mis a Goup 3-6 transition netal: and, D and
E are i nO¥QOKEBR | y nonoani onic | abile |igands, each ha\ﬂcﬁﬁjsa"’%?p?}ond to

Thi s Sheet Has Been Replaced 11111111111111111 1111111111111 WO 01/30785
PCT/ USO0/ 29093 -27 M optionally briddtd to each other or to LA or LB,

whi ch can be broken for abstraction purposes by said cocatal yst conpl ex
and into which a _pol yner] oner, can insert for

bl 3
coordi nation pol Q%Hiyé%‘.dggi g’&%ﬁé‘egfgbﬁégmﬂlﬁ?w@@W%@ nMis
titaniumand LB i $orlabsRadtivhSiuesisey by a1l édcatalyst baiamex %n@qaégahim M 17. The

process of claim15 wherein Mis zirconiumor hafniumand LB is.

i ndependent |y a s@elmerizable) monomers on, saciomonemes, 63t insert o epprrination

het er ocycl opent ad'haw}eﬂ h/ lary ligand a-bonded to M 10 18. The process
of according to ahy“of the preceding clainms wherein said olefin '
pol ynes i zat i df. coldtie progess of sapmildewherein Miis @aniusuapd dcris U @ béterogtomssur e,

bul k, slurry or g?g‘iiﬁ%ﬁﬁg?%ré)‘ grfsdse?googguct ed at reaction tenperatures in a

range fromgreate eq Cto greater than or equal to 300 C

and pres;uresnf rorrhgq;mszroﬂm?l mmtgai M ﬁrcbﬁuﬂl][@allﬁﬁﬁiumlﬁldtblﬁﬁkmgr equal
to 2000 bar. 19. The pr.ocess of agcording to_an clains ]10-18 erein
said process is affdepdemly; iz sdbstiviedn %r&eﬁﬁbét“{‘@adlﬁffl@??“ﬁdle&y e¥ction

tenperature great §itedold eRfadfRAAGhcill atd -Boste@?d . than or equal to 250
T. 20. The process gf gdg%pordi ng toma%f}%f t he preecedi ng clains 10-18

wher eith 20 d48i d Fherzepsss of aeepidingsta,anyy of thegprecedingselaimsnwhereinosaideact i on
product is affix o] 4 Lcul . p teri . 271, - cess of
cl ai m 20 wherein §iai|ﬁh Srgl g%é%hfbg %t‘ﬁ'ﬁ%&&gl gééigﬁ%r %gggiugﬁ'g{ses?ﬂ-&%ﬁg:ggai d G oup
13 el ement cocat apsessure obylke shagdiori gasalphase c propess s emndacted catakeantionconnect i ng

91 0up 11419 ey kY GRS o R R b0 Lol AP ©
or equal to 300 °C and pressures from greater than or equal to 0 to greater
15 than or equal to 2000 bar.

19.  The process of according to any of claims 10-18 wherein said process is an
adiabatic solution process conducted at a reaction temperature greater than
or equal to 40 °C to greater than or equal to 250 °C.

20.  The process of according to any of the preceding claims 10-18 wherein

20 said process is bulk, slurry or gas phase, and said reaction product is
affixed to a particulate support material.

21.  The process of claim 20 wherein said process is bulk, slurry or gas phase,
and said Group 13 element cocatalyst complex additionally comprises a
covalent connecting gfoup linking the Group 13 atom to a metal/metalloid

25 or polymeric support, such as silica or a polymeric support.

22. A reaction product suitable for use as a catalyst in polymerizing one or
more olefinic monomers to prepare a polyolefin , said reaction product
being obtainable by i) an organometallic catalyst compound and ii) a
cocatalyst complex comprising a trialkylsilyl-substituted carbenium cation

30 and a Group 13 element noncoordinating or weakly coordinating anion.
, _
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22. A reaction product suitable for use as a catalyst in polynerizing one
or nore olefinic nononers to prepare a polyolefin , said reaction product
bei ng obkgigpagdse by i) an organonetal lic catalyst conpoecussentssss) a

cocat al-yst conplex conprising a trial kylsilyl-substituted carbeni um cation
30 and a G oup 13 el ement noncoordi natpgyg or weakly coordi nati ng anion.

Thi s Sheet Has Been Replaced 11111111111111 WVIll 1111111 IN
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‘reaction progiict TeE esatiog préduet AbdBrding \Wb elainD ZQGWHerBﬁxOQAi&tprb@ct qbt ai nabl e
froma cocatal yst conmpl ex as described by the following formu

[ ((R R2R3Si ) 5- nCothyinghie Hm %e?ca“}xst(mplex s \feacribed 1h ths ﬂﬂlowm& and R3
"i's independently gegilastituted or unsubstituted G to CIO branched or

| i near hydrocarbyl aliphatic up, n = 1-4, m= 1-3, and [Al- is a
noncoor di nati ng or weakly K%%&RM#G@MC&#%M [Afe reaction product
according to claim?22 or 23 V\/nerel n sai d product is 10 obtai nable fromthe
organometal | i ¢ cawheérgseachowoRhdRAnand hR® de ciatlependdntly c enpitbstitutedach bei ng

or oduct - aceor i ngot o auER s Gt o ek paR R R R Bl 1Ran 20 w

% of an aromatic ml HER L3, aidC [A TR Ss 4 Adndedteinatish orswaally@domdinating ABioh.enper at ur e
of less than 300 C. 26. The product, accordi ng to any of clainms 22 to 25

wherein the pfoduThe reactignpradwet geeording e slaing 22 05 33 avhetein 5ai¢ prodpet i 1§st
conpoynd being a GhauRnIe ﬁol&tﬂer&gaiouemlm@st% g&ﬁdame%@a

activation for olefin polynerization to a ructaral 'y saturate
nonoval ent cat i oncemplexteach being disxHvednepatately arsequedtially in@ hydyocatbon| ai ns 22

to 26 wherein sai golg&ﬁny tion netal organonetallic catalyst conmpound is a
G oup 3-6 netal |l ocene

25.  The product according to claim 24 wherein the solvent contains less than

10 wt % of an aromatic solvent, such as toluene and is added at a

15 temperature of less than 300 ° C.

26.  The product according to any of claims 22 to 25 wherein the product is
obtainable from said organometallic catalyst compound being a Group 3-
10 transition metal compound capable of activation for olefin
polymerization to a structurally saturated monovalent cationic state.

20 27 The product according to any of claims 22 to 26 wherein said transition
metal organometallic catalyst compound is a Group 3-6 metallocene
compound having the formula:

L*L® LS, MDE
where, L* is a substituted or unsubstituted cyclopentadienyl or

25 heterocyclopentadienyl ancillary ligand n-bonded to M; L® is a member of
the class of ancillary ligands defined for L?, or is J, a heteroatom ancillary
ligand bonded to M; the L* and L® ligands may be covalently bridged
together through one or more Group 13-16 element-containing linking
groups; LS; is an optional neutral, non-oxidizing ligand having a dative

30 bond to M (i equals O to 3); M is a Group 3-6 transition metal; and, D and
E are independently monoanionic labile ligands, each having a ¢-bond to

M, optionally bridged to each other or to L* or LB, which can be broken
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conpound having the fornula: LA LB LC, MDE where, LA is a substituted or
unsubstituted cycl opentadi enyl or 25 heterocycl opentadi enyl ancillary
ligand n-yoghfisss © M LB is a nenber of the class of arpcTiusas9093i gands
defined for LA, or is J, a heteroatomancillary I|igand bonded to M the LA
and LB ligands may be covalently bridgeg. together through one or nore

G oup 13-16 el enment-containing linking groups; Lc; is an optional neutral,
non- oxi di zing |igand having a dative 30 bond to M (i equals 0 to 3); Mis a
Group 3-6 transitifop absiadtion ptidose® WNshid ocutalyst daiplexdand info kel oni c

| abil e |igands, each hayi a a-bond to M optionall Eori dgﬁg t.0 each
other or to LA or ROlymefizabls monenicE qf HRGIoManAmEr aa dps T 0P aced 111
FEEEE 1rrer i Ilizl{,gol dridafidd. i 1111 1111121 1111111 L MS WO 01/ 30785

PCT/ USO0/ 29093 - or abstraction purposes by sajd cocatal yst cqonpl ex and
into which a 2%ol yheaprodust accatsingieany of ¢lais Wﬁ\!her%‘ﬁﬁ/[i‘srﬁé‘l“’t‘mfaﬁg

coordi nation poly i1zad | . b ing to any of claim 22
to 27 \r/}merei n Mi sﬂf{stjéﬁéﬁﬁggﬂﬁ%gﬁ%glgs J, %gn g?@%at omancillary |ligand
a- bonded to M9.29. THewogucbakeotdirato anyloffglainy 22 o2 bwhercih M is ZhiZoniomAr wher ei n

Mis zirconium or af ni um,ang LB . s independentl y ubst | r
unsubsti tuted cyc}F B &‘}Feﬂyl YHrIREER eggs‘?cf’oﬁg%g"%d;% uc%lgﬁdngrgy | i gand
n-bonded to M Théﬁlo?&ﬁ@dieﬂﬁ%r BeRfocRdppentitndladeillary lipird %-bbhded!tb |
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