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proton, to sui
15 5,312,881, U.S. Patent 5,502,017, U.S. Patent 5,668,234, and WO 98/03558. The

noncoordinating anions are described to function as electronic stabilizing
cocatalysts, or counterions, for essentially cationic metallocene complexes which
are active for polymerization. The term noncoordinating anion as used here
apphes 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
noncoordinating anions can be effectively introduced into a polymerization
medium, or premixed with an organometallic catalyst compound prior to
introduction into the polymerization medium, as Bronsted acid salts containing

25 charge-balancing countercations, jonic cocatalyst compounds. See also, the
review articles by S. H. Strauss, “The Search for Larger and More Weakly
Coordinating Anions", Chem. Rev., 93, 927-942 (1993) and C. A. Reed,
"Carboranes: A New Class of Weakly Coordinating Anions for Strong
Electrophiles, Oxidants and Superacids”, Acc. Chem. Res., 31, 133 -139 (1998).

30 Both of U.S. Patents 5,198,401 and WO 97/35893 specifically address
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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U S. Patent 5, 02T d * EORI . al s for olefin
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Exanpl es 3-5 describe the synthesis an ymeri zati on‘use
cocat allyst confRig@nghaipr alkiybngn subyiuniedwalkydt gmkps, into the Bromsted acid L*.

(4-dimethyl -t- E'i'é(wrﬁbééﬁlafe%’-taﬁbwglkyﬁﬁxe%h%arn%};!n%gtrnopher:%li ) boéi?c}igdsyl)methy]-
ammonium salts are exemplified.

EP 0 426 637 describes the use of the cocatalyst compound non-

substituted triphenylcarbenium tetrakis(pentafiuorophenyljboronate as a proton-

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

metallocene cation and a loosely coordinated anion. US 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 saits. Examples 3-5

descnibe the synthesis and polymerization use of the cocatalryst compound

triphenylcarbenium tetrakis  (4-dimethyl-t-butylsilyl-2, 3, 5, 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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conpound economically preferable high polymerization reaction temperatures and high
polymer production rates is highly desirable. It is therefore desirable to identify
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

‘J 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 tnalkylsilyl-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 QOF THE INVENTION

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

containing cocatalyst complexes and organometallic catalyst precursor



by- products and weakly coordinating, stabilizing anions for essenti E“%
cationic transition netal organonetallic catal yst conpl exes t hat 2 Ak i0h ¢
hi gh polynerization activities. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The invention provides a process for olefin polynerization in which anion-
cont ai ni ng cocatal yst conpl exes and organbnetal | ic catal yst precursor 2 2
APR 700 -4 conpounds can be conbined to formactive catal ysts for olefin
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essentially CQBE:Ebﬁxﬂﬁt cani BehcorAlsihed cofbrac hitivg, catalysts fongdeftn pRlYPETIZART: zabl e
nonomers, those
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matter represented by the follow ng,. forgula; . the invention is ’
[ (( RLRZR3Si ) s CADHIR O (CCHPRT ?—%ﬁﬁ“%ﬂ?“; eecraéa'ésgcaﬁ“gfl 81 R, and R3 s
i ndependent | y @ sibStht Z;%r@ﬁiarﬁfg Unsyasisi tastledogblymers @Bsn hytfimécailyylangr oup,
n =14 m= fé and [A]' is any noncoordinating or weakly coordinating
ani on sui t abl eckrylenicadlyiunsasp@tadMmeRA®GTRr i zati on. Typically 15 [A]" is a

hal ogenated, tetrar ?ﬂaé%%?ﬁ%#%};ggwgfgﬁ%l%{gé gsﬁ:oﬁ%ﬁéiﬁ@ﬁs% rﬂ%att‘é'(l F:Hﬁ:@én't&ﬂ%elﬂe following

ani on, especially t uori1 ne groups substituted for
hydr ogen at ongno@Qlat he aryl groups , or on al kyl substituents on those aryl

groups. For illustration pur si.al i r apubstituted phenyl
groups¢ray be independent | y?@gﬁgﬁ gas"r(jlf%ir??"t({%éh’&’?"b%g E’epi cted bel ow. 20
R3i. RR. . R\ R R3S R" R" R'" R35i, R™" )

where each of R', R?, and R?is independently a substituted or unsubstituted C; to

Cs; 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 [AY 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 iilustration purposes trialkylsilyl group-substituted phenyl groups may
be independently selecied from the groups depicted below:

20

R™ iR'3 R3S\ R™




R3S1 R" R R3SSR3R3S R R3S R 35 R3S 22APRi WO /Aﬁﬁiﬁé 5
R3S R3S R" R 3S( SIR 3 PCT1US00129093 R R 3Si R 3Sr R .. re any R
i s i ndep®fA8HITYS any of the groups bel ow except H and any RCT/S§0/29093

i ndependently any of the groups bel ow. 5 HCH( CH3) 2C4H7 CH2CH=CH2

CH3CH2CH( CH3) 2C5HICH2CH2CH=CH2 CH2CH3CH2CH2CH( CH3) 2C6H 11CH2CH2( CF2) 7CF3

CH2CH2 CH3C( CH3) 2CH( CH3) 2C7H13CF3

CH2( CH2) 2CH3CH( C( CH3) 3) CH( CH3) 2C8HL5N( CH3) 2

Cl 2( CH2) 3- 3QCH3C( CH3) 3COHL7N( C2H5) 2 CH2C( CH3) 3 CH2Si (CH3) 3 C6H5 OC( CH3) 3

CHH2CH2PhCH2SI R3 The effective G oup 8-15 el enent cocatal yst conpl exes of
the invention are, in a pr&afiabl sireprbodi meRty dEiRiaved frBMK anrroni ¢ salt,
conprising a 4- coordinate G,0

can be represented

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 CaH7 CH2CH=CH>

CH3 CH2CH(CH3)2 CsHo CH2CH2>CH=CH?
CH2CHj CH2CH2CH(CH3)2 CsHn CH2CH2(CF2)7CF3
CH2CH3CH3 C(CH3)2CH(CH3)2 C7H)3 CF3
CH2(CH2)2CH3 CH(C(CH3)3)CH(CH3)2 CgH)5 N(CH3)2
CH2(CH2)3-30CH3  C(CH3)3 CoH17 N(C2H5)2
CH2C(CH3)3 CH2Si(CH3)3 CgHs OC(CH3 )3
CH=CH» CH;Ph CH>SiR3

The effective Group 8-15 element cocatalyst complexes of the invention
are, in a preferable embodiment, derived from an ionic salt, co'mprising a 4-
coordinate Group 10-14 element anionic complex, where A™ can be represented

10 as;

_ [M)QIQ: .. .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')Q,Q; .. .Q,] suitable as a noncoordinating anion as that is
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net a preferabl% boron or alumnum and either each Qis |igand

for providing &B%¢Pehic or steric effects rendering [ (M )QPEYUSH D(,j S
suitabl e as a noncoordinating anion as that is 06-11-2001 99B036. P Z APB '
2444 US0029093 PCT/USOO P16) .. 3 04 understood in the art, or

sufficient nunber of Q are such that [(M)QLQ ... "]' as a Wnole |s an

ef fective noncoordi nati ng or weakly anion. Exenplary substi tuent@Jd

speci ficall d | t ed f
2Py groups, aMGHEPELTE Bep £ SUEeg ﬁﬁsgoﬁé%rﬁéu&%sfﬁmm'
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groups. Preferred fluorinated aryl groups include phenyl, bipheny
napt hyl and desubstitienssspedificabf incitide ﬂlmrmatedmlgows, préferablt Bﬁﬂgormated

5,198, 401, 5,296,433, 5, 278,119, 5 447 895, 771 97/
99/ 43717, WO 9YPhEHYPS- AR 1 “db‘i%%ﬂbﬁﬁ“‘tf 2}635'1383{%5 fhafins Abiogait B
09/ 261, 627, fihRehc MbkGtatddX¥ch ﬁﬁ‘ﬂubf‘lﬁaté‘d}ﬂj’d&@éﬁﬂil grBupOPIFEABH fidodfifed

particularly instructive as ‘to suitable Q substituents and are
i ncor por at ed byryt edrewpn trehidsr pbfmy;b,ob&dﬂeofl Lmagthy;ba@ndnderpvaéws ceerepfidi Thonal

sui t abl e ani on kno e art h the
met al | ocene caﬁ‘ﬁ&%‘f’&s of hg; HJ SO o%qg% U. gfng’% S? g]gg 0% 447Vg\%akl y
coordi nating apigong7i I o berases, CROP9oANT 1 7bWat B/42RIbaRd ipedding U.S.

net al | oborane, or netal | ocarborane conpl exes are described and exenplifi ed.

See al so, the Applieatioar3eril é"blrb@ersmf%l ST dilsd 3 Mpmeh $839.cand s qgawgl@m and

Mor e akly Cﬁ&g Ani ns Rev 9 A
Red, Y&ar bor a %d&%ﬂ aPss o%ar%arksﬁhc ‘?eo?sdltong ﬁt%gggﬁégéﬁﬁ giﬁéé:

El ect rophi | es, 1nasipzi>am@b@mfer8ﬂaefoa®u¢95ses #%0.S. mempraasce 31, 133 139
(1998). 20 In particular enbodi nrents one_ Q grou ani oni c

conpl ex may al so béddsaalsuigble anqns arekagVR H) ed’%ﬁ‘%ﬂg @ﬁgg%ﬁ'f“a& Iu§‘°mer| c
support. See, fQr aRXRBlBecent: SitalfakeOY thePiftRhn Dl SRA1Es IB%hedt 6,488300,

I ncor por ated by
weakly coordinating anions from borane, carborane, borate, carborate,

15 metalloborane, or metallocarborane complexes are described and exemplified.
See also, the review articles by S. H. Strauss, "The Search for Larger and More
Weakly Coordinating Anions”, Chem. Rev., 93, 927-942 (1993) and C. A. Red,
"Carboranes: A New Class of Weakly Coordinating Anions for Strong
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
of the described bonding method for the invention include any metal/metalloid
oxides, preferably those having surface hydroxy! 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
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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for example, the teachings of WO 91/09882, WO 93/11172, WO 96/35726 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 usefui 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,-Cyo) denivatives 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




20 coordination or insertion polynerization in accordance w th $hepp 2004

I nvent i onwWé ¢113078sncl ude t he known organonetal lic transitioned®Bii§orémiapounds
useful in traditional Ziegler-Natta coordination polynerization,
particularly the netall ocene conpounds knoyn to be useful in coordination
pol ymeri zati on, when such conpounds are capable of catalytic activation by
the cocatal yst activators 25 described for the invention. These w ||

I ey R e E R

one netal |igand can be abstracted

particul arly thoseniirgahddoridg| which gre e icfabl 8 rBe@Ld0sh . witR e activa ing
hydr ocar byl si | yl nd | ower . al ka(l -substituted (Cl-Cl0) derivatives o
those. Li gandsc%ﬁ%%t%o € yiyshtion: theyrcaarde conuertad intmsuiablelligandpviakdewn

conprising the yaral! I scribed in. .the background
ar trrp see for egﬁglagaﬁéé&ﬁ?%é%ﬁtﬁg 0@%%,e%ip§w%%ﬁ}dﬁbg’%@q‘m%ﬁﬁf’ﬁﬁgg‘é’“of
t hese cohpoundshydriseseirlaliyits) atioyldlnminhies, m#@nhﬂhﬁ!igéﬂti,%ét \$e€ -also EP-A1-0
Addi tionally, V\?ﬁjﬁ%geh@m al i gﬁinds WO 01/ 30785 2 2 APR 2004
PCT/ USOQ/ 29093 7 1ic OTHAF SEAEHON ShicagansalugipyRcompasnis withf dihalexsabgpitated
bi scycl opent adi el | LC: i.de): whi not.. capabl e af
abst %lact Eon Wi tﬁe?ﬂgc?& i vgt‘:{ﬁ;\“ﬁgbgl(@tg zfﬁ g)ékogh%t?%tﬁégp%\?&ﬂ“i g??}P?%ﬁ& Al be
converted into énfumebisardingarpdsated By i@fawnce%kFuﬁpabémw.Saﬁét&g%dﬂbé.hl vl

ri des or al kyls,

organonetal i c conpo as. SLiC as |ithiumor alumnum5 hyd

al kyl al unoxanes, @i éﬂ ingnaldeserition Qfirpetakipeeng compppndy Wélchwmpgisez dr@ant he
reacti om of or ga@RNHRN I CERPRAUNESelM ' 0 tituted . nefall ocene
conpounds pri or tomgddi tion of acti v?aatéﬁlI tﬁgegﬁﬁaﬁg ngknﬁégudr{ sltl’.s'triffqon BotiMeht s
are i ncor por at edtalyti¢adlyective sadsmiorpoebd satiorodppeaiSin thepaeht MiedtlireCee., EP-

Addi ti | d I P A | | ds _which ' , 10
e al kyl at ed £ A P U BT PR e R h A 20 Dbt ERA Db b
forma catal ytAgalsby a4, i%-W—@ﬂ@d)ﬁﬁ?nw@%abwﬁ?ﬁ’}ziloggqp@ggwgfgés.ezg,gEﬁnt

literature, e.g., EP- A-0 129 368, U 'S. Patents
5, 324, 800 EP- A-Metalecens 4compounds Ocao be7 Sascriv@l Afop 21100 IBBentidd- As HbAL4 B2 and

Uventi on as mieyenPeatBre SRR Ui ) 4.0t § dpBtionTbUs Smpounds or
6 transition nmewkdreinoieaumoiliary VeIl may R MBmsiIvey YullshHAMH villP¥ndEr more
t hemsel ves substituted with one or nore
groups and may be bridged to each other, or may be bridged through a 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 mndenyl, fluorenyl, azulenyt, 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 comprise alkyl, cycloalkyl, aryl,
alkylaryl and or arylalkyl substituents, the latter as linear, branched 6r 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, eg. N, S, O,




groups and may be bridged to each other, or may be bridged through
heteroatom to the transition netal. The si ze and constituency of 2aHPR 2004
ancillary ligands and bridging elenents are not critical to the
preparation of the ionic catalyst systens 20 of the invention but should be
selected in the literature described manner to enhance the pol ynerization
activity and pol ymer characteristics being sought. Preferably the

cycl opent adi enyg d BOmd(FiNAIUEE NG eaURAL hEdhedtea s roRpntatirpiosedssed. f used
ring systenms, such as indenyl, fluorenyl, azulenyl, or substituted anal ogs

of them, when fatdndgeaghesd each ot her, will be I ower al kyl -substituted (C,

25 C(‘.’) In the 2 po t elall ce(n\éﬂ épnogh & bIQO&}tthe;&)%h?a{i@ﬁ 0t4 nfjéﬁkgwgﬂylene

substituent in the Gged ey I ona
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| atter as |inear, branched or clic structurFs including multi-rin
structures, for%ﬁﬁ!eét mpgggx@rs preggsgentiphy apy f these kaovse i the pre Sepa8aiR 4.
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ref erence for purposes of U S. patent practice. Metallocene conpounds
suitabl e for theonprispegradripbmlsdy!-subsiivated erobapainngdtionand ghe neptepprdimatingaianni ng

copol ymers (where copol yner neans COFYDHSél@@:o@toﬁrﬁ@&ﬂocehwoﬂpéﬁlﬂs%ﬁuse
nononers) are essenklally any of those known in the art, see ag

WO- A- 92/ 00333 afRi™3 sls%%t@n?%Swmict@o@lyryoaﬁslwfd tBﬂlezambws 5’%‘(53”'614

and 5, 308, 816, i(%wﬁﬁﬁ’(ihé( h&, &ﬂe%iﬂcnxg:?eredc@ @M&fébr{@%tﬂ BSteft E’@Fﬂﬁ@tﬂdl i
cat al yst precursor. conpound 1s added to-t reactor separately from and

after the cocat af3gemigdieplfex ewon*pr«(cgrmd cdqrmrw!éo: |GHemistys B6.u3 B3 70
b
carbeni um cati Oglﬁ@? t'rfr}rzgkcgﬁf' % Ad 9g & kdt C??Jgﬁg% r?cn cﬂ rad”E’rt g]léécaene

conmpounds for cor syn yl ene
their syntheses chlaarlerrmaﬂlbcericmowﬁee nfdr hexaguple, iSedtaténe 4&9@8@00@ Srelatéee made

or ganometal [1c b Aty 369 aotiao 079687 Tyl Rall y Afbee BATAPH s
are stereorigi dVéGyﬂm(rH:TMs%cm%aj V- Absmlgmj EPhi2-8l 577e58l, | CERES0 538e,
for exanple, at nt 4 89 ature ul‘}ﬁr 1 utex?pet of ?Argx}azlhg ]Slrl.a’bstHueSnts Fc):%t t nt
5, 296, 434, U. S
Polymenzatlon Behawor of Bridged Zirconocene Catalysts”, Spaleck, W, et al,
Organometallics 1994, 13, 954-963, and "ansa-Zirconocene Polymerzation
Catalysts with Annelated Ring Ligands-Effects on Catalytic Activity and Polymer
Chain Lengths", Brinzinger, H., et al, Organometallics 1994, 13, 964-970, and
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 hgands of the
metals (where occurring) are replaced with ligands capable of abstraction, for
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

for purposes of U.S. patent practice.




WO A- (PCT/ US92/ 10066) WO A- 93/ 19103, EP-A. 2-0 577 581, EP-Al -0 578 838,
and academc literature "The Influence of Aromatic Substituents on the

Pol yrmeri'zati on Behavi or of Bridged Zirconocene Catal ysts", SpallgckPR M, et
al, Oganonetallics 1994, 13, 954-963, and "ansa-Zi rconocene

Polyneri zation Catalysts with Annel ated Riyjig Li gands-Effects on Catal ytic
Activity and Polyner Chain Lengths", Brinzinger, H , et al,

Organonetal lics 1994, 13, 964-970, and docunents referred to therein.
Though many above are directed to catal yst systens wth al unoxane

activators, the analogous netall ocene conpoun ' ful with the
cocatal yst acti vat or&CREgsepitixe F}W’gﬁ’f?rbenc oug@? F%Hehé:v&l}ﬁ%ﬁ@}%ll%n catal yst
systems, when the hal ogen, anide or alfkq®y€eapgi ning |igands of the

nmetals (where occurring) are replaced with |igands capabl e of abstraction,

for exanple, wihergilhlikylabitintedeactdpentadenglest hietseatyslopertadignnl arollmer i s
a group into which the ethyleng group -C=C- i nsert. for | e
hydride, alkyl ligand sitopded tash L3 i8lp rrespier o%é%”ﬁﬁﬁtq?&ﬁchwﬂsﬁg@%ﬁéﬁm for
"Metall ocene catalysts for, olefin_ .pol Ll ' I Wi :
Coor di nat i on Cﬁ‘én?gfsri aR@‘?}?ré’atefn iﬁﬁaryg@ggb%%ggﬁgﬁ ﬂé{:iﬁena?g,ﬁllglé%?& Al
documents are ifgokdesa&dDyridglebente thtqughpoigos emreiGrous.13pk eatent-

practice. 2 2 APR 1DD4 Representatjve netal l'ocene conpo%s. can haye the
formula: L'4 centhiingvidakineereupsi ] iis an optipadl neyiial Do PYPERE 11828 ¥’P"’6’r€ |

het er ocycl Ope“tﬁg%}iﬁgﬂﬁnf?o% (aYats 0! gARMTs RHRE 4 8 MurdeSirloR e AR/ DOT

the class of a I'gan efined”for 5 LA or 1s J, a heteroatom
ancillary |igapgd & fend@sheh@erdMy tbeodnfonid thollB ligagds)dschrhyvibe acoband it M,

bri dged together through one or nore G oup 13- 1%_&% err;nt- foné‘t’%i rgi négﬁ - _
| i nki ngiogr oups eptighallysbridged pe icathaptheeer b aPr Lnobki GPASMYOrTHERGRERAE  a
dative bond to M (i csegg:a[n 3%’%*%1‘5 aotivatdl bSd 3nfS RHRKa ﬁ{ol)ﬁnérﬁﬁﬁfy HRABRISH

and, D and E BF&°fide ~nonoantonic |abile I't gands, each having
a.cr bond to Mmatforapidmeratdry ilseitdfpe dcopodinateim polysrerigationy oflspDtheéviise pican

o pol yrer | zabl BSRIE SO PR SRR GTER T PREGA Torsratbdh o L. e
pol ymeri zat i onge M6 $8om bl attSnefof the riigtabonfisoconsaietel for miffs spexgBcationftosed
rings, where a-non-carbon Goup 13, 14, 15 :or 1?-- at om,epl aces qne 9fr t he
ring caisbons i becwitbingtheeterms ' cypioaesplienyl].c Anfew 1t ‘“fg] {}B WPY'hi n~the’Yer s
"cycl opent adi e@)\(ix;xple',' {H%%%Eblér'éun@ﬁ&h tc%l’h‘ﬁése&ywo 98/3PE85, hh¥ihg common priority

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 represeﬁtative metallocene compounds include mono-
cyclopentadienyl -compounds such as pentamethylcyclopentadienyltitanium
isopropoxide, pentamethylcyclopentadienyltribenzyl titanium,
dimethylsilyltctramet‘nyl-cyclopen'tadienyl—tert-butylamido titanium dichloride,
pentamethylcyclopentadienyl  titanium trimcthyl,‘ dimethylsilyltetramgthyl-

25 cyclopentadienyl-tert-butylamido zirconium dimethyl,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido  hafnium dihydride,
dimethylsilyltetramethylcyciopentadienyl-dodecylamido hafnium  dimethyl,
unbridged  biscyclopentadienyl ~ compounds | such as  bis(l,3-butyl,
methylcyclopentadienyl) zirconium dimethyl, pentamethylcyclopentadienyi-

30 cyclopentadienyl  zirconium  dimethyl, (tetramethylcyclopentadienyl)(n-

propyleyclopentadienyl)zirconium dimethyl; bridged bis-




exanpl e, the background and teachi ngs of WD 98/ 37106, havi ng conmpn
priority with US. Ser. No. 08/999, 214, filed 12/29/97, and W 2o&RHB0,
having ceo®oaa0pesiority with U.S. Ser. No. 09/042,378, fil edT1A/sb8A®83 bot h
i ncorporated by reference for purposes of U S. patent practice. 20
Non-limting representative netall ocene comgqunds i ncl ude nono-

cycl opent adi enyl conpounds such as pent anet hyl cycl opent adi enyl titani um

i sopropoxi de, pentamnet hyl cycl opent adi enyl tri benzyl titanium

dimethylsilylte o cycl Lenyl ptert-hut m.do. tifanium

di chl ori de, pe%?gg@%ﬁ(*l%@:fl o;g)cgﬁﬁéal%ﬁény i % W¥¢m%ﬁgkgeﬁﬁlydr01ndenyl)
di net hyl si | yl t eziresmiemhdichRiidey ahd pelaé i tedr@théthPleyobFeRtaRerR (- BRI I
di mret hyl, di et hﬁl Si Ig/cbt et ramet hyl c ,cﬁhp?rq%]ggi eny| ?d%deggiltan?@y(ﬁg?dl llJm
di hydride, di nEYHOPEitadienydt zucempm @ipetiofe btidgrdebigtindrmgb compointis srechnasum

di met hyl, unbr| 1S GY.C | I ognds _such..ag.his(1, 3- hutyl,
net hyi %:lycl opent gg?@ﬁ{zl%? ??sﬁ%ﬁggkﬁ%ﬁg%‘hﬁ&mé}e%t a@ﬂ&#’ﬁl}f%‘j’éﬁ'ﬂ%‘éﬁ{ jH?’EH{F‘I 30
cycl opensadi enyHiméthgloni udimdibyilyis(2(hehymeRihaengic! opeansth €Ny likhfdride
propyl cycl opent gdi eLB le%éi rconi um di net hyl ; bridged bis WO 01/30785 - 1% 2 2
APR 2006 PCT/ USHBa! %} bis(&mspunbenaindsny!) espgrdumdimedh aad fluorenyl ligand-

di met hyl si | yl bi ggfiglf@hydroi ndenyl)  zircapi djchl oride and
silacycl obutyl (tetra hyl cycl opent adi enyf%?'%’ﬁ-mf)l}dgpyl - cycl opent adi enyt5>

zi rconi um di net iphenymetdndfivbisryi)gevpenadigpPdittoniuth dSnethyl, and  the
di met hyl si |l y-bi si ndenyl zirconjum dichloride, dinmethylsily-bisindenyl
haf ni um 5 di et A99MORA! FRERRy and Dispyclepentadienyl semppvaiisrspch asi thosmlisted and
dichl orijge, di ;kbyd st U §! Pasl Lyl i Zir i,u

di met hyl : and fl uorenyl u g‘aﬁ%}gﬁ%?ﬁ@?fﬁi“hé’%%@éug@%faga’ed.bé%‘? and EF-A-0"591

di phenyl met hy! (7$@orAdhybyrsms apeircarioenyd birefepdrics fod pipbbes! 6f BRI Jaidh
addi ti onal nono-_and bi scycl opent adi enyl conpounds such as those |isted and
10 described i nPB“¥® patents 5,017, 714, 5,324,800, WO 92/ 00333 and EP-A-0

oo orc L SRR SLET, B0 Sl WA B
conpounds include tetrabenzyl zircomium, tetra bis(trimethylsilylmethyl) zirconium,
15 oxotris(trimethlsilylmethyl) vanadium, tetrabenzyl hafnium, tetrabenzyl titanium,
bis(hexamethyl disilazido)dimethy] titanium, tris(trimethy! sityl methyl) niobium
dichloride, tris(trimethylsilylmethyl) tantalum dichloride. The 1mportant features
of such compositions for coordination polymerization are the ligand capabie 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 cat?-xlyst composition of the
invention.
Additional organometallic transition metal compounds suitable as olefin
polymenzation 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




(gglw detrabenzyl zirconium tetra bis(trimethylsilyl methIAPRIWconiy 2909%
15 oxotri s(t rinethl silylmethyl) vanadium tetrabenzyl hafni um t et rabenz P

titani um bis(AeRE/ECRy| disilazido)dimethyl titanium tris(FEHH0HYI09%i I yl
met hyl ) niobium dichloride, tris(trinet hyLS| | yl met hyl ) tantal um
dichloride. The inportant features of such conpositions for coordination
pol yneri zation are the |ligand capable of abstraction and that ligand into
whi ch the ethyl ene (oI efinic) group can be 20 inserted. These features

enabl e the |igand. abstraction fromth ransi-t ik on. net al nda t he
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pol ymeri zati on cat’al ySts 1 n accordance with the invention will be any of
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Exenpl ary conpounds include th ose described in the pate 30 Ilterature
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& oup 8- 10 ot 4P UEASHHALS AEMA ForBeoh Ve BE Tonr e RN ST Bnd.
06-11-2001. 27 50N BALHFIOSAAR n@sagm@eegwmsmsomapaa caldly Rlpicufor

pol ymeri zati on. See al so WD 97/ 487 Transi tion netal merization
catal yst syst essmppurdsceapaplesoliagtinetion withhenizng 69¢?éala§tm rfamleﬁn@ angret al

center 1'0;0: Saﬁl gnﬁgg%)éllg?cl%%l I;mngt 16 alggnfl%légl bie2 S‘Q%eho ‘%’@ﬁf‘*ﬂ tent

nunber and systens are escrlb

5,502,124 and 5N0t99/308Q!2%h@ﬁl§|annﬁj dd?ﬁh&ﬂt it 5dldg O4S. Paban apbl‘i@t‘bh@eﬁr@:up 5
organonetal lic catalyst co U S. Patent 5,851,945 and the

t ]Ic‘l dent a’a e |i gA8E% dkPeafiisidg %93&3519%70 %&fd%FQPPVTE@éﬂ%H’VQTPO@é%%ndS
U 9 | 1999, d
or copendl ng éﬁgﬁ%ﬂ?g}%ﬁ%mﬁ e%%flﬂ@%atexﬁ%ﬂa%ﬁc@. Apr i and its

equi val ent W9 catal'yst precursor conpounds, capable of
activation with ionilzEnBatemcal 1, Slﬁéqscub@fbnidgéd)nnd)hﬁridggdmm triangition
group- Cl%nt ai ni rlllgctﬁocla?ar]ysrtr%gronr}gglrﬁdsaéfe Gldo%%cﬁ{ % s ga%%bﬁa oefnivglsei:r{iior? %olyrxl‘nerization
of (-olefins. Bridged bis(arylamido) Group 4 compounds for olefin polymerization
are described by D. H. McConville, et al, in Organometallics 1995, 14, 5478-
5480. Synthesis methods and compound characterization are presented. Further
work appearing in D. H. McConville, et al, Macromolecules 1996, 29, 5241-5243,
20 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 coniplexes for coordination polymerization of
olefins is disclosed in copending U.S. application Serial number 09/408050, filed
25 29 September 1999, and its equivalent WO 00/18808. 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
of U.S. patent practice.
30 ~ Additional description of suitable organometallic or organometalloid

catalyst precursor compounds may be found in the literature, any of such will be

REPT ACEMENT PAGE
AMENDED SHEET




WO 99/30822 and its priority docunent, including U S. Patent applicatli on'
Ser. no. §§/1/§ 5160, filed 16 Decenber 1997. Each of thes?,ggﬂgsté{;%&)@nwﬁm
a e’" U S

incorpora‘?’ reference for the purposes of U S. patent

Pat ent 5, 318, 935 descri bes bridged and unbridged bisam do transition 15
met al catal yst conpounds of Group 4 netal-d3capabl e of insertion

polyneri zation of (-olefins. Bridged bis(arylam do) G oup 4 conpounds for
ol efin polynerization are described by DD H MConville, et a], in
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15 taken before provision of such into the reaction vessel, for example by chemical
treatment or careful separation techniques after or during the synthesis or
preparation of the various 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¢-Cao 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 tnisobutylaluminum, triisoprenylaluminum, and long-chain
linear alkyl-substituted aluminum compounds, such as tri-n-hexylaluminum, tr-n-
30 octylatuminum, 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
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adversely affect catalyst activity and stability. It can result in
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further control of polymer particle morphology in typical slurry or gas phase
reaction processes in accordance with conventional teachings.

In alternative embodiments of olefin polymerization methods for this
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
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 slumry 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

catalyst and are conducted in any manner known to be suitable for ethylene

homopolymers or copolymers prepared by coordination polymerization.

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




activation of the catalyst conmpounds if used in a dual role) since excess
anounts nmmy act as catal yst poisons. Thelkatal yst conpl exes of the

i nvention are useful in polynerization of wunsaturated nonorers2? APR 2004
conventionally known to be polynerizabl e under coordination polynerization
usi ng netal |l ocenes. Such conditions are well known and include sol ution

pol yer i zat | on, o sUpRY Gighidad| SPSESAIATEN PITELATBOLEASIAN, 5.767,208 and
i, sl eri i

pol ymeri zati o urfy polynerization, gas-phase polynerization, and

hi gh- pr essur e W) gserdaat iFaoh iThecopdrategshy offeramec i fav @umoses ofrdy. Spatent
supported (preferably as descri bed above) and as such wll be particularly
useful in the kadw8. operati ng nodes enpl oyi ng fi xed-bed, noving-bed, fluid-

bed, slurry or -sol u%%?zg {S:%J%glgﬁﬁgeﬁ%%gﬁ&%ﬁgﬂidnnreﬁﬁm RmprfithRScaArvaparabl el

reactors. Pre-poly on o rted catalyst of ‘the invention nmay

al so be used fgr .+ Attt REELARRDE0AE. Prefpib)ymte Pelyirietizatiomraabbbm gsmparatypi cal
slurry or gas phase reaction processes in accordance wth conventi onal

t eachi ngs. i n it fiafni 608CetolRitie neliepredsurst e varp drgmd:00abardd mer Hgd f or
this inventiq he catal yst syst.emd ' S s PR asar {oSrostyagn,
slurry, suspe’ggp(&?ﬁf’ gfﬁfl‘,h{ ase 3?1%85)' ilﬁg?ibg%ggf h%rféé%@ﬂﬁgiwn hi grh-pressjre
liquid or supgsgpididrasl flohli 0 tpbaGBar. bran emigelsmph dgeroacis apfadighatagesolution

processes may al so be enployed in singular, parallel or. seri 1 .
The | qui d pr queerseeondusied FctreastoRIaBIT T 6 Ets iR SR 104 (e v
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of the non-coordinating anion and transition metal components. Some of the more
active catalysts or those likely to give a higher mol weight at a given temperature,
roay have reduced solubility or may be modified for increased golubility.

The invention is hence especially suitable for use with solution
polymerization using bridged fluoreny! systems and/or naphthyl contaiping non-
coordinating anions optimized for higher temperature and/or higher molecular
weight production at tempefature in excess of 130 or even 170 degrees C and up
to 250 degrees C. '

Lineaf polyetbylene, 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 exarople, Ci-Cao
olefins, diolefins or cyclic olefins, are pronduced by adding ethylene, and
optionally one or more of the other monomers, to 2 reaction vessel under l_ow
pressure (typicaily < 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

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 8



General | y speaking the pol ymerization reaction tenperature can vary? APo#ilk
about 4WO §1830Z85out 250C. Preferably the pol ynerizati on r emci/usm/szbesper at ure
will be from60C to 220. The pressure can vary from0.001 bar (1 mmHg) to
2500 bar, greater than or equal to 0.00];40 2000 bar, preferably fromO0.1
bar to 1600 bar, nost, preferably from1.0 to 500 bar. In an enbodi nent
the process is an adi abatic sol ution process conducted at a reaction
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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, isc-sbutylene 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, oieﬁn/qarbon monoxide copolymerization, hydroformulation,

hydrosilation,” hydroamination and related catalytic reactions employing
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Pat ent s Z%@”?Eé 4,588, 790, 5,028,670 and 5, 405, 922 anf"&@@?’é@é’? whi ch
are incorporated by reference for purposes of U S. patent practice. 5

Et byl ene-a-ol efin (including ethylene-cycllic ol efin and ethyl ene-a-ol efin-
diolefin) elastoners of high nolecular weight and |low crystallinity can be
prepared utilizing the catal ysts of the invention under traditional
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See, for exanmple, U.S. Patents 5,635,573, 5,763,556, and WO 99/30822.
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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 camied 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 = pentafiuorophenyl.

All molecular weights are weight average molecular weight unless

otherwise noted. Molecular weights (weight average molecular weight (Mw) and
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i ndividual ly for coordination polynerization or can be m xed to prepare
pol ymer bl ends with other known ol efin polynerization catal yst conpounds.
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Al t hough the e I . be directed to certain enbodi ments o
present invent f%WW?%MF'gWﬁ&EaIF@a}fg fiora gBoadimesni ti ng the invention in
any specific ExXypLESI-n these exanples certain abbreviations are used to

facilitate the_déscription. These include standard chemi cal abbreviations
for the el emenPelymesizatien Exaimpleormonl y accept ed abbreviations, such as : M

= methyk, Et = Qﬁrnﬁlle’laF 'P%Pymerizatjon Procedure

Each polymerization example that follows was conducted as follows.

Under a nitrogen atmosphere, a 1-L autoclave was charged with hexane (460 mL)
and trioctylaluminum (0.04 mL of a 25 wi% solution in hexane diluted with
hexane (10 mL)). The autoclave was stimed 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
t0 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 105 M, [(3, 5-(Et3Si),-Ph);C)+
[(pfp)sB}-, (20 mL, 0.79 umol) was pumped into the reactor. Then an

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

1075 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 czlibrated 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
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equi pped with dTem fthereagior #)to adpiggcienkes. | Hheetea¢toRmas ginded withaadgitional hght

Sampl 65 war e r OStEEEhSdD BT TR rl G SolitoRdafe HERHGEI AL AR Bl

Laborat ori es PGuegh of xiatbgbn a0l rendse iHexsgs, i @he polmed@aerfahhécahed Wnder S

di scussed in "Liquid Chromatography of Polyners and Related Materials 111"
J. Cazes Ed., “wewwajat $@tkePolymsgzatiqngdpsa B@rvensnilehle s i ncor porated by
referencje for BULDGS BS 1951 H rSi'zatP‘%t 3k fgact i ce herein. No corrections for
col um spr eadi rg—5—net e e?[rplcoyeg; owever, data on generally accepted
standards, e.g. NatiThedrocddufeastuaQiasIepdaear ds Pol yet hyl ene 1475,
denonstrated a precision with 0.2 units for Mwv Mh which was cal cul at ed
from el ution timmmeﬂmépﬁwmmri zation Exanples 15 Exanple |a.
Pol yneri zation Pr oceﬂ]%rq %gﬁ]% oqqla%rréﬁe% 'don exanpl e that foll ows was
conducted as fol | ows. ~HRder a nitrogen atnosphere, a | -L autoclave was
charged with h@mgg%léﬁeﬁ@myﬂ]eﬁﬁﬁdntﬁdaa%w| alum num (0.04 nL of a 25 wt %
solution in hexane difuted with hexane (10 nL)). The autocl ave was stirred
at ca. %000 rpm heathed geeeralisf glac wag epngueted hpatBsarn grgagometallicpsatglysu2e. 7

3.4 nPa) then pressurized.w.th opyl enge _tpo, 103. . ' 813.6 3.1
ta) then et hy PEHETI SERBHST g ATSE. & i) M EriHlenid e Bl
reactor was al it WM ihRGed PBcCOPRE YIREIGR ] ﬁfb}xaﬁgh petivator ("Act")
solution in hexane 3.94 x 10-5 M [(3, 5-(Et3Si)2- SSC]+ [ (pfp)4B]-, (20

nm., 0.79 | nol) Examphdpelplymenzation Reaaieror . Then an 25 organonetal lic

catal yst precursor CA! p%'@e ugeo a&as'sfgilmt&édc_m I n hexane 3.97 X

15 Example 3a. Comparative Example : Act B(C6F5)3
The procedure of 1a was followed with prior art hexane soluble activator.
Al5x 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 la: Due to low activity, the polymenzation was halted after 2.92
20 g of polymer was prepared. |
Example 3b. Comparative Example: Act B(CgF3)3
The procedure of 3a was repeated. Due to low activity, the polymerization
was halted after 0.7 g of polymer was prepared.
Companson of examples 3a,b and 1a-c reveal that [(3, 5-(Et3Si);-Ph),C]+
25 {(pfp)sB]- is a more effective activator than (CgF5)3B. In exp. la-, 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);-PhhC]+ [(pfpuB]-: 1033, 1241 g of
polymer were obtained. In examples 3ab much larger amounts of (p-Ft3Si-
Ph)C(2, 7-(t-Bu):Flu)}{Cp)HiMe; (0.7, 0.9 pmol) and (CgF5)3B (3.8 umol) were

30 ~ employed but very little polymer (2.92, 0.7 g) was obtained.



]0-5 M (p-Et3Si-Ph)2C(2, 7-(t-Bu)2Flu)(Cp)H Me2i was added at a VA} BB
rate suff WO exio78s0 naintain ethylene flowinto the reactor < # L/ mn
and the reaction exotherm< 0.5 C. The nean tenperature dur%"‘? #9093

pol yneri zations was 113.7 C* 0.5 C Et hyI_F(p_e upt ake was nonitored with a
calibrated mass-flow 3() transducer. The polynerization was halted after

ca. 1) g of polynmer was produced. The reactor was vented and cool ed. The
pol yner sol UtiOExW?r“leO&L_”}fiﬁ)é -01/30Q785 -19 2 2 APR 2004 PCT/ USOQ 29093
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addi tional hot hexampe(fzécedaR0odx)y ner. sol pyti.ons re conbi ned
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Exanpl e 8a. Pol mmgrization Reaction 10 The general of | a. was conducted
with an organonetallic catalyst precursor substitution: A5 0 x 105 M

rac- Me2Si (1 nd) 2Bfampleddl Mohomeriztioh exangleat: [, Sed . a9s A hhs S

solution in exanple | a Exanple 2b. Polynerization

of 2a was repeated. 1B¢ pBrasgsuee 34, ex@mpearst ves tepairel eusing\Ghe BafRFRNSdNE
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procedure of | @uwes followed with prior art hexane sol ubl e acti vat or.
1.5 x 104 Mtris(perfluorophenyl)borane (B(C6F5)3) solution in hexane (25

mL, 3.78 pnol) BMasmmeapety ] r toy i f_the activator
solution used Wé%r‘ml goﬁn%g%t%éﬁxﬁﬁ%feoé%fc!?b%ﬁcﬁ(&h%gﬂoI ynmerization was
halted dter 2.92 2ZDhegpicedith Hrtix r anpl e 3b. Conparative
Exanpl e: Act B(CBF5) 3 The gr ocedurgmg?e %%ﬁﬁ%‘ﬁ%ﬁt‘”ﬁ@. A Ivater | cggpound

activity, the pyPSHHBRen:at Aomixae dfakritgliariehiim Qetfalds(@éntR@orBERenYPBorate,
prepar ed. ’

+ -
([Ph3CT™ [B(C,F,)s] ™, (5.1 mg, 5.5 pmol) and hexane (80 mL), was stirred for 15

min then filtered through a 0.45 um fi
mL).

lter prior to pumping into the reactor (20

15 i
Example 4d. Comparative Example: Act [Ph3 CI™ [B(CFy)e)~

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)C)+ [(pfp)«B]- relative to

20 Ph3C* B(CgFs)4—. Because [(3, 5-(Et3Si),-Ph);C)+ [(pfp)sB]- is more soluble
than Ph3C* B(CgFs)4-, Jarger 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-(Et381),-Ph),CJ+ [(pfp)aB]- produced 10.62 and 1137 g of polymer while the
cormesponding  (p-E13Si-Ph),C(2,  7-t-Bu),Flu)(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-(t-Bu);Flu)(Cp)HfMe, were used in
examples 4c-d.

30
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(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 410 min). (b) not measured

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

10

(c. d) R] is completely soluble, exp. 4a,b, while Ph3C* B(pfp)4~has little solubility

Example 5. Synthesis of Invention Act [((3, 5-(Et3Si);-Ph)CJ+ [B(C,F)] ™
(1) 1,3-Br2 5-(Et3Si)benzene. A 3 L flask was charged under nitrogen

with 1,3,5-Br3benzene (100 g, 0.318 mol), OEt (1 L), cooled in a dry ice/2-PrOH

bath then treated with one equivalent of n-BuLi (79.9 mL ofa 3.98 M solution of
BulLi in pentane, hexane). Afier stiming for 30 min, Et3SiC1 (59 mL, 0.35]1 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).
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Et 3Si ) 2- Ph + fp)4B] _ produced 10.62 and 11.37 g of pol yrrenvﬁmlwm,
t5h<(a corz %{3@7}11 EE)DEt3S|-Ph)2C(2 7-(t-Bu) 2FI u) ( Cp) Hf Me2PCTRISBEZZ9025 2
polynerizatlons produced al most no pol yner (0.07, 0.08 g) even though ca.
times the amounts of (p-Et3Si-Ph)2C( 277-(IzzBu)2FI u) (Cp) Hf Me2 were used in
exanpl es 4c-d. i 30 WO 01/30785 -21 TABLE | POLYMERI ZATI ON RESULTS (a)

Pol ymer not anal yzed by GPC. Melt indices nmeasured at 190 C enploying a o
2.16 kg weight: exp. 2a; 0.284 g 1(10 min); exp. 2b, 0.314 g 1(10 min). (b)
not nmeasured 5 (c, &) RL is completely sol uble, exp. 4ab, vvh| | e Ph3C}
B(pfp)4has little sbbubiBii {Ewrmmbenzwseﬁc@mdﬂaskowss éebrganolithof (&
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stirring for C m., 0.351 m)t) was ad e mxture was
al | oned to slggp? ‘?\%‘P %’Jéﬁgrﬂ & addgdeTh emgmrﬁl“@hllmdm@uwmmnﬁ_?_h; he
o hen' e g i F%?feeoﬁ’ﬁ}é‘“%q SIS E o kBt nghevor
sol i
filtered, the mitine Wmnmbaﬁﬁt}v\/htsheﬁ)@rﬁfafﬂﬁoﬁél %aszorﬁg-éolxd-gk@erep%@qgc APR

olated fromth ent ane washi ngs by vacuumdi sTillatio
I230 PCT/ usod'ﬁgdgﬁs't%? E9 ﬂﬂ;attﬂ%ppmwr WesIRE3 Mehd \ilidkd then vacuum

Actmasg{ I R) (L 132 1.

| bO. 118(( 7911. %gt??z?)?&@’% 2}&?91568%% @}‘ %‘g%"f%%&f 4p.9 g) containing 12.6

2a0. 0450. 7910.%6925B5aa-(Et3Si)benzene (5.43 g, 15.5] mmeol) was taken up in ether (50 mL),
cooled to —80 °C, treated with 2.15 M nBulLi (7.2 mL, 15.5 mmol) then stirred for

ca. 60 min. Et38iCl (16 mL, 59.6 mmol) was added then the mixture was allowed

to warm 1o 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)zbenzene. A solution of 3 in OEty was prepared
from 3,5(Et38i)2-CgH4Br (15.1 £, 39.2 mmol), lithium metal (1.8g 259 mmol)
and OEt2 (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/nBuQOH.

(4) bis-(3,5«Et3 Si)2phenyl)ketone. Dimethylcarbamyl chloride (88 pl,
0.96 mmol) was added to a 0.25 M solution of 3 in OEr2 (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 dnied,
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% OEt2/hexane eluent. yield (0.5 g,
0.78 mmol).
(8) wis~(3,5-(Et3Si)2phenyl)methanol. 4 (0.5 ¢, 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 yeliow. After the reaction was complete, aqueous




2b0. 1640. 7911. 2827aa 3a(C) 0. 6983. 82. 92325739131. 9 3b( C) 0. 8933. 8Q.77 kRO
4a0. 0670 316222151.9 4b0. 0670. 79c11. 36325957062. 0

4¢(0) 0. T a0 4d(C) 0. 225d0. 08bbb 95 C. yield (89.67 gf 8 So6 01 ). WO
01/30785 -22 2 2 APR 2004 PCT/USOQ 29093_(2) 1-Br 3,5-(Et3 Si)2benzene. A
3 L flask was charged with 1 (86.86 g, 02248 nol), anhydrous et her,
sparged with nitrogen, cooled in a dry ice/2-PrOHd bath then treated with
one equi val ent of n-BuLi (39.75 nL of a 6.25 M5 BuLi/hexane sol ution
diluted to 15GMoRipmchlerdespay addeditben thejaqueens layer egragied witieethsr. CThe0. 5

m., 0.36 | 1 || t
terrperatu?g Lve\é‘?eziegﬁgsg?ﬁeﬁﬁeg‘stﬁ&y\lraegu roagﬁto(ﬂ},\ﬁ?%hm‘zg %rm@/gg%a'%]ﬂ n '? h(raoom
pentane was reroved(6) triz-@,SEresinmenyhnedgihlgiik. T(@75@l,i @37 whhdl) was

extracted wth pentane (300 nlL). The pentane washings were filtered then
vacuum 10 di sttakdngip indrataluened ds dilstthén iswtedh S 0CEbAceryl atdorider(S nflt, 510.3 46. 9

taini 12. % 1...3- B -(Et 3Si 5.43 g, 15.51
ko "D oy s Afheating B e e bpeanile pas savied 1 Hbate (7. 2
rnL, 15.5 mMlthe tohiRfurs tids’ Seh @l toCRfIuP Fof Ul - mi tanAIdwdl 1 cod%icBrdbip! )

was added then the mxture was allowed to warmto roomtenperature. Wrkup
was as descri Bempermsbwe ohhe sehvant avas sremloyved W5 vEcwm | distalaticac u uddditional

distillation ve 2 0-170, * 3) 1-Li. 3 5-(Et3 Si)2benzene. ol ution
of 3 in OFt2 3@% @%ﬁ?'elsgwa“r ?‘girﬁjg? g‘(%?%%ﬁ‘%’é’?'égﬁgﬁwﬁs‘}‘i“@? 30619 (@ﬂglg),

l'i thium nmetal (47 86holp59 mmol) and OEt2 (ca. 200 ni). The sol ution was
separated fromthe excess lithium A concentration of 0.24 M was

det er nimed by ti traf)o(8,MEHSH2MRCR0(EBESRBENT dLitBeCEBGH. (129) mg, 0.47
bis-(3,5-(Et3 Si)2phenyl)ketone. D methylcarbamnyl chloride 588 L, 0.96
mol ) was addeampeb wasoadesd 0 8 sblutioo rof of (B45 g, ©RF 2nrh3l)Gindimethy@nemibbyide
(20 mL). Evaluation of the /H NMR of the mixture revealed that the reaction
conversion was only 86%: an additional aliquot of LitB(CgF5)4~ (45 mg, 0.07
mmol) was added. Stirred overnight. Reduced mixture to an orange oil. Extracted
15 product with hot hexane (3 x 50 mL then 1 x 25 mL), filtered then placed in
freezer. After 2 h the solids were collected by filtration then dned. yield (394
mg, 0.245 mmol}
Example 6.  Solubilitv 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+(Et351)2Ph)sC]+ [(CeF5)aB]~ filtrate (Act 1) was orange colored while
the [Ph3C]* [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).




After the exotherm c reaction was conpl ete, aqueous amoni um chl ot 1 AR \RDS
added t heWaQ#ig0z8fucous | ayer extracted with ether. The et hef'cf P%hﬁ wer e
dried, 25 reduced to an oil then chromatographed on silica gel eluting with
hexane then 5% OCEt2/hexane (v/v). 4 was igolated fromthe 5% OEt 2/ hexane
eluent. yield (0.5 g, 0.78 mml). (5) tris-(3,5-(Et3Si)2phenyl)nmethanol. 4
(0.5 g, 0.78 nmmol) was taken up in CEt2 (20 nL) then treated with 0.24 M3
in OEt2 (3.3 nL, 0.79 mut)—The—38—ecetoer—turnedlight blue then yell ow
After the reaction was conplete, aqueous WhilBre8MBfmot 23 2 2 AP-R 71%
PCTI US00/ 29093 anmmoni um ¢ L - add thn The agueous—tayer extracted
with ether. The ether exm&irvlagﬁ ordl fg}aﬁ% Twﬁﬁ Pauc¥d o an oil. yield
(0.73 g, 0.77 nmol ). (6) tdatd- (3, 5-138433i ) 2pheny! ) met jyjhchloride. 5 (0.73 g
, 0.77 mol) was taken u%itq dry tojloﬁge (15 nlL) then heated to 50 C
Acetyl chloride (5 ni, 70 %'"'5 mmol) add&d? AfterOf@ating for 10 min,
the tenperature was raisedc2@ C andashgegm Xtgpe was ogﬁﬁ?lyed to reflux for
45 min then allowed to cogl to room tenperature. The sofvent was renoved
by vacuum distillati on. A&?F?i onal 138fuene {20 nL) wagoskided to the
residual oil then vacuumdistilled. yreld (0-45 g, 027 mot) 10 (7)
(3, 5- (Et3S]) 2Ph) 3C+ ( ( C6F5) 4B¢a) nlaksiB(§HbPh -.0:47 mmol) was added
to a solution of 6 (0.45 g, gf)?.mml) aﬁg&%ﬁﬁgﬂgmg%roride (20 ).

Eval uation of the 1H NMVR of tif"Y¥tYture reveal ed that the reaction
conversion was only 86% an additional aliquot of Li+B(C6F5)4 (45 ng, 0.07
nmol ) was added. Stirred overni ght. Reduced m xture to an orange oil.
Extracted 15 product with hot hexane (3 x 50 nL then I x 25 nl.), filtered
then placed in freezer. After 2 h the solids were collected by filtration
then dried. yield (394 ng, 0.245 mmol) Exanple 6. Solubility Studies A
measured anmount (ca. 50 ng) of activator and dry hexane (ca. 20 20 nL) was
stirred for 30 min then the sanple was filtered through a 0.45 mmfilter.
The [(3,5-(Et3Si)2Ph)3C]+ [ (C6F5)4B]- filtrate (Act 1) was orange col ored
whi | e




the [Ph3Cl+ [B(pfp)4]'- filtrate (Act 2) was colorless. The nmass of the
sanpl e was recorded then the hexane renpved with a sl ow nitrogen23tARRaHi
Weight % solubility of the activator was determ ned as 100(mass solid
remaining) | (mass 25 filtered aliquofgs_30 WO 01/30785 2 2 APR 2004

PCr/ USOQ 29093 -24 Filtered Aliquot Activatoralig. massasolid massw %

Act 113141%@%1_]\\1% 17 Act 113056.121.70.17 Act 212512.60.20.002b Act
21310510. ) mass in ng (b) likely an upper limt of solubility. 2 2
APR 7004 -25 CLAIMS 1. A conposition of matter described by the foll ow ng
formula: [((R,R2ZR3Si)5-nC6HN C6Hn) 3- + [ A]. where each of R, R2, and
R3is indelpend%?‘?‘91’%5)‘%’(&?1}1{“%?1‘”&BSCBE%‘ﬁH%n%sfP\[I?‘&‘P\gEO@T{IaTo C30 hydr ocar byl

group, n = 1-4, in = 1- JrR&RINN. - cig ) ddpncoetdigat i ng or Weakly
coordi nati ng anion. 2. ((e corrps((i;gs?i t{}or)la(ocgg Q)Igai gnqﬁqwher einsaidis [Al- a

hal ogenat ed, t ehezereach ofiBds RT, und R’ iGirsigperntientisa sustivsedb onuesubstisnted Kas td

anion. 3. The conpositi of clai whey ei n Ori ne_groups .are
substituted f o?"“h Sﬁf’éﬁﬁ VR Bﬁlfl’ﬁlé-a{'g’l mbﬂfﬂp g a 8?&88rd§1’|’akt%g or weakly
substituents oBodrB@SEn@anibngroups, of the anion. 4. The conposition of

claim3 wherein the anion contains a boron or alumnumas a central
elenment. 5. The conposition of claim1l wherein the anion is froma borane,

carboraney bor §,¢ comBaGRGH 8f Eail LAhrARAUANE (AP 2 WS FRhLEEALHAYAOGstituted

Group 10-15 non-carbon element based anion.

3. The composition of claim 1 wherein fluorine groups are substituted for hydrogen

atoms on the aryl groups, or on alkyl substituents on those aryl groups, of the anion.

4. The composition of claim 3 wherein the anion contains a boron or aluminum as a

central element.

5. The composition of claim 1 wherein the anion is from a borane, carborane, borate,

carborate, metalloborane, or metallocarborane.,

6. The composition of claim 4 wherein each of R', R? and R® is independently a C, to
Cs2 hydrocarbyl group.
7. A use of a complex of trialkylsilyl-substituted carbenium cation and a boron-or-

aluminum-based 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.

8. A process for the preparation of polyolefins from one or more olefinic 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-substituted carbenium cation and a suitable

noncoordinating or weakly coordinating anion.




6. The conposition of claim4 wherein each of R, R2, and R3 is

i ndependently a Cl to C32 hydrocarbyl group. 7. A use of a conpl exy apPR 2004
trial kylsilyl-substituted carbenium cation and a boron-or- al um num based
noncoordi nating or weakly coordinating gnion in stabilizing an
organonetal lic catal yst conpound in the preparation of a catal yst for
olefin polynerization or in a polynerization process itself. 8. A process
for the preparation of polyolefns fromone or nore ol efinic nonomers
conpri si ng. conhélipfbesiibebrdded WnEking 8tvilerein @aidi docaalysisaimblet &f dexsrivdd by t he
product of combining i) an organonetallic catalyst conpound and ii) a
cocatal yst cothsifellowmgdprmaang a trial kyl silyl-substituted carbeni um
cation and a suitable non rdionad | | y~€@Qf-di nating anion. 2 2
APR 200 -26 9. The processﬁ@%éﬁ?ﬂ?ﬂﬁmggﬁ%$g?ﬁﬁﬁxaki&Lin sai d cocat al yst
conplex is described by the follow ng formula:

[ ((R R2R3Si ) 5- nC, Hn )32nCl.+ {A.-, where each of R, R2 i S

i ndependent |y a’gg’ii’b%a% tggﬁdﬁora”hr& dﬁé’f“feﬁ’ﬁlﬁcg’ﬁﬁt)a Sﬁlgsmﬁé %ﬁ?%ﬁﬁ%ﬁﬁg Bup,
n=1-4, in = & 3hy@RrilyNerodps na= 1o Geer dsnald gq-wa%ﬁdﬂquinaﬁfgr@ Wadkiyg
anion. 10. The process of "according to clains or 9 wherein said

or ganonet al | i cceadimhating aniownpound is a G oup-3-11 netal conpound that can
be converted by ligand abstraction to a catalytically active cation by
sai d noncoordinating or weakly coordinating anion. 11. The process of
accor di ng1@! ai Thd Qprodesd of Acsrtisigttoad)siidsi Dror revbred géid wTRirindtallic catalyisy st
conmpound is a Goup 4-6 netall ocene conpound having the forrmula: LA La, Lc;
MDE where, LA FemBouwdhist ptGrag-i 1 ungab sempenndy thay ap pish capeatsd| by ligand
het er ocycl open i en i N _th QA - honded.: L eFbaly of
the class of gl?\sg'%a‘? l%dr Q@P%Cé:g{rﬁéﬁalg 9?1{(1;% P %t}&L%? %rl& ﬁlg J(,)dTgin ‘3’%% oat omly
ancil lary |i gaosbrdinatingladonto M the LA and LB |igands may be covalently
bri dged together through one or nore Goup 13-16 el enent-contai ning

linking groups; Lc; is an optional neutral, non-oxidizing ligand having a
dative bopf toTit (Hro®as8f actripgDlaimVi 0 Svirrdth QYR dadsitidn” BRE tor@dhofRtalic
and, D and E are independently nonoanionic |abile |igands, eac
catalyst compound is a Group 4-6 metallocene compound having the formula:
L* LB LS MDE

where, L* is a substituted or unsubstituted cyclopentadienyl or
heterocyclopentadienyl ancillary ligand m-bonded to M; LB is a member of the class
of ancillary ligands defined for LA or is J, a heteroatom ancillary ligand o-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 bond to M (i equals 0 to 3); M is a Group 4-6
transition metal; and, D and E are independently monoanionic labile ligands, each
having a o-bond to M, optionally bridged to each other or to L? or LB, which can be
broken for abstraction purposes by said cocatalyst complex and into which a
polymerizable monomer or macromonomer can insert for coordination

polymerization.

12.  The process of claim 10 wherein said olefin polymerization conditions comprise a
solution, supercritical pressure, bulk, slurry or gas phase process conducted at

reaction temperatures in a range from greater than or equal to 40 °C to greater than

or equal to 250 °C and pressures from greater than or equal to 0.001 to 2000 bar.




having a a-bond to M optionally bridged to each other or to LA or

whi ch can be broken for abstraction purposes by said cocatal yst CZOMTBM
and into which a polynerizabl e nononer or nacronononer can inse?
coordination polynerization. 12. The pypcess of claim 10 wherein said

ol efin-polynerization conditions conprise a solution, supercritical
pressure, bulk, slurry or gas phase process conducted at 0 reaction
tenperatures in a range fromgreater than or equal to 40 Cto greater than
or equal 1D 25the(prabébspifemsidas for 417 &F daien 1 iteieif lsa@opratest 9s @n QQikbhge 2000
bar. 2 2 APR 2004 -27 13. The process of according to any of claim 11
wherei n said W%@@@Tp@saﬁomcgﬂaﬁt iageacsign (empeT o aieatsT é@ﬁ&y@ﬂéﬂ tg405°C
reaction tenp e t 09 equal to 40 C to greater than or
equal to 250 g&%‘%ﬁ‘fﬁ%%ﬁﬁ%&?%ccgr ding to claim9 wherein the
organonetal lic catal yst precursor corrpound is added to the reactor
separately frqomand after the coc st. canmpl ex risin

trial kysi ?(’gw - shiFs PrOCERSeRFCOHIBRAT (& I@a RFTEIR dhE eSS %%E*Shamaﬁ%n
15. A reacti Orboﬁ{éﬁ%gtls sdudaaBlike féﬁEtoF%@pa?a?el? ﬂ:@ﬁ%&' aftel heRBLAARE onideone
or nore olefini ¢ nonomers to prepare a polyolefin, said reaction product
bei ng obt ai nabloeising p trilkysyplrrodretitatetli mrbﬁmmhys&ttlooompbdl’m nengogriipatng
cocat al yst CO%L ex conprising a trialkylsilyl-substituted carbenium cation
and a Goup 1 ment noncoordi nating or weakly coordinating anion. 16.
The reaction product according to claim 15 wherein said product is

obt ai nable from a cocat al yst conpl ex as described by the follow ng

formul a: [ §( RARRestionspiedBFinjuiablHEY 30s¢0ps+ 2 [ safalyiih P cPEWBFIENE ENE DMOFHJ R3
is i ndependent t

group, n = lé(ﬁrﬁc %He&%eiﬁiﬁ?ﬁe Hg§§9%§hc%%f%a§£n}ﬁo% be é%bgﬁl?zf@é’i)y
coordi nati ng amlanmrgeﬂxﬁmeﬁihc pataljrslmormmmdchndgx)ta)cmﬁamlyst témplesre@mprising a

product is obtai l.e, from anonetal |ic,catalyst c ound .bej.ng a
G oup 3- 11 11 ARERINI-HERRI LR A Sish GoakddvArTen TBpeNTGaAtne
abstraction i fﬁr%e%kﬁﬁéo%}dihhtﬁ@dﬂmﬁﬂl ve cation by said noncoordinating or
weakl y coordi nati ng "ani on.

16. The reaction product according to claim 15 wherein said product is obtainable
from a cocatalyst complex as described by the following formula:
[(R'R’R*S0)51CeHn)m(CeHs)s.mC]" [A],

where each of R', Rz, and R® is independently a substituted or unsubstituted C, to C;,
hydrocarbyl group, n = 1-4, m = 1-3, and [A] is a noncoordinating or weakly

coordinating anjion.

17.  The product according to claim 16 wherein the product is obtainable from said
organometallic catalyst compound being a Group 3-11 transition metal compound

that can be converted by ligand abstraction into a catalytically active cation by said

noncoordinating or weakly coordinating anion.




2 2 APR 2x94 -28 18. The product according to any of clainms 14 to 17
wherein said transition netal organonetallic catalyst conpound is22 ABRQ0
4-6 netal |l ocene conmpound having the formula: LA La Lo, MDE where, LAis a
substituted or unsubstituted cyclopentagyenyl or heterocycl opentadienyl
ancillary ligand it-bonded to M LB is a nenber of the class of ancillary

| i gands defin faor LA _or i.s a. het gr.oat i I - ho to
M “the LaTnd 118 Proghitiaubfdo oy 3R THRE' BTG d2ambEst mif APheBieBiReRE o
more G oup largdhodealBOtatalyBt adinipongd is d&kdg 46 onyslockss cinspamddatingnhd
neutral, non- oxidizing |igand having a dative bond to M (i equals 0 to 3);
Mis a Goup Aognulgi ansition metal; and, D and E are i ndependent |y

nonoani onic labile |igands, eacha IFf]ta]ydi g a-bond to M optionally bridged
to each other or to LA or LB, which can be broken for abstraction purposes
by said cocat aklyae, cdifpl éx amd subtstiturddi clora upsibytitetedz allydopemadienyl or or

Tacrononomer Ch%?eri)(E]ysc:(lag]}entfag{en}(f:loagll;:ﬂfa{']yaﬁéa% Tt-g(())rll eEﬁ(r) il\i;aliljj 1Osna' member of the class
of ancillary ligands defined for L*, or is J, a heteroatom ancillary ligand o-bonded to
M:; the L* and LP ligands may be covalently bridged together through one or more
Group 13-16 element-containing linking groups; L% is an optional neutral, non-
oxidizing ligand having a dative bond to M (i equals 0 to 3); M is a Group 4-6
transition metal; and, D and E are independently monoanionic labile ligands, each
having a o-bond to M, optionally bridged to each other or to L or LB, which can be
broken for abstraction purposes by said cocatalyst complex and into which a
polymerizable monomer or macromonomer can insert for coordination

polymerization.




