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COCATALYST ACTI VATORS FOR OLEFI N POLYMERI ZATI ON | nvent or: George

Rodr i guez WORHMID CASES Thi s application clains the priorPET/UBEASI8T Of
U.S. Provisional applica- tions, 60/246,302 (Attorney Docket No. 2000B069)
and 60/ 274,788 (Attorney Docket No. 2000B069-2), filed on Novenber 6,
2000 and March 9, 2001 respec- 10 tively. FIELD OF I NVENTION This

invention relates tQ polynerization cocatal yst conpounds cont ai ni ng

weakl y coordi nati ngFMMEQMTXWMGQ@TALMMMONS
olefin polynmers using ionic VA v.St.e organonetal [T c
transition-netal 15 cationi @M@z&h — %ﬁﬁﬂhese ani ons.
BACKGROUND OF THE | NVENTI ON The term "noncoordi nati ng ani on"(NCA) is now
accepted terminology in the field of olefin and vinyl nolecule,

coordi nation, insertion, and calwoder:o6ieorgeRodrignezeri zati on. See, for
exanpl % EP 0 277 003, EP 0 277 004, U. S. Patent 5,198,401, U S. Patent
5,278,119, and Baird, Mchael C., et al, J. Am Chem Soc. 1994, 116,
6435- 6436. ThREDATED CASES ng ani ons are described to function as

el ectronic stabilizing cocatal ysts, or counterions, for active, cationic
net al | ocene pol ynerTiaepplication slaims ghe Pherityebenefiv of &bS.dProaisiongl appliva-

applies both r r.dinat.i ng,ani dt i nati ng ani ons
That are | abi tare s RBSREY RRAINECoRNBOR and R lanisd asomey
acetyl eni cal | Dacketolr2000B06925,0168 DnANovdifber 63600 LML, 003 S8spec-
noncoordi nati ng ani ons can be -effectively introduced into a’
pol erE]Ioi zat i o#V#¥di um as Bronsted acid salts cont ai ni ng char ge- bal anci ng
coun- tercations, as ionic cocatalyst conpounds, or mxed with an
organonet al |'i mgmﬁwmgpre adding it to the polynerization nedi um
See also, the review articles 5 MAY 2005 WO 02/36639 PCT/USO /46187 -2-
by S. H. Strauss, ThisenSesionhrefates foapalemedaiolbeatiaidompanas cohin
Anions," Chem .Rev., q%g . 92 -942%1@;%%. U, S. Patent- 5,502,017, to Marks
et al.. addre2&REY;GRIE0IHINE Crodmshise t anipps and dp 1he greparption) of olefin i on
containing a Kle¥s 66 b I } § S NG 1hst | t ut
wi th hal ogena??g aryl %%??%%%%%ﬁ%f%aggﬁggﬁ# gélﬁgitfayyﬁgg]PnW‘thld.
subst ilfut i on, caele Inpeundpstabiligedrby Hydse sniop$. substitution. Marks et al.
di scl ose the weakly coordinating anion as the cocatal yst. The silyl al kyl
substitution is said :

BACKGROUND OF THE INVENTION

The term “noncoordinating anion”(NCA) is now accepted terminology in

the field of o.leﬁn and viny]l molecule, coordination, insertion, and carbocationic’
20 polymerization. See, for example, EP 0 277 003, EP 0 277 004, U.S. Patent |
5,198,401, U.S. Patent 5,278,119, and Baird, Michael C., et al, J Am. Chem. Soc.
1994, 116, 6435-6436. The noncoordinating anions are des;:ribed to function as
electronic stabilizing cocatalysts, or counterions, for active, cationic metallocene
polymerization catalysts. The term noncoordinating anion applies both to truly
25 noncoordinating anions and to coordinating anions that are labile enough to un-
dergo replacement by olefinically or acetylenically unsaturated molecules at the
insertion site. These noncoordinating anions can be effectively introduced into a
polymerization medium as Bronsted acid salts containing charge-balancing coun-
tercations, as ionic cocatalyst compounds, or mixed with an organometallic cata-

30 Iyst before adding it to the polymerization medium. See also, the review articles



to increase the solubility and thermal stability of the resulting 0.5 MAY 2005
netal | ocene salts. Exanples 3-5 describe synthesis of and pol yneri zation

wi t h t hewgoratsgdoyst com 10 pound tri phenyl carbeni um t et r akP€T/US01/46187
(4-dinetbyl-t-butylsilyl-2, 3, 5, 6-tetra- fluorophenyl) borate. In view

of the above, there is a continuing need for olefin polymerization
activators both to inprove the industrial econom cs of solution

pol ynmeri zation and to provide alternative activating conpounds for ionic,

ol efin pol ygerd zatd ata- %JW%? Elgw] OGN The
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W th cat al yglheps ®evl 98r9270poUwds).t o form active catal ysts for olefin 20
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catal yst Sys temiU-§oR@@nhgrwmc?htcc%aakapygk, lgesset MG mepallosenes opta-
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in situ catal }/st formation essentially concurrent with, 25 contacting the
cat al yst wi kil sphstibpionasushrasiacichntpihimethyb slfopbstifunen eblarks et alofisclosd ni ¢

or aceryl eni,c unsaturat.ton. or havi Ql ef.i,ni.C dnsat urat:i 0 able o
cationi ¢ pOiSHERTy SoPdipatingmochatrdis Fréralie s IR sSRur R P one
that is pol yoeidreaseah¢ SolabilRty G@Ad ahdtiial S¥IEN ofBE rétuREg HRtdllovaiy 06,
zWtterionic cocatal yst com pounds. Invention catalysts are suitable for

preparing p&gmeies Tadesepe pmthesisaef mbpelomstizaticraMith the ¢oeddyst eamcal |y
unsat ur at ed | ecul es. e 7' A L1 ORpi € onpound tain
bot Roan ani BaCahatPemta e, ekl ddimeBPERbEYIN-InCRe B R0, °

ani oNi ¢ por fhwerophenyllbogtes G oup- 13 el enent bound to fluo 0 5 MAY 2005
WO 02136639 PCT/ USO /46187 -3- rqaryl ligands in which_ at |east .one

fl uoroaryL |igandDivacw ghdhs akavedthir 1 aeontanne nesdclor 2letBnPlYBEHEHI®M
group. The f (F (Walcl! E;gyg& : s KY!
group from B%ﬁ%‘rg&esg?ﬁgqoéka}&ggﬁ%%g%(ﬁs on |An(1'l,}4ug§18g%g}gﬁo ®§%{§ﬁ |t€: conpound
(i.e., the capsadvdd alereativesatiyating norepodraistfon dnfe, tohefirc polpoienidaticn ddta-s
process | eayes a cationic catalyst and a neutral am ne substitution on at

| ead? one FYUSYBE 1igand of the Group- | 3-based noNcoordinating anion
(the "formerly' zwitterionic, cocatalyst conpound). Aminvention

cocatal yst activator conpound can be represented by the follow ng

forMil a: 10 SUNPLARM-QF RERHNVEMNIJOMNR2H i s a cationic noiety or pendanT
group. This noie can - S . L. ar o] r - et al
bond of the cat éimls?t mﬁ’re%t(ti:)%nr ggé‘ggéso%é%% gol#@?ﬂl\/ﬁ?@ﬁ %ﬁésg%%?fgge eem&*nt;
some enbodi gembinedelih tcatabyso prafursr Winpounds to form active catalysts for olefin . :

20 - insertion, coordination, or carbocationic polymerization, as well as catalyst sys-
tems containing such cocatalyst and catalyst precursor compounds. (For purposes
of this document, "cocatalyst compound” is interchangeable with "cocatalyst acti-
vator compound” and "activator™). Olefin polymernization can proceed by catalyst
formation followed by, or in situ catalyst formation essentially concurrent with,

25 contacting the catalyst with appropriate molecu]és: those having accessible, ole-
finic or acetylenic msaﬂnaﬁon or having olefinic unsaturation capable of cationic
polymerization. More generally, an appropriate molecule is one that is polymeri-
zable by a catalyst system that uses the invent'ion zwitterionic cocatalyst com-
pounds. Invention catalysts are suitable for preparing polymers and copolymers

30 from olefinically and acetylemically unsaturated molecules. These zwitterionic
cocatalyst compounds contain both an anion and a cation within the same mole-

cule. The cocatalyst's anionic portion contains a Group-13 element bound to fluo-



num, Ask- is a fluorinated aryL group; and each R is independently
sel ect ed from 15 C -CM hydrocarbyl or hydrocarbylsilyl substituents.
enmbodi ment\ORBEBA R to the silicon atomthrough a secondary é¥s¥ @P’csi"'ary
carbon atom DETAILED DESCRI PTI ON OF THE | NVENTI ON Scbematically, the
zwitterionic cocatal yst can be represented-&s 20 An7_-spaci ng group, -Cf.
An represents an anionic portion, & + represents a cationic portion, and
"spacing 0 + group' represents a nolecular portion that connects between
An and & An-rdasyldigmidednverclani leastcongoflbéronryl Higand ss eelptibited vfith at least
stabl lizing or-charge bal anci n% the_active catal yst when conbi.ned with

' spaci ng gr oup® SHIPHE AT IBEOUS &M MRSt %‘PI‘%F R ARENGRIRT FI0UP
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(ArF)3A]--. 30T, t he
charge on thegne @30 t élr]%fg]@q% h@gllgﬂg }lglé%{o?&}ﬁﬁ%eﬁﬁélg %Eeﬁg ¢ nt act

bet ween t he cmeys,m@c&mystzeﬁgomm 02/ 36639 PCT/ USQO / 46187 -4- and
cocatal yst. Wth appropriate An, these, two effects di rTLnI sh the 'gni&e
an

attrac- tion betweéd 'EIW@“E@‘? &P%QIY%WW@HHt%WEQW AF 3 PR AERTGEANIE
be an assenbl Yollo'v\ﬂn ghe ani oni ¢ charge spreads out over the nolecule
maki ng the charge re |ffuse After catal yst activation, The cocatal yst

shoul doei t her be compl etely 5 non- ¢Car)ehiaF;.si§R$H coor di nat e weakl y enough

so that the anion es n bstan- tially inpede .t he noponer saccesto

the catal yst Pbens’?herﬁl E‘f}’@iﬁ% a %B?J%‘PBW’%' ﬂ%&ﬁ’g?m SR i’&ﬂmmﬂyu@,n
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enbodi nents s ’bi phenyl, or naphthyl as the af radi ca
Exenpl ary i nveﬂhatmn)!\rwiﬂ agGltmlpa}fddeBth;|Sbnva¢m90dlm1ﬂadéle§ rpngr abimairy |

radi cal s as quorlnted r.oups. Per- nated ar _
function and PWO GYE* b@i%ﬂﬁ%& EO¥P Mﬁ% mﬁseﬁﬂ‘iéflpgéﬁ'tcg&d?“ﬁg
addi tiygn to flyar ngdxowebm ashidro@rbylalgdubystuenar Byne @htisdimenthettach R
di sclosures of U S. Patents 5,198, 401, 5, 296, 433, 5,278,119, 5, 447, 895,

5, 688, 634, 5, 819@6?lﬂlconmrgsbraszgiywsccwﬂW/ozgmwy APGVARTT17, WO 15

99/ 42467 and copending U. S. -Application Serial Nunber 09/261 627, filed 3
March 1999, and its equival ent WD 99/45042 teach suitable ArF groups. Sone
enbodi nent s r BRBAHLED DESCRIBTEONOFI'HE INCENJdONen atons connected to

aro- matic |igands th f1uorine;.sone, enbodinents, sel ect rfluorinated
aryl |igands. Perfﬁ%ﬁ‘?’?‘h l\"ré&?‘ie”c%"tc gﬂ%r“@'? bﬁ{f&’ﬁ?ﬁaﬁgé‘ﬁom is
substidguted with fluorine or An ——spacing group——Ct".

An represents an anionic portion, Ct represents a cationic portion, and ‘spacing

group’ represents a molecular portion that connects between An~ and Ct+.
An" is a molecular anionic portion that is capable of stabilizing or charge
balancing the active catalyst when combined with ‘spacing group’ and neutralized
25 Ct+ and is otﬁerwise stable in the desired polymerization process. Selecting An~
with a Group-13 central atom is useful. Group-13 elements are sometimes re-
ferred to as triels, abbreviated Tr. Some embodiments select the triel to be B or
Al. Fluorinated aryl ligands, Arf, sometimes serve as the ligands of An~. For in-
stance, exemplary molecular anionic portions are (AsF);B -~ and (A1F); Al —.
30 ' The ligands around the Group-13 atom serve to stabilize the charge on the

jon. Furthermore, the ligands control the degree of contact between the catalyst
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20 Duorcarbyl substituents, e.g., trifluoronetby), pentafluoroethyl,
heptafliloro- isopropy). tris(trifluoronethyl)silyltetrafl uoroethyl, and
bi s(t r w0 un¥ost byl ) (bep- tafluoropropyl)silylteirafl uor F&TRS01/4TI8E goal
of fluorination is to renove ab- strgctable hydrogen from The NCA.
Therefore, any li.-and choice or substitqgition pattern that mnimzes the
nunber of absiractable hydrogen is useful in this in 25 vention's
practice. When the nunber of abstracl abl e hydrogen has been mni- m zed
(that is vhanothes0™REH Ahropio e, RSt 1a6 dfRbts’@AGhkR the jSniirdc-enough
that the polynerization reaction proCeeds in a commercially reasonabl e
manner), tidnebeti®4en ther edtalysteahd cocatlystib Siltermatiely Ah uors hatandisseTihly,

he ool cctBauRab R SHIoMpEREIEE STRytd dyL FehaLt FPOETHIE MARTERE charge "
pne se ec T ogert ¢ .
uorine rxﬁ% ﬁ%ﬁ%ﬁé‘{‘%ﬁ@f?gﬁﬁ'é ?a{m f @b&&tﬁﬁ@sﬁouﬂ%ﬂ%&”ﬁ}éfcbﬁqﬁ%l? are

substanti a e speciti1C catalyst of the® system

Subsst ant i aldnycovedinatirgt srcdatinatemeedkdy eiatghTuethhydeapéon dees roesubstanact 0 5
MAY 2005 WO Q2/36639 PCT/UQ. 01146187 -5- able but at l|evels | ow enough so
that the digdlyémpsde BIsapANQUBENS F4E54R @8l yst  poi soning remains bel ow

that which is cor nnef,%nsilf I %Péﬁgﬁﬁ%%hﬁ% igﬂé%;l?{amﬁfycyl, PRIk shyl, 3-8Rhy], €SSer

| evel s of abstractabi u spacer,' thé bridge between
An- and Qphehanthreyyhrand pygemil argsdtgbld wad radichlar Genen embhdiamdts sedgcl enough

to maintain separation bet n. An7 and +, Ip nost cases,. f acin
gr oupI is é’hFPﬂgziP%&%@d oapﬁ,)\ﬁtﬁyln@s @Grﬂﬁgc’lag&alsat EBW@H%“’("&“?%%E?&MI agd
at, 4 he ot %Pﬁ@ﬂ&iﬁ@&]ﬁfhﬁcﬁme%e RREErPrRatinen ﬁu§ﬁﬁatle§§ﬁa]sé}@ﬁﬁﬁsngPé}f oups

that Iimt € quantrty of activated-catal yst-abstract e hy- drogen on
t'he cocat dhymsinateBoaryhgrapsalto filnationpod mepnda sopatitgnd tAsE geaps havigg oup 10

are abstractable by the activated catal ys t hese, hydrogen atons..wll be
fluorine Sélhﬁg:l’?’ft_ﬁg’_éBQ&HOQ&FP&?‘E’W&?"WEr%sﬁ?%@?a??cﬁw&ﬁg?‘gﬁp?ﬁgﬁ‘n&wﬁr oups
are usef ulgisehgknrdli tdoNaId.Y Patdntedr 5198,3010S15,006 4IRS ND7S.EI,S FMATLHSYr oup
all ow the anion''s el ectron den5|t£0to spread over nore atons, which nakes

The el ect rof8&eHki 6y89A0178. dMO 93099 nBRa R8P oV fIUEHs W uses
d i i i 0 ot B t &l W ! } e |- ,
veakened ag ol BRLISN, 105! Nprheatl deval Nl B605Y 881, 0ffteq T91US

orine s spaci'ng group 1's be- nﬁrove t he
cat al yst' sMahi MO9Sy andrin aghivaldnt WO 9854 S0 teiathu Suitable MrFhgousspalime gr oup
i nproves the robustness or thernal stat%jﬁgi hy of the resulting NCA
Repr esent SPRAGIBEREiTARaEs 8L Fartaehethird dider Jadrogst algms (eBPeq T ¥ t o,

f 1 uorobenzylye ii%z{.ﬂd‘é%ﬂpﬁﬂalﬁhe; sg%rfel A RNARh st pligalihited QN tihAdY ! |
bexaf | uoro- 20 1 uor enyl, hexafl uoroi ndenyl, hexafl uorophenathracyl,
hexaf | uor Geyfleordatedmeany that eadbf arpklyydrogrnationu or sbblemited with fluorine or

OcHar ) vor OTFERPHE SZ5Teogtarh fror SRy PRI pe RrapTogoetShn Mpatyrro-
lto:][llt 31; Ir go[)i@éﬂrlggﬂ,e nmlé(uimrtba{fe:mjsqymﬁﬂwlbmm léafnli Uﬁ@@?ﬁﬁbﬁoﬁ}ﬂy]) arp-
pbenal bracyl, pentafl uoropyrenyl, perfluoroanthracyl,

per f | uor otj@ﬂugappropyl)sily]tetraﬂuoroethy]. Thé goal of fluorination is to remove ab-
stractable hydrogen from the NCA. Therefore, any ligand choice or substitution

pattern that minimizes the number of abstractable hydrogen is useful in this in-

25 vention’s practice. 'When the number of abstractable hydrogen has been mini-
mized (that is when the competing hydrogen abstraction reaction is small enough

that the polymerization reaction proceeds in a commercially reasonable manner),

the NCA is referred to as substantially fluorinated. Thus, suitable ligand choices

and substitution patterns will depend somewhat on the selected catalyst. Not all

30 hydrogen substituents must be fluorine-replaced as long as the remaining hydro-
gen substituents are substantially non-abstractable by the specific catalyst of the

system. Substantially non-abstractable means that the hydrogen may be extract-



25 perfluorofluorenyl, perfluoroindenyl, perfluoronapblbyl, 05 MAY 2005

per fl uoropbenat hracyl, perfl uoropyrenyl, heptafl uoroanthra
bept af | uor B q}()}ﬁ%ﬁyl , heptafl uorcindenyl, beptafl uoropl )enj%léﬁ/gc‘to)’ﬁ?lm

bept af | uor opyrenyl, tetrafluoroanthracyl, tetraf[uoro- fluorenyl,

tetrafl uoroi ndeny), tetrafluoronapblby), tef+afl uorophenathracy), tetra-
fluoropyrenyl, trifluoToanthracyl, trifluorobenzyl, tTifluorofluorenyl,
trifluoroinde- 30 nyl, trifluoronapbtbyl, trifluorophenathracyl, and
trifluoropyrenble huadt keatls Jow esonglys@des thaneghiey 66 ROTIISON 48 kaTalyss- F

D FAW F (D Ct). F 1A6,7-tetraflugro-indenyl serving as a spacin
Group ' n F | Pogphing zer3ns balost Haf mibeiL Gy P Lo g HE. sphEpbodt-
Effective cat h%'tsctm%ap ?ﬁ%éiévgefﬁ(f%]%%éa%ﬁ <nown to abstract a ligand (Q,

such as nonoani oni ¢ “hy e, , or other hydrocarbyl or

hydrocar byl sily] |iSpachesdsp’ bF ipasérgame iidak Hebndeat 8hY 3hd ITECIHr ST or-
conpounds | eaving active catalystS. After abstraction, the C portion of

t he cosat al ysiganis geaipsthamisilait gnoeght aral ngidrersogieto maintaln rreparstion Betwiesn
chosen so that [t doegn't interfere with polynerization. Use- fal cationic

groups i ncl udén Had Glr.elnypestiGapgs; the pacingigrewjs a-therinatediany ponnsedted h
th i | t U.S. Pat 5.198, 401 d 97/ 35893, t

E o oo oS et The o anget g BRET 81 tbroe 3ion, Ronds FRPPReCIR i ¢

groups of VIO 1960850 ero ARG ikt ARA e GdniBDbLa@RkieANS1I A MIFcHHIE FgEN-

and carbon-based ca- tions described in WD 97/35893, and in copending U. S.
Appl i cati ons €emgenlontbscocatlyst.6BoIU extepl Bt Iaregendivems 099 spasihg group

60/ 169,768, file enqber 1999. A eful cationic miety.is -NRZH 0 5
VRY 2085 o 8 FsRsTRet ettt el el e, B Yl e sPFRL o
groups w |l beughihged inv@nfeodmBadibieatsl Perfuotntal Haink g@ebpsvatsefupeAdThe
cocatal yst activators can effectively activate cata-_lysts for solution,

bul k, sl urry, ddivsalaslyminssupgityhiens ontheppasingcagye sllordabmanimis glertref oups
include met hyldens%qxlspregap({vgpﬂoreia?&ilgrwgﬂ%h’mﬁieg e/ El’ecQHltl Wensiﬁy ﬁ1|09e dif-
fuse. Increased anion’ diffuseness causes weakened anion coordination to the
15 catalyst after activation. Thus, fluorine substitution on the spacing group is be-
lieved to improve the catalyst’s activity. Finally, fluorine substitution on the

spacing group improves the robustness or thermal stability of the resulting NCA.

Representative spacing group radicals include, but are not limited to,
fluorobenzyl, difluorobenzyl, diflucronaphthyl, hexafluoroanthracyl, hexafluoro-
20 fluorenyl, hexafluoroindenyl, hexafluorophenathracyl, hexaflvoropyrenyl,
nonafluoroanthracyl, nonafluorophenathracyl, nonafluoropyrenyl, octafluoroan-
thracyl, octafluorofluorenyl, octafluorophenathracyl, octafluoropyrenyl, pentafluo-
roanthracyl, pentafluorofluorenyl, pentaﬂuofoindcnyl, pentafluoronaphthyl, pen-
tafluorophenathracyl, pentafluoropyrenyl, perfluoroanthracyl, perfluorobenzyl,
25 perfluorofluorenyl, perfluoroindenyl, perfluoronaphthyl, perfluorophenathracyl,
perfluoropyrenyl, heptafluoroanthracyl, heptafluorofluorenyl, heptafluoroindenyl,
heptafluorophenathracyl, heptafluoropyrenyl, tetrafluoroanthracyl, tetrafluoro-
fluorenyl, tetrafluoroindenyl, tetrafluoronaphthyl, tetrafluorophenathracyl, tetra-
fluoropyrenyl, trifluoroanthracyl, trifluorobenzyl, trifluorofluorenyl, triflucroinde-

30 ny], trifluoronaphthyl, triflucrophenathracyl, and triflucropyrenyl radicals.



5 hexyl, benzyl, nmetbyltrinetbylsilyl, methyltrietbylsilyl, pyrrolldlnFPYZME
pi peridinyl, 2,6-dinmethyl piperidinyl, etc. The R groups nay be the sane

or diffe™u2/3¢6390t her words m xed al kyl groups may be | odtEHSBH61ETe

G oup-15 atom An exenplary, but non-inclusive, list of -Ct+ are provided
inthe list below. The listings show a cationic central atomw th two
substituents. In nost cases, the -Ct+ noiety addi 10 tionally connects to

t he spacing group and to a proton; thus the central atom has four

l'i gands. Amoni um Cation Mieties (3-gethylpentyl (ethyl(1lrielhylsilyl))
ammoni um (3-net hyl pentyl)-1, 2-di fl uoyohexyk-a ni um

(3-net hyl pentyl)-2, 3, 5- t(|qu099phe yp~amonhdim  ( 3- net hvlDent v] ) but v]
anmoni um (3 15 nethylpentyl)h - met hyl penl yl ) oct yl

anmoni um  (3- et hyl pentyl ) perfl uorfobutyl N um

(3-net hyl pentyl ) perfl uoroheptyl plhylpent y1) perfl UOTOPr OPY1
aMvD- nium (3-nethyl pentyl) q (ethyl (triethylsilyl))

(ethyl (triethylsilyl)) anmmoni (et yI(IrlethyIS|IyI))

(rmethyl (trinethylsilyl)) ammonium (eghyl(tflethylsilyl))isohexyl

ammoni um  (ethyktriethylsilyl))isoprop~l anmmoni um

(ethyl (triethylsilyl))perfluoroethyl ammonium (ethyl (tri

ethyl silyl))perfluor t er nuor opheny|
amoni um  (ethyl (tri- 148 W{ﬂ“am’}% KHan%FEQ%Ur"ﬁ bﬁg ahg)erb%'rgmm um (elhyl
(Irimethylsilyl))-2.3, 54r|fl uor ophenyl - amo

(ethyl(1rinmelhylsi 1lyl)) hexy) ammoni unm (et hyd
anmoni um (el hyl (triw ethylsilyl))butyl a
(rmethyl (trielhylsilyi))isopentyl amoniunm (
et hyl silyl)) pernuoroheptyl ammoniu
(methyl (triethylsilyl))perfluoror 2
et hyl silyl)) pernuorooctyl anmmoniu .I(trle hyl silyl))perfluorophenyl
amoni um (et hyl (tri - eIhyIS|IyI [ annnnlun1

(methyl (triethylsilyl))pernuor i ( [

ethyl silyl))phenyl amonium (et hyl rlneth IS|IyI)) (3-net hyl pentyl)
anmoni um (et hy) (tri net hyl - (nethylntrlnethyIS|IyI)) anmoni umn
(rmethyl (trimethylsilyl))- 1 3 DNi UM

(rmethyl (trinmethylsilyl))
(methyl (trimethylsilyi))p rfluorobutyl
nethylsiIyI))pernuoroheptyI anmoni um
(et hyl (trinmethylsilyl))perfluorohexyl ammonium (nethyl -
(trinmethylsilyl))propyl anmmoni um
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Cat al ysts, evsoniugsCationMieties The art. zZwitterionic activators or

cocatal ysts may [ 10, ondary. amjne. . NR2H i s
feacted with br ?bétﬁ%r (ﬁ—@tdbﬁg erréoﬁm inc dé ‘{5@ are not Ilmq?cial :‘ll gb%ejﬂl\lm After
preparing t HRPUYEsOnIR, (ﬁiﬁy'“rﬁ‘ﬁ F"y'l)) oY R HTY eT’Hlé‘hme'hY'S"Y’))"'b“‘y'afsm'“m

tri s(pent af inehdigeipylyilg) letrybtriethesiidiaiendiomTimietylteaetyision)- 19, Dui0eemhE9r 0N

substi t ut i ORoniak; (&é\ﬁyl(&h}ﬂhylﬁlﬂ))ﬂ@utﬁar%hﬁx p@gMtldrcm@xyl(&JMH\R%@QI?I)}&SGN\M\[ groups

need not be 2%'1654'%%01' hLTHy ﬁy%ﬁgk nl’ﬁ rt% P’EDTDTBQ{IWBISDQ}J% Li‘{) e%&)ggtt mat ¢ h

those of the a I el di ng

a zwitteri oﬁﬁaf?"%%ésf’ﬁ'f"i’)s"te”d HP'E"'&HPE"’“'T"P lﬁ?P‘H‘éﬁ"’;PP’%XPé@P’PT‘UE‘WfO@Y'GW'ﬂﬁe
ni t 18gen at etvlielxiaiseniam pethfibuttires ckiDoywentylpéfineomietrgibrechiunCherdylpe@ldo-ar omat i ¢
rings, pref eﬁablbbéorwhveayrhuordnaaWehMbmhe@ryraQbm@@yﬂnuordﬁeﬁt,fs,kmaﬂoﬁaseﬁ@ar C6 to Cl2
rings are u§&'fll}l“ Ferﬁho%%%énty‘p&ﬂé&/&%%}%%o§”u8fpeﬁlﬂorbu&%%ﬁ ;Be%%%g@ z;[ra(:-ln |s set

out . bel ow. uor eanPne to
formN -(4-B °<5%e‘“z‘f’§e*@’"%‘“’8‘585%%)%{fcr“wr BESHBWW’)'WP?’B’P‘?‘W&’F@“'”NReéll”‘”F’r eparing
The pbenyl &ipPrirerflupgeienyidrsopiiinireriveradibytttd §- dfipgretiepe piserivi: pefeptReny| ) bor ane
i s added t obttjiperfueaisbpetlars@sut; bhengl(nethylRadigiilylddsile tpiédy@Brmadrotul@r par a
posi tion of sdgn; rop;m%mlazdnuarm@wk 5-RAERBIbARR SrsorfiVe: 1-6{{) %oﬁsh' 0“ de

gas is addeq on.gontaining an anionic borate
portion and att)""ar |'c‘)"r'1‘ cug'zﬁnoumomEhﬁ' FT1"6h as shown below. 0 5 MAY 2005 WO
02/ 36639 PCT/ USOIpspertion,the zyiNeri@tic DVMSalyyt Ratis vih (he6&BaISE prkhrser-7 HC

( C6FO3E?- - T Lgn%% (aﬁ@\r":a@dgganom{gatzl 'E?é Et\%(g%\iy SUIt bl.& C%&Jgny%efore

precursor conpo use in
20 activation, the cocatalyst contains a cationic portion. Actwatlon occurs when that

cationic portion either abstracts a hydride, alkyl, or substituted alkyl ligand, Q,
from the catalyst precursor or cleaves a metal~organic-bond in the precursor. '
Activation transforms the neutral, but zwitterionic, cocatalyst into an an-
ion; the cationic portion of the cocatalyst is neutralized, typically by loss of a
25 proton. Activation also transforms the neutral catalyst precursor into a cationic
catalyst, typically by abstracting a hydride or anionic alkyl, which combines with
the proton from the cocafa]yst. For example,

2w O" + Cpozr alkyl,

l

- +
30 Zw Cp;ZrMe + alkyl—H (hydrocarbon)

Thus, mvention embodiments comprise zwitterionic cocatalysts. Some
embodiments are catalyst systems comprising catalyst precursor and zwitterionic
cocatalyst. Some embodiments comprise catalysts that are the contact product of

a catalyst precursor and a zwitterionic cocatalyst. When the zwitterionic cocata-



known organonetal lic, transition netal conmpounds useful for traditi oﬂélMM 2005
Zi egl er- Sybakizasieol yneri zation, particularly the netallocengs kpnown to be
useful in polymerization. The catal yst precursor nust be su%‘igﬁf'qlb'l(’és-"to
activation by invention cocatalysts. Useful catalyst precursors include

G oup-3-10 transition nmetal com pounds i n"Whi ch at | east one netal | i gand
can be abstracted by the cocatalysts. ParticiAarly those abstractable

| i gands include bydride bydrocarbyl, hydrocarbyl 10 silyl, and their
| ower - al kyl - s B‘s‘fﬁ%ﬁ‘%?ﬂi a\‘/gé?‘@)f cqHsdry, Ay GRgen eeationis meisty #hstirétee,

met by), benzyin ofduARiAd b ' r | e _lJganpds d transi-
tion netal corrp%l‘fnds %O%rﬁgﬁﬂgg?ﬁglﬁfﬁgﬂggﬂt o%g?%%f%{r%ggmggﬁﬁggﬁ?bed
in, for examgtaystiBeRaseninida L9180 tatalydt, WD sOA{OOBHimaNs bh 9fdmh Aflyhbese
com pounds are well Wn fromqtjhe,publ ished literature. Additionally, in

kno
those cases 1B4RHaP 8333%'%? AFutral @I e Fofadaly s transferimegenio aardndtamic or

al koxys | i gan f = j pent adi i.rconiumdichl ori.de),
whi chysnaygnogqg I f(;(fv{c\i/t :‘Eélr] C?g%g%al%gﬁ)r‘gw"gh %lgts aqﬁﬁé% % JHCRE FaTsraqc % he

ligands can becatebistcad useful in atiblating oifirepslpgferizditinScA AP I ENRRLs. UARS
- known routes égch @s | kylatiqon with lithium or alum num hydri des,

al kyl's, al kylAPERaiBxREE cesatyfkits dap eaivales oledinc polymesastion catalgfsingo 944
and EP 0 570 8R82ido¥atd1V&s &KaCLd ; : al um num conpounds w th
di hal o- subst iclg%t el r?etgl_ Is’oceheslslgg]rl%rlgg catal yst activation. Additional
descriptions of meZeittammieadbamounrsocsitdliists anayt baprepadad a6 falldwd. ahedcl 0

Conta'b(g, at | east one.Iig?{%aabstracta le to formcatalytically active 0 5
vay 28bs v BYF6638eT | WeF8acted 3 withy qhamansHlypseary] cigt ifors dppear

i n the patent(bldh&scdtl iR . r AeBarhod113b . P .5.4 871, 705,
4 937,299, 5.954 900, &0 o%%’s,@zr@f?z%‘?ﬂ%,%ﬁ%&?z@hﬁmﬁ“ﬂé e
EP- A-0 591 738s(pemafugmaggizganeme Adddd.0 TaTd reantod\BrodAcés2Ra3B shibsBit@tbn

net al | ocenes Chj s..nmono-. or biscyclopentadi 5

enyl - subst i tuagg% @Io%glﬁif é;?;%g pggyon&r ?]Jlfolf?rﬁﬂ%?%rgrﬂ%eﬂe%d natrke the s88€1 i on
netal |ig- andewisy tidbometwesylngoopisdddt AlligHath ihoseNS (e %&J&VGPL}% and
the Ii ands;dﬂagﬁél[ bri d%e to each other or bridge through a“heteroat to
the tHFansiti GHOR Shlorep £as 45 Zhem addedoyisiding eneyitterionivecdcatplysts Suidble
bridgi ng el engpk () : i i_nwention atal yst syst.ens,
but shoul o beriersargl Sytkyells dn &8 nitdich i m ol iy hafi 5P T Bioniiied
activity and Getodeb ecematisiings) potfierablytphensl, inephthilye Gipkemils HemluoMyafda t he
cycl opent adi eC'f'ytl r%i ngs i ncl udi ng substituted, cycl opentadienyl -based,
fused-ring syt eng? "PERATEWdenyl , fluorenyl, azulenyl, or their
substituted ana- |Raphoifibhonmesis does shnbRGNdRblffs 1248 JbOAEAA Kk oli-

substituted (Cl-C6) I1n the 2 po- sition (w or "W thout "a sImlar

4-posth i on s it UsAsted nwithe peniafiiprebromobenzarse fall form 15-(BHgomo-2,3,5,6-

cycl opent adi i it ongl conprise alk-yl, cycloalkyl, aryl,
al - kyl aryl ?33#3 a?]&?’gie@?/p}subg%lli""f ugﬂe}é,pre[ g ihe dbend gmip a]?u,‘%b‘l ed,

or cyclic st rand-théntrsépentaflusedphenyorind isRAdss "té'ﬂ{el&reﬁéionf{%u]ﬁﬁéim&ont hose
of U S. Pat e%gs

D, 278, 2(?14 "
tution at the para position of the bromopentafluorophenyl pymrolidene. Hy-
drogen chloride gas is added yielding a zwitterion containing an anionic borate

25 portion and a cationic ammonium portion as shown below.



and 5, 104, 614. Such substituents shoul d each have essentially bydr ocgplﬂ;\v 2003

char- acteristics and will typically contain up to 30 carbon atons, but
may coMQMH3$E? 20 eroatons, such as | to 5 non-bydrogen *&VHSN A& Hon
atons, e.g., N S, 0, P, Ge, Band Si. Invention activators are useful

with essentially all known netallocene -eatal yst that are suitable for
preparing pol yet hyl ene, pol ypropyl ene, or ethylene- containing copol yners
(where copol ymer nmeani a pol yner prepared using at |east 25 two different
nononers), see again WO A-92/00333 and U.S. Patents 5,001, 205, 5, 198, 401,
5: 324,800, 5,304,614 and 5, 308, for specific listings. Criteria for
sel ecting suitable | ocene ¢ | ysts for WI ene and

pol ypropyl - ene BIV‘EE@ knowrTmtheart, QTT’T@gﬁgﬂen nd academ c
literature, see for ex= anple JDWMSAl of Organonetallig¢ Chem stry ' 369,
359-370 (1989). Likewi se, 30 nethods for preparing thege ng{g|jpocenes are
al so known. Typically, the catalysts are stereorigid, asyg‘l?ﬁgr,:i B chiral.
or bridged chiral, netallocenes. See, for ex- anple, U|S. Pa éht™®
4,892,851, U S, Patent 5~017,714, U.S. Patent 5,296,434, US
MAY 2005 WO 02/36039 PCT/USQO /46187 -14- Patent 5, 278,}264,
WO A- ( PCTf US92/ 10066) WO A- 93/ 19103, EP-A2-0 577 581; "EP-Al-0O 578 838,
and academc literatgr® "The | nfluence &fCIAronatge titu- on the
Pol yner i zat(cghs)gha{(b) Nbrﬁﬁem%)&n@'w ck, W,
et a], Organonetallits 5594 13, 954-96®| and "ansa-ZI'r gconocene Pol yneri 5
zation Catalysts with Annel ated Ring Ligands-Effects on GatEdQki c Activity
and Polymer Chain Lengths", Brinzinger, H, et al, Oganonetallic 1994,
13, 964- 970, and docunents referred to therein. Though many of these
references deal SyjpibldcahlyiOpengs@cionyaheds fatisk Vs this ydleativn vsladogeus

net al | ocenes can be acti- vated with inventian cocaﬁgl ysis. In.catalyst

systens | rgprapelatliop ransitign serdal copupgunds 38§ 3 ieglerapl e
daiommgo latlign ansifign mepdal Aeassfubins trshtend ieglen

i gand nusyg, fir i nt by
al 1 at oot QiR R, PRt o AR R (B ns TP hEBSTHY

met al | ocengiathinuThecardlgitrpracuys@upustnbo swsteptiblano ectiydtemebp ineentibef i n
‘group, -C=C-, may insert, for exanple,. ride, al.kyl L ken or silyl.
See addi - quB‘ﬁQS}lsdeQEerfPlpﬁtﬂHS‘i PCRITSRES Wqég?(&?wmgflg’r ‘F%@H’é’ E’é{@ﬂ’@'f or

ol efin pollydﬁﬁa_i; 2R whIcH b TeabOhAn el Vi @Wd Qfan 1RO Miiractea Ayl iHeaéd atul@eni st ry
Revi ews, 181, 243-296 (El- sevier Science, 1999). Representative

net al | ocerRartodpdy Hise ahstravdatde lipandsoneduide hydride. |ty dragartvd Deydaestbylve is a
G oup-3-10 netal; LA S a substitute nsubstituted,. cyclo-. 2

pelt adi enydily r@?‘efﬁ??rom e tsﬁbﬂ&‘?’g q%f‘gng eé%’ﬁﬁ‘éeét eg)‘f"%‘ljk@;mﬁﬁlgeLB is a
ligand a fal & RSN : a i t 10 M.
LA%and L5 T ok By bibehi, Mmoo il BIQ SO Sl RHg ARRNGA" Rl

3-t 0- 16- el tiuyeiktat eainpombdsycdmprikieg them isdnde those metallocenes described in,

for example, US Patent 5,198,401 and WO 92/00333. Syntheses of these com-

05

pounds are well known from the published literature. Additionally, in those cases

15 where the metal ligands include labile halogen, amido, or alkoxy ligands (for ex-

ample, biscyclopentadieny! zirconjum dichloride), which may not allow for ready

abstraction with invention cocatalysts, the ligands can be replaced with

abstractable ones. This replacement uses known routes such as alkylation with

Jithium or aluminum hydrides, alkyls, alkylalumoxanes, Grignard reagents, etc.

20 See also EP 0 500 944 and EP 0 570 982 for the reaction of organocaluminum
compounds with dihalo-substituted metallocenes prior to catalyst activation.

Additional descriptions of metallocene compounds with, or that can be

alkylated 1o contain, at least one ligand abstractable to form catalytically active



optional, neutral, non-oxidizing |ligand connected to Me (i equals O ?3“3”;2“05

and D angudrept@sbhe sane or different |abile |igoands, opti i dged
to each ot her, L'A, 25 or LB. Each of D and E are connect edpgg%¥4@§%nd

E's identity is functionally constrained. The first constraint is that
upon activation, either the DM or the E-#M connection nust break. D and
E should be chosen to facilitate this. Another constraint is that a

pol yreri zabl np) ecul e. rust be able.to insert between and whi chever of

Ve
D or E renai MEnsHenRetalieations APRest ihthenalemd Aiteraintg. | Gpe-s BB A 10 P90 8aN§
ol oo FORRCT | T
oo bss s e A 7053808T006, 450800, SRR L RE AN 5 575358 A-

PCT/ USQOl / 46187 41B5-048utERALO | 911 1786, tWO-Adenod3 s dwWoupoam b7 adidc alve.

Al so, the uss% f. heteroa- tonmcontaining rings or fused rings, where a
non- carbon, &7/6483°93 Suchmetaljocengy can fi5 dessribed B dueno- o1 bisgycdeneptadi-i s

withig the t " : jenyl "z for 1.S,: ecl.fi gati.on.. See, for
oxampie. the EOLTsBhABPOIAEI 35, o6 ahSiof AGi, B 1 lsingh et te-
priority witlands fayIRemsdNes LR3LBARRA 4vitl bhesk ﬂa&‘e@r%g% and ik V¥and9&l=91530,

having priority, with U S, Ser. No. 09/042,378, filed 13/98. Substi -
tuted cycl op gite speh etheriex bridge trougit 2 heternatamitp thiirensiere mstal e

hydrogen at QiR Adednshi A oiht)‘xe ?lfgg}{ 25 'n% QYe%%??E:%%O%%'&&'&%I 13 this

simlar beteroatom containing s cture. rocar struct
speci fi cal | yinventiodts €italgsi0systereqrbut Léhoatdneheshsemrid by Clietataleldekeritrad
aromati c fused and pendant rjnggs. These rings .may al so be substituted

y als )
wi thiPing st MRAEPEE E5CRBEE PO iaRg 1P spleeldrirad ichararienatiso JanBo@BIgEBURdS
i nct ude MONOvYEh e %ﬂ%%{é{%ﬁﬂ%’ﬁﬂ@%i@g%sﬁ@gd, cyclopentadienyl-based,

pent amet hyl cycl opent adi enyl |'i t I Sopro
pei 3t anet hy| &yssidopransystines yhéh ahideyyl, Tubenylymzulenyl, or their substituted ana-

di metbyl silyltetr t -gy 15 cl gpentadi enyl -tert-butyl am do_ titani um
di chl ori de, b) 'a‘?fﬂ?ﬂw@%‘%ﬁf@l‘&ﬁé“rﬂ ?tgerp é%ﬁafkweﬁah%ﬁﬁbﬁtwtp fr{de) in the 2 po-

dionortae B _ . P enram
i et 1~ o PR G Bt 2REME K eMar < Bbe R Y Ak PRRAGSSED: i um
di hydsi de, diimetdyylopehitiesylr dgsahhy hadichaaantadpenyiikdodeaykiriyhiagg, haf ni um

di met byl , unbrjdged bis | opent adi enyl conmpounds such as bis(l-nmethyl, 3
20 butyl cycl g}ﬁl@ﬁ?‘adﬁ ﬁ@ﬁ%ﬁf‘ﬂ @6%@5?% PH§A as linear, branched, or cyclic struc-

entanel | 3 j 5 Kol i [ [ '
(Potr anet hyl ey E‘”e‘ﬁ’nti‘;%‘?’é’ﬁi?q?% ¥ GoriresPRA RABI lrosf of E00 PRI T2 3064
P8

di met byl ; br poid&d Uil 4e yRichpubstiuensh should epdubale essatiiallagydrocarbyl char-

di net byl si | i_s(tetrabydi ol nyl ),... Zirconi di chl oride and sil acycl o-

blut y] (I>/et Ir a%%?%é%‘%c ?p\gﬁﬁt&éggﬁ;&%%tﬁlpp?ngh/?@h%?f’%bﬁcfﬁ%&’:ugm)wﬂa:u&g i um di

25 meohyl ; beicdgeats,bush 'asnuemInoﬁﬂ@ﬁmg@daxmrtaﬂsorﬂétws,hag:o;'N,xsl,gig:p“gi@,ienyl)
y

zir- conium di chlgiri de, dinetbyl sily(bisindenyl) hafniumdine ,
di met byl sily . ang ( 2- met hyl benzi ndenyl ) zirconium di chl ori de,

di met hyl silyl bi s( 3y dflRYidee Rt RN ¥imr .\Jiﬁlo@és'émjgi}n%hhﬂduﬂ?qgelallocene

fl uorenyl -1iggand-contal ning com
catalyst that are suitable for preparing polyethylene, polypropylene, or ethylene-

containing copolymers (where copolymer means a polymer prepared using at Jeast
25 two different monomers), see again W0O-A-92/00333 and U.S. Patents 5,001,205,
5,198,401, 5,324,800, 5,304,614 and 5,308,816, for specific listings. Criteria for
selecting suitable metallocene catalysts for making polyethylene and polypropyl-
ene are well known in the art, in both patent and academic literature, see for ex-
ample Journal of Organometallic Chemistry 369, 359-370 (1989). Likewise,
30 methods for preparing these metallocenes are also Aknown. Typically, the catalysts
are stereorigid, asymmetric, chiral, or bridged chiral, metallocenes. See, for ex-

ample, U.S. Patent 4,892,851, U.S. Patent 5,017,714, U.S. Patent 5,296,434, U.S.



pounds, e.g., diphenyl nethy](fluorenyl)(cyclopentadienyl)zirconium 0'5 MAY 2005
dinmethyl . 30 and The additional nono- and bi scycl opent adi enyl conpounds
such as P¥b8E34%3%ted and described in U.S. Pal ens 5,017, 7RLT/6503 3418800,

WD 92/ 00333 and EP-A-0 591 756. 0 5 MAY 2005 WD 02/36639 PCT/ USO /46187
-16- Additional conpounds suitable as ol ef4n pol ynerization catal ysts for
use in this invention will be any of those G oup-3 to -10 conpounds t hat
can be con- verted by |ligand abstraction or bond scission into a cationic

catal yst an@aehebl826d, WORA- W%FIQ)OE wcmgn@gpmngaﬁpnw 987%@&“ y
coordi nati n& anion that is sufficiently ablle to be di splacéd by an

ol ef i ni cal | FPunES 7% 838 and @@dﬁms: b‘l@ms "Tdenylleance ofteombte Subvimpounds

i | ude th d t t I nt { t
ol ot onERaRoRF SRETtka0E FERR of BiRRR i onetch CARY R ApaRak, T op.
849- 850 (1998) et mg@aﬁbxﬁeﬂanﬁ@ x@lgunwegﬂas@ abﬁg%%ﬁl‘%noc@h@m]%&? -10

conmpounds t hat undergo i ctivation and polynmerize ol efins
Pol yfreri zat iaaimm@tafalyysm withsAnndated RinGlogands-Fiifeate bal Gatalytic whitivityt dnal

hi d d bi | db
?gfml \égm di &&y %# %ﬁdyéﬁf’%iﬁg"c” ﬁfFl Qké&ﬁ%ﬂ&fﬁpﬁe r9%edds Pobd in
U.S. Patent 970,504 dedriedfls tdrerrél ¥ sHepdial ﬂ:o%chorgénly %P%ée@@f&r&%g% %ﬂe al so

The G oup-5 organonet allic catal yst conpounds Pat ent 945
and the tri¥Withtdumokingagclivatadt @iaiystgsys@mupnzﬂeg@;s oregdloeeslGnttsd hiti

| £ di | 9/ 302 filed 29
nor 11 1000, EE SRR ster g6 B8 suaemil kot shaeablriesmRb cur or

conpounds, @clehstadteendt-bbstiaeiibF D@:ﬁ%ﬁ&taﬁﬂéﬁ be ,refﬁeédl hwiftPhn OhiRtraftaBied
vinylic polar nolecules are described and exenplified in WO 99/30822 and

its priori t%%ogﬁplaﬂﬁéﬂ@fﬁ by ﬁé’b’lﬁﬂpmgﬂswesmwt doveappenecetanyple Sérdditim-

08/ 991, 160, | Q97. U, S.. Pat 5,318, 935 de b
bri dged and L}’ﬁbr (JPeCBPessa ]dz ]f%fflfsgmugdrr‘r&?o ﬁ%‘f@%’re‘é‘/{ﬂ}ﬁ Oﬁan‘glfﬁl =
capabl e of Qroﬁbe-f(l‘*C—Qﬂia‘gﬂﬂédﬂ-%i émm;ﬁis ixdagde, éykﬁ améh%%%)ylaseuradél

conmpounds for ol efin polynerization are descri b Conville. et
alL, in O gah¥indidgserintioniings, G1H1a13x,7§\45mﬁgcer@m¢iws domelefina®lyderizand

compgund ¢ rRPr agjn C H.
VOO 11 o, PP AL EAR Y oh CR gL Bon EHERISE RELEPRICETB TP 4ot
bi s(aryl am m)erﬁcmmpemﬂﬂﬁmpounds that are polynerization catal ysts for

| - bex- ene. Additional inventign-suitable {ransi tion petal conpounds

i ncl ude those deReREFTHIAIVG REMEPGHF £0BPSUD Srave thy fowmpul or

Lant hani de-netal olefin poly 30 mirl gi 2@ %grrpl exes are disclosed in
copending U. S. application Ser. & filed 29 Sepi enber 1999,

and its equiNakemic BGT @@9;9-@2?@%Qeta]AL@Tnﬁnﬁ’%ﬁbﬁﬂhfédbbrdﬁﬂ&ﬁu%ﬁtultédg%?gloand two

nonoani oni ¢ |igands stabil’ize those ca
20 pentadienyl or heterocyclopentadieny! ligand, connected to Mc; and Lp is a ligand

as defined for La, or is J, a heteroatom ligand connected to Mec. Laand Lp ma)}
ndge to each other through a Group-13-to-16-element-containing bridge. Lc;is an
optional, neutral, non-oxidizing ligand connected to Mc (i equals 0 to 3); and D
and E are the same or different labile ligands, optibnally bridged to each other, L4,
25 or Lg. Each of D and E are connected to Mc.
D and E's identity is functionally constrained. The first constraint is that
upon activation, either the D—Mc or the E—Mc connection must break. D and E
should be chosen to facilitate this. Another constraint is that a polymerizable
molecule must be able to insert between Mc and whichever of D or E remains.
30 - In addition 10 in-ring and on-ring substituted and unsubstituted cyclopen-

1adienide ion, a cyclopentadienyl also encompasses fused-ring systems inc]uding



WO 02/ 36639 PCT/ USQ| 146187 -17- yst precursors, which can be activatgé MAY 2003
W th this jpvghi@n' s ionic cocatalysts. Also, those conpo /E‘grh%gl se

in "Living Polynerization of (x-Oefins by Che- |ating Diani es

of Titaniuni, J. Am Chem Soc,, 1996, 118, 10008. Bis am de catal yst
precursors are useful with invention cocatalsysts. 5 Bisam de catal yst
precursors are those precursors that have the followwng formula: R N (C
H2) n R Mis Ti, Zr, or HE R are the sane or different alkyls, aryls,
substituted Byt ligted fpsindeniyleand fuasenyk radisalshe Adsopethorusdi 6ff beterta-

| kyl s, I N . Substituted al kyl and aryl s, can_be gl kyl -,
:r yl>/- S aﬁ(rjyhziioc?? éﬂlfb}g]tn?r%uelt%%%f or 1%6&{/\%8%’)3’6]?%%/3 '}?ar‘iaﬁ&,%% ?’Wéu}b“il gaﬁ%dé]%e 8t al yst
precursor nusié fadrs tre@@ce@,h@ Mingakdrboh N diithihi @€ £ t"Eﬁﬂéﬁé{téﬁié}?{%‘:ﬂ teer s

abstractabl e |igand. This can be done by al kylation,” for exa
Pyri di ne bi safHeddicebem| ySee,pifesc gxampie, athe hbhskgrausef @hd wilhistrathersnbf oW o-

have the " 15 TSI ReTREPRErE NI AT oS o Uoa0 A blkso 88 Ui W g7
-18 /' R N\ 82041340Mhading prioNry Rid 'U>ts.T$e,r. Ko. 09/04bR7R 8l ﬁ(jﬁ/f)%a@ub)%{i-

different alkyls, aryls, Substituted alkyl, or substituted aryls. are
the same or ditddesysipeniadieny] stugthres age shattudessin whighsiniet ot mdreahkdrogand

aryls can be | - vyl - .and, hal o- subsiit ut ed. Wien . X.is. a halide,
the pyri di ne %%’é‘érﬁrﬁég@é@ by BV@%%P@%’R hadspe gﬂéfylbé’f Freilar hetgrqaom-
nodified to tg i Walgo] | Thi be by
al kyl ati on, foﬁﬁ@%p%?%ﬁi rl{g)mtg?%g%?lgg&%g%lg ysjé%ﬂg%él uirﬁgg’lrdga(g gs%ﬂggﬁ’
usef uto wi t h ibrascedpand oyclicadllly Sing. arbiatie fHiedadiddgeriahlinss. Rmhéﬁlfiﬁg)sr S

are those precur o0 be siaminnad Sith 1one ccucroes, O N9 formila: 7

Non-li;niting representative metallocene compounds include mono-cyclo-
pentadienyl compounds such as pentamethylcyclopentadienyltitanium 150propox-
ide, pentamethylcyclopentadienyltribenzyl titanium, dimethylsilyltetramethyl-cy-
15 clopentadienyl-tert-butylamido titanjum dichleride, pentamethylcyclopentadienyl
titanium  trimethyl, dimelhy]sﬂy]leiramethylcyc]opentadienyl-t—butylarnido zir-
conium dimethyl, dimethylsi]y]letramethy]cyc]opentadienyl—dodecy]amido haf-
nium dihydride, dimethylsilyltetramethylcyclopentadienyl-dodecylamido hafnium
dimethyl, unbridged biscyclopentadienyl compounds such as bis(1-methyl, 3-
20 butylcyclopentadienyl) zirconium dimethyl, (pentamethylcyclopentadienyl-cyclo-
pentadienyl) zirconium dimethyl, (tetramethylcyclopentadienyl)}(n-propylcyclo-
pentadienyl) zirconium dimethyl; bridged bis-cyclopentadieny] compounds such
as dimethylsilylbis(tetrahydroindenyl) . zirconium dichloride and silacyclo-
butyl(tetramethylcyclopentadienyl)(n-propyl-cyclopentadienyl)  zirconjum  di-
25 methyl; bridged bis-indenyl compounds such as dimethylsily (bisindenyl) zir-
conium dichloride, dimethylsily(bisindenyl) hafnium dimethyl, dimethylsilyl-
bis(2-methylbenzindenyl) zirconiwm dichloride, dimethylsilylbis(2-
methylbenzindeny!l) zirconium dimethyl; and fluorenyl-ligand-containing com-
pounds, e.g., diphenylmethyl(fluorenyl)(cyclopentadienyl)zirconium dimethyl;
30 and the additional mono- and biscyclopentadieny]. compounds such as those listed
and described in U.S. Patents 5,017,714, 5,324,800, WO 92/00333 and EP-A-0

591 756.
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is Ti, Zr, or Hf R and R are the sane or different alkyls, aryls, sub-
stitut eWOd2IB¢h3% or substituted aryls. X are the sane or dPETALENM6IE] kyl s,
~aryls, or halides. Substituted alkyl and aryls can be alkyl-, aryl-, and
hal o-substituted. 5 Wen X is a halide-1¢he am ne bi sam de cat al yst
precursor nust first be chem - cally nodified to transform X into an
abstractabl e ligand. This can be done by alkylation, for exanple. Ile

literature cont gdutiomd oagdubdsosadabliess blefibi Rilpmerizagidh toatdlgste drahigest -
precursor conpounds.. CorjrBounds t hat contain abstractable |igands or that
OR ¢v1

can be 10inghiks/inyest detaay of eseGreuns © 110ganpovedsethaleanabg eotor t he
. i nst.a "The

ti f IS L. tion. S f V..C. .G o BEre.aly;
ear ch*for st o HEFEY i eiien Sop eI B PRET paipnici oy 28R st iRey one
Met al | ocengsthat ABGYY a GbEBordidadihg drdveakiyBoordafitifié nioh I9R)is siffiieagly VWen

using the above catal ysts, the catal yst systemw 'l generally enploy 15
ones or norlebde &v badisplpcad blien olefinicahywmspuraied meprgples sech dsratbivlens reacti on

envi- ronment and to,increase catalyst activyit ny . eacti conponent s,
At cularly  SBRoERIeY sromeres nda yedestibed By B stenl o

i nadver t enfipkefnhtiéhid) Patedit piBlidationd Wad, 98/ 0ady e ohMsats esd Gwdonl ¥e4l,
activity and stability. urities decrease or even elimnate catalytic

activity, @hemi Cdram.ypmi $4P-B¥h( 99989 aridn diseldse dimeinebased> bgandst fosy st ens.

Pol ar inpukities, ot.catalys ol sons. ingGlude water en a

mpr i 41 LeOiEes 19250 FRGBoRR B SitFeq 1Rt APEABh bR TehBhceq i v
t hep feedS}Pd]?ﬂféﬁizﬁﬂfJﬁr&taﬂmis?s@ﬂdiﬁdrﬁnGicﬁthﬂelU gREN4,0n WhRBethe ddtivgrities
can be re- noved_by chenically treating the conponents or by inpurity
separ at i orFesteas highdy epidizesangdsinbilipeddnplomutegAmatpn-suher. @obiaRtPés. af t er

syninest s fakG FAPUAPDERR US. LaSEy 1918k WIRGLEAY S pBr 0CESS

will normal¥y e m nor anount's of scavengi ng agen ypically, these
scavenger sentid,$04649r Geaatetiht Greup-§ unpamsnéthidic @atalyst E3meonmbusidd. f U. S.
Patents 5,153,157, 5 241 025 and WO- A-91/098832, A- 94/ 03506,

WO- A- 93YI zﬂ%@?}t gfﬁﬂt ‘éta%c? tRrg digangcontainme, G d n #5841981 de

triethyl ahjyyd E%%Qlys{sréieédgﬂéhdiggﬁﬁs?apﬁlﬁéétﬁﬁbééﬁ)ﬂ n@hHER 093907047 filed 29
met hyl al unoxane, and i sobutyl "al unbXane. Those conpounds having bul ky or

C6- C20 | i ndpmil APEPoend bisl equnsdant tRIERUSAOHHIO6t eraup-1heatabishipresursest al | oi d
\?\EQLF;. arEicolﬁlaeJuldengc%%%ﬁl% \;fjnue%n?z%?é’ 96&%1?515,%51&? fo%cc}]éﬁ/neaﬁﬂ%bﬁg Saofg?r €
molecules are described and exemplified in WO 99/30822 and its priority docu-
ments, including U.S. Patent application Ser. No. 08/991,160, filed 16 December

2 1997. |

U.S. Patent 5,318,935 describes bridged and unbridged, bisamido catalyst
compounds of Group-4 metals capable of a-olefin polymerization. Bridged
bis(arylamido)} Group-4 compounds for olefin polymerization are described by D.
H. McConville. et al., in Organomerallics 1995, 14, 5478-5480. 'Synthetic meth-

25 ods and compound characterization are presented. Further work appearing in D.
H. McConville, et al, Macromolecules 1996, 29, 5241-5243, describes bridged
bis(arylamido) Group-4 compounds that are polymerization catalysts for 1-hex-
ene. Additional invention-suitable transition metal compounds include those de-
scribed in WO 96/40805. Cationic Group-3- or Lanthanide-metal olefin poly-

30 merization complexes are disclosed in copending U.S. application Ser. No.

09/408050, filed .29 September 1999, and its equivalent PCT/US99/22650. A

monoanionic bidentate ligand and two monoanionic Jigands stabilize those catal-
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triet hyl akgpnuggse but nore Preferably, bul ky conpounds Such pg3soiss6187
triis6butylalumnurn, triisoprenylalum num and |ong-chain, |inear-alkyl-
substituted al um num conpounds, such as tri-n-bexylalumnum tri-n-
octylalum num or tri-n-dodecyl alum num V~len alunoxane is used as

activator, 5 any excess over that needed to activate the catal yst can act

as a scavenger, and - di.tiQn r j cavengerns .may be
unnecessary. YAt Qﬁ%&'g%) Ss’d%’?i!scg' %b%gga%%ggg%%g@ (silélgvl na%rgosn WH o&oﬁaetf']ysts'
activators, e, tho®d Ebﬂagbm&ﬁ&qomﬁ “ivih g P erizaBlod BHX@TRe b By Che-
boron-based acti'vators. The scavenger anmount i's limted to that T“anount

ef fective to lainpbDizenide Gonplyxdsafdiantum’t hadmaftbemt Snec&3%@ry 8f MI008ct i va
10 tion when used in aoﬁual role)_ since excess agﬁunls_nay.act as  cat al yst

poi sons. This inventi lssm’E’élFéEF b‘[StEE‘FE‘Fé‘PﬁS@é%u%? YR IvEntipp peatalysts.
unsat u at ed g ﬁﬁid@%%ﬁ?%%-ﬁ%%&@é}@% e g&%ﬂ%}&ﬁ% RaveRfit YORIiA

41! i ng
nmet al I'ocenes. Typi ca ditions inc e solution, slurry, -gag- prﬁjelllghsé, and
hi gh- pressure pol ynerization. The catalysts may be supported on inorganic

or polymeric supports (including in 15 orggni c oxide supports) and as such
wll be particularly useful in Those operaf?ng nodes enpl oyi ng fi xed- bed,
novi ng- bed, fluid-bed, slurry, or solutio# processes conducted in single,
series, or parallel reactors. Inventiog catal ysts may also function in

catal yst pie-polynerization. WO 98/ 55518, scribes a preferred in-

venti on support nethod for gas: Eli; or slur _,p@‘iXmerization. 20

Al ternative polynerization enbﬂﬁ' }ns enpl o e catal yst systemin

i quid phase (solution, slurry, suspension,/bul k ase, or conbinations
thereof), in high-pressure liquid o critical fluid phase, or in gas
phase. These processes may also be enpl aY¥ed in singular, parallel, or
series reactors. The liquid proc- esses c rise contacting olefin

nol ecul es with the catal yst system describ 25 above in a suitable

di luent or solvent and allow ng those nol ectiles to react |ong enough to
produce the invention polyners. The terni polyner enconpasses both bono-
and co-pol ynmers. Boih;adi ghatyi ¢vay | LCrOY: r e :

sui t abl e: e.g.,-bex%ﬂgef%%ﬂbg*Eﬁéﬁgngpﬁgg§kﬂgg%g§§%§Ph¥g% S %bgﬁﬁgﬁ&%

cat al yst s t yplkylcal dupstatotedaarylsa X drgthasamenonbffechualkyls, Gyts, phhailes.
processes use a supported 30 catal yst and use any suitabl e ethyl ene

pol ymeri zati on proc Ll hustrative exam ,pi may_be faqu i LS.
bat ont s 4 543 300, Suagisd ki ad Sa B, ,"gaaj‘?%lsrs%’yg“ S ilosTe .
02/ 36689 PCT/ Wheh Klit@13hde Ahe bhdmide/ichhlyst pAR8r02 fust Brst BE cBOAically ARAi471,

and 5,463,999, 5,767,208 and WO 95/07942. The m ni mum react.i on R
tenperature iféedzﬂ@d@}ns F{qq?fulgsrep ap #bsteasisble baamds This can be done by alkylation,

for example.

Pyridine bisamide catalyst precursors are also useful with invention co-
catalysts. Pyridine bisamide catalyst precursors are those precursors that have the

15 following formula:



select the mninmumtenperature to be 600C. The tenperature can go as“ﬁﬂ8%7W5
as 5 250'C, but sone enbodi nents use tenperatures of up to 220T. The

m ni mum™Q 843¢%%n pressure is | nun Hy. But some ernbodi mESTEUREESE

m ni mum pressures of 0.1 bar or 1.0 bar. The maxi mum pressure is |ess
than or equal to 2500 bar. Sone enbodi mé%its sel ect the maxi mum pressure
to be 1600 ot her enbodi nents select the nmaxi mum pressure to be 500 bar.
10 I nvention catal ysts can produce several |inear polyethylene types
including Mh- and ultra-high-nol ecul ar-wefght pol yet hyl enes, including
bot h hono- and copolynmers with other alpljya-olefins or al pha-olefinic or
non-conjugated diolefins, e.g. C3 - Czohy(efins, diolefins, or cyclic

ol efins. T he pol yethyl enes are proddce by addi ng et hyl ene, and
optionally one or nore other nono s, alqng %itb in 15 vention activated
catal vsts that have been sl urrf€ (th a s Ivense such as hexane or
toluene, to a | ow pressure r i vessel V(typically < 50 bar). Tbe
tenperature is usually with\'n the gggge. Cool i ng renoves

pol yneri zati on beat. Gas-phage_pol nerizgﬁion d@n be conducted, for

exanple, in a continuous flui , gas-pghase reactor operated at a

m ni mum of 2000 kPa and up to 3000 kXPa. 20 T' ' he mninmumtenperature is
60' C, the maxi numtenperature is 160% gas- phase reaction uses
hydrogen as a reaction nodifier at a conceptration of no I ess than 100
PPM Tl e hydrogen gas concentration shoul d ot exceed 200 PPM The
reaction enploys a C4 - CS conononer feedstrearn and a C2 feedstream The
C4- C8 feedstream goes down to 0.5 nmol % It also may go up to 1.2 nol %

Finally, 25 the f.egdstreai (AT : i o) % It
i y QI fsemdst rsaih wlaj% ﬁie@aﬂfemlﬁ@%?mlé@%',a%ﬁ%, %lgégzufga o Its

maxi mum con- centTation i's 35 mol % See, U.S. Patent
4,588, 790, abkydas sggitetad ands. A8 5roRe samd of differegodkyls) argls; aphaaas.ar - wei ght ,
|l ow-crystallinity, ethylene-QO.-olefin elastoners; (including

et hyl ene-cycli c- fi- Lerie-ol-pnlefin-diolefin.elastoners) can
30 be prepared ugéluﬁl)gs{ '@%1 a?l;ll{gfgxgcatql\%’a?agdg%ffu?yﬁhﬂﬂ'oﬁngc}ﬁ]‘?/'&'t%ﬁl Uhder
tragi ti onaWisem XUk adialipe,ahe p$68ine bidynite taaRuCpRGusbhithenrst BE @hérient i on
cat al yst slwiries_ ith ot 5 MAY 2005, WO 02/ 36639 PCT/ USO /46187 -22-

ol ef i n, CyEdxmaddisdyio Genstorphdy inge ap AbRTIAtRIe ligrph ke Fathbe WhBe PYabl e
and non- pohYIRInZRRlSafbleuent s. Typi cal ethyl ene pressures range from 10
to 1000 psig™ (69-6895 kPa) and the diluent tenperature typically renains
between 40 and 160 'C. The process can occur in one or nore stirred tank
reactors, oper at etminedbivardidescatdlyst, preenrses iaze alsor uefulpwithl ine¢ntioihes-gener al

di scl osure S.,Patent_ 5..001 il- _lustrates general Rrocess
condi ti ons(.:ﬁ%] gl %al ‘%lg?ée?lﬁ]%grgfﬁigﬁagg?g P 5%CE)1F Sl eolho re&?‘gfsgﬁgz%?%)gﬁvcf %
97/22639. RdRiwiag férhase specifically described above, other nolecul es may

be po- lynerized using catal ysts precursors activated by invention
activators. Sone ex-
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10 anpl es of these include styrene, alkyl- substituted styrenes,

i sobut yl engpgchspiner gem nally disubstituted ol efins, ethylidene

noi borene, nor bonmedi ene, dicycl o- pentadi ene, and ot her ol ef PRITEEF1H6187
unsaturated nol ecul es, including other cyclic olefins, such as

cycl opent ene, norbonene, aIkyI-substitutedJﬁbrbonenes, and vi- nylic

pol ar, polynerizable nolecules. See, for exanple, U S. Patents 5,635,573,

5,763,556, and WO 99/.30 Additionally, a-olefin macron-jers of up to

1000 nmer units or %H@%\’@"ﬁé%%ﬂ%?i%&eﬁ-ﬁ@&r Affaertradkds, o)lef sub-

pol yer s, Ad-sufitel a1l vr sdskini@h sty on 63 alysbe AL Q! LagierL zatt on
i

di meri zation, bydXo- genation, olef’in/carbon-nonoxird % &h,
hydr of or mul ath@wes.bydrosi - | ation, hydroami nation, and related reactions

can be activated w th.invention co- 2Q catalysts. The invention

cocatal ysts can act%ygftgufﬁﬁd?lgy]dﬁ%‘ﬂ ﬂﬁ‘gﬁ &139 shés alylg sanylac end) diato- substitmteds t

m xtures for Wokyne I ) atal yst selection_ yields
is RIndE, HRARRYe TRANTEL ?t\%l g gTecggsPéW %g?fn]i‘?o%h

pol ymer bl ends anal ogous to those using I'nd “Mons.
Pol yner s havidgyimediSad dd tidMogmaX In1par0 Ve apra® ek SAd) Tﬁﬁdcaﬁatg};ego&wfi ts
f

25 avail abl'e m. m xed-cat gl yst- system pol yners can be achieved usi'ng
i nventi on coag‘@%tf%?g{e’ﬁnﬁﬁed pol yner formation can be achieved ex situ

t hr ough nechani cal Thd g0 cOfta; A Us J 46 | m xed.cat al yst
systens. It is generally bel i%\;/g%l’lEI n?ﬁ taqdyﬁﬁ?@egﬁﬁ&nﬁg&eﬁ”&?%&@y%re
honpgeneous FF&EIAr campoandswEomheuridsebal c3ttaimalitraprabltuceds Br BRECHRP-

| n-si 5(*1 bl enqlil]ﬁq tﬁﬁw %)éed c&t q'l{lsﬁ' systems Involves conbining nore than
one catal yst 41 The 'S SAAmAbSTatalle lighnds are switahle Sordhe prrctice wiillis jpiven-

di stinct pol yiver SeeofbyGhSancENvs e Lt | B ccatal.yst., .0 5
MAY 2005 WD 02/ 36639 PCT/ USO /4618671;%?’2‘%%%;2{%?1%%?%{, %darm G ;:?516&)4&
catal yst co Y@enpgationfeatalyssbbife BoyonhMetalwenes"s Ariges, Chbn. gl BATET

products they;gg@jg_ggﬁ¥ﬁ,g@5 specific conditions, and their response to
changes in pol ynmeri zati'on“conditions. Invention cocatal ysts can activate

mxed catalyst sy¥hemssing 1@%&%&&3@@9&%@@{5‘3 s@%@%%@é J¥ ¥mpioy
ARE) UTJ HN THE_SCOPE OF THIS | NVENTI ON.  EXEMPLARY BORON- BASED
ZAVI TTER ONI EPCOCRFAE YSTIVERETR ABGRT 8RS MOMS RolaniEhwities frome theyreadtionl enyi-
(methyl (tri egisrtSnbdyb)ihcrafdEod) *arbelr t ndenyl - .

j (perfl ucrobi phen;] (perfclxﬁor oi Irtl en alcgi%?’{ie%%ggr%%‘?fodlo?o IIenty PATSparly
[ ((met hyl (t sPRemy manoper) and patalysti éedstreams, can inadvertently introduce impuri-

ium ' -- 2 4-dif wohenyl, - - [ =perf]. . f1 uor oi ndenyl
(oo 11 ok b ARG Gl RRT LAl BB T h§meriiac fecreasth)
hosphoni vereelihimate bitalyeioydcti ; . f enyl
(3o o soenyl - bayat e 1 (RO YOI R gp lien)
(triethylsiJ S})S}’fl{ %h%ﬁ%&r’r’]@“@ €% &F caDisb peisaus nptludé (atarnuoygen) thetadny |
(tetraf | uor onapiHel i 2ukuglly, HORASIE DOT8LS ed okl TBUMN ced in the

feedstreams before their addition to the reaction vessel. Impurities can be re-

movgd by chemically treating the components or by impurity separation steps.
Such treatment or separation can occur during or after synthesis of the compo-
25 nents. In any case, the polymerization process will normally employ minor
amounts of scavenging agent. Typically, these scavengers will be organometallic
such as the Group-13 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. Ex-
emplary compounds include triethyl aluminum, triethyl borane, triisobutyl alumi-
30 num, methylalumoxane, and isobutyl alumoxane. Those compounds having bulky

or Cs-Cap linear hydrocarbyl substituents connected 1o the metal or metalloid

center are useful because they coordinate 10 the actjve catalyst more weakly., Ex-
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anmoni un] *~- 2, 4-di f | uor ophenyl - [ (per fl ucrof | uorenyl (perfluoronap- thy!)
(pent af | Wor@rsepivLhyl ) borate]'; [((methyl (triethylsilyl )))Pcérﬁ}ﬁ}'/hﬁ]s
(trimethylsilyl)) amonjunj"~--2,3- difluorophenyl--[(pernuoropyreny
(penl af  uoronapht hyl ) (perfluorophenyl) bggatej-; [((methyl (trieth.
yl silyo)) (isopentyo amoni um *~-perfl uorobi phenyl - - [(per- nuor opheny|
(2, 4-di fluorophenyo (3,4 20 difluorophenyl) borate]’ [((nethyl

triel hyl si ]mﬂ@h@é? BRTR rQi den
E (per nu)c/)r obf%ﬁ)eeﬁ)llnég]tmt r a?s ])Slor ol ngleﬁﬁlft F‘%’gég%}@ f: mwgg &peh as

[ ((methyl (tH$ Wla ) ) flisdprerdililunenene X lone-chaj inear-alkyl-
anmoni unj - %r ltl d‘OI denyH( per fl uor gphenyl (perfl ucﬁonag%hy{? Y
(perfluoropyr eny] %) ggqrgar%qm f(’{‘W@PH‘}% (%uchetawl Qu-my&hc),}f)alﬁxﬂmlﬂwl tri-n-

(triethyl S|¢gganahﬁﬁm ko | u nyI %I etraf | uoronaphlhyl
(perfl uor obi phenyl ) (perf?l?or I gcreny%j.n umoxane g upgd as activator,

(tridethyl sigy QX)CFSS(W;tﬂla)t 1i2Bded to activate the catalyst t
phosphoni ung;=- - trj f&uoro henyl - - 1 bi s(2 y4 di't EI‘Cuéarsgp FEVR6CT and ad-

(2,5-di fl uor 0p ""io Yganomstallic scavepgers may e wreobmsam. )AIuaaathsydlmtayfbk

hosphoni u d 2k elcavd r rafl uor ht hy|
(FZ)II fl Eoroph?rfil ) (2, 3nI F%I ﬁgﬁop enyll)%{?% atey e }j“%]i 06?!‘1? ﬂ@‘il éwe&lgutyl-

(nethyl (t @J%px@qeswth boron-based activators. The scavenger amo dmt ]ﬁ Yimited to that

|yl hos o nden tetrafl uoro
(%e%]z Fuor g%wen%ff ftgeen{ % %‘%ﬂ‘aﬁﬁf}hfﬁ[n% Wlﬂ@)ﬂw;modn( hcé’esﬁhrifﬁvpﬁﬁh@xyl )

(maphyl ('t tioahibersidedin h daBTTRN)Y fluorophen , 3 30
di f | uor ophenyl (Perfl uoroi nde%l fr?ergﬁ?uag{dr &HFSU'BFgﬁ%% cﬁ‘tﬁl)é‘%‘ Bgisons.
1( 1, 2- di f | uor ohebdij$ ynyeation'a watibyst ysh¥tem can polymerize those unsaturated mole-
phosphonl URNIES 20Dy 4-1rjfluorophenyl

(2, 34f 1 uor opheny?)g}{dngﬁgorghen l déWPgm%@ﬁhlee\wmg (Dle't@lkzhehd:s.xoﬂ"gbexyl )

(ethyl) ar smﬁ:u«n]:s inchyds, Sohitidd, | Hﬁfjopl?ﬂ uor oi nden er nuor o.
f1 uor enyl ) yor opher?yl ) bore %??{@l‘ sy ‘Vﬁ (’%t hyl

trifl
(trinet hyl & F ?‘)af awppqr@idrqr m@mmramhpdﬂyhrenblsupﬁw lha&mﬁg kgtor enyl)

t il h pheny!|
N U 4 e s eny??n?%perfﬁa 10 b PSRBT ¢S incbeseeapersing
(trifluor oledengmpldyingfistd-bed,jrhdvidgdiet] BorORaK ) ﬁsi&m

amroni unt r-ona er fl ugrobi phenyl uor o il
(perfl uor o?@u%?}eéﬁylﬁns ]E%F’afeéeg p‘Pr( parall %Ill@%@f&aﬁémgﬂln)m(l mer:atﬁ]ymrxﬁ@egtzl )

ammonl unj ~funpged nese Vibol or dj f 1 uor gphenyl )
(perfluorol |l uorenyl) ]g%frgjt%ellLCT yﬂnéﬂ%ﬂ%}ﬁdl W gﬁgig Sieseﬂ,bqsnzg,pr g1F5d in-

net hyl si | Y08 sHerirtmethodder g%tmi‘ra@naeplshyrly pd]jrﬁe;rféﬂd)gl’ onapt hyl
|1 fl 40 Arifl h 1) b t '
(1%?m6adl ?ELgr oﬁ%i;?%?{é é ﬁ' o?nozf%?{'/:e)mgcfd;‘g‘%]ﬁ%nnTYmP]O}’O{bgrt‘FeJM]MOQJ’BQMmyI
t f | Jopad p bol@ition,fsl b
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j (perfluoroi ndenyl (perfl uorohi phenyl
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per f | uor aphesyth(oetofapdntafhenalpbidopenzene (9 grams) in DMSO. The reaction
3

,3,5-t(ifluorophenyl)borate]-ttetrabenzyf zirconium .j(perfluo 35
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fl uorofl uorenyl)boratel [Mris(trinmethylsilylnmethyl) tantal um dichl orla
[(perflucrot ) (per-

f I uor ol solX %/?qé%/sonl um ~--tetrafl uoronapht hyl --[ (I etraf| ubCoiusdemypt 2, 5-
d|fluorophenyl) (2,3,4 40

trifluorophenyl)borale] " Ilris(trinmethylsilsg.methyl) tantalumdichloride. O
5 NAY 2005 WD 02/36639 PCT/ USO / 46j 87 -66- EXAI NI PLES The fol | owi ng
exanples are presented to illustrate the foregoing discus- sion. All

parts, proportionSyndidispef LOAGNSCHLE: Byl \ei8hddeahs%S] - g é}%’iéﬂ‘fe%‘?e
cated. Wiere necessary, the exanples were carried out in , oxygerr- free
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t f . they d t t th
Chvent fon | ntiad B ofes) WAGeOhERENe, BHRRA. s wepie ischlied g
facilitate theskbdswithpiol®penithes eThd fdsiiial pehanday ﬁ%%ﬁ%d@]b%&h\ﬁh?t I ons

for the el errents and certain commnl y accepted abbreviations

net fyl Et The soliwas sbmiecteriped hpl  HONWR:I 8.8 (d,BH); 6182 (de2H) 2178-(6 6N,

phenyl , P‘T‘%DF?“ uorophenyl, Cp cycl opentadienyl, Ind = iDdenyl, FI u

fl uorenyl rimethylsily], TES = trietbylsilyl and THF (or thf) =

| etrahydrof aran. Syhmsk aTyLAENO)INCHHICIELSICRVEr R95, 0L Sl 3F pei ot
unl ess other-_ w se noted. Ml ecular -weights (wel ght rage nol ecul ar _
wei ght  (Mn) ) (GeResB 1Wasadess toaw penigne mmmsnbaroﬁ/ha;m -NOGH: e Mhe rgadust ed

by. Gel Per ”ﬁﬁ%b}%@ gy%hﬁgl Q ragqq%/f JSPSF?CE a Waters 150 Gel . Per rreatl on

Chr omat ogr apH~ equi pped 75 slers @forn%&mtma hd 1 ow
angl eo | i ght duyat (Rkei mgdxﬂdIS)asCﬂ‘terE@ﬁ:ﬁ@&%sh@ﬁrngaﬁéntdﬂ%t ‘i‘h'é*??t}du dbrated
usi ng polys rene tandar ds._ Sanples were run’in richlo enzene
(135' Q) usi rf% n@é'fdﬁ_ atories PC 20 Gel mxed B col urms in

series. This gen n Chr omat ogr aphy of
. Pol yners and Rel Z%ZA hEl\?thtel?lt aLFe)B ﬁﬁ‘%@ég(z}g ]Y—f {h%H Fsg&agogeyggrx{sgg%l,
page 207. Ndoeuwgkedbisizmngerfionr. coI umm spreadi ng wer e enpl oyed; but data on
general ly accepteﬂ st andar.ds, ?ﬂﬁﬁ ional Institute of Standards and

Technol ogy Pol yeth{/¥BisE1Z3598’ reag RO EELep oh cliylaneand poemyts f or
25 M¥ M as gl %}eatcﬁﬁlefdr oM &h Ul d?gterr' g&%lnﬂ%ﬁ@ﬁ%?}ft}? operz%fncg:elzzﬂa' NHEC) 2:

Two grans of pyrrolidine were solutio

peDt af | uor 0531 )’ﬂzérﬂe4(p9e@rlalr)m)ethy}crﬂ\ZSD(dﬂhbut&l@ﬂ@bieﬁ?])—(ﬂry&byéxﬁad’iﬁS
stirred and eacti on vessel contents of

the reaction” h%ggnftgcg“ﬁf }}?%?aég]é?t vﬁ’t% Caﬁe&e‘ 8 P91 BsmERHSD 401VElo hun

30 dred mil lvidsi h@fa&e@fwﬂjlétmé’ lacBVhttdn YRvEnaddedofunt hi @aﬂbﬁﬂiu@ﬁ na%
| ayers were rated. Then, the aqueous |ayer was extracted once“nore

s
with 100 mi I[BF‘I%F@M[&H{SNNBWH& lag thecachipatingdddcatalyyamiece tanjied sutyrice tc eadh ned
and gy i ed Wik Be M40 M Y0HI erWm%ﬁ%ﬁ S‘Ya\li?dgr%/r%gfsrgs%hl:grrel g()sicélégnéllgor

each experiment, two collections were taken. The grouping is as follows:

EXPERIMENT RUN (TABLE 1) ACTIVATOR
1 1,2 (CsF5)aBCsF4-N(CH,CH,),(H)
2 3,4 (C6F5)sBCeF4-N(CH,CH,),(H)
3 5.6 (CéFs)3BCgHa-N(CH;)(H)

Trioctylaluminum was used as tﬁe scavenger in all runs (25 % wt). The
scavenger-catalyst mole ratios for these two reactions were less than 10. The
25 polymers were precipitated with isopropyl alcoho) and dried in a vacuum oven at
75°C. The ethylene percentages in the samples were determiﬁed by FTIR (cali-

brated to NMR), while the molecular weights were measured by GPC.
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2F), -153.6 (in, 2F). 1H NWR (Toluene-d8,250 C) 3 3.12 (m 411), 1.33 (m
411). 5 Synthesis of [Li(Et20 2][(C6FS). 3BC%F4- N(Cl 12CH2) 21: One
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|
The inpurity Wjas fenoved 1908 | diter7st ep| (sé8.hex] exam plE): yielld = 71
% 'H NVR ( CDRES—25—6) 523 705t B-58 {hs— -4k — 2 03 “(hs __4H),
1.26 (t. 12M) ] "F2NWR [CD&Z 29 Q'8 13b. 80 2F) 242848 gl Arfo00 [2oF)
-134.6 (m 4F), -358. 4 (n744F), |- 16478 (1] 3FQs. > 1o0p. 5 (m 2F)5—=16710 (in,

4F). - Synt hesiﬁ_Ol_(_C%FS) 3BC6F4-[N( CH2CH2) P(H) - Met bpbd A:  Anhydrous HQl gas
was added to a nethyl ene 6B#Ori de s688ti oh oHO[BLI (Et 207297 ( G6B3) ABCHF4-
N(CH2CH2) 2] . FheHe—wasptepargd—i-p-gitu-by_addi-ng concentriated sullfuric
acid to sodi{ym cf?l orilde g;luﬁﬁlt r;nsf §W| ng thé7éas via cannulja. The

sol ution turngd ygl-. {20 gggs duTfi g5 el agdi gEgm: eRhE atiee sl g was
filtered and the sol vent Wa(ggre- rm\slgd. The g?gduct v%\(/glg%%s eﬁ(%%@i |11 a
met byl ene chl ori de/ pentane m xture, and then this suspension was
filtered. Tbe product was a white powder: yield = 33% ' 9F NWVR (CDC13,
250 Q8 -12.9 (m 2F), -128.9 (m 4F), -129.5 (m 2F), -147.5 (m 2F),
-155.8 (t, 3F), -162.9 (m 4F), -163.5 (m 2F). 25 Method B: An excess of
concentrated, aqueous HClI was added to an aque- ous sol ution of

[ Li (Et3 20) 2) [ ( C6F5) YBuiracrigirrpuesontative smbodiungits avé deilsddve brerestionte| y.

Thi s precipitgt: ] . roughl.y with hexanes. and
i ed under ROaR SR B ek, 3 GRP U3 BB e it ol SRR RS
washed with wesyndgirdduetdipheeefrohl thoseldistlosyd &l thig appiidRion Mt el hak
prod-act: 30 ’l)ﬁltf“g“l’i% = 46 % 0.5 MM 7005 WO 02/36639 PCTI USQ /46187 -68-
Synthesi s of ‘Wit841: fﬂwm?h’%ﬂﬁenmsé‘iﬂ’@éd‘”@éhéh%@ﬂpeﬁ@?ﬂ daiensiiedingy |
et her solution of 4-brono-N,N-dimthylaniline. The reaction was stirred
Over night (16 houng) citdthiphenf! ek Préchsrel OpfBithy ditusnddi€ Rl JiBlecNas
filtered and _ washed with cold pentane. The resi dual pentane was renpved
under '% acuumdosumpats e ifallwarcasperetedt bt referanesyto teNmRnt8h& this, matdyial B. 82

(d, 21-1), 2.fnsitent ifhbis s}ﬂgcﬁhgaﬁ_bntaa%%for all jurisdictions in which such incorpora--

tion is permitted.

Certain features of the present invention are described in terms of a set of
numerical upper limits and a set of pumerical Jower limits. This specification dis-
15 closes all ranges formed by any combination of these limits. All combinations of

these limits are within the scope of the invention unless otherwise indicated.



Synt hesis of [Li(Et20) 211(C6F.5)3BC6H4- N(Cf -13)21: A pentane sol uti 0R531AY 200
(C6F5) 3B was added to a pentane suspension of Li Co6H4-N(CH3)2- The Product
appeared as a white precipitate. The reaction was stirred over two and one
hal f 10 days. The product was filtered affd washed with pentane. The

product was char- acterized by H B, and F NVMR Synthesis O
(CGF5)3BCGI(H;§¥]@I§3)2(I—|): Met hod A (see above) was used to make this

ZAitterion. rization reactions: The copol ynerization of ethylene and

g{ og)él)l- éS lene wecatalyar sysédh Qbnphiing ﬁéétél&ﬁ%m&?%itﬂﬂoc%%prrggscg %etzﬁ,p erating

Di s(triethyl si| ¥Pd3cprEAlysLaomasing teneRprsdsdi - t - but yI ) f1 uoi ci 3y]) - (cycl op
ent adi - enyl ) baf hj um Qj matahé*]ou as, 1 he .catal yst. In all cases, the

pol yneri zati on sol verll  wisTTuRA cUOMAPPRIOPhe activation sol vent was

tol uene. Standard rurb) usiagtiohR(j5AF5) 4 @%"@f\% t he ,activating
cocatal yst were cairied out prior t(; eaé{ha 0 exp%lraljmréﬁle (iagawsgﬂecrué'actor
reproduci bility. StandardSPlif®flesults are not given. For each experinent,

two collections were ken. ..Th rouping is.as follows: EXPER MENT
RUN( TABLEI )I AC'SI'I VAToﬁE){i1 1@251; Eg]ﬁ%r@%ﬁ%’?ﬁi\%@é@@)e?éwﬂfmdz middle part
( C6F5) 3BC6F4- N( CH2CH2) 2( HywheZeih the (rﬁmﬁé)p%ﬁ%%rlﬂé%‘ﬁiuo%bbe

a

Trioctylaluniinuin -was used as The scavenger I n runs ?fglg%"ﬁj'). The
scavenger - cat al yst nol e r &% §8™sstedTiedbe Gromp-1 2 aotdnanporien enl @ssntihan 10.
The 25 polyners were pregh@idde | i.sopropyl alcohol and dried in a
vacuum oven at 750C. The et hyl enggg\géghgnctagaﬁg plgﬁl%(g‘ sopieEEndier e

determ ned by FTIR (cali- brated to NVR), while the nol ecul ar wei ghts were

measured by GPC Q05 02/ 36639 PCT/USI) 1/ 46187 -69- Table 1.
Et hyl ene/ p?'opylc?rjlg C%‘@%Ffﬁ%??z%ﬁ/\ﬁéﬂg’ Pherem; thet GrappelR anini Batiolh MV
(g/ O pol yner conwmeptised alGARAEEE %htdl 4%mOwdh. T875- 4 3.-2 242-800
4-54500 3 _TémfifS(ﬂS?..S 4 .ﬁz 4 6240 58.%h ??&%Egﬁg‘g_%’”’“_eﬁém‘ié’é-%‘i‘?sasgez
5 9166 56.1 37. 0 1 6V8RpEes sy ligands. 208446 399600 5 Wiile certain
representative enbodi nents and details have been shown to illustrate the
invention, it will be apparent to skilled artisans that various proc- ess
and product: chahBesatelysinysteosef Qlasm|2oskereinthe Gouanp! desabli ABmTRY,.be made

wi t hout departipg fromthis invention's scope, which the appendeg- cl ai s
defi ne. '

4. The catalyst system of Claim 2 wherein the Group-13 central atom is alu-
minum.
5. The catalyst system of Claim 2 wherein the aryl portion of at least one

fluorinated aryl ligand is any of phenyl, naphthyl, biphenyl, fluorenyl, or
antracenyl.

6. The catalyst system of Claim 5 wherein the aryl portion of at least one
fluorinated aryl ligand is any of phenyl, naphthyl, or biphenyl.
7. The catalyst system of Claim 2 wherein the aryl portion of at least one

fluorinated ary] ligand is substantially fluorinated.



Al'l cited patents, test procedures, priority docunents, and ot her cipémm 2005
10 docunents are fully incorporated by reference to the extent that this
material is consistent with ibis specification and for all jurisdictions
in which such incorpora- tion is permtted. Certain features of the
present invention are described in terns7bf a set of nunerical upper
limts and a set of nunerical lower |imts. This specification dis- 15

cl oses al Iqrang forr’ied by any conbination of these limts. Al

conbi nati ofrs of tHeSBAYFFXEEm < Watrhi hhvikeeis doperdf partieni afvaritisornanl ess
ot herw se indic : 12 DAY -0 .CLALM5 A catalyst system
conprising a ca’?};"ﬁ&&a&&e'cuﬁ%a(%rgqgﬁﬁart‘m(%ﬁﬁﬁjses a netal, and a cocatal yst
conpound that conprises: (a) a Goup-] 3 anionic portion; (b) a cationic
portion capable_of activating the catalyst precur- sor; and (c) a spacing
group, congri si Aget swzlipdsysen of @ldutl & paetein vherehn mhenncaibesdgas t
conprises a fl U%I{Ji pl%Leg bri nﬂ ?(r&li - egjg, connected to the G oup-13 anionic
portion on one end —and ‘CORRBECE, JEEmEYEE armealifermrbi. oh ubrs-duger
end. 2. The catalgiefy. system of Caiml wherein the Gloup-13 anionic
portion conprises a Goup-13 central atomwith a nultiplicity of the sane
or dif- ferent fluorinated aryl ligands. 3. The catalyst systemof Caim?2

wherein t G ogp- central atomis pbo- raon. 4. The catal yst system of
Claim?2 vvl*};jg]r ei nﬁﬁecjaé)})ﬁp@f%nbé’kt&éﬂm Seren dhg-Ting moiensis Fhenizsadal yst
system of O ai npResMefRhihyiNG WBpydnyportion of at |east one fluorinated
aryl ligand is any of pbenyl, naphthyl, bipbenyl, fluorenyl, or
antracenyl. 6. The catal yst systemof Claimb5 wherein the aryl portion of
at least gie fiyorinated, L elhgand is any of phenyl, naphthyl, or

bi phenyl . 7. Tthca%Ta%Ig Sg{ln?s(to g@%@%"hﬂﬁ%&ﬂ@?&%’%ﬁés E‘i‘]'@l"%’éfﬁ%‘i-on of at
| east one fluorinated aryl ligand is substantially fluorinated. 0 5 NMAY
2005 -71 %1. T?g cat glt%st_ system of O aim7 vvbeTein the aTyl portion of
at least dfe flUOFFRRELESFP O Clpmdl Mdepeinfibacetnaiceportion ThePeadEl yst
.5y5t em of O ai h3reeIBIF af8e £1R0 oM Bl ¥ COARG L S%5pI allcyls and Po is N,

P. or As.

13. The catalyst system of Clzaim 12 wherein the cationic portion is -PrRH
wherein each R are the same or different and are simple elkyls and Pn is N
or P.

14. The catalyst system of Claim 13 wherein 1he cationic portion is -PnR;H*

wherein each R are the same or different and are simple aliyls and Pn js N.

15. The catalyst system of Claim 14 wherein the distal end of ope R connects

10 the distal end of the other R 10 form & ring.

16.  The catalyst system of clzim 1 wherein ihe cationc portion Is selected
from silylium, trity] carbenium, Group-12 metal, anilinium, ammonium,
phosphonium, and arsonium cations, and amlinium, ammonium, phospho-
nium, and arsoriwm cationjc derivatives wherein the calionic derivatives
cemain C-Cy bydrocarbyl, hydrocarbylsilyl, or hydrocarbyl-amine sub-

stituents for one or more cation hydrogen aioms.



fluorinated honmocyclic or beierocyclic, aromatic, nulti-, or fused-rprﬁdWw 2005
noi ety. 10. The catal yst systemof Caim9 wherein the rin-- noiety is
fluoTiraled phenyl~ napblhyl, or bi pBgnyI . 11. The catal yst system of
Caim9 whereii) the ring inoiety is pcifluorinaled. 12. The catal yst
systemof Claim| wherein The catiork portion is -PnR 2H+ wherein each

l,, are_L7he. sane o2 differepnt, an e Sk e ) - EhelbsgN, P~ oi-
As. Theléat al’YP5t“HET ewri§P ﬁ%awg]fa?\%ﬁéﬁlgp# %aﬁ]{e&%ca Clﬁgﬁﬁgs Sg]r?th}%gn is

-PNR-?w  Nv- Bereifiedeh Bi@%eirhisusacaitgsobndlizhflphentarandmayeisnnpl e

alkyls and Pnis N O P. 14. The catal yst sysiemof C aim 13 -wberein the
coti oni ¢ por tckdenic deriPatRes lcomainind &n&isdi YERHP TR dNEregred¥ehe: drhdi £ f er ent

and are sinple alkyls .and PD.is N 15 T e of Claim 14
wherein the d]iT%‘iaé}P%'eaﬁdHBF”%’éueﬁl%%lh%ec?rsmQr.%oc(égl&g% %@B%%%%gﬁmt he other R to
forma ring. 16. The catal yst Systemof claiml vvheyein the caliorft
portion is selected fromsilylium trityl carbenium Gloup-12 netal,

ani | i ni u8) arffrendamiyst gylesphbpiaim ] wheredr Sonsalahy T EOHECT 1ASEeaisAl i um
ammoni um phospho- ni and_arsoni um cai i enic. der [ ei D the
c2iionic derifg‘gf’iavg‘fwﬁj]%?ﬁeafzﬂ%éi‘- greﬁlflra%caaglbf/ ]th(%:ljér/]g%aﬁr(r g?frg(l\'{rllq;e}d , or
hydrocar byl ag;ne psdbride shibhuepesurke! 0P BGyOBinEieantidt iconlyy dreagen at ons. 0
5 MAY 2005 -72 17. The catal yst systern of clairn 16 wheyein the calionic
portion is seleected from aniliumand amoni um cations; and anilium and
ammoni um cationi c derivaii-ves containing Cl-Cs hydrocarbyl, hy drocar byl
si ly 1, or hy- droczabyl-am ne substituents on one or nore cation

hydr ogen gat ongs cfldin porgmentalopshebydtenpofingl ai m | wherei n The cat al yst
precursor is selected from.a tall ocene cayal St _@rg_ecur sor, a bisam de
catal yst precursor{®an PERHBE HiesKH R SERFRIYSEBY &CGrsor, or a pyri di ne
bi sani dc catal yst gjjecUtemBding 32 cadlysOpRbbRopOIY 1Rrdozatalentodehhod
conprising: (a) providing the catalyst systemof clains |I -18; (D)

conmbi ni ng the catal yst ppeginagstcaiy apha neBaP iRy Tof an acti vat ed
catal yst and a non;goordi -' L O WAL R0l rer i zabl e
olefin to the acti g/cjt edgbc%tﬁ%?jg%fﬂ%eg%?b]%%geofl(@)gllgéjipﬁi prepair}agjd using the
catal yst sysiern of claim1-3 8. 21. An article O manufacture prepared

using a polyefin prepared using the .. Mm@k claiml -18. 22. A
met hod ofo'pr eﬁd’rq]}ﬁ‘ﬂeﬁ’?\@e&?Brcegtui%S?s}Fe (éac}%‘g%lu‘ﬁgég}&zﬁ%?}ms =38 conpri s-

21. An article of manufacture prepared using & polyolefin prepared using the

catelvst sysiem of claim 1-18.

22. A method of preparing the cocatalyst compound of claims 1-18 compris-
ng:
(a) combining a secondary amine or phosphine with a fluoro-
bromoarene;
(b reducing 1he product of step (2).
followed by

{c) adding tris(fluoroaryl)Tr (Tr = Group 13 element} to the reduced
product; and

(6) adding hydrogen chloride gas 10 the mixture.

23, The method of Claim 22 wherein Tr 1s boron.



ing: (a) conmbining a secondary am ne or phosphine with a fluoro- 05 MaY 2005
bbr onpar ene; reducing the prodeuct of step (a); followed by (c) adding
tris(fluoroaryl)Tr (Tr - Goup 13 elenent) to the reduced product; and

(d) addi ng hydrogen chloride gas to the mxture. 23. The nethod of Caim
22 wherein TT is boron. 0 5 MAY 2005 -73 24. The nmethod of C aim 22

wher ei n t hessecopyia 1 125 | cli rnine. .25. The t hod of
O'ai m 24 wioar oi nEhoced. e‘?iﬁ'ya?l‘.z? g’%’%g{) e ép‘“'!f/’(r‘}?%"’l e 158 hetgroeyil nog of
Cd ai m 22 wher ei rantine. f | uor obr onbarene is a C6-Cl2 aro- matic conpound. 27.
The nethod of C aim 22 wherein the aryl portion of the fluorobronoarene
is benzene, napbi ha] eDe, or biphenyl. 28. The nethod of C aim 27 wherein

the fl uorobsonoarirDgethsd B?m’%'“%Héremﬁﬂm@%ﬁ@f%ﬂ%% #%ﬁgﬂéﬁcﬁ hod of daim

22 wherein the fluorobTOVoarene is a perfluori arene. 30. The
met hod of Cl aim 23 wherein the aryl groups of the tTis(fluoroaryl)borane

are indepengentl.y fluorine-substituted phenyl, naphthyl, or biphe.nyl
gr oups. 312%The %&WS@OQW%@%%E%‘”W@%‘#‘H rﬁl”r?é(’t&?‘}apafﬁﬁ%lﬁ)é (&fCihao-
tris(fluoroaryl )haianephgdperfluorinated. 32. The nethod of claim31

wherein the tris(fluoroaryl)borane is tris(pentafluorophenyl)borane. 33.
A net hod of prepolynerizing a catal yst systemconprising: (a) providing

the cataly sy | aj =18, (b).,comhi ning t at al. yst precursor
and the co?zt al %@%g‘i’?@anb@'ﬁl]?angﬁ?ng%‘&eégﬁaﬂoﬁ‘ﬁ’ %ﬁ‘geg]uﬁﬁwf%%@i’%ati ng
ion; 0 5 NAY 20QGbbenzéné,clapbtiplehy,ldr Bgphangiont rol | ed anount of ol efin

nononer (s) to the activated catalyst; and (d) collecting a prepolynerized
catal yst 34. A polynerization cocatal yst prepared with 4-Br C6F4- NR2,

wherein eagR R ithel AURRE VALY SLLWREIST did ATb b Ry risoggnrlzliotéflljorg-r

bromobenzene.

29.  The method of Claim 22 wherein the fluorobromoarene is a perfluorinated

bromoarene.

30.  The method of Claim 23 wherein the aryl groups of the
tris(fluoroaryl)borane are independently fluorine-substituted phenyl,

naphthyl, or biphenyi groups.

3. The method of Claim 30 wherein the aryl groups of the

tris(fluoroaryl)borane are perfluorinated.

32. The method of claim 31 wherein the tris(fluoroaryl)borane is

tris(pentafluorophenyl)borane.

33. A method of prepolymerizing a catalyst system comprising:
(a) providing the catalyst system of claims 1-18;
(b) combining the catalyst precursor and the cocatalyst to form

an activated catalyst and a non-coordinating ion;



hydrocarbylisilyl substituents. 35. The nethod of claim 22 wherein TDrslMy 1005
bor on.

(<) supplying 2 controlled amount of olefin moncimer(s) io e

activaied ceialyst: and

(d) cellecting a prepolymerized catalysi.

34 A polymerization cocatalysl prepared with 4-BrCeFs-NR;,
wherein eoch R is independently selecied from Cy- Csy hvérocmby! o
hyvérocarbylsily] substituernis.

35,

The methoc of cleim 22 wherein Tr 3





