22 DEC 2094 WD 02/ 00666 PCT/ US01/J9392 -1 TITLE: SILOXY SUBSTI TUTED
COCATALYST ACTI VATORS FOR  OLEFI N POLYNERI ZATI ON TECHNI CAL FI ELD Thé 3 0EC 200
i nvention relates to polynerization cocatal yst conpounds containing weakly
coordi nating Goup 13 el enent anions and to the preparation of olefin poly-
mer s usi na aneess cat al yst systens based on organonet al pCT/usmassz ti on net al
cationic conpounds stabilized by these ani ons. BACKGROUND ART The term
"noncoordi nati ng anion" is now accepted-terminology in olefin and vinyl
nononer pol ynerization. See, for exanple, EP 0 277 003, EP 0 277 004, U.S.
patent 5,198,401, U S. patent 5,6278,119, and Baird, Mchael C, et al, J.
Am  Chem SdETLED94, XBAEBSTIIH EN KO CATAbYSTACKIVAT QRS BOR .ar e
described to functi orfOBEFEN BOLYMERIZAHEN i zi ng cocat al ysts, or
counterions, for essentially cationic netallocene conplexes that are

pol yneri zat i éﬁ F| ﬁt erm noncoordi nati ng anion enconpasses truly
noncoor di nat i coordi nating anjons that coordi- nate weakly

enough at the i nsedBSdpvestignorelaiesija polstcaigaipnIRPCRMEst icampeHnAy coptaigiagt y| eni -
cal |y unsat uggaha ' i | ffectively
I ntro- duced | ntgcgm%g yr%é‘?ﬁozg??glﬁ&rgrlg | gﬁ%&ﬁggﬁ%\nﬁ Og%[kglrﬂ?g ornetallic
cat al yst bef ores usitgeipniarcatalystt sysidme desed mnorganemplollip ransitron metal eatidiiom  as
Bronsted aci d_sal t§ it al gi ng charge bal ancing countercations. See al so,
the review affTele Sé‘%{;hzgj Y& Wss, "The Search for Larger and More
Weakl y Coor dBAMIKGBONNDART, Chem Rev., 93, 927-942 (1993). Oefin

sol ution pol ymeri zghé &fmi ‘ofRbiatihy asiendisciondadcapted tephiablogy SVbkant s t hat
serve to maintain reaction tenperature and solvate the po

r |l yner products.
But aryl - gr 8upYEghnenomen golymenzations r See, fof example, £F 2771104, gﬂa%ﬁ%

derivatives gl 0I5, 198 YRS OpaRANGATE,1 A Wha BhIAY MRERF Tl lW@NTS Apfr € at
best sparingly soluble i'n aliphatic sol- vents and typically are introduced

in aryl sol v&hem. SocH934 116) 6€39<0436hi Bhej nineqsudinading agjops areodaseribed rig
cont am nant s ¢ ni: td.@n..nal |, Zzatl . f.hat

shoul d be rerrﬁg@égp E‘J]A‘Fi f%&h{gt#a\?&z&,% %%ﬁ%é* ?/&Im E@g&dgﬁes(%]ﬁgﬁf}sgtm%gnponent S
can be i ntr outadleckne icamplexesr thatnat lpolymerikation stve. nfha taks noecpordigating

speci al i zed handling and _punping . procedures that..conpli.cate and.harns
haustri al seaps epewe iy it BSCRR dod kiR RRP w2 "hr
| ow t enper at whte vagakly &inbgh, at Shecinsedtsont $itpite dk repliicad by olefinically or acetyleni-

cally unsaturated monomers. These noncoordinating anions can be effectively intro-

duced into a polymerization medium, or mixed with an organometallic catalyst before
they are introduced into the polymerization medium, as Bronsted acid salts containing
charge-balancing countercations. See also, the review articles‘by S. H. Strauss, "The
Search for Larger and More Weakly Coordinating Anions”, Chem. Rev., 93, 927-942
(1993).

Olefin solution polymerization is generally conducted in aliphatic solvents
that serve to maintain reaction temperature and solvate the polymer products. But
aryl-group-containing activators, such as those having phenyl derivatives and other
fused or pendant aryl-group substituents, are at best sparingly soluble in aliphatic sol-
vents and typically are introduced in ary] solvents such as toluene. This introduces
aryl-containing contaminants into the solution polymerization (and the product) that
should be removed. Alternatively, relatively insoluble catalyst components can be
introduced via slurry methods, but such methods required specialized handling and
purﬁping procedures that complicate and harms industrial scale plant design and op-

eration. Low solubility also harms low temperature operation, such as typical adia-



22DEC2004 WO 02/ 00666 PCT/US01/19392 -2 batic processes, carried out? RmgC 2004
areas subject to | ow anbi ent tenperatures. Morreover, separating or
counteracting aromati c-solvent build up in the recycle systemis another
problem At the sane tine, maintenance of high polyolefin nolecular weights
while omay@tiossg at desired high polynerizati on (econ®i G r ef err ed)
tenperatures and high production rates is desired. Thus, olefin

pol ymeri zati on cocatal yst activators tHat are nore ali phati c-sol vent
soluble particularly at elevated tenperatures are desired. U S. patent
5,502,017, to Marks et al., addresses ionic netallocene ol efin po-

| ymer i zat i orbatiapmkessesscacnatt auit i1l areas subigca kg JpwWosdent tRapergTean MPEXShpr i si ng

boron sub- stituted with hal ogenate . | f:

cont ai ni g SPYTIER;FOBHERRTE Aongcveltfid dB5h b YEPhe el R, |

substi t uti ooyl KAt fle s@the tifheSahinfantdsf highatdlyolefr maeatianatighty vhileon as t he
cocatal yst. "The silylal kyl substitution is said tqg increase the .solubility
and thermal cpembng att@fesmdy hig PP@@H‘@F‘W&W&?‘F%Eé’ﬁ%e%"gﬁegﬁpe@%?p“\ngs 3-5 de-
scribes synthes] ; DB TRAL | 1{HertZAB8orC QBRI ¥&ivaeRtRaUNd
triphenyl carlﬁghprﬁ?lﬁirwlﬁé%?a 4%’9?4%?%@%wlwbut ylsilyl ?AZ, 3, 5

6- t et r af | uoropmerliphatioselvent solnble patieuiskly phelevateg\lemperatepsare desigedont i nui ng

need for activati coca S Q. | t | pustri al
econoni cs of sol &Fg(?ﬁteﬂb$’€¢%‘?bz§f@%g§)§% a‘{age%%rs gé\}lll%le a (%égr}engf&?ﬂv}gp activators
for ol efin pokyiBkibe akdlfs contantivsd weakit @orlinaBiY Effotdudykistyg Bireniswbrent i on
provi des ani on-containi ng cqocatal yst precursors that can | Qﬂ“ﬁi ned with
or ganonet al | stigutechwith alogenated frd SRSUgIt Bre ¥i°9’3a‘5’ln§ﬂﬂ E@Ii‘?‘ﬁsﬁsm za- tion

catalysts. Chgf 1&&1199&1/. TaAAdH2 i1 3ibsB@teD V&S ekl kifscRetheokaldgoan
activated catalyst wth a sui'tabl e nmononer. or m xture, of .nononers, i.e.
those havi ngordinetgsinisiness th eqcptalyet, The suxJelloyl; Lbstgpiopited YriRARAF B on. The
catalyst can %nﬁg%{&&%} slaBilify dtne RSntirRembhidcede HAHCHERIYSs 18 Bh, Of
before, cont actin e nmononer.” I nvention catal yst sys- tens can prepare
pol ynmer s andsceibgalyythesissoffand pelpmerfaationcwith the soratalisteopmpemdapepylgabe-sat ur at ed
mononers. Cocat gl yst precursol 1 QR3S3 [sAb QR ké@b negptral Goup-13 core
connect ed tomfl'fnﬁﬁ‘?%’ér(@r*‘“?e%dg%‘é&ml@&r 3éa5'sa% t_on_e ofﬂ}tcﬂye) fluoroaryl ligands is
substi- tuted in ihsvigwabfithpoatiove, dherd jscr eontinwing ineesd for petiyating epcailysixy group
represented by the .synmbals -031R3, R r wilDdAnad ko  or

al kyl silyl g?qvﬁ'ﬂi?é“.’ds\m&nmt%@mé'ﬁ?hc %dnugmglr&(;:géogﬁggﬁﬁsgg% m ani [ nium or
anmoni um cat {Révidd demmigrtipsorafoe olsfie prigtaerizationratalystsystems.t i ary, al kyl or
al kyl silyl groups as. | as the R-group's bul k does not cause steric

or obl oS, BRIER SUMMARY

The invention provides anion-containing cocatalyst precursors that can be
combined with organometallic catalyst precursors to form active olefin polymeriza-
tion catalysts. Olefin polymerization can be conducted by contacting an activated
catalyst with 2 suitable monomer or mixture of monomers, .. those having accessible
oleﬁrﬁc,.acetylexﬁc, or other unsaturation. The catalyst can be activated, in situ, es-
sentially concurrent with, or beforé, contacting the monomer. Invention catalyst sys-
tems can prepare polymers and copolymers from olefinically and acetylenically un-
.saturated monomers. Cocatalyst precursor anions [A] contain a central Group-13
core connected to fluoroaryl ligands. At least one of the fluoroaryl ligands is substi-
tuted in its para-position (para-substituted) with a siloxXy group represented by the
symbols ~OSiRs. R represents one or more alkyl or alkylsilyl groups. When the ani-
ons are to be used with anilinium or ammonium cations, the R-groups are secondary,
or évcn tertiary, alkyl or alkylsily] groups as long as the R-group's bulk does not cause

steric problems.



22 DEC 2004 WO 02/ 00666 PCT/US01/19392 -3- Preferred invention cocatﬂ ?J/E[E
activators can be represented by the followng fornmula: [C]+ 2004
[MArF)n((ArF)0SiR3)4-n] , where [Ct]+ is a cation capable of abstracting
an al kyl group, or breaking a carbon- netal connection from organonetallic
conpoundswoanbadcéli ng t hat type of connec- tion. Such aPCRUS®NII9E known as
an activating cation. Mis a Goup-13 el enent, pref- erably boron or
alumnum ArF is a fluorinated aryl gr(ﬂ]p, and each R is independ- ently

sel ected from Cl1- C30 hydrocarbyl or hydrocarbylsilyl substituents,
preferably attached to the Si atomthrough a secondary or tertiary carbon
at om DETAI LED DESPRferrddnyertiermsratalyst Aptivalorsan &8 reprrsenieryt the follpwing

speci ficall yfgr&giaude fluorinated aryl groups, preferably perfluorinated
aryl groups, and T nclude substituted ArF groups having substituents other
than the fluorine substituti ofCtI'IMcAFa§AF)OSiRHaIed hydrocar- byl groups.

Preferred flugrinated aryl groups.include phenyl, biphenyl, napthyl, inde-
nyl, fl uorenﬁ?’cgﬁl}h}sa?c@ﬁw ?apﬁ &h grsracting aﬁﬁ@?fﬁ’&%i"%{e%%? c:%ﬁqu

di scl osures ﬁfetapc&nectﬂﬁatﬁélﬁ%r%n&rﬁ&alﬂ@é@@uﬁ&ﬁeﬁ%\;&éﬂﬁg d 8PeconBecd47, 895,
5,688, 634, -5,895, 771, WD 93/02099, WD 97/ 29845, 99/ 43717, and WO

99/ 42467 ar etipmr Buchalcationis knewn aen activatingeption, M if 2 Grme-1Aekmerepecal groups.
| n some embog i Houn &hfirifteh Iafkis h Aoribhied S SRR UQBRCIR icih@iBAd C- | | gand

carbon atons grgg replaced by Tl uorine a I'n other enbodi nents,
the aryl |i gamiisseboceedfeont Cyhi Inakradby Rariydrooarbylsilyd dubstituests,tfreferablgach ar yl
hydr ogen ato nless substituted with an invention siloxy substituent, is
substi tuted \%‘?cﬁ"‘* Pd@??‘r?go%b“?‘}gg&sﬁ%g 3/ %‘&B@tﬁbﬂgﬁﬁ%’g{- e.g.,

trifluoronet DHFATIED DESCRIPPRON| uori nat ed” al so enconpasses those. aryl
ligands in WA Ch aEkerpthryQft® HpneHsQE@Substatheén® dpdoifibedly id]@e MuStikated hryls

replaced with fluorine and the para-position hydrqgen is LE&I aced with an
i nvention si lgeeps.grreferablyTpratieasinated pufl GRPupRod RayAE Suhsuuted M BPWSs| ze

|1 gands. 22DECARDA R0 0A60Ras dhe AGTJSONA|R39 20 BeNdabby hARanl L he

defined R grouPs | be effective for olefin polynerization such as by

sol ution, bulbkl grotnsr Pyeferrad fipgringerhand groups inshide phanyb bipheny nrpthyloides | n-
nyl, fluorenyl, anthracenyl, pyrenyl, and their derivatives. The disclosures of U.S.
patents 5,198,401, 5,296,433, 5,278,119, 5,447,895, 5,688,634, 5,895,771, WO
93/02099, WO 97/29845, WO 99/43717, and WO 99/42467 are particularly instruc-
tive as to suitable ArF chemical groups. In some embodiments, one-third of the hy-

drogen atoms on aromatic-ligand carbon atoms are replaced by fluorine atoms, and, in
other embodiments, the aryl ligands are perfluorinated. Perfluorinated means that
each aryl hydrogen atom, unless substituted with an invention siloxy substituent, is
substituted with fluorine or fluorccarby! substituents, e.g., trifluoromethyl. The term
"perfluorinated” also encompasses those aryl ligands in which all but one hydrogen
atom in the para position is replaced with fluorine and the para-position hydrogen is
replaced with an invention siloxy group.

The chart below shows additional suitable size ligands.



clude nethyl, ethyl, n-propyl, iso-propyl, n-butyl, tent-butyl, cyclo?ﬁg &
benzyl, methyltrinmethylsilyl, nmethyltriethylsilyl, etc. The R groud% i 004
be the sane or dif- ferent; in other words, mxed al kyl groups may be

| ocated on the siloxy silicon. In 2 2 D E C 2004 WO 02/00666 PCT/USO1/ 19392
-5 sone ewowadmenht s, each Ris a Cl-20 hydrocarbyl or MUY I| sily
substituent, at- tached to the Si of the -0-Si- group using a secondary or
tertiary carbon. Tertiary- carbon-contﬁfning substituents can be

advant ageously enpl oyed where the other R groups are | ess bulky, that is

| ower al kyl (Cl-C4) primary or secondary al kyl substitu- ents, to mnimze
steric hindrance. Counter to this, the R groups nust be bul ky enough to
inhibit reaction between the siloxy group and the activated catal yst.

Sel ecting R such that the cocatal e sgl ubl e in

al i phatic solve P | eURkgp advant ageous. ‘ pl ubi lity", and
equi val ent phr asd 5
al i phati c-di ssol hat is conc 2 enough to activate
industrially usefu or ganonet al | ; 5t conpounds  wi t hout
using slurries or aromatic solvents. For exafple p
hi gher carbon-nunber al kyl or silylalkyl grotps on the silicon atom
provi des effective solu- bility. Effective cations (C+ an_be any of
t hose capabl e of abstracting nonoanionic

hydr ocar byl or hydrocg
catal ysts, or cut g\ A
catal ysts. These -

cation essen- tiall ]
forme, fromthe catal yst pre- cursor conpounds. Suitable cations include
ni trogen-contai ning cations such as the aniliniumand amonium $alts of

U S. patent 5,198 464, 93, the trityl carbeniumpegfions of US
patent 5, 387, 568, Ag}, the silyliumca- of WO
96108519, and hydNatet QL metal cations of US pat} 5,767, 208

Addi tionally, sui

descri bed in

abl e cations include nitrogen-

/35893, and in copendiyo \Ei i cat izems serial nos.
09/ 694, 595, ( g date 22 Cctober 199 \ 296 (fNing date 9
Decenber 1999%—Thus hydrocarbyl, hydrogach ¢ r byl -silyl,
Cl-C20, and Goup- 1,-2,41 and -12-based cations are suitable. An exanple
of a hydrocarbyl-amne is N pentafluorophenyl pyrrolidinium Invention

and car bon-pFased cati ons

OO0 O

Essentially any of the defined R groups will be effective for olefin polymerization
such as by solution, bulk, slurry and gas-phase processes. Exemplary R groups in-
clude methyl, ethyl, n-propyl, iso-propyl, n-butyl, tert-butyl, cyclohexyl, benzyl,
methyltrimethylsilyl, methyltriethylsilyl, etc. The R groups may be the same or dif-

ferent; in other words, mixed alkyl groups may be located on the siloxy silicon. In



art. In a typical procedure, brono-tetrafl uorophenol is converted t;r DE 2004
sil oxy 22DEC2004 WO 02/ 00666 -6 PCT/ US01/19392 substituted counterp % @
reacting it with a strong base such as potassium hydride. After that
reaction, the resulting phenoxide is reacted with a trial kyl chlorosilane.
The reacwonopmwoduct is then reacted wth BuLi and anrappsappivat e anount
of a boron or alumnumtrihalide. The resulting Iithiumsalt can then be
converted to an activating cocatalyst “¥al t by cation exchange with a

hal i de salt, for exanple aniliniumor amo- niumsalts. This reaction
sequence is illustrated below 1) KH [ PhNBuUHCI OH 2) (iPr)3SiCl |

O Si (Pr)3 1) sgne pmbodiments.gasipR ds 2 61-phsirorgmpylar hydpepshydsiek wbstiteenpragcur sor s
conmpounds sui L NARG! ' ' o] Loation or

i nsertion po@%@z@??gkﬁv&bl ?%?n%rpﬁ{i{é&t%ée %%(\%%I gllrtégn -é%}rtrjé)tﬁél elgdca[l]:’?1

transiti on nearhbn-cortgpuing debstitehtslcan be adwadiagéomsigleniployed eherdlahe ytheoBr di nat i on

pol yneri zation, particularly .t nmetal | Qcene conpounds , kno to be useful
P Y oor - i ndfkiughats 355 et i e B (CoER bbb AT B o
catal ytic aclehtdabol Rhikize stefie Hakakcal olnieLtd Wi, MeSR ARG inhed bk Guldyhe

i nvention. These wi|l _typically include Goup-3-10 transition netal
conpounds cofBeeh tighibit reastion begywren thersloxy grgumanddbeactivated catalyse by t he .
cocatal yst activators, e.g., hydride, hydrocarbyl, and hydrocarbylsilyl,
and | ower al kyl-substituted (Cl -C10) derivatives of those. Exanples

i ncl ude hydride, sOBIKIR sRANRH!me Lol AndtsHteERRly Shible AAIBRAR! 20! €

l'igands and transition neta conpounds conprising theminc ose
met al | ocenes sdleent is paetitulan advaatabeavk JEGenticle selubility”,saé efuivalenk pirpieelopls pat ent s

%055, 801 e 053, D 55 BRI ST 17
enough to activate industrially useful amounts of organometallic catalyst compounds
without using slurries or aromatic solvents. For example, the selection of C; or higher
carbon-number alkyl or silylalkyl groups on the silicon atom, provides effective solu-
bility.

Effective cations (Ct") can be any of those capable of abstracting monoanionic
hydride, alkyl, or other hydrocarbyl or hydrocarbyisilyl ligands from organometallic
polymerization catalysts, or cutting covalent metal-carbon n' or 1> bonds in such
catalysts. These are refetred to as activating cations. Preferably, the cation essen-
tially doesn't interfere with the ionic catalyst complexes formed, from the catalyst pre-
cursor compounds. Suitable cations include nitrogen-containing cations such as the
anilinium and ammonium salts of U.S. patent 5,198,401, and WO 97/35893, the trityl
carbenium cations of US patent 5,387,568, metal cations, e.g., Ag’, the silylium ca-
tions of WO 96/08519, and hydrated Group-1 or -2 metal cations of US patent
5,767,208. Additionally, suitable cations include nitrogen- and carbon-based cations
described in WO 97/35893, and in copending U.S. applications serial nos.
09/694,595, (filing date 22 October 1999), and 09/734,296 (filing date 9 December
1999). Thus hydrocarbyl, hydrocarbyl-amine, hydrocarbyl-silyl, C;-Cag, and Group-
1,-2,-11 and -12-based cations are suitable. An example of a hydrocarbyl-amine is N-
pentafluoropheny! pyrrolidinium.

" Invention cocatalysts may be prepared by synthetic methods as known in the

art. In a typical procedure, bromo-tetrafluorophenol is converted to «ts siloxy-



22 DEC 2004 WO 02/00666 PCT/US01/19392 -7 nmetal |igands include 7 2 DEC 2004
non- abstract abl e hal ogen, am do, or al koxy ligands (for exam ple,
bi scycl opent adi enyl zirconium dichloride), which do not allow for ready
abstrac- tion with the invention cocatal ysts, the |igands can be converted
i nt o abst M{X24B66 ones via known al kyl ati on reacti onsPGTAURIGPYAnonet al |ic
conpounds such as lithiumor alum num pydrides or alkyls, alkylalunoxanes,
Grignard reagents, etc. This treat- nent also nodifies the ligand to
facilitate olefin insertion during polynerization. See also EP 0 500 944
and EP 0.570 982 for the reaction of aqrganoal ym num conpounds. w th
di hal o- subst ¥ meww%gﬁéemﬁm@sa FEAng el ﬁbgﬁﬁﬁuwalev&ﬁé?- The
patent |iter alfidf GrafRaGToh RRSTedingdiHARGxidEE Mabief G1E 2 GRMBAMNASs M taR! e for
use in this invention and with invention activators, e.g., EP-A-0 129 368,
US patents 2eagtian poduct 4 hamreaaygl wih Bphi @Bioan apprpdate amourg off g boroagr
5,512,693, EP;A.0Q 4 4, - 7 -9 A-94/ 01471
and 0 97} 2oaamgthibatfe e rufing othn oo Ry e AR b Rt
acti vabl e i nicocatlystbdlichyi caticredxethayge with adalidegaldor exlmaple aaitinixm orlamngddi tion to
cont ai ni ng abstract e ligands, the netallocene can alter- natively
contain |i gaﬁﬂ’é"fﬁiﬁ%?@a Béeqélﬁlécﬂ%ﬂyf’%?@ltegbﬁ@wal kyl ati ng the metal | ocene.
For this invention, netallocenes or netall ocene cor‘r@unds nmean nono- or
bi scycl open- tadienyl -substituted G oup-3, '4°hNB52H(91 -6 transition netal
conpounds in whichs=R®, ancillary |igands y be Substituted with@ne or
nore groups p brigdged to each other, hrough a heterpatomto
the transition net Ancillary |ligands are Cp ds, bridges\between
Cp ligands, or oth&=¢oordinating |igands notB TROVvSIWEd i n the
pol ymeri zation reactjon. Ancillary ligands, in\g control the ster-
ics and environnent prQupd the metal center. It*is belpeved that ‘ancillary
ligands are not absfracted to activate the netal centpgyyghfpipover, it is
bel i eved that ancill pr3@#rg€l ands are not subject to noolefin insertion
into the ancillary |} gand/ netal center bond dL@i ng the pol ynerization
reaction). These |igpnds and bridgi ng eIenEEQ§ size and constituency
shoul d be selected iy the literature-described manner to enhance the
i zal=eR, activity and characteri gt n sonme enbodi nents,
the cycl o- pent adi ri ngs éj n¢l uditmBuisubst | cl 08en$ah?7i enyl - based,
fused ring sy @ a_s" 'ﬁaéhyl, ) F’er%/ O~oPURail r
substituted anal og —Ahen bri dged toz) le%@h ot Ner) w4 | be
| ower - al kyl -substituted (CI-C6) in the 2 position (with or wthou# a
simlar 4-position substituent in the fused ring systens) and can
addi tional ly conprige.dkiflic fraatal Kothpouddsy buitaBk k4! QLMY poRimeRbation! KY!
substituents, the latter as |1 near, -

catalysts by coordination or insertion polymerization will include the known organo-

metallic, transition metal compounds useful in traditional Ziegler-Natta coordination
polymerization, particularly the metallocene compounds known to be useful in coor-
dination polymerization, when such compounds are capable of catalytic activation by
the cocatalyst activators described for the invention. These will typically include
Group-3-10 transition metal compounds containing at least one metal ligand abstrac-
table by the cocatalyst activators, e.g., hydride, hydrocarbyl, and hydrocarbylsilyl, and
lower alkyl-substituted (Ci-Cyo) derivatives of those. Examples include hydride,
methyl, benzyl, dimethyl-butadiene, etc. Abstractable ligands and transition metal -
compounds comprising them include those metallocenes described in the background
art,” see for eﬁamp]e US patents 5,198,401 and WO 92/00333. Syntheses of these
compounds is well known from the published literature. Additionally,.where the



22DEC2004 WO 02/ 00666 PCT/ US01/ 19392 -8 branched, or cyclic structurfqutsz
i ncluding multi-ring structures, for exanple, those of U S. patents
5,278,264 and 5, 304, 614. Such substituents should each have essentially

hydr ocar byl characteristics and will typically contain up to 30 carbon
atonms, buwomagossbe het er oat om containing with 1-5 non- rgrsigassdzar bon

atons, e.g., N S, 0, P, Ge, B and Si._Further, netall ocene conpounds
suitabl e for polyethylene or ethylene-'%ontaining copol ymers (where

copol ymer neans conprising at |least two different nonomers) are

essentially any of those known in the art, see again W-A-92100333 and

U. S. pat ent sTsiadigandg mclude posabstyactable halagegomnide o3 alkoxy iganas(for am®: 816, for

L eific lietinge. . - . ) .
pol ypr opyl enEpiduispaiadiaht RnRRs SR, WARhAHLCally GYRANCIAG. ©
Or ganonet al | tion @itk thedtvention3Heatal 369 1R andskaB By conVeried dab bhstradtaddeomeat al yst s

are stereorigjid as ric, chiral.or brid chiral net al L. qcenes. See,
for exanple, 9@3@9“%%51&“09,,%@5?’?5‘?@ e?ggpo%ﬁ‘gﬁﬂwowdf, spgly as (jtaim op ¢ et
5,296, 434, UslGmifad B{dridss 3 ficA6 dalkyMrloxaREs] /GrigRal 1OR6R3, WD Bhis $3419103,
EP- A2- O 577 581, EP—%Idn-O 57?1(}338, and academ c Ii#ebr@ature "The Influ- ence

of Aromatic Sgnissorrnedifies tarlisandtorfasilitate qlefininsrionduung palyremizafiond geel Zi r cono-
cene Catal ysfg, gp P94k and¥p 08%0 %gafo%ﬁar&%{r&{@ﬂdrggséa@%ﬂrg célﬁlﬁovﬂlﬁg" 963, and
n ate g

"ansa- Zirconocene Pol'ynerization Catalysts wth ne
Li gands- Ef f ewith dinlocabstitutéd metallobend apirtppunds iefPrl addimg adfivators. Lengt hs”,

Brinzinger, H, et..al, Oganonetall.ics 94 3..964-970. T many of

t he references abog’@e%ag@tgﬁpg.gféﬁc?%esgmﬁﬁ?ﬁ o%g?wogﬂdscsgﬂ%ﬁl%f syst ens,
anal ogous WFHQ-J ih @kie ifentitin lahd Béth iSehtion auitit/hoﬂs,rwge,rﬂp—am m—368,all8|pﬁtﬁﬁts
activators r ve inati taly syst , t ogen

am de, or aﬁﬁaﬁi‘%e&r%iﬁﬁﬁf,3§gﬁéf“§%%&?ﬁd@%@ﬁ@rgﬁé@ﬁg ﬁg‘;l S]”iafil‘i"epl aced

Wi th abstracgphd g soigando-Aortiossiiswedashnyer saewadsiiemsal sShiggeri ption
in G G Hatk "Met al | ocene  cat al ysts for olefin polynerization Annual

revi ew of 196tallocsse eempeyndssre hasshal preyactivableiinind catippic catalyst byyligapd sevi er

Sci ence, 199 RstraGRAE 1f ERARHID LfihikifRg TBhALLAE FRRIE RAUAM RS ofdie Tor mul a
. LA LB LC MDE In this formula, s a GrouEy-l?)t;gg netal. LAis a
f

substit ut ed oativelysenainiligaadsdhat gre medde plsimastable by 4l it wetplinsereedoro Mc. LB
| gand, desi s porph ARk clcd 82wl bR corflindinclh ol & FIRYERRAL 10U oy
bri dge or cotadizoyl-sebstitutet Gronpt3) -budh oork transition metalraxgruads- it Bvhich the

ancillary ligands may be substituted with one or more groups and may be bridged to

each other, or through a heteroatom to the transition metal. (Ancillary ligands are Cp

ligands, bridges between Cp ligands, or other coordinating fi;gands not directly in-

volved in the polymerization reaction. Ancillary ligands, in general, contro] the ster-

ics and environment around the metal center. It is believed that ancillary ligands are

not abstracted to activate the metal center. Moreover, it is believed that ancillary lig-

ands are not subject to monoolefin insertion into the ancillary ligand/metal center

bond during the polymerization reaction). These ligands and bridging elements' size

and constituency should be selected in the literature-described manner to enhance the

desired polymerization activity and characteristics. In some embodiments, the cyclo-

pentadienyl rings (including substituted cyclopentadienyl-based, fused ring systems,

such as indenyl, fluorenyl, azulenyl, or their substiﬁxted analogs), when bridged to

each other, will be Jower-alkyl-substituted (C,-Cg) in the 2 position (with or without a

similar 4-position substituent in the fused ring systems) and can additionall! comprise

alkyl, cycloalkyl, aryl, alkylaryl, or arylalkyl substituents, the latter as linear,
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groups. Lc; is an optional neutral, non-oxidizing |ligand connected<%t [ iNc2004
(i=0 to 3). Finally, D and E are independent |abile |ligands con- nected to
M. D & E are optionally bridged to each other or LA or LB. This con-

necti on cwo dwmeoses oken by the activator and nononmer canPCTEEMAINtO this
bond for polynerization. Al so, the use of hetero-atom containing rings or
fused rings, where a non-carbon Goup?®3, 14, 15 or 16 atomrepl aces one
of the ring carbons is con- sidered for this specification to be within the
terms "cycl opentadi enyl™, "indenyl", and "fluorenyl". See, for exanple,

t he backgr oubmnced, arezdhi sigstucss ihidigy BUltiodg stivetuies,gfor example, ghdsorf ty with

orori 1y i t HoPesass? 3 aniG3gA 5 R iienly i sadicly B EAE, "

cycl opent adi Byttbcafbhyl ¢HatadfefisticaRad &ill tljrpltalgrten@m upab 80 ha{rﬁﬁlﬂg@iﬁs DBy | S
repl aced with hydrocar byl hydrocar bylsily or simla

het er oat om cBhhésrpatera-coatpipipgitielsS n%éyqﬁwﬁf@era%ytpmg,t%c&ﬁ 4% BSigeifically
i ncl ude Cl-G3 brﬁ pear, branched, cyclic alkyl and cycloaromatic fused and
pendent rings. ese ri ngs may aI so be substituted with simlar

structures. Non-| |Fnrﬁ1bmgn¢tdhlcememmduv@ ﬂélahlblfocem@edwhpoumcﬁh}ilm ude nono-
cycl opent adi en I .conmpounds ent op i tanium
2opr o pox GRS PRRNARSs DV SR ARG FriRhug A AL ekt
gi mﬁlt hyl 3 il yhbﬂﬁﬂias)af]d”bshmnﬁuﬁh@pﬁ‘gh@éww mttﬁé anlyaé ygaanmiqtgzmawm

i chloride, pe met ent adi en tri
di et hyl si | yP‘ide aPPé‘E‘!%? g@& ?Bc\%ﬂl %9?4 ?%‘g% @é?lgi‘ilﬁé%@ehi um

di methyl, di ggk itings.! Sdidcahs ﬁ[ﬁh&]&ﬁg‘%ﬂ&i&@@ﬂiﬁéﬁb&ﬂﬁ’dp&'ﬁﬁ@@éﬂ aptodacik@af ni um di -
hydri de, di rretgﬁl si'lyltetranet byl cycl opent adi enyl - dodecyl am do haf ni um

di met hyl , ergess. se 961‘% Hinas § PR EAS Y 036%i é?’i B-but yl,
met hyl cycl Opf’l@?%g'e'!'m)ga A da 'aHar@tQ' J]z?é T etric, chiral or bndged chiral

pent anet hyl cyc I rconi um di net hyl,

pent a
(t et r anet hyl my@llensnast é‘@tc,et}s;yb))a(mplqaﬂb‘bwa@w 1 aHiSe pgtentz, VG USi -
met hyl; brid bi o] t adj i) o] SW@ Mgl Y1 -
bi s(tetrahyd o?nrtldg’r??/ﬁ‘ﬂzl ?ﬁ%m um C%ﬁ%reli;)’dlewgn% SI ac§2/?%d§§i A
tyl (tetranet B3/1eh03) BRyARt0aTA 778 | H‘mlpﬂ 578y833c sl arpéﬂmadimartgrb)“'l'hé Inflgni um

dimethyl; brid bi 0 such. a | et bi si ndenyl
zi rconi um di %?%?%%‘m °E§d‘ﬁg¥‘ﬁiﬂ%s{’?§*3’d eﬂ@ﬁ’}% “ r Orpﬁ dﬁe‘??‘" no-
di met hyl si | ybdalei(aibiymr ksﬂalmek}ZWr;(teﬁyIO)ganametelhm wmdnmmsar%m,eand "ansa-
di mret hyl sily ben2| de i rcan di I n fI uor enyl
| i gand- cont a%ﬁ?‘ﬁ‘é n'C ""Ex éﬁ“éﬁé‘ﬁ?‘fﬂ{eg% {ighad B n Chta
Iytic Activity and Polymer Chain Lengths", Brinzinger, H., et al, Organometailics
1994, 13, 964-970. Though many of the references above are directed to alumoxane
activated catalyst systems, analogous metallocenes will be useful with invention co-

Az

catalyst activators for active coordination catalyst systems, when the halogen amide,
or alkoxy-containing metal ligands (where occurring) are replaced with abstractable
ligands as discussed above. 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). '
Some representative metallocene compounds have the formula :
LA LPL% McDE
In this formula, Mc is a Group-3—6 metal. L* is a substituted or unsubstituted c.y—

clopentadienyl ligand connected to Mc. L® is a member of the ligands class defined
for L* or LB is heteroatom ligand, designated J, which is connected to Mc. The L*

and LB ligands may bridge or connect each other through one or more Group-13-16
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nmet hyl (fl uorenyl) (cycl opent adi enyl ) zi rconi um di net hyl ; and t he additzgég
nono- and bi scycl opent adi enyl conmpounds such as those |listed and descri bed
in US. patents 5,017,714, 5,324,800, WD 92/00333 and EP-A-0 591 756.

Parti cul awoaw&et age in  sol ution polynerization can beceudhi/esed by the use
of aliphatic solvent-sol uble pre- cursor conmpounds, e.g.,

bi s(para-triethylsilyl-phenyl) nethylere (2, 7-(di-tert-butyl)

fl uorenyl) (cycl opentadi enyl ) hafnium di net hyl, however, the solubilizing
effect of the aliphatic solvent-soluble anion conpounds of the invention
will tend toelfiksabntpining linkgoupst 1. fiom optiohal alute gonewgizig ligand onpound

oo et s KTl o e 255 SSRRAL B PRRY G815 >

Cct ober 1999 ,fquy Bagk ap @ edrdspticRalfobiBtEtocatibingt & 16k LS PRES dohC _
net al | ocene and precursor cocatal yst cations useful with the current inven-

tion. Represeedtian icancbe prakiint biothal|actyatey|ad menemer qap anssittate thisrbend) for onpounds

i nclude tetrabenzyl. zi ' oS L Ek R ' -hyl [ rconi um
0X0- tris(tr Pﬁ?s%‘?"ylérlg@%ﬁu@\?gﬁégl t?lrérb]ﬁéue. ra Vﬁyﬁﬁkﬁgﬁ%%%% rabenzyl
titanium basbheaborGloup 18] Bl 152t tojidinretlingt ond ofahe ting carbdns {staohiret hyl
silyl methyl), ni %Iﬁ mdi-.chloride, trig(trinmetlrylsilyl nethyl),tantalum
di chl ori de. ?’F}%w‘? FéPFtc‘f’IC”été‘{’h'P W}hm g&&Wo ‘}éﬂe{’tia ]f’o‘rux t di nati on
pol yneri zati g Gfuerehfle 8&sS Fdragimplk ahd baRGOundHld tdadhingd fIADI8AMI08, Whi ch t he
et hyl ene (ol efinic) group can be inserted. These feeﬁt ures ena | i gand

|
abstraction hroms edvemen pRarity G Het 361 NonPRHi2 1dn &ledn 6 e Wght
formation Obg(m%oj H%Er{étéo%ﬂn&f‘% o5 bith 064 RBabo/odgRRORRE alisjeR. transi tion
s suita i n

met al conpoun e as o pol yneri zation catal ysts in accordance
wi th the i nvénbstitredwytlopintadieny] sifuctutes seeay thatpne Jr 1@1¢ hedrogen Bloms it onvert ed
by |igand abs [ SGI,SS] la0f O YA | :t1jve cation
and that can I%’ga%éci é’ﬁﬁ ?‘%%rggag%l’c%ﬁrée é%ﬂg%coerg Silﬁﬁ hﬁgttér%?tnl{ goen state by a
noncoor di nat istnghoes. Vigha hiygrocaobyl dimettriengpecifically . inclide (hePeo dioer,diransbddng ani on

should be sufficieptly labile . tq be displaced by..an ol efinical

unsat ur at ed ﬁ%ﬂ’ﬁﬁg?'pﬁ%ﬂmg@o&aﬂg%wgﬁ%ip d%n?rpqnﬁ?‘y@egﬁﬁjg nlaas“} %ﬁ%}’%de t hose

descri bed i nsitfupadinithisicthildr ethehutese. | n- ternational patent publicati ons WO

96/ 23010, WD 97/48735_and G bson, et al. Chem Co . PR .849- 850 (1998),

di scl ose diim ne- bYSEHMINS, FaRrCICGativg oigtaloosny n‘é"t%o%nﬂg‘ﬁ‘r\%s 8w to be

sui tabl e for cyQsefitadieyl \cBinpOihda NEclD ke bemaisthyéRIopemidi@nltitanium isopro- :
poxide, pentamethylcyclopentadienyltribenzyl titanium, dimethylsilyltetramethyl-

cyclopentadienyl-tert-butylamido titanium dichloride, pentamethylcyclopentadienyl
titanium trimethyl, dimethylsilyltetramethylcyclopentadienyl-?ért—butylamido zZircco-
nium dimethy!, dimethylsilyltetramethylcyclopentadienyl-dodecylamido hafnium di-
hydride, dimethylsilyltetrametbylcyclopentadienyl-dodecylamido hafnium dimethyl,
unbridged biscyclopeniadienyl compounds such as bis(1,3-butyl, methylcyclopentadi-
enyl) zircconium dimethyl, pentamethylcyclopentadienyl-cyclopentadienyl zirconium
dimethyl, (tetramethylcyclopentadienyl)(n-propylcyclopentadienylzirconium  di-
methyl; bridged bis-cyclopentadienyl compounds such as dimethylsilyl-
bis(tetrahydroindenyl) zirconium dichloride and silacyclobu-
tyl(tetramethylcyclopentadienyl)(n-propyl-cyclopentadienyl) ~ zirconium  dimethyl;
bridged bisindenyl compounds such as dimethylsilylbisindenyl zirconmium dichloride,
dimethylsilylbisindenyl hafnium dimethyl, dimethylsilylbis(2-methylbenzindenyl)
zirconium dichloride, dimethylsilylbis(2-methylbenzindenyl) zirconium din.lethyl; and

fluorenyl ligand-containing ' compounds, e.g. diphenyl-
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Pol ynmeri zati on catal yst systens from G oup-5-10 netals wherein the Zaulﬁ%lﬂb
transition nmetal center is in a high oxidation state and stabilized by |ow
coordi nati on nunber polyanionic ancillary ligand systens are described in

U S. pat enoeeeB2, 124 and patent 5,504, 049. See al so trceuSimup25
organonetal lic catalyst conpounds of U S. patent 5,851,945 and the
tridentate-|igand-containing G oup-5-169 organonetal | ic catal yst conpounds
of copending U. S. application serial nunmber 09/302243. (Filed 29 April
1999, allowed 23 April 2001). G oup-11 catal yst precur- sor conpounds,

acti vabl e ( capdiigll@uotendi(tyclapentadiynyWeirdonivon dimetlgyl;c e thel ydtitopalusetail f or

ol efins and vinyl - group-¢ont ai ni ng, pol.ar .non ) e descr.i hed. and

exenpl i fied nd bisptlogrdad EEWH%?S&@“’&Sé‘.“’sﬁﬁ%%‘%?“d%b%{g&‘g’ﬁi%ﬁ RalPSal  Nunber
08/ 991, 160. (stoi17gdd, s14[00eWTRH2/00333 ;and EPQWW 91 4588 PaRicd@0ddvanthgeSn pat ent

5, 318, 935 describes bridged and unpri dqg'ﬁ%?bi sam do catal yst. conpounds of

G oup- 4 net alselutiohpelyracrigation eande; ashieysd| 1se0f; aiphatig solygituoluple Hrexr yI ani do)
G oup-4 co efi,n TR} G | g )

veconu | Lo erbéeoniouftltd bRpVIRITRINARATFmEBIEAS LEG ety |

net hods and florepdi(pytlephatadienydy Hafraur dimethys howeee rthesblubHizngtesiectwbthe

appearing in pP., H n-, wille et al ronpl ecul 1996, .2 5241- 5243,
Gooeri bog br eHthele sk soiie saBn cSpSings AP RARGE 600 18 5L PSRer | 2ot 1 on
cat al yséI S fOrs?Iﬁgih@K%ﬂ@zpiogﬁdfg@dhﬁhﬁb . llid m\?\bpo&g% }:zgigg% uselfidd lhh faldfmqjﬁl?lrﬁehd "@a3rret al
conpounds i ncl ude t hose_ descrj be . oni ¢ G oup-3- or
Larrlr}tohani‘ de- MR %8? é?ﬂeﬂdlb%ﬁm%éw%ﬁe’&%m%ﬁ“%gﬁé%i & HsQefobey

copendi ng U. $998RRk 09/294,595 fied Octiber 1999 £ HaGGrounliab @fsohble@RiREbar  1999) .

A nonoani onic bidentate |igand and two nonoanionic |igands stabilize those
catal yst pr edbgcHisrmetaligeprenangy rreqausor gepplalysiFatinng w@hw@ﬁh‘? pfeat ingemt al yst s.
The literatuggycontains many additional descriptions of suitable catalyst-
precursor conpounds. Conpounds that contain abstractable |igands or that
can be al kyl at ed RepressntativetragditiomplagiegléstNattajtigasiden metal comipoudslsdncluwde t he

Search for. e ekl ok, *FRup P BRkAYSImcbl AABEEE: Phel ond
Met al | ocenes 'tris(thingéhisily Diwthpl) | venadi, |, tet®enzyP 8hafdivim, ( €&88hzyl Whitaniwsi ng t he
cavengi ng sdunEkpanl ABp RS T st mERRERM SuTSRR Bl Tonren
and to i ncr eableridh ttrs(yrintettnyddilylmethyl) hnylupodighisridez aThe imp@ast featares @fponent s,
particu such compositions for coordination pelymerization are the abstractable ligand and that
ligand into which the ethylene (olefinic) group can be inserted. These features enable
ligand abstraction from the transition metal compound and the concomitant formation
of the invention catalysts.

Additional organometallic transition metal compounds suitable as olefin
polymerization catalysts in accordance with the invention will be any of those Group
3-10 that can be converted by ligand abstraction or bond scission into a catalytically
active cation and that can be stabilized or charge balanced in that active state by a
noncoordinating or weakly coordinating anion. The non-coordinating anion should be
sufficiently labile to be displaced by an olefinically unsaturated monomer such as eth-
ylene.

Exemplary compounds include those described in the patent literature. In-
ternational patent publications WO 96/23010, WO 97/48735 and Gibson, et. al.,
Chem. Comm., pp. 849-850 (1998), disclose diimine-based Jigands for C_iroup-S-IO

metal compounds shown to be suitable for ionic activation and olefin polymerization.
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catal yst feedstreans, can inadvertently introduce inpu- rities and
adversely affect catalyst activity and stability. Inpurities decrease or
even elimnate catalytic activity, particularly with

I oni zi ng- MO @Meaet | vat ed catal yst sys- tens. Pol ar inpgerik@aspr catal yst
poi sons) include water, oxygen, netal inpurities, etc. Preferably, these
impurities are renoved from or reduced-lin the reaction conpo- nents before
t he conponents enter the reaction vessel. Inpurities can be renoved by
chemcally treating the conponents or by inpurity-separation steps. Such
treatment oSesepaMADI IIMIIES Dolymeridtion RGaPEt HERE FOBNBAARSBLI0SHELIBESIS. I n
any case, the poly erization process Wll normally enpl oy m nor

scavengi ng a@’é‘ﬁ“te“’égi}b%ﬁﬁ’t‘@ “W}ﬂ"é’éﬂ“ﬁ genteriipwachigh-oxjdatiga siateand stallized by

or ganonet al | t %-nr’b- : . .53, 157;
5 241,025 W Aﬁ%ﬁg’gzﬁﬁ]\?\g A-04/ g‘?f%%%@%i“-‘%%’i#ﬁ?ﬁ SRR B O 07501,
Exenpl ary coppentrich92ila¢ andipatent 5804049. Seaalsn i Gionp-6tongaborbaiallic eatalyst

triisobutyl ' t hyl d i sqbut yl. al .
bod mants ¢ SIRAROCUS! s AR R SR BB gt -S00 et T uent s
or dimat 6t oD A e T i
triethylal unﬁ?{gﬁfﬁ"@uﬁé&?ﬁ@éi &@83%’; alloped; 2 é@ﬂl ?qulko‘%@?npmlhmﬂvﬂ FRCUI-
triisoprenyl dréginpoiids 2 EvabRNeagabieion actlvafid with! ilfbing léé&hﬁﬁh&,%@fm fum num

conpounds, such as tri-n-hexylalumnum tri-n-octylalumnum or
t ri - n- dodecyPifipnandonny \greup-cantaining pelar monemerg axglesdmibediend examplifieddnmy excess

T i ohatt 1RSI0t @A bRl Sl bl S0kaR KB (hRE F " fH0leq 20

addi ti onal organonetal - C scavenger e unhecessary. Xanes al so
may be used &&Deembentfisallowed 14 batebi208Lt i vat ors, e. g., nethyl al unoxane and

triisobutyl-alu n Lt N tivatars., The.scayvenger anmount is
T oo Pl A Baltht B2 ROERIARARES bt %%-“’E‘%’\S’??‘J;e"(%‘i‘?bdw’?ﬁysf hat
amount necesesampoufidsr ofic Gronpidi aetalh eapabde bfi 8-ofefidls apolyrmdrizitionl MBrRige@XCeSS
anpunts can j son the.catgl yst I nventian catalyst syste n | ymeri ze
unsat ur at ed 4@@%”8@ ?WHPQ#QP%"H‘% %Q%ﬁ%ﬁﬁﬁ&én‘iﬁgﬁﬂggyi | | ocene
pol ymeri zabl MecCoipgile @t ak;,din O gdnomeailine 1993214 G474-54800 Bynthbtit thathoddagd phase,
and hi gh-pressure (Pgl:_&rrerj zation. The catal ysts may be  supported, such as
on i nor gani c“OXoHR HBITAROR; aEe BSEBtsH wark aprepning in D gk Melon-t 4| in

those oper at iillg, 100eRaSTRbLMIIA 956,00 5BA0524008dsBteD BHdgel | bi(dyR&sho) S! Ur Ty,
or solution _processes conducted in single, series, or parallel reactors.
| nventi on coSHur-beomnonngs that are polymerization catalysts for 1-hexene. Additional in-

=]

vention-suitable fransition metal compounds include those described in WO
96/40805. Cationic Group-3- or Lanthanide-metal olefin pol;(ineﬁzation complexes
are disclosed in copending U.S. application Ser. No. 09/408050. (Filed 29 September

1999). A monoanionic bidentate ligand and two monoanionic ligands stabilize those

catalyst precursors, which are activable with invention ionic cocatalysts.

The literature contains many additional descriptions of suitable catalyst-
precursor compounds. Compounds that contain abstractable ligands or that can be
alkylated to contain abstractable ligands are suitable for the practice of this invention.
See, for instance, V. C. Gibson, et af; "The Search for New-Generation Olefin Polym-
erization Catalysts: Life Beyond Metallocenes”, Angew. Chem. Int. Ed, 38, 428-447
(1999). |

When using the above catalysts, the catalyst system will generally employ one
Or more scavenging agents to remove polar impurities from the reaction e:lvironment

and to increase catalyst activity. Any polymerization reaction components, particu-



WO 02/ 00666 PCT/ US01/19392 -13 lysts can also function in catalyst
pre-pol yneri zati on. WO 98/ 55518 describes an in- vention support nethbHtf Hfi
gas- phase or slurry polynerization. Alternative enbodi nents of invention

ol efin polynerization nmethods enploy the catalyst systemin |iquid phase
(sol uti onywogRAawes, suspensi on, bul k phase, or conbi- neET/GE1IBPREreof ), in

hi gh-pressure liquid or supercritical fluid phase, or in gas phase. These
processes may al so be enployed in singlfdar, parallel, or series reactors.
The liquid processes conprise contacting olefin nolecules with the

catal yst systemin a suitable diluent or solvent and allow ng those

nol ecul es t olarleslvents menemersgnd eatalyt fedsitsams chbinpdueeprtlydpirqdareimpis . The

term pol yner_. o - ggy - | i tic and
aromati c hy F%%%ggeﬁ&%% J%%P§m§ggp%ﬂ?ﬁgﬁ@§?ﬁ@;-_ﬁﬁﬁgﬁﬁﬁﬁﬁﬂmﬁﬁhﬁﬂﬁk and

sl urry procedaesate tchmlysic pptivitye gartiatialyy sfith ibyiping-ahiby-activated ehtalystl syqui d nono-
mer slurry. Gﬁs-ghﬁge rocesses .use a suggfrted catau¥st nd foqll ow any
manner sui t - 81 ¢OPHIMHE hEAtA G Prisqns) iefude, Water, oX¥genptalimpYBliss os nay be
found in U. Syc Pricedbly, tfhsSibuafs arderB0ed 86 obrededd 67 B r@ciiZobs:

5352, 749; 5,408, 017; 5, 436,304; 5,453,471, and 5,463,999; 5,767,208; and
WO 95/ 07942 nents bednre therppmpenepls exter theecaptioni vesssl. paippritigsicambe wmovedlet i on
tenperature LS. . 1M re i afetifoni S 60C. In
sone enbodiﬁ%%?%éﬁ§?ﬁgﬂ]gﬁg§{ tﬂ%%ﬁgghqgg aéﬁﬁ gtbggwﬁgo%. I'n otﬁtrs, t he

t enper at ur e cloeparatizin cex oeaddur@ OCaftdr romperenesybthesisrelntasy caskahapaiymaum

reaction pressure is 1 4 n others 1 0.1 bar,, and i et, ot hers,
oo bar P Bt nDes M S Gl O o stavettiy 98 aniie. BraiGiver Mequa
Ito 2502 baL , these sehVedpars wilb 00 ohanomytallie©weuh, asathel GroupyE codipaesds, of 106. bgr or .
ess. or (0] en [ nme 1LO 00 I S n obt al ne
when the qu%?g‘ﬁ g}fiﬁgﬂ’ gﬁéﬁﬁ?Sp 3@%@@&@&%&%&3&@@3&5ﬁ§5&‘§3§1 yst is
control | ed agmdweid 95787941 NEXRRPRARY corfpoinits’ ifeltidd irefhyl SaRRNAL kiethys kbl | ed

artisans believe it preferable to achieve full solution and avoid slurried
systens, andep® hdisotutyl aluninoy megylabunaxang, pphsolytylalgnoxane: dp yome emyt | ow

tenper at ur espiiferd cbifiBodn@YhaRlg RNy TS Frinel Ry dlichibl Fibbinudls RSt - 1 Nng

t hese objectives varies with the solubility of t'he noh-coordinating anion

and tran- sindcsd tereanetd orpsialioid sentgareusstl becaasertheyvecogrdinatedo ghetastiyest s or
t hose |i kel ' gm]%; | eGiHeak '@Qﬁ-” [ ture, ma
have reduceécatgg’fsgglyoﬁty r'gﬁn%npf%e maﬁlftgﬁh or Liﬁ%(]:)re s%ﬁﬂg‘%ﬁ%%ﬁ{l?ty. 22 g

DEC 2004 as triisobutylaluminum; triisoprenylaluminum, and long-chain, linear-alkyl-

substituted aluminum compounds, such as tri-n-hexylaluminum, tri-n-octylaluminum,
or tri-n-dodecylaluminum. When alumoxane is used as the activator, any excess over
that needed to activate the catalyst can act as a scavenger and additional organometal-
lic scavengers may be unnecessary. Alumoxanes also may be used as scavengers with
other activators, e.g., methylalumoxane and triisobutyl-alumoxane with boren-based
activators. The scavenger amount is limited to that amount effective to enhance ac-
tivity {(and with that amount necessary for activation when used in a dual role) since
excess amounts can poison the catalyst.

Invention catalyst systems can polymerize unsaturated molecules that are con-
ventionally recognized as metallocene polymerizable. Typical conditions include so-
lution, slurry, gas-phase, and high-pressure polymerization. The catalysts may be
supported, sﬁch as on inorganic oxide or polymeric supports and as such will be use-
ful in those operating modes employing fixed-bed, moving-bed, fluid-bed, slurry, or

solution processes conducted in single, series, or paralle] reactors. Invention cocata-
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nononers, al pha olefinic or non-conjugated diolefins, for exanple, C3-C20
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Gas- phase pol zation.c e, cond cted for exa Ln a cont] nuous
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slurry. The Iurr .1 S made . u In ar c fin t hensel ves
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corrplonent ? t palymefs! Bath mhl aﬁmﬁhd iaramaﬁmhmdmm éblxail‘lllﬁ altghm‘gables g PBéEnd. hg

catal yst (syst : i cal et ene pressures w e between 10 an 1000
psig (69- 689;n E&}a)‘mgé PIOEESHSI Q‘Fré't'ﬂpfﬁ?qsﬁ‘?ﬁlﬁfsl IRy coppe tadmeRmi cal |y

re- mains bethyeerr#0Gad o&sseih&atyhpﬁ@acamsttasdmwaﬁﬁm%{erglﬂt-one or
nore stirred _tank reactors, operated 1n series or parallel.

ol efinical yal?llﬁ%!teﬁhyéﬁné@"lﬁ(ﬁ‘ﬁmia% Emwg@iawles@%bérfwédn Uss- rla’gtemn vention
catalysts, far54§>3?4mh%ss$w9@@s mgi kyb f&é@Stﬁsgtﬁﬁl 3L08 BDES 5 45696t VI ene,

and other gem na di subsStitut | ns, ethyl dehe norbor nene;

nor borradi ene54§369hlaad5ﬁ@a?9§d$ éWeI!OSam! ‘U@Wéfo'?%?efl ni cal | y- unsat ur at ed
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norbornene al kyl - st1tuted norbornenes VI ny
02/ 00666 PCT ﬁmmltﬁm the minimum reaction temperature is 60°C. In some embodiments,

the temperature can go as high as 250°C. In others, the temperature does not exceed

220°C. In some embodiments, the minimum reaction pressure is 1 mm Hg; in others,
0.1 bar, and in yet others, 1.0 bar. In some embodiments, th;'maximum pressure is
less than or equal to 2500 bar, in others, 1600 bar or lower, and in yet others, 500 bar
or less,

For homogenous solution polymerization, good results can be obtained when
the quantity and type of solvent used to introduce the catalyst is controlled as well as
the manner of introduction. Generally, skilled artisans believe it preferable to achieve
full solution and avoid slurried systems, and hence fairly high concentrations of the
catalyst, at low temperatures and to use low solvent amounts. The difficulty of meet-
ing these objectives varies with the solubility of the non-coordinating anion and tran-
sition metal components. Some of the more active catalysts or those likely to give a
higher molecular weight at a given temperature, may have reduced solubility or may
be modified for increased solubility.



-15 group-contai ning polar nonomers capabl e of coordinating polynerization.
See, for exanple, U S. Patents 5,635,573, 5,763,556, and WO 99/ 308222 UEC 2004
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can thus be yhghicepodgnerll ended pol yners can be fornmed ex situ using

mechani cal blending. or in situ using m xed, catalyst tens., . In situ
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catalyst (i.e. 'a mxed catalyst syste in a reactor to sinultane- ously
prepare nul t iahhe-olefinigrasrnoprconfugated. diglefins, fasterasaple, Kyuffar olsliRy it Hr cat al yst
synthesis. M | yst %?ews i I ti t ched.
Furt her - rmrec?a&@g%% %‘%HQ’EOZM? e c%{ al%%sdti)gen%’ro u 25%?95("6%??{[{0% glg%lg?ti ons
and t he cat alojlsr mepemensptoserebaion hassgeundeolopnpressurat(iypicalbo iditt baph st aust be

mat ched, as wel.l. .In sone I gent. he caonpou C Iises cation [Ct]+
and a ani on %Fﬁl-t‘?mpﬁ?g‘gﬁ °g%‘2g¢]g$ "é‘ﬁb’g}f"ﬂfﬁtﬁ?ﬂo %@‘B’gﬁ&?ﬂﬁhﬁcﬁ%g?ﬁé‘:& ani on
conprises a QigiiPsolvest, sehQER&Han€ BNREASL WCdolingypilcflBSemowes polidiRAsmdent | y
selected fluoroaryl ligand-that is _para ubjti tuted wth a. sil Oﬁ% group
represent ed Be% I?és??%GPQWQWFa“IWCPP@E@ » forample i @ FORInUEUS %pendent ly
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i ncl ude conpounds represent ed the formula: [C]+ r
( (Ar F) OSi R3) 4eastion modifieh ¢608-208 FPMY, C+iCs domorames deddstzrams d0.82t3 819l%M i s bor on

or al um nuny_ A GrefaShs.ssdgRendent 1y, fluoroaryl groups, wherein each
fl uoroaryl gafl@udﬁzf%gs at g@%&?t oer' fluorine substitution; and R are each,

i ndependent |y, C1- Ehifyldug-c2defEGndadidg Wy Qohs ble2CEhd)SDlylen &89 2efin-
diolefin) elastomers of high molecular weight and low crystallinity can be prepared

using invention catalysts. This preparation uses traditional soplution polymerization
processes or processes that introduce ethylene into a slurry. The slurry is made up of
-a-olefin or cyclic olefin, by themselves or mixed together. The slurry also can con-
tain other (un)polymerizable components that act as polymerization diluents and that
suspend the catalyst (system). Typical ethylene pressures will be betweeir 10 and
1000 psig (69-6895 kPa), and the polymerization diluent temperature typically re-
mains between 40 and 160 °C. The process can be carried out in one or more stirred
tank reactors, operated‘in series or parallel.

Other olefinically unsaturated monomers can also be polymerized using in-
vention catalysts, for example, styrene, alkyl-substituted styrenes, isobutyleﬁe, and
other geminally disubstituted olefins, ethylidene norbomene, norbomadiene, dicyclo-
peﬁtadicne, and other olefinically-unsaturated monomers, including other cyclic ole-

fins, such as cyclopentene, norbornene, alkyl-substituted norbornenes, nd vinyl-
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Blended polymers can be formed ex sitw using mechanical blending or in
situ using mixed catalyst systems. In sifu blending seems to provide a more homoge-
neous product and allows one-step blend production. /n situ blending involves com-
bining more than one catalyst (i.e. 2 mixed catalyst system) in a reactor to simultane-
ously prepare multiple polymer products. This method reqlﬁ‘es additional catalyst
synthesis. Mixed catalyst systems require catalyst actives to be matched. Further-
more, the polymers the catalysts produce at specific conditions and the catalyst re-
sponse tc changed polymerization conditions must be matched, as well.

In some embodiments the compound comprises a cation [Ct]* and a anion
[An]. These or other emboidments exist in which the anion comprises a Group-13
element connected to at least one independently selected fluoroaryl ligand that is
parasubstituted with a siloxy group represented by the symbols —SiOR;. In those
cases, each R is independently a C;-Csg hydrocarbyl or hydrocarbylsily] substituent.
Other embodiments include compounds represented by the formula: [Ct]"
[M(ATF),((ArF)OSiR3)s,]. In these cases [Ct]" is an activating cation; M is boron or
aluminum; ArF are each, independently, fluoroaryl groups, wherein each fluoroaryl

group has at least one fluorine substitution; and R are each, independently, C,-Cy hy-
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bi s(4- At least one embodiment exists in which the anion {An] has the formula
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Some exemplary catalyst systems are disclosed below. The format the list
takes is cocatalyst precursor/catalyst precursor.
{isopropyl—ammonium]+[(3—{tn‘-(isopropyl}siloxy}-
perﬁuorophenyI}bis(perﬂuorophenyl) {perfluoroanthracenyl}borate] / isopropyl
(cyclopentadienyl) (fluorenyl) hafnium dimethyl; [isopropyl-ammonium]’[(4-
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units for %&ﬂ@%}&&rom elution tines. Catalyst Preparation
Exanpl e 1. Synt eS| S 0 (i Pr)3: One equivalent of potassium hydride
sus- pended (CatdalysEPygparatidied to a THE sol ution of 2,3,5,6-tetrafl uorophenol
(5 grans). Example 1.

Synthesis of HCgF4OSi(iPr)s: One equivalent of potassium hydride sus-
pended in THF was added to a THF solution of 2,3,5,6-tetraflucrophenol (5 grams).
Gas evolved. Afler stirring for 1 hour, one equivalent of triisopropylchlorosilane was
added. Then, the reaction was stirred for 16 hours. After thds, the solvent was re-
placed with pentane. Next, the resulting precipitate was filtered off. 'The product was
purified by column chromatography (silica gel, hexanes): yield = 6.864 grams, 71 %.
'H NMR (CDCls, 25° C): 8 6.65 (m, 1H), 1.29 (bp, 3H), 1.09 (d, 18H). F NMR
(CDCl3, 25° C): § -142.4 (m, 2F), -159.1 (m, 2F).

Example 2.

Synthesis of [Li(Et;0), 5][B(CeF4O8Si(iPr)s)4]: One equivalent of BuLi (1.6
M, hexane) was added to a cold diethyl ether solution of HC¢F4OSi(iPr); (6.864
grams). After stirring for 1 hour, one quarter equivalent of boron trichloride was
added. The solution was allowed to slowly reach room temperature, and then was
stirred for 16 hours. LiCl was filtered off. The solution that passed through the filter
was reduced to approximately 30% of its original volume, and pentane was added to

cause precipitation. The mixture was chilled at —35° C for 16 hours, and the product
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appr oxi nat el YeRdhXas aHBOH 81 Gus cﬁﬁﬂﬁ(ﬁn Ufhe Hﬁﬁe@&%;ﬁfi I Telry {o}h@ m xture
T ter .

was chilled to -35 C for 16 hours. e product was ed o

[ C6H5N( Bu) 2 HRpB§.Collad @Bbducwas filtkred \ofle | (CHNBulBBBICHa0Si(i80:)h vield RVR

o6 650" Or sl geims, o S (Potustind 25E0x g €86, 38y, At 13:5°0)

(d, 8F). Pol yarexH)zaus oH)! £36-0ig0 1, BHY Memev@ndoReaPyl esrecyer-e2eeopp! ymeri zed
ina 2 liter, continuous stirred tank reactor operating at 100 "usi ng
bi s(para-tri éfhylgtq(%%henyl ) methylene (2, 7- (di-tent-butyl) fluorenyl)

(cycl opent adipgRVderizi@dd ¥ediods et hyl as the netal | ocene " catal yst. The

conmpound of E%mmpﬂ%%&b ¥&olyRfekilz Pl 2 1Y Nontinudidstitre@f
tank reactor operating at 100° C using bis(para-triethylsilyl-phenyl) methylene (2, 7-
(di-tert-butyl) fluorenyl) (cyclopentadienyl) hafnium dimethyl as the metallocene
catalyst. The compound of Example 3 was the cocatalyst activator. Runs 1 and 2 of
Tables 1a and 1b are representative. For Run 1, the catalyst s;'stem was preactivated
in toluene. For Run 2, the catalyst systern was preactivated in hexane. The collection
times listed on Table 1 ("Time") refer to the time after which the polymer solutions
were collected. A 25% (wt) solution of tri-n-octyl aluminium was used as scavenger.
The scavenger-to-catalyst ratio for these key reactions was 17. The polymers were
precipitated with isopropyl alcohol and dried in a vacuum oven at 75 °C. The ethyl-
ene percentages in the samples were determined by IR (calibrated to NMR).



Tables 1 a and | b are representative. For Run 1, the catal yst Syswﬁiﬁi
preactivated in toluene. For Run 2, the catal yst system was preact &Uﬂh
in hexane. The collection' tinmes listed on Table 1 ("Tinme") refer to the
time after which the polymer solutions were collected. A 25% (wt) solution
of tri-n-eaigoloekum ni um was used as scavenger. The seay®s@ALvko- cat al yst
ratio for these key reactions was 17. The polyners were precipitated with
i sopropyl alcohol and dried in a vacuumi®ven at 75 C. The ethyl - ene
percentages in the sanples were determned by 1R (calibrated to NVR). 2 2 D
E C 2004 WD 02/00666 -98 PCT/USO /19392 Table |I a. Copol ynerization

Reacti ons of Ethyl eﬁ@lam Cepdpyérization FRactioms of Bthptepamd Propylene.

r at e39C2C2=f deatalvst-2=-Conv4 —Copvdfeed % hein
Epg! b g hr ol [P B0 PP B LT OB g | ZomACI-Cna
25. 73021973. 51983406 m‘ih"“‘o_ogh?‘)ﬁngphi_yﬁi "itgjhpsl e, \1f 7ot yuca/ +7 sol ution.
2 Time coll ecirngsSama g Big | TE7350 €19t (W GIT PROMEET 5o%S prso)gmt ed. 4
Per cent of DOTET S| ANV Er 1190, | haD elg,gb. R0t VUeT38 2381 PN Reggtijons of

Et hyl ene and Propylene. RunW . GCatal ySt productivity M (xX1I0™) PD

Kg/ nol eDal t ons 1423 ﬁgﬁ%ﬂ&%lﬁﬁr%gm@gwwsgu 67 5 Gains of polyner
sol ution coll eclﬁ%e%ﬂéclﬁg kdagid.i me given on colum 3 of Table la. b

Det er m ned by GP 1?11,1@: g_(fa%g tative enbodi nents and details
have been prowd npo Bﬁ# c]% eﬁ € the invention, it will be
a

apparent to skil |sans vdri ous pro- cess and product changes
from those disclos eplavmbt. ool frRé fzhiidnFekattihs BFBth{lend BRE Propylene.
Run W’ G Catalyst productivity Mn" (x107) PDI
' Kg/mole Daltons
] 1531 14146 102 163
2 1924.7 15038 94 1.67

% Grams of polymer solution collected during the time given on column 3 of
Table 1a.
¢ Determined by GPC.

While certain representative embodiments and details have been provided in
order to illustrate the invention, it will be apparént to skilled artisans that various pro-
cess and product changes from those disclosed in this specification may be made
without departing from this invention’s scope, which the appended claims define.

All patents, test procedures and other documents cﬂed m this specification are
fully incorporated by reference to the extent that this matcnal is consistent with the

specification and for all jurisdictions in which such incorporation is permitted.



B L

wi t hout departing fromthis invention's scope, which the appended cha@
define. Al patents, test procedures,, and other docunents cited in 2004
specification are fully incorporateagby reference to the extent that this
material is consistent with the specification and for all jurisdictions in
whi ch ﬁgfg incorporation is permtted. -99 CLAIMS: 22 DEC 2004 1. An ionic
conp =of matter conprising a positively charged cation [Q]+ and a
negatively charged anion [A] said anion conprising a central core Group 13
el ement to which are bound fluoroaryl |igands, at |east one

f 1 uoroar ylAn iiqgémndempsiting efubettdrtagmpeising a préltwaiyadpwﬂtqaaﬁn \M’-?tlh anfé asrieseW'y

& 7P 0" TR BB T o i YR e e BT Bl O R o Yl W FRRRCRE kol

conmposi t i quepdaryTiichifds, AAfledst eendf |salﬂ¢mb&§@m1|@ﬁ1dbﬁelh@alb“sﬂfumdl iAi the fatd-position with
[MArF)n ((ArF)GSiR3)4-n] , where [ ]+ is cation capable of abstracél n%
al kyl gr oupsilosy ghrparpressniedcyr the symbela-OSHonwherengsac rpgﬁrfﬂﬁﬂle& qntly a

conmpounds cq nt ai ni n or alumnum ArF is a fluorinated
aryl grou @ﬁﬁﬁyk?rﬁigag’cgbymly%%%% u%grocarbyl or hydrocar byl silyl

substituent attached to the Si atomthrough a secondary or tertiary carbon
atom and nis 0-3. 3. The conposition according tqg claim2 where [C]+ is
sel ecled f Fomonissompetitiorefimatier phejaist 1 regrasented Rinthe MM Aoni um cat i ons,

trityl car b up- 12 netal cations, silylium cations, t he
cations of e[%éﬁa{@‘f%oﬁ@ @f’ Goup 1 or 2 netals, and derivatives of
the foregoihgre [@H |is Bhtidh capabie ufistrdcting yh atien lgﬁcrupum baaaklmgld ydrbmmneat i ons
containing C, -- C20 hydrocarbyl, hydrocarbylsilyl, or dr ocar am ne

subst i t uenbend; &pmmrsarmm%h%cmma@%wné&l@% sugh, Maisd’o"%?" prginum, és a
conposi ti O ?{lnsaged rgi' gr }fl\f)]eéa%hrk Wk d % of dﬂ?&daw o h88r095~5§1's rs‘uﬂﬁft@cqt atyl

group wher gFoup is Sé rom'the group consisting of

phenyl, bi pitRRN to tROSi am@ﬁ&lliwhgh zﬁseca'r{darycmmﬂsnytca(bnnafonclaad mis0-dherei n each R
is a Cl-Cl0 a linear, branched or cyclic aliphatic hydrocarbyl or
hydr ocar byl silyl substituent. 6. The conposition of claim5 wherein at

| east jone R | %ﬂﬁib@{ idd h@éoﬁﬁ#? kd ¥ajm SAHedd! t@q ﬁréé}éeﬁ:doffrork e fﬁ'é’dpaédﬁﬂsﬁhé, wF

groupg bei ng” t'he"Sane or erent and con ning from1 car bon

atons. 7. IhiBniae@eshinimeAivel carinsetritylf cacheaium Eatwhne,r Groupsb2 ahe@rl caports3 silylium
elenent is boron or alum numand  said fl uor oar

per f | uor opk&iops, thocatpprotithe hydigtydgaltsreflropp) 52 trP‘H o gagrféf'f"ﬁfveﬁf’f toe forggoine
wherein eaghyof o m, %nqn(;mm,r@i?ﬁyclarﬂehﬁﬁﬂ(ﬁd AR CAicHI RehialifgS@, — Cy hydrocarbyl,

hydrocarbylsilyl, or hydrocarbylamine substituents for one or more hydrogen atoms of said

cations.

4, The composition of claim 3 wherein ArF is a fluorinated or perfluorinated atyl group wherein said

aryl group is selected from the group consisting of phenyl, biphenyl, and napthyl.

5. The composition of claim 4 wherein each R is a C, — Co a linear, branched or cyclic aliphatic

hydrocarbyl or hydrocarbylsilyl substituent.

6. The composition of claim 5 wherein at least one R is alkyltrialkylsilyl, said alkyl groups of the

trialkylsilyl groups being the same or different and containing from 1 to 20 carbon atoms.

7. The composition of matter of claim 5 wherein said Group 13 element is boron or aluminum and

said fluoroaryl ligands are perfluorophenyl.



with said siloxy group replacing the para-fluorine atom 9. A corrpoii tdE%rT

of matter represented by the forrrulg [C]+ [MArF)" ((ArF)Csi R3) 4! ,2] 004

where [Ct]+ is cation capable of abz OPacti ng an al kyl group, or breaking a

carbon-nmetal bond, of organonetallic conpounds containing such, Mis boron
ArF is a .fluorin

or alymn t l. . h Ris. - .

iyl odar byl MegioriRtingR aF BotSat e doiekein e il Hidraig) Gnkndls papgubstituted
conposi ti Oxoltlﬁ);ald:élﬁixmgﬂ)u‘ﬂf}@ﬁlﬁ‘dlﬁgtﬂéEaﬂaShl%rlﬁ@étBﬁluor' nated aryl group wherein
said aryl group is”selected fromthe group consisting of phenyl, biphenyl,

and napthyl. 11. The conposition of claim10 wherein each R i ndependently
is a aI i phatic hydrocarbyl or

.- 0 | in
hydrogar byl F‘?@‘Foslgl?ﬁsotfW&Erﬁfpreie?9ed%¥éﬁé/% 0&ition of claim 1l wherein each

Ris attacq@@rt[p;(,s}p)be(Ag:)@gqum?ry or tertl ary carbon atom 13. The
conposi tion according to cl 1 where [Ct]+ is selected fromthe group

consi sti ng \mﬁeralﬁfﬂ]l isi eation rrdpablaroh pkstmacting amalkylk gfpﬁgﬁlorctaﬁq#@?ﬂ aeacbapimstal
Group | 1 yrehale cations SELYLLM SLLONS o LDSCE AR Ol b BUIF AL 81

Ves of "t efo going’ani I'rn

amoni um  tfhickikhte§ muyreaclamsﬁld WV @ WAy dr6catbyd BShyiestastylsil gsuﬁamuen@%d
hydr ocar byl , hydroggrgy I'silyl, or ﬁydrjo?:?ar byl gg‘l ne subsytl tpuents for one or

nor e hydrogemOzal oms of said cations. 14. A conposition of matter
represented by the formula: [C]+ [MAF)" ((ArF)CSiR3)4-n 1', where [Ct]+
is an aniliniumand amoniumcation, ArF is a fluorinated aryl group

sel ectgd f I D dofpoSitioNBT 1AM I9SWhA€in OF RO 8 BitHluohatbe Byl wirpdimydid each R
is acCl- C0 hh?Oocarbyl substi t uent attgched to. the glaj&gtomthrough a

secondary cayltgnonpds ssigctedsfiiein ithe group @nsisting of ipherybiyirhsnyl end nopthyd-ai m 14
wherein n=0 and each R is isopropyl.

11, The composition of claim 10 wherein each R independently is a C, — Cz a linear,

branched or cyclic aliphatic hydrocarbyl or hydrocarbylsilyl substituent.

12.  The composition of claim 11 wherein each R is attached to Si by a secondary or

tertiary carbon atom.

13.  The composition according to claim 11 where [Ct]" is selected from the group
consisting of anilinium and ammonium cations, trityl carbenium cations, Group 11
metal cations, silylium cations, the cations of the hydrated salts of Group 1 or 2 metals,
and derivatives of the foregoing anilinium, ammonium, trityl carbenium, and silylium
cations containing C; — Cy hydrocarbyl, hydrocarbylsilyl, or hydrocarbylamine

substituents for one or more hydrogen atoms of said cations.

14. A composition of matter represented by the formula:
[Ct]" [M(ALF), (ATF)OSiR3)an ',
where [Ct]" is an anilinium and ammonium cation, ArF is a fluorinated aryl group
selected from the group consisting of phenyl, biphenyl and napthyl, each Ris a C; -
Cao hydrocarbyl substituent attached to the Si atom through a secondary carbon atom,

and n is 0-3.

15.  The composition of claim 14 wherein n=0 and each R is isopropyl.





