WD 2007/ 018743 PCTI US2006/ 023404 -1 FLUOROPHENYLBORATES AND THEI R USE AS
ACTI VATORS I N CATALYST SYSTEMS FOR OLEFI N POLYMERI ZATI ON | NVENTOR: Geor ge
Rodriguez FIELD [0001] This invention relates to noveI fI uor ophenyl bor at es
and their ctivators in catal yst systens for rization.
BACKGRClJ Héf‘g@gsﬂﬁlvany catal yst systens for pol yneri 2| ng ﬂﬁoB?ﬂ i I ncl udi ng
net al | ocene and Ziegler-Natta catal ystl systens, include an acti vat or or
co-catalyst to increase the rate at which the primary catal yst, for exanple
the metal |l ocene conplex, polynerizes olefin nononmers. An activator may al so
affect the nFLQElR@PHENS&IKBORﬂQWSQﬂVDfﬂbEHI\UBED{S ACTIVAMORS pont ent  and

ot her properties of he resulTarTﬁ i flcal activators include, for
exanpl e, al unoxar@ATA $ B R Ol MEREZAVION: s. [ 0003]

| oni zi ng activators gener aI ly i ncI ude a cation capabl e of abstracting an

al kyl group, or breaking a carbon-netal bond, fromthe organonetallic
primary catalyst species together with a charge- bal anci ng noncoordi nati ng
or weakly coordinating anion. One known class of ionizing activator are

f I uor opheny IINYERMTER: henrss Rodsigned cul ar, per f | uor ophenyl borates, the use of
which are reviewed by Eugene at al. in Chem Rev. 2000, 100, page 1391.
[0004] Recently, a variety of researchers have investigated the effect of
substitutinggkepg fluorine atoms in fluorophenyl borates, particularly at the
para- position relative to the boron atom with bulky groups with a viewto
i ncreasing 10MH] sol ubThi inyersiontrplates to noval diorephemyiloraies gddbeivussab vent s

typically us ql za processes and to increasing the
nol ecul ar Wea?tg a%o@s;%c@%ijsp%/gteﬁ?g%{@ﬂn&o%% Por exanple, in J. Am Chem
© Soc. 1998, 120, page 6287, Chen et al. disclose substituting the pars

" fluorine with a -Si (t-Bu)2Me group or -Si(i-Pr)3 W 2007/018743
PCT/ US2006/ Mﬁﬂ_ilmkﬁ

[0002} Many catalyst systems for polymerizing olefins, including

metallocene and Ziegler-Natta catalyst systems, include an activator or co-catalyst
to increase the rate at which the primary catalyst, for example the metallocene
complex, polymerizes olefin monomers. An activator may also affect the
molecular weight, degree of branching, comonomer content and other properties
of the resultant polymer. Typical activators include, for example, atumoxanes,
aluminum alkyls and ionizing activators.

[0003] Tonizing activators generally include a cation capable of abstracting -
an alkyl group, or breaking a carbon-metal bond, from the organometallic primary
catalyst species together with a charge-balancing noncoordinating or weakly
coordinating anion. One known class of ionizing activator are
ﬂuorophenylborates and, in pa;rticular, perﬂuorophenjflborates, the use of which
are reviewed by Eugene at al. in Chem. Rev. 2000, 100, page 1391.

[0004) Recently, a variety of resea.rchers have investigated the effect of
substituting the fluorine atoms in fluorophenyliborates, particularly at the para-
position relative to the boron atom, with bulky groups with a view to increasing
the solubility of the activator in the aliphatic solvents typically used in solution
polymenization process.es and to increasing the molecular weight of the resultant
polymers. For example, in J. Am. Chem. Soc. 1998, 120, page 6287, Chen et al.
disclose substituting the para fluorine with a -Si(t-Bu),Me group or -Si(i-Pr);



group, whereas substitution, again at the para-position, with an -OSi (i-Pr)3
group is proposed in U S. Patent No. 6,541,410. International Patent

Publ i cation No. WD 01/81435 di scl oses para-substitution with an -N(R) (C6F5)
noi ety, I n be nmethyl, whereas para-substitut] | t - C6Fs

noi ety i\éwgr’g"é’@%"é%’ai n Japanese Published Patent Appl iﬂgﬁ?q%%&gﬁﬂ - 15892 and
with a -CF(C6F5)2 noiety is proposedTn J. Am Chem Soc. 2000, 122, page
1832. [0005] To date, however, little or no attention has been paid to
substitution at the meta positions on the phenyl groups of

f1 uor opheny! BgiRtsreassdi¥Nhion E@Qpﬁlheﬁia?@?&imﬁhl With bh COSIHEN drGip T esi des in
one aspect in a fluorophenyl borate useful as an activator for an ol efin

pol yrer i zat i ie propesed iy 5itS. Patent Nd. (6,561 dipb.cInjdrhationald’ateat ReplicetiondSent ed by t he

formula: C + (A LR )4 where +.1S.a caf, abl e of exfracting an
al kyl group Wﬁéﬁg Wéﬁ%ﬁsﬁ@raéFUb%'ft’t?Bﬁwﬁ?&na‘NﬁﬁﬁP?m n“%‘?’ﬁi#‘no metallic
compound;  Ardap b8 nfih 1,%%&&@n§ﬂ¥%ulﬁﬁﬂﬁﬁﬁwitﬂ a'-@stlmd?éty?s'pr@;EHle@fiHCh Ris

i ndependent|y selecfed froma fluorophenyl group and "a ™ fl uoronapht hyl

group, pr ovilkpahesePublisted Patent ApplimetionNey 961892 sndwithe cCEE By, mbiety3- position
rel ative the _connectign, bet weep t associ at Art group and the boron atom
and, when nﬂﬁProPﬂsgﬁF?zﬁﬂpé’fegr'goccg@ei@eaag&tl%g?re 3-position and the 5-

posi tion res@ag vel y Thehi! iyl R QRACEdnBn BRES Pk b aBBRAGIAL ed At
group and the boron atom [00071 Conveniently, each Ris independently

sel ected f r cainthe mebepdsitions op Herppknyd evoups ehfthoropbensibasdtevnapht hyl. group. [0008]
In one enbodi nent, each Al is a perfluorophenyl group. [00091 Conveniently,
Ct+ is selected fromsilylium trityl carbenium Goup-12 netal, anilinium
“amoni um  phegmieARYM and arsoni um cations, and anilinium anmoni um
phosphoni um™ and ar soni um cati oni ¢ derivatives wherein the cationic
derivatives [@0¥dai n CAcewrdioglyhthe inyertiampsidasyripreroaspesyinsd | yl |, or '

hydr ocar byl -am substituents for. one.or e tion hydr tons. In one
o ator red’ erBRREMoHs bk ) e AR P o PRER ap G PRI Ot on. W0
2007/:018743 Rickdphemiiipdtd BafL fepresented by the formula: ‘
L _ Ct* [B~(ArRo)J |
where Ct" is a cation capable of extracting an alkyl group from, or breaking a

- carbon-metal bond of, an organo metallic compound;, Ar is 2 fluorophenyl group;
~nis1 or 2; and each R is independently selected from a fluorophenyl group and a
fluoronaphthyl group, provided that when n=1, each R group is connected at the 3-
¢« position relative the connection between the associated Ar group and the boron
: atom and, when n=2; the R groups are connected at the 3-position and the 5-
. positiofx respectively relative the connection between the associated Ar' group and

~ the boron atom.

[0007] Cbnvenieﬁtly, each R is independently selected from a
perfluorophenyl group and a perfluoronaphthyl group.

[0008} In one embodiment, each Ar' is a perfluorophenyl group.
[0009] Conveniently, Ct" is selected from silylium, trityl carbenium,

Group-12 metal, anilinium, ammonium, phosphonium, and arsonivm cations, and
anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein
the cationic derivatives contain C; to Cg hydrocarbyl, hydrocarbylsilyl, or
hydrocarbyl-amine substituents for one or more cation hydrogen atoms. In one
preferred embodiment, Ct is a [4-t-buty!-N,N-dimethylanilinium] cation.



-3 [0010] In a further aspect, the invention resides in an olefin

pol yneri zation catalyst systemconprising (a) a catalyst precursor
conprising an organonetallic conpound and (b) an activator conprising a
conmpound d by the fornmula: G+ [B-(ArrRn)4 + is a cation
capabl e J@SEQ @gg%fng an al kyl group ?ronl or breakingcﬁQg%gy 3Mnetal bond
of, an organo netallic conpound; Arf S a fluorophenyl group; nis 1 or 2;
and each R is independently selected froma fluorophenyl group and a

fl uor onapht hyl group, provided that when n=1, each R group is connected at
the 3- posi tipgm; I el at]n\éeﬂﬁdi@&ﬁi&&”ﬁﬁﬁﬂv@ﬁi&ﬁb%@@;ﬁnh@ﬁeﬁﬁ?&?ﬂn@ﬁ@a@ioﬁrf group and
the boron atom and, when n=2; the R groups are connected at the 3-position
and the 5- paelystsysiem eeppiiting/e) catalyshpieowrsarieemposingat drgaopetalien t he
associated Arf grqu nd the boron.atom [00 Conveni ently, said catal yst
pr ecur sor i§°@B‘8‘B@tagﬁa?)raBﬁ?tB’aWEchmrﬁH@ﬁem“%’g?%ql SGBFegé’éf?}?or, a bi sami de
catal yst preggHi$er. an. amne bisam de catalyst precursor, or a pyridine

bi sam de catal yst precursor. [0012] In yet a further aspect, the invention
resi-des in a process for pol yneCt1BAdr&:)}) east one ol efin nononer in the

resence of caf.al yst, . syst ccordin o, said.further aspect of the
anent i on. @?ﬁ%ﬁeﬁyﬂﬁ%ﬁqﬁf%ﬁ@ﬁ a&a{kylt ﬂ@“ﬁ)ﬁ?%&ea@f“gt%hi s invention
and the cl aigBod-HRfafbshd ot bréhno H%{aYﬁEer{galxﬂp%uﬁcEWiéﬁﬁu&gpﬁeinﬁ-H%-' sing a

nmononer, the monomer present Tn the polyner 'is the po ynert zed form of the
nmonomer . Li kel se2;ahd pach R iaindspendentiyselnded Somradlgepbenyh edupsndanpri si ng

neutral stahle fo of the ¢ onents, it _is well understopod_by one of
or di nary skAPPORFRERLERPR, Droviled T Bhea, sach R #ioBR ORISR A BRART 1 the
form that rgadfich rélatite the Cor¥edtRDABESVekOthE AedbiaRd PET 6|y d thdborasldi tion, a
reactor is any container(s) _in which a chem cal reaction occurs. [0014] For

t he - pur pos e stos¥ andhwheni il ethe Ragioups dretoqanestediahibe Srpopilipn and the Snew  nunberi ng
h f 2 | | . ' | ' EM CAL AND
PN NEERy e Rty 1B o L, BARotof bUHedn R BBk AP bl it EM AL
the boron atom. - . - . '

[0011] Conveniently, said catalyst precursor is selected from a metallocene
.- catalyst precursor, a bisamide catalyst precursor, an. amine bisamide catalyst |
;precursor, or a pyridine bisamide catalyst precursor. .
. {0012} It yet a further aspect, the invention resides in & process for
polymerizing at least one olefin monomer in the presence of a catalyst system

according to said further aspect of the invention.

DETAILED DESCRIPTION
[0013] For the purposes of this invention and the claims thereto, when a

polymer is referred to as comprising a monomer, the monomer present in the
polymer is the polymerized form of the monomer. Likewise when catalyst
components are described as comprising neutral stable forms of the components, it
is well understood by one of ordinary skill in the art, that the active form of the
component is the form that reacts with the monomers to produce polymers. In
addition, a reactor is any container(sy in which a chemical reaction occurs.

[0014] For the purposes of this invention and the claims thereto, the new
numbering scheme for the Periodic Table Groups is used as described in

CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).



WO 2007/ 018743 PCT/ US2006/ 023404 -4 [0015] The term "catal yst system' is
defined to nean a catal yst- precursor/activator pair. Wen "catal yst systent
is used to describe such a pair before activation, it neans the unactivated
cat al yst rg&,&ﬁ st) together with an activator an ' ly, a
co-activa grz %Iﬁyit Is used to desg&i_be such a pai rpcgﬁ%&yf&ogcofvation, It
nmeans the activated catal yst and the activator or other charge- bal ancing
noiety. [0016] The term "catal yst precursor” is also often referred to as
precatal yst, catal yst, catalyst precursor, catalyst conpound, transition
metal conp@eolg] net afleqsfRaglyRaEyQ¥m" 8 AR té meAsa éd t+metal conpl ex. These
words ( are used interchangeably. Activator and cocatal yst are al so used

i nt er change &fscyrsor/aativatenpeing $fhen Scatalysbsigiem’ és ushdto describgsucha pajr added t o

facilitate qQligongri.zat.j on or olymerization by.scavenging. i npurities. Sone
scavenger s ﬁgﬁg&aqgﬁgahg&ﬂc ygans %ﬁeﬁ%ﬁg céﬁ&“ g‘Hf/”@”ﬁZ?@B%EH% 8%as _

Co- acti vat Opivatdr &, Betidn¥ R, Qlco-aéthalor] WheRlt iPused EPHSAIR sucH BPhird| SO be used in
conjunction with an activator in order to forman active catalyst. In sone

enmbodi nent s afierqotivbion, vianesns theactivatedcetalyityapd thei activatdrer othergheiget on net al
conpound to, f.orm an .atlykyl atedtransition netal conpound. The transition

net al corrpohﬂamﬁ’%}n%g heutral as in a precatalyst, or a charged species
With a counjgaiépn as The téh ‘[VethiyMPrRbrs6iPAINSIfieh ¥efeRE 10a9017] For purposes of
this disclosure, the term"fluorophenyl group” neans a phenyl group in

whi ch at | episeatdyss, catalyiso gadalys previsers catadysh coregriuad drkngition fkfabr i ne and i s

I ntended to_include nyl conpoun LN which,other. hydrogen . atons on the
aromatic riﬁodm??g{}cg %egagﬁc%gﬁlgg@ﬁ 383/%5 OB g% F?Ialélﬁ¥‘sfﬂ?ggﬂrd§s a

hydr ocar byl arg ulsitihtetéBitigeabl EAdtRAIGH addRjotdtalon eRRsedinfwhangt@ips t hat each
phenyl hydrogen atom has been replaced by a fluorine atom except, in the

case of - thd spavergesiss compeunstthatax hpisgliradged-to fecilitpiepligomerizatietedt: r epl aced' by

an R group. : L J0 . -Iépﬁ-- T dRyn o] ) up" means a
napht hyl gr%ot}%%}?z%&o\ﬁ%gﬁg\gepb#%a 3%% %&régg%%gaéo%%éa%égn repl aced by
fl uori ne angttivatorsahdnmeebe refepred Bcasiodeactiedtdrt. i coaotiyatarilst is notwhi ch ot her
hydr ogen atons on the aromatic rjng. have been repl aced by other

subst | t uent¥$aveagemagalsp bauspdincopipaction Fath 4o jeityator in order to form an

- - active catalyst. In some embodiments a co-activator can be pre-mixed with the

transition metal compound to form an alkylated transition metal compound. The
transition metal compound may be neutral as in a precatalyst, or a charged species
with a counterion as in an activated catalyst system.

[0017) - For purposes of this disclosure, the term “ﬂudrophenyl group”
means a phenyl group in which at least one hydrogen atom has been replaced by
fluorine and is intended to include phenyl compounds in which other hydrogen
atoms on the aromatic ring have been replaced by other substituents, such as a
hydrocarbyl substituent. The term “perfluorophenyl group” means that each -

. phenyl hydrogen atom has been replaced by a fluorine atom except, in the case of
the Ar group, the or each hydrogen atom that has been replaced by an R group.
[0018] Similarly, the term “fluoronaphthyl group” means a naphthyl group
in which at least one hydrogen atorn has been replaced by fluorine and is intended
to include naphthy! compounds in which other hydrogen atoms on the aromatic
ring have been replaced by other substituents, such as a hydrocarbyl substituent.
The term “perfluoronaphthyl group” means that each naphthyl hydrogen atom has

been replaced by a fluorine atom.



The term "perfluoronapht hyl group" neans that each naphthyl hydrogen atom
has been replaced by a fluorine atom MD 2007/ 018743 PCT/ US2006/ 023404 -5
[ 0019] The termnms "hydrocarbyl radical", "hydrocarbyl' and ' hydrocarbyl

. group" ar n to include any radlcal t hat cont ai d hydrogen
and nayﬂ@oqﬁh é&gsbranched or cycllg and when cycllilglﬂf'\jgi0 ?ﬁ%
non-aromatic, and include a substitut’‘éd hydrocarbyl radical, as thrs term
is defi ned bel ow. When referring to a hydrogen substitutent, the terns

"hydrogen” and "hydrogen radical” are used interchangeably. [0020]

Subst tut ed () ocar bihe ek 4Sodtf el ook b kol Bl One

hydr ogen atom has been substifuted Wwth at least one functional group such
as NR*2, C]zroupsmdeﬁir@;ﬁb lncﬂlldtﬁny radiRalzhat Shyfeips cagion anBRY&ogeBiaRd3, GeR* 3,

SnR* 3, PbR* 3 nqw§ e]? lfwl ere.a Iea t one non- 0:ﬁ/dr ocar bon at om or
group has b3y beilined, pranehgghof pyplie pad 8‘?‘@’8 (YAMAtis g7 poff-arolgi g o s
-Se-, -Te-, mcmﬁcﬁ* a)substrt@ﬂed hydrd:c’:ﬁlrb’*yl)radmﬁpas this ﬁﬁﬁ%ﬂe’ﬁ?e&ﬁﬁow Wi R*) - =Sb-,
-B(R*) =B-, -SI(R*)2 Ge(R* Sn(R*) 2 R*)2- and the |iKke, wher e
R is mdepeﬁﬁmnglttya hydmggﬁn@mbstlbbydnt dlre texmasl "byshogepl' andihiydrapen radidalt wo or nore R*

may j oi n toget heiliH‘%‘o for substituted or unsubstituted saturated,
partially u ea‘fsﬁ g&hagge omatic cyclic ring structure. [0021] In sone

enbodi ment s, (pddeg hydrm&ﬁyédhwab 1rac§caﬁ%ke%ae£isip'@ﬁrbhms£véne ethyl,
ethenyl and isomrers of propyl, butyl, pentyl, hexyl, heptyl, octyl,

pr openyl , blhbr@ogfm atqamrhasalwﬁn suﬂsemmwf,hahbmtewﬁmcmbgmm prbopynyl , - but ynyl ,

pert Yoy PSR IERE VAN pREL KON B A, SR BhETIp hxad ey,

( partially U%Rﬂuhattmﬂewwherethst6n@ﬁ6§1tnyama£t@o:psxbwg} jup hed et ur es wherein
~the hydrocarbyl radical may additionally be su54 ected to the types of

substituti omﬁeﬂ@b‘ﬁm&! IHQMQUY}BMISB@ asi-Ao -Sral Sephdery tINRTEt Ff pheny ! |

di met hyl phe a eLhyl |, nzy| cl
cycl opent en;?/eR 2: Oh;g{(ﬁ%l’, cyc’l o e wn@tbﬁw%yc ‘gﬁékyﬁﬁ@%cr oheptyl
cycl ohept en$hQRﬂ)p,erb(M)z- aﬁwmbmmhbre MQmapenuemmrtyhmch:byle)r [ 0023] Feor this
di scl osure, _when a radical is listed, it .indicates that radical
. halocarbyl radical, and two or more R* may join together to form a substituted or '
- unsubstituted saturated, partially unsaturated or aromatic cyclic ring structure.
:[0021) In some embodiments, the hydrocarbyl radical is selected from .

- methyl, ethyl, etheny! and isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl,

propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl propynyl, butynyl,
pentynyl, hexynyl, heptynyl, octynyl, butadienyl, pentadienyl, hexadienyl,
heptadienyl and octadienyl.
[0022] Also included are isomers of saturated, partially unsaturated and
aromatic cyclic and polycyclic structures wherein the hydrocarbyl radical may

* additionally be subjected to the types of substitutions dascﬁ‘t;ed above. Examples
include phenyl, methylphenyl, dimethylphenyl, ethylphenyl, benzyl, methylbenzyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, methylcyciohexyl,
cycloheptyl, cycloheptenyl, norbornyl, norbomenyl, adamantyl and the like.
[0023] For this disclosure, when a radical is listed, it indicates that radical
type and all other radicals formed when that radical type is subjected to the
substitutions defined above. Alkyl, alken)rl and alkynyl radicals listed include all
isomers including, where appropriate, cyclic isomers. For example, butyl includes

n-butyl, 2-methylpropyi, 1-methylpropyl, tert-butyl, and cyclobutyl (and analogous




I an R ——

type and all other radicals formed when that radical type is subjected to
the substitutions defined above. Al kyl, alkenyl and al kynyl radicals |isted
include all isonmers including, where appropriate, cyclic isoners. For

exanpl e, _but Iudes n-butyl, 2-methyl propyl
tert- butw Zéﬂ’(ﬂ fcl obutyl (and anal o%ous WO 2007101%%%?%606/ 023404

-6 substituted cycl opropyls); pentyl “iAcl udes n-pentyl, cycl opentyl,
1-nmet hyl butyl, 2- nethyl butyl, 3-nethylbutyl, 1- ethylpropyl, and neopentyl
(and anal ogous substituted cyclobutyls and cyclopropyls) but enyl incl udes
E and Z for igpsitutdd c;kwgﬁﬁsyls), é’rnrﬁliﬁ&wk n-péﬂtﬁ%fé i, m&aylbdtylpz _openyl ,
1-met hyl - 2; propenyl ﬁ pr openyl and met hyl propenyl(and

cycl obut enyImﬂwhlnhtylcwedyﬂmp{kriw&))lpromﬂmndmewmm'gb(andialttéo.gong substitutions

or  hor et hy BB RBR rerd ey, vaey aies Beng PR - of not hyl pheny!

woul d inclu 3 . Ay di met hyl phenyl ,
2, 6- et hyl d:gg eé;;}lyz gh%%#ﬁe@? naﬁ%%lyr?ﬂgéngﬁtl?ﬂétﬂh‘?g}fb Y4 1yléphenyl . [0024]

The term™ hymhﬂu&{irmqpemyllapﬂ%m@hﬁéqﬂom;ddmddeobﬂé@ﬂsami any branched or
unbr anched, turate o nsatura ﬁﬁviacxﬁl ic.or.a drocar bon radi cal

whi ch has. 1 CYAORORERS), Cyrtis fmpeg syttt i af o t°BEen at o
replaced by ¢g e%hlhal%otﬂeiﬁfy gn@nymaﬁélncﬂih@oﬂmﬁbmw&r@mewm %ﬁ'ﬁlgl i's used

herein to refer to any ranched or unbranched, saturated o sat ur at ed
acyclic or. an@rpdrameﬂmpmmmmnﬂlylphmyb‘abulﬂlmlwné 3etimethylphényt] legen at ons

Al i vat or | SRR R A aRe SRR PTG UPBL. % TR PIgSt Bheny! bor i e

~useful as gl} Afkin }@h&[lfor an ol efin polynerization catal yst system and
havi ng the. “fornu é (ArrR g}i where Ct+ is a cation capabl e of
extracting 024] kyl g'fhﬁjpmi 'ﬂrydliocabylﬁl akmghareuﬁa:rﬁgrtombmqi@ﬁd of, an

or gano met aI l llm ra%%ﬂé)cp lsJ:Rurateé‘ o; unis3 tn:?atgdl alcjz)(f)crhg %Ih Ecr%hc l%fdrocgr'bon radical

L which has 1 to 8 carbon atoms and which has one or more hydrogen atoms

- replaced by a stlicon atom.
.- [0025] The term "hydrocarbyl-amine” is used herein to refer to any-
-branched orunbranched, saturated or unsaturated acyclic or acyclic hydrocarbon
. radical has one or more hydrogen atoms replaced. by an amino group or substituted

.- amino group.

Fluorophenylborate Activator
- {0026] The present invention provides a nove] fluorophenylborate usefut

.as an activator for an ofefin polymerization catalyst systern and having the.

' formula: | | |

Ct" [B-(ArR.)J

where Ct' is a cation capable of extracting an alky! group from, or breaking a
carbon-metal bond of, an organo metallic compound; Ar' is a fluorophenyl group;
n is 1.or 2; and each R is independently selected from a fluorophenyl group and a
fluoronaphthyl group, provided that when n=1, each R group is connected at the 3-
position relative the connection between the associated Ar’ group and the boron

atom and, when n=2; the R groups are connected at the 3-position and the 5-



*nis l. or 2; and each R is independently selected froma fluorophenyl group
and a fluoronaphthyl group, provided that when n=1, each R group is
connected at the 3- position relative the connection between the associ at ed
Arf group and the boron atom and, when n=2; the R groups are connected at

t he 3-posi MOAOHEHE4Bhe 5 WO 20071018743 PCT/ US2006/ 023 RCT/US2096/893404t i on
respectively relative the connection bétween the associated Arf group and
the boron atom [0027] Conveniently, each Ris independently selected froma
per fl uorophenyl group and a perfluoronaphthyl group and each Arf is a

e e I L
E) F C OF7 O fm&bOGhatont 61-(( )}-F) F F F CIOF7 [0029] Conveniently, Ct+ is

selected fromsilylium trityl casbenium Goup-12 netal, anilinium

amoni um phd®pMani um CenvenzngipreadrR ssdindepasdentingtlectediftonma um  ammoni um
phosphoni um and ar soni.um cationi ¢ derivatjves ereipng.the cationic

Clor vat | ves. dUTISFPHEEY! Eupand,s R BuarpAph v e A & 184 - o

hydr ocar byl g;a—m ﬁ,rﬁmg lictdgagnt s for one or nore cation hydrogen atons. |n one
preferred enbodi ne t,ﬁﬁCtgi ?s a [4-t-butyl-N N-dinethylaniliniunm cation
(abbrevi at ed {0628 n as Repfesdpiatikéetdugebunds a8porting ésthe inventidndghdféfaer ophenyl bor at e
Activator [0Q3 %@T e f.l uorophenyl borate of the invention may be prepared by
synt hetic netf PM%®hown in the art. For exanple, when n=1 and each of R
and Arf is a perfluorophenyl group, one of the brom de substituents in WO

2007/ 018743 PCT/ US2006/ 023404 F

oF CeFs = CeFs
=O) =0
4 ' 4
F\F CeF's
F . CuF R CyF
o 107 S 07
NUO)=: ) B F)
4 ‘ 4
, . F F o Cufy
{0029} Conveniently, Ct” is selected from silylium, trity} carbenium,
(' Group-12 metal, apilinium, ammonium, phosphonium, and arsonium cations, and

* - anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein
| the cationic deﬁvatives contain C, to Cg hj{drocarbyl, hydrocarbylsilyl, or
hydrocarbyl-amine substituents for one or more cation hydrogen atoms. In one
preferred embodiment, Ct' is a [4-t-butyl-N,N-dimethylanilinium] cation
(abbreviated herein as DMAH).

Method of Sxx_lth'esizing the Fluorophenvlborate Activator
[0030] The fluorophenylborate of the invention may be prepared by

synthetic methods well known in the art. For example, when n=1 and each of R
and Ar' is a perfluorophenyl group, one of the bromide substitnents in
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followed by an aqueous hydrochlonc acid quench. The resulting 3,5-

dibromotrifluorobenzene can then used to make 3,5-

- bis(pentafluorophenyl)trifluorobenzene via a copper mediated éoup]ing reaction.

The resultant triphenyl can then be brominated to produce 3,5-
bis(pentafluorophenyl)-1-bromotrifluorobenzene, which can then be converted to

the corresponding anilinium borate using standard techniques.

-Olefin Polymerization Catalyst System

[0032] The fluorophenylborate of the invention according to the invention
is particularly useful as part of a catalyst system for polymerizing olefins. In such
a catalyst system the flnorophenylborate is combined with an organometallic

«catalyst precursor to perform as an activator to increase the rate at which the

catalyst precursor polymerizes olefin monomers and/or to affect the molecular
weight, degree of branching, comonomer content or other properties of the
resultant polymer.

[0033] Organometallic precursors compounds suitable for use with the
ﬂuofophenylborate activator of the invention include the known organometatlic,

transition metal compounds useful in traditional Ziegler-Natta coordination



WO 2007/ 018743 PCT/ US2006/ 023404 -9 pol ynerization, particularly the
net al | ocene conpounds known to be useful in coordination polynerization.
These will typically include Goup 3-10 transition netal compounds wherein

at | east qQn |..ligand can be abstracted by the co I activator,
parti cul aﬁ@zﬁ}g@&q I gands i ncl udi ng hydri de, hydrocar'f(;(g[f"?s2}-51‘?5??5'23“%‘E
hydrocar byl silyl, and | ower al kyl-subStituted (Cl to Cto) derivatives

t hereof Exanpl es include hydride, nmethyl, benzyl, dinethyl-butadiene, etc.
Li gands capabl e of being abstracted and transition netal conpounds

conprising t K ( tHBhallRERNSMpeaRE kh ' q£xample U S
Pat ent No. 5??9&623%&?%5@%?& nati%)l;]dgl Rompes Pub?iﬁggdt]%ouﬁgﬁg‘.nem 92/ 00333.

Addi ti onal | y coenimationt fodymerizitidn. |Theserwddl typically delidalGrowm3-18 tienkitier  al koxy

| abil e |igands (for ex e,. bjscycl opentadienyl zirconium dichloride)

whi ch do not mgtq 89@?9%“3%&?{9‘“ a'é\%%#%%‘b‘?’?tﬁ ‘%P% ﬁa‘%’f‘?él%’éfacfegé’[yi%_ cocat al ysts of
the inventi OeocaiﬁﬁYatﬁ@ﬁoﬁﬁaﬁgﬂW fh6& lig'al'iHSQnﬁlﬁ’diﬁgaMéﬁdE,' ?ﬁrbﬂ, Qxlxq nown

al kyl ation reacti'ons wth organcnetal Il c conpounds su as frthiumor

al um num hy dhidtesartoyisityl, lagd owendikylsabatitateda(ih 39 Cioddriyatived theweafent s, etc. See
EP 0 500 944 _and EP. 0 570 982 for .t he reacti f.. organpal um num conpounds
wi th di hal o- E%#/aples infly ngnﬁ‘é@ﬂ@e ﬁﬁﬁ?}ﬁ‘hg‘%“&dﬁ%eg%rﬁaﬁ} i on of
activating api (ol P03 AeschbdicbRBrghe MRA! | ocene
conpounds MPW%O%HQ?QQ%E%? ca#‘ggﬂgﬁﬁ%gtgg’ Eul(l) co{’Pi ?lgé% at | east one

| i gand capabirehdf ttebsiraliodenss described im, for exantrdé YtS. PalehtyNa Gt i98at0dr ansi ti on

t al ti J h t, | ] Qe FP-. A-0 0 129 368, U. S
OB Ao . S B 2
5, 512,693, Efiofit fgdhiSinfie ndibott 80300 50081 BRIk epafioPal ont

~Publication Nos. 92/ 00333, WO 94/01471 and 97/22635." General ly, such
met al'l ecene bigessivpemiadienyhpirdoswnmdiehdorids) whichelp aoballomt fadieedy| substit ut ed

G oup 3, 4, or. 6 f. gj t.i gn t 0 unds . wh in the ancillary |igands
oy Pbe’ ¢ hentisreueRibaRe i A Bl AR RS ) G bRy ALY, 92
each .ot her , in€y suifalylb Hgdids ko LiRyighortreitions KRk 6ffabdméthltict r ansi tion metal .

Preferably the cyclopentadienyl rings (includi n? substituted
cycl opent adi @sioupdssaeh asjifbigm qr iahyninin bydrides en pllyis slkylalpanpxanest | uor eny] ,

azul enyl, ' or GB&P&& J‘e&é&?s?et@.ngée%() 960 éﬂ%’EP 0 570 982 for the reaction of
"+ ... - organoaluminum comi)ounds with dihalo-substituted metallocene compounds

prior to addition of activating anion compounds. .

[0034] Further description of metallocene compounds which comprise, or
can be alkylated to comprise, at least one ligand capable of abstraction to form a
catalytically active transition metal cation appear in the patent literature, e.g., EP-
A-0 129 368, U.S. Patent Nos. 4,871,705, 4,937,299, 5,324,800, 5,470,993,
5,491,246, 5,512,693, EP-A-0 418 044, EP-A-0 591 756 and International Patent
Publication Nos. WO 92/00333, WO 94/01471 and WO 97/22635. Generally,
such metallocene compounds comprise mono- or biscyclopentadienyl substituted
Group 3, 4, 5, or 6 transition metal compounds wherein the ancillary ligands may
be themselves substituted with one or more groups and may be bridged to each
other, or may be bridged through a heteroatom to the transition metal. Preferably
the cyclopentadienyl rings (including substituted cyclopentadienyl-based fused
ring systems, such as indenyl, fluorenyl, azulenyl, or substituted analogs of them),
when bridged to each other, will be lower alkyl-substituted (C; to Ce) in the 2
position (with or without a similar 4-position substituent in the fused ring systems)



- when bridged to each other, will be | ower alkyl-substituted (Cl to C6) in

(

the 2 position (with or wwthout a simlar 4 -position substituent

fused ring

mul ti-ring
5, 304, 614.
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typically contain up to 30 carbon atons but may be

het er oat om c il aiagiadditivadilly cdmpriseraikyl, bydoalige nirgaatkdarybindrnd arvdatiyl, N, S, O P,
Ge, B and Si. | 0_035% Met al | ocene conpounds suitable for the preparation of
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92/ 00333 and shbchucRloRAIl el havoosOtalBNfardoartFebdRlierficdads A0, 5, 304, 614

and 5, 308,816, for specific listings. i s
for use to mdkucallygeniamivp tod0 cahanditeraalett imay b hylsrosioyt wntanipgwithAei r

synt heses,
patent and

asynmetric,

Pat ent Publ
Spal eck et

el ection of netallocene conpounds

ar | L.-kn in.the ar S I £ et erence maybe made to both
. aé:%%\'ﬁ‘y %?@%W%?S,g-geﬁ%ﬁ, @%r%q’gwggﬂr nal of Organonetallic
Cheni stry 363003399- 370MekiI8Ehe cIitfhumad duitablb @isiehe sropaadtivalof lingL Stereorigid
chiral or bridged chiral netall ocenes. See, for exanple, U S

Pat ent Nos. #0ob9thylssaor ahlere contzining copeyngs (Wherp pepohuer mepp er nat | onal

PO et dhan phon’ G2 stonbly Bietmaiontmit ol o

many of the above are directed to catal éSt systens with al unpxane

activators,

cocatal yst agt
systens, when t

o8 5.0HA%gd L% s 226N

ogen, am de or OoXy contal ni ng

Or ganonet al |. itieesart] 8&@4mtedndtiod Pattt ®nblivat ol N6 UWENS 500388 aid U, Patehther ei n.  Though

Bt & &3BbAHbERSIR 16, BESRIEEEUI " Wi th the
t ﬁél?ctﬁfn of HldtafiodeRY 9%(1?1@@ R udth e &9&%@6 gation catalyst
(S a a y

i gands of the netals

(wher e occur symigptactic polypppplerd and théir synithpassgare saflddmbwn af thaladf spacificon, f or

exanpl e, vi

a_agn al kyl gtion reaction as,descrihked abov and another is a
group i nt o WhRERIE A RAde DGR Bt ) alemie ergte: Sl MPmP Ry o1 i de.
al kyl', , al kenybym@lofBrkMometallic Chemistry 369, 359-370 (1989). Typically those

catalysts are stereorigid asymmetric, chiral or bridged chiral metallocenes. See,
for example, U.S. Patent Nos. 4,892,851,:5,017,714, 5,296,434, 5,278,264,
International Patent Publication No. WO-A-93/19103, EP-A2-0 577 581, EP-A1-0
578838, Spaleck et al, Organometallics 1994, 13, 954-963, and Brinzinger et al,
Organometallics 1994, 13, 964-970, and documents referred to therein. Though
-i:uany of the above are directed to catalyst systems with alumoxane activators, the
analogous metallocene compounds will be useful with the cocatalyst activators of
this invention for active coordination catalyst systems, when the halogen, amide or
alkoxy containing ligands of the metals (where occurring) are replaced with
ligands capable of abstraction, for example, via an alkylation reaction as described
above, and another is a group into which the ethylene group may insert, for
example, hydride, alkyl, alkenyl, or silyl.
[0036] Representative metallocene compounds can have the formula:
LALP L% MDE
where, M is a Group 3 to 6 metal; L* is 2 substituted or unsubstituted
cyclopentadienyl or heterocyclopentadieny! ancillary ligand #bonded to M; LP is



- [00361 Representative netall ocene conpounds can have the formula: L" L8 LS
MDE where, Mis a Goup 3 to 6 netal; L® is a substituted or unsubstituted
cycl opent adi enyl or heterocycl opentadi enyl ancillary ligand ir bonded to M
LB is WD 2007/018743 PCTI US2006/ 023404 -11 a nenber of the class of

T anci |l ary YP3¥B742f i ned for LA, or is 3, a heteroat oRFTEMIPH24% | i gand
u-bonded to M the L" and LB |igands nhly‘ be covalently bridged together

t hrough one or nore Goup 13 to 16 el ement-containing |inking groups; Lc;
is an optional neutral, non-oxidizing |igand having a dative bond to M (i

equals O to nf’il%ﬁj laa each having a
net al - carbo%)r% Ofgﬁﬁ@%pﬁlﬁwﬂgﬁﬂgg%ga'ltf%l'eécﬁgg’t% %f’\ or L8, which
bond can be ap¢itlkeligii o-bdigitd A¥] e Iﬁlanq‘bb h@nﬂymaybumdvabhﬂyhfdgie&at or and

into which a polynerizable nongrer or macyrononomer can insert for
coor di nat i on togs8iel hequgh an¢ ormorpCgeRp e 16 slemept-goataiming inldng EOWSAI ni ng ri ngs

or fused rings, { om repl aces one
of the ring af%%%@ﬁoﬁgﬁlcon&@eregcﬁ?%ﬂgﬁmﬁvmé ?‘%&1%%%06}{[3 be within the
ternms "cycl opgudloGiioed)ydnd, D ar dBdﬁHiMdiepenc&ﬂdy laf)ilélﬁ)gaﬁﬂs{ leach hagiag ahetalexanpl e, the
I nternational Patent Publication WO 98/ 371,06 %nd VO 98/41530

Subst i t ut ed @%p@b@ﬁltta%@nwnaﬂrb%&eéﬂ@gachﬁﬂ!&h@r il “ovhich pondotes bay dr ogen
atons is rep |

het er oat om Clggckggﬁowﬁﬂiﬁ E'i u%%ﬂ re SHH@%&?%@%@adr]%y‘Ym Structures

specificall ypbnﬁieﬂmlﬁnoﬁomeeaﬁnhdrmammda caniabedior eyoedibationl kyl and
cycloaromatic fused and pendent ri ngs These rings may_al sp be substituted

with sini | aPolperieatighedlso, theusspf heigro-atomeontpgineanee ¥ciscdngd net al | ocene
(corrpounds i ngJ %%noﬁ%g@g%%qgt?@'ﬁw%& goﬁé‘Sﬂh@ﬁngcarbons

-pent anet hyl cy opent a tahi dm 1 soprop
pent.anet hyl ¢ ;mionméerechﬁblr ﬂmyslpbazlﬁmmby ko bé wHin mhqterms "cyc10pentadienyl"

dimethylsily|tetr pp di en ert - bu t anl.um

di chl ori de, l g g léluﬁ% ]e’}‘} IJ[‘-'yHicatmn

di methyl si | YNbﬂWé%B"rYJJd?Mﬁ'W@Wﬁ@!s@“sﬂb‘sﬁtﬁfeﬁ c?él&ﬁéhﬁﬁieﬁﬁ skhétepi um di met hyl,
di nmet hyI silyltetranethyl cycl opent adi enyl - dodecyl am do haf ni um di hydri de

means that one or more hydrogen atoms 1s replaced with hydrocarbyl,

hyd;ocarbylsﬂyl, or heteroatom-containing like structures. The bydrocarbyl
structures specifically include C; to Cs linear, branched, cyclic alkyl and

-cycloaromatic fused and pendent rings. These rings may also be substituted with
similarstructures.
f0037) Non-limiting representative metallocene corapounds include
monocyclopentadienyl compounds such as pentamethylcyclopentadienyititanium
isopropoxide, péntameﬂlylcyclopentadienyltdbenzyl titanium,
dimethylsilyltetramethylcyclopentadienyl-tert-butylamido titanium dichloride,

' pentamethylcyclopentadienyl titanivm ui}rlethyl, .
dimethylsilyltetramethylcyclopentadienyl-tert-butylamido zirconium dimethyl,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido hafninm dihydride,
dimethylsilyltetramethylcyclopentadienyl-dodecylamido hafnium dimethyl,
unbridged biscyclopentadienyl compounds such as bis(1,3-butyl,
methylcyclopentadienyl)zirconium dimethyl, pentamethylcyclopentadienyl-
cyclopentadienyl zirconium dimethyl, (tetramethylcyclopentadienyl)(n-
propyleyclopentadienyl)zirconium dimethyl; bridged bis-cyclopentadienyl
compounds such as dimethylsilylbis(tetrahydroindenyl)zirconium dichloride and



di et hyl si |l yl tetramet hyl cycl opent adi enyl - dodecyl am do haf ni um di net hyl ,
unbri dged bi scycl opent adi enyl conpounds such as bis(1, 3-butyl,

met hyl cycl opent adi enyl ) zi rconi um di net hyl , pent anet hyl cycl opent adi enyl -
cycl opent adi enyl zirconiumdi nethyl, (tetranethylcycl opentadienyl)(n-
propyl cyc W78t H8T48nyl ) zi r coni um di et hyl ; bridged bi CEHSIEHEAIUMAI eny
conpounds such as di net hyl silyl bi s(tei2ahydroi ndenyl)zirconi umdichloride
and WD 2007/ 018743 PCT/ US2006/ 023404 -12

si lacycl obutyl (tetramet hyl cycl opent adi enyl ) (n- propyl - cycl opent adi enyl ) zirc

i mot hy! <1 1 iRt R B R HAR SRRy meb e 5P nony

haf ni um di medifgthy]; bﬁﬂgm%mﬂd%}l ¥blipiinds §h bydlbﬂmgrlsﬂﬂsl@mhé@l rconi um

di chl ori de, di net hyI si Iyl bi s(2- net hyl benzi ndenyl ) Zzi rconi'um di net hyl ; and

1; I ugr enlyl I |h @Mdﬁm&ﬂ@ﬂdﬁr@rﬂef?@hﬂwmm@%h@m ethyl, .
aljgl ;alngng}et gtfh féﬁﬂgn&g&;@% O‘ ‘%Mm %s%ﬁ?g}yﬁgﬁr%seari s:E eg and

descri.bed i péhyibedZaid zi}%un?dﬂﬂe thyt: hfid Ahdted] BehdBBRkaindpt €r nati onal Pat ent
~Publ i cation No. V\D 92%333 and EP—X 0 591 7 é)thOOSB] Representative

traditional @mgumis hat dlﬂlenﬂm&yl(ﬂmrem‘pé)l(fafplopm})dmomm dinkethykt r abenzyl

oot 1S 1 1 e BreadRyRe ) o il e s RO e o e 1% abenzy)

titanium bigg He@@ﬂaahhw gl lP%tehﬁl%éj s)ocﬂv et 414l 5,324i806, ThieMational Patent
tris(trinethylsilyl methylgnl obi um di chl ori de

tris(trimetHpbbeatipn et W 9700383 rhERHACH Sk T3fe. The inportant features of
-such conmpo ns fo coord Il r e ligand capabl e of
. abstracti o‘ns[bé;?r?g t hat kF’?rasg eﬁfagcﬁ%%%é’éf% éﬁ#aﬁsntﬁ&%t%gfm c) group can be

I nsert ed: Tmeﬁlpouﬁde@{curdesenemﬁmmg@ﬂde@bst raction fromthe.transition
nmet al corrpOund and the concomtant formation of the ionic catalyst

coiposi t i on bitrimehvisyapthylizconimysywrttsiametisiymetolyamdigal | i c transition

wth the | niaupabtl bal s, @od st B RSN IR LAt AR ek | 0.y
| i gand abst mmmmqmmmmthﬁmabmn dmllxloride catalyticly .active cation and
St abl | I zed | ns(ﬁ:%%hy?clgrﬂ%?hy t urn(lj QIIG ors1;[1e§jl tThtat1)1)1/1portarl‘: features of such
. compositions for coordination polymerization are thie ligand capable of abstraction
: 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 ionic catalyst composition of the invention.
'[0039] . 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 hgand abstraction or o-bond scission
into a catalyticly active cation and stablhzed in that active e]ectromc state by a
noncoordinating or weakly coordinating anion sufficiently labile to be displaced
by an olefinically unsaturated monomer such as ethylene.

[0040] Exemplary compounds include those described in International
Patent Publications Nos. WO 96/23010 and WO 97/48735 and Gibson et. al.,
Chem. Comm., pp. 849-850 (1998), which disclose diimine-based ligands for
Group 8- to 10 metal compounds shown to be suitable for ionic activation and
olefin polymerization. See also WO 97/48735. Transition metal polymerization
catalyst systems from Group 5 to 10 metals wherein the active transition metal



- noncoordinating or weakly coordinating anion sufficiently labile to be

di spl aced by an olefinically unsaturated nononer such as ethylene. (00401
Exenpl ary conpounds include those described in International Patent

Publ i cati oq 96/ 230 10 and WD 97/48735 and G b . Chem
Comm , pp.v§%§g§%@W‘1998), whi ch disclo%e diinine-baseégﬁwgéﬂﬁgky%ﬁ G oup
8- to 10 netal conpounds shown to be suiPtabl e for ionic activation and

ol efin polymnerization. See also WD 97/48735. Transition netal polynerization
catal yst systens fromGoup 5 to 10 netals wherein the active transition

metal WO 2007(Qk& 13 gl SSeHeR 1R 3IAD abitided 56V Bordlifatidh fnbe@h OXi dation

state and stabilized by | ow coordination nunber polyanionic ancillary
| i gand syst enpolyardonie sncilianeligand systeBis aReadessribediosl).ScPAOR Noa45,50201245, 504, 049.

See al he & | ] i | ds of U. P No.
5, 851, 545 and T UFPEEACAAE P A £O RN CPUR SRR ST Sanonet al |
cat al yst COWPPhk@%zchfs,syi,%s BRitRdBRate HeAmdtofdRing @BiyPs td 10 cat al yst

precur sor conpou capabl e of activatron wth ioni Zi ng cocatal ysts,

useful for ol efgamsnetaitic vatalydt cgnmmpdsoafitd. 3 RatentyNp.oi, 204,496 n @repst lar e descri bed
and exenplified in International P enft Publ i cat i, on ,No. 99/ 30822. [0041]
U S. Pat ent ~NEAalEst BIOSUSQCOPOWdS FaRA0NT LAGRF IR HILh MBHARRRE21AS i sani do
transition me PR aﬂ&%} i nsertion
pol yneri zat i o%&g‘l?@tﬁ%ﬁﬁ%g@ ri chg{a}on%(ar yléli}alrri gjg)sarg%gégmgf&a@{mpounds for
ol ef i n pol yneeienplifiehindnterndtemk Pitend PoblideiGoNvi WDe99€10822. in  Organonetal lics

1995, 14, 5478-5480. F r K carjing,in . Macronol ecul.es 1996, 29,
5241- 5243 des&olgﬁes br%52@“%%%@@?36‘8@@%3%%%&%8@%85 that are
@ctive catal Y§i%§niﬁ_9&aﬁﬁlidlfﬁétﬁl%%iy@trboﬁﬁ)o&dﬁﬁft@ﬁﬁp 4ARATE basle of t ransi tion

met al conpounds suitable in accordance with the invention include those
descri bed i n insertomprlyroerizatiomelenelefingh Bridged Ws(andamide) Bewp$805. Cat i onic -

Group 3 or. Lanthani tal co exes, f oardi i pol.ymeri zati on of
ol efins are d?"%‘&ﬂ"&’é%?"ﬁ#‘h?‘é?ﬂ"%ﬁa HuTe aéasf"g‘?metabﬁ‘l}@‘ﬁ°&‘§1q¥coeﬁl‘lﬁ%. \WD 00/ 18808.
The  precursoDrgimbmbaliRsPIDINIE 527854802 Binthet @dribsppaariii@iinani oni ¢ bidentate

ancillary ligand and two nonoani oni c |igands and are capabl e of activation
with the ioni¥Macromolecules 1996, 29, 5241-5243 describes bridged bis(arylamido) Graup 4

- compounds that are active catalysts for polymerization of 1-hexene. Additional

~. transition metal compounds suitable in accordance with the invention include - -

those described in International Patent Publication No. WO 96/40805. Cationic
" Group 3 or Lanthanide metal complexes for coordination polymerization of

... olefins are disclosed in International Patent Publication No. WO 00/18808. The
precursor metal compounds are stabilized by a monoanionic bidentate ancillary
ligand and two monoanionic ligands and are capable of activation with the ionic

. cocatalysts of the invention.

[OMZ] Additional description of suitable organometallic 6r
organometalloid catalyst precursor compounds may be found in the literature, any
of such will be suitable where comprising, or where capable of alkylation to
comprise, ligands capable of ionizing abstraction. See, for instance, V. C. Gibson,
et al, "The Search for New-Generation Olefin Polymerization Catalysts: Life
Beyond Metallocenes", Angew. Chem. Int. Ed, 38, 428-447 (1999).
[0043] In general, in the catalyst system of the invention the catalyst,
precursor and the activator are combined in weight ratios of about 10:1 to about

1:10; such as about 5:1 to about 1:5; for example about 2:1 to about 1:2, Multiple



- cocatal ysts of the invention. [00421 Additional description of suitable
organonetallic or organonetalloid catalyst precursor conpounds maybe found

in the literature, any of such will be suitable where conprising, or where
capabl e of al kKI ation to conprise, |ligands capabl e of _ionizi gﬁﬁabst raction.
See, for iWXWHEUEYY C. G bson, et al, "The Search fSCTSAOERHAMat | on

A efin Polynerization Catalysts: Life~ 1ééyond Met al | ocenes”, Angew. Chem
Int. Ed, 38, 428-447 (1999). [0043] In general, in the catal yst system of
the invention the catalyst, precursor and the activator are conbined in

wei ght rati os & oAyt ixtubesidt : t 5:1 to about 1:5;
for exanpl e ag%&tat%gs% }"t%cqlas dhjt%1 2. ti plag%%eg%}tﬁg%js743

PCT/ US2006/ 02 Bdérdpheniibomiztactredtariof thedyvention s&imokanet ardigagerattyxt ur es of

al unoxanes with the fluorqgphenyl borate activator of the inyention.

Al unoxanes ar BUEREHER £PPPounds sQaHRIRg Al ity sHbreniBSoihere By ppnalii R ) - o

sub-units, wh | * hﬁé Fgﬁﬁggﬁgg @-@ I ncl ude

met hyl al unoxa 8%’:\3&@1%{%? |e(g§anergr%@H@lBa u xan%‘aﬁ{\%??@é y?%al unoxane and
| sobut yl al unoxamglalustitdd] (IVAD) uthylguthbeane abdisytatyldohonaaeor of the

i nvention, the total catalyst systemw]| generally additignally conprise

one or more ol§dHonet al What ustigiihotatalyss eciiyalen pie iyerios. thetata catalifounds are
effective fors S@%nﬁf‘&g‘@d&ﬂo@fﬂw& eSe {)ﬂeotfpnm?goﬂgéﬂ)&}e'ta A, environnment and

for increasin urrties can I nadvertently

i ntroduced W édinpayd sfavérdaimepatntsredich abinpsurkie aeteffenive forr@noing solaxpar ti cul arly
with a sol vent, monoper and catal yst feed, and adversel af fect catal yst

Y,
acti'vity, and™ugBey freny therpaction enyiroppsntand fordncressing sytalyst SEUABT sons, i ncl ude
wat er, ox_ygenn.%m- ok b -l :,ﬁ%& : renove
inpurities fro tﬁ%@%&b;%ﬁdgﬂl%ﬁm? g‘%ﬁé%’%@%@%ﬁ@ t EIaFQxﬁ%g?tfo ut sone
m nor - - ‘anpunt endonents) padicwbdy Witk a soisemdmenonmy apbertadlysivieed, and adversalyr mal | y be

used in the _pgl | zation ss Ipself.. [00451 Typjcally these scavenger
conpourds w I‘f}?ﬁoeﬁé‘%ﬁﬁb‘m Yﬁ?‘{fgﬁ’g‘?‘%t ﬁ"f’?‘?} ?Fﬁd?,‘%‘giﬁtﬁm_é%’ >hose di scl osed
in U S Patengh@Swater, d2vbed 2dd m@tﬂﬁn%uﬁﬂé& q@éfemﬁi@@te%@ir@[dﬂ:@ﬁtoq@ﬁbvf at ent

Publ i cati on Nos. WO 91/ 82, WO 94/03506, WO 93/14132 and WD 95/ 07941.

Exenplrary conippurities from thegelymerization feedstocks before their use, but some minor :
. amounts of organometallic scavenger compound will still normally be used in the
polymerization process itself. :
* [0045} Typically these scavenger compounds will be Group 13
_ .organometallic compoumds, such as those disclosed in U.S. Patent Nos. 5,153,157
“io- - and 5,241,025 and International Patent Publication Nos. WO 91/09882, WO
- 94/03506, WO 93/14132 and WO 95/07941. Exemplary compounds include
‘triethyl aluminum, triethyl borane, triisobuty! aluminum, methylalumoxane, and
isobutyl aluminumoxane. Those compounds having bulky or Cs to Cyg linear
. hyiirocarbyl substituents covalently bound to the metal or metalloid center are
preferred to minimize adverse interaction with the active catalyst. Examples
include triethylaluminum, but more preferably, bulky compounds such as
" triisobutylaluminum, triisoprenylaluminum, and long-chain linear alkyl-
substituted aluminum compounds, such as tri-n-hexylaluminum, fri-n-
octylaluminum, or tri-n-dodecylaluminum. _
[0046} The catalyst system of this mvention may also include a support
material or carrier. For example, a metallocene complex and one or more

activators may be deposited on, contacted with, vaporized with, bonded to, or



-

triethyl alum num triethyl borane, triisobutyl alum num nethylal unoxane,
and isobutyl alum nunoxane. Those conpounds having bul ky or C6 to Cep

| i near hydrocarbyl substituents covalently bound to, the netal or netalloid
center are referred to mnimze adverse interaction w.t tive

cat al yst. “@(&ﬂ%ﬁ’@%‘& i nclude triethylal um num but norep\%gf(gfz@?&fﬂ%@“, bul ky
conpounds such as triisobutylal um nu“rﬂ5 triisoprenylalum num and | ong-chain
| i near al kyl - substituted al um num conpounds, such as tri-n-hexyl al um num
tri-n- octylalum num ortri-n-dodecylal um num [0046] The catal yst system of
this '”Ve”t'ﬁﬁo%}’até@\ﬁi%ﬁh%ﬁédé@k‘ﬂcﬁ\aﬁéb%@fiﬁ,orﬂi@,toﬁébﬁhoﬁrsugﬁcf siogr . For exanpl e,
a netall ocene conplex and one or nore activators may b eposi ted on,

cont act ed wi tdmiergsapori zed with, bonded to, or WO 2007/ 018743

PCT/ USZOOG/O@%%IA; -15 i ncor oraiteaq wi t hin, adsorbed or absorbed in, or on,
one or rfore rts ot LRRABpE W@ﬁx?ﬁ{ﬁ%c%ﬂﬁﬁmlwa?%mét?n y any of
the conventi ﬁé?:ﬂ'in o\ Qﬁiaﬁﬂ%&aﬁﬂ#&k?stexﬁk???eférﬁbl?%%ﬂ%édr?&%ﬂeﬂﬂj&?t al yst systems.
Preferably the suppdrt material i's a porous support material, for exanple,
talc, a zeol ptreus supporhoatgeal] for exdinsde,dald/aceolitn, aniimopganoxidediderade. O her
support material s, i pclyde,resi nous suppott terials such as pol ystyrene,
functi onal i z@araawcéﬂf?@ﬁ Qtbersugp Wia@P1 Wgﬁgge,sn@aﬁwpggﬂnﬁmlgt yrene di vinyl
benzene pol ygloRiak PSty@ireht MBS aliz S dFRAMAIRed EloAUE supdbrtdRch AL her or gani ¢ or
I norgani c supgoratﬁrrgl?%rfi al and the like, or m'g%u?lg@ th’erceof. [ 0048] The
pr ef er r ed - supgystyremadivinidtieszens polyolefigramripotymerid esmpdvatls, iclays, odany G oup 2, 3,

4, 5, 13 or %)tﬁ net al. oxi des. The regeerreg S orts. inclpyde silica, which
may or may. nORerALEARA SFIRIEARE SUPpRO maieriP) 48 the ke, or Bkt BeP0033) |
silica-al um Wﬂ“d i %%&?e&é&%ﬁﬁﬁﬁm&?eﬁﬁiu@%frﬁrﬁm%ﬁmkmﬁé ude magnesi a,

~titania, zirconi'a, magnesium chloride (U S. Patent No. 5,965, 477),

mont mor i | -onGrosp 2E8rde pekiorRédmestal ogideg Tie aftrrgb@pporpstiptlndsilisacat e and the
exansl e, of | VEGE HaRPLRRU R Y PRl (PR, TR MO B0t T he 11 ke.
Addi tional. sgiRpAUkmNRGLAd mdltsres 8oL NOthetdReful@pPorkAbElude MegLkibC POl yners
described in EP 0 767 184 B I. O her
. ‘ . titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),
- montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate and the like.
Also, combinations of these support materials may be used, for example, silica-
chromium, silica-alumina, silica-titania and the like. Additional .support materials
may include those porous acrylic polymers described in EP 0 767 184 B1. Other
support materials include nanocomposites as described in International Patent
- Publication No. WO 99/47598, aerogels as described in Intemational Patent
Publication No. WO 99/48605, spherulites as described in U.S. Patent No.
5,972,510 and polymeric beads as described in International Patent Publication
No. WO 99/50311. | ' -
[0049] It is preferred that the support material, most preferably an

inorganic oxide, has a surface area in the range of from about 10 to about 700

m2/g, pore volume in the range of from about 0.1 to about 4.0 ce/g and average
particle size in the range of from about 5 to about 500 pm. More preferably, the

surface area of the support material is in the range of from about 50 to about 500

m2/g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of
from about 10 to about 200 pm. Most preferably the surface area of the support

material is in the range is from about 100 to about 400 mZ/g, pore volume from



'support materials include nanoconpdsites as described in International

Patent Publication No. WO 99/47598, aerogels as described in International
Pat ent Publication No. WD 99/48605, spherulites as described in U S. Patent
No. 5,972,510 and polyneric beads as described in International Patent

Publ i cat i oWO 207/0I309/ 50311. [0049] It is preferred tHRAT/UHO060230b1 t

materi al, nost preferably an inorgani<léoxide, has a surface area in the
range of from about 10 to about 700 nR2/g, pore volume in the range of from
about 0.1 to about 4.0 cc/g and average particle size in the range of from
about 5 to abqut 0 re preferably, the. sugfac r.ea of support
material is i%oﬂ-‘hggrtaﬁb@lygfo W&@ﬂ&ﬁ%ﬁe c{é lqb%iécgmggqy%ﬁ@pbqutm(fe vol une of
from about 0.5t gyabQithodpore G5 &F tRIChnd HEFEISN BRhvehti6h §hiElIPhas pbfeo™ about 10
to about 200 'm 'ggst pr%%perably the surface area of thtz’bsup)g%arstp material is
in the range sise frtherageof fraebaub 1 &itoabbutdO00Appreferablyrabout S0uersbdut om WO

2007/ 018743 PCT/ US2Q06/ 023404, -1 out to about 3.0 cc/g and average
particle si 25404, ap FH%HHEI@”B‘YL‘"B""&HSS? ‘%‘%&‘ The average pore size of the
carrier usefulykf the i QVeti@ody B fékdt h ObSnpoRb&E thil id range of
from about 1 0to%'ﬂabout 10%8&3\, p?@erablflit/’ a outﬁSO tpo a%to’ut 15@8& and nost
preferably abgefailddent complexitnd3b@idtivatos) e ]alsdbe iseppaeéd togethewoniamet he art, the

catal yst conponents, that is the netallqcen onpl ex and the activator, may
al so be ‘suppoRfdERRIFe PHET CFPOFHES m’ral’lg? P‘%@?Bgﬁﬁlﬁ’ gPaB?&(?%%VQ:‘B%onents maybe

i ndependent | y, hiPefited. SHRROGLSn@Rls SHOFRAHS jgxed. O the
two net hods, Stuﬁé&%g%gg?bgieg&a{rlgfﬁ%%esed. [OOE?L] Irs1 an%?%ergg{ﬁ%%rggidxnent t he

support may doosi]i se ore amtheremboditeptdbe sifppent pRy competcone al mokd ch maybe

reated differently. For exanple,one,coul d e different silicas that
Kad differ ent%f)ﬁ%%ﬁ%@“@?%% W@ﬁ%ﬁ*@ﬁ%ﬁfng% ?fief(?‘ré‘P]gr?Pe tBhPer at ur es.
Li kewi se one \gow¢ldiffrensifitdsi@ hid\@feRacthdee foluhesa had b¥dnt diciikd g€ avenger  or

other additive and a silica that had not. Mnoners [0052] The catal yst
syst.em descr idiferemidemperatey. bikewise ang equld vee a spise b hadheen sated wdhe or nore

of mononers. aTs)égxire%%l-:r orrr?)ﬂz%rn?&d%vie%cli ggﬁica that had not.

.- Monomers
[0052] The catalyst system described herein may be used fof the
- polymerization of one or more of monomers. Typical monomers include
‘monomers having from 2 to 30 carbon atoms, preferably 2-12 carbon atoms, and
more preferably 2 to 8 carbon atorns. Useful monomers include linear, branched
‘or cyclic olefins, especially linear branched or cyclic alpha-olefins; linear,
( ‘branched or cyclic diolefins, such as linear branched or cyclic alpha-omega
olefins; and linear, branched or cyclic polyenes.
[0053] Preferred linear alpha-olefins include C; to Cs alpha-olefins, more
preferably ethylene, propylene, 1-butene, 1-hexene, and 1-octene, even more
preferably ethylene, propylene or 1-butene. Preferred branched alpha-olefins
include 4-methyl-1-pentene, 3-methyl-1-pentene, and 3,5,5-trimethyl-1-hexene, 5-
ethyl-1-nonene. Preferred aromatic-group-containing monomers contain from 7
up to 30 carbon atoms. Suitable aromatic-group-containing monomers comprise
at least one aromatic structure, preferably from one to three, more preferably a
phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-group-containing

monomer further comprises at least one polymerizable double bond such that after



"mononers having from2 to 30 carbon atons, preferably 2-12 carbon atons,
and nore preferably 2 to 8 carbon atons. Useful nononers include |inear,
branched or cyclic olefins, especially |inear branched or cyclic

al pha-ol efins; linear, branched or cyclic diolefins, such as |inear
“branched o™@IWPIB pha-onega ol efins: and |inear, bre¥2006923484c i c

pol yenes. [00531 Preferred |inear alpha'b1ef|ns |nclude C2 to C8

al pha-ol efins, nore preferably ethylene, propylene, 1-butene, 1-hexene, and
1-octene, even nore preferably ethylene, propylene or 1 butene. Preferred

branched al pha- -l - pentene, and
3,5,5-trinet h?P‘%ﬂ%ﬁ%d%éﬁ’emggoﬁqﬁ%&ﬁueﬁ}%%ﬂﬁ étﬂ??er r edﬁEﬁ ﬁné’lj
aromati c- groubadkbﬁﬂearﬂherag)mnumgtmp&ommmﬂomﬂmiyﬁuthetl@aéi@stit@técbon at ons.

Sui t abl e aromat i c- group- cont ai ni_.ng nopopers conprise .  at Ieast one aromatic
structure, pr&tBoaspymeredinpabylgroups meludmgibat not dimited i Gite CipRlkly 1, i ndenyl ,

fl uorenyl t &lﬁrﬁftl nonomner
further corrprﬁl%gg.| K'c?!' téﬁélf%oeadlﬂﬁrgﬁg“ za ﬁeﬁéfb’ﬁo‘frﬁgtgﬁf su%ﬁlgt hat after WO
2007/ 018743 Pgﬂﬂcuﬁao%fe&zaé&ﬂaanc-g%upmbmamfngmmﬁmrs dohRirpdi QeuBione Structure
wi |l be pendant fromthe polymer backbgone, The aromati_c-group containing
nonomer nay f &oMmeEs ststuse frpepdediea polymenzaglsolefinitmpistyn Fartsal#ilby | gr oups

i ncl udi ng but | Y, ionally two

adj acent su'bsPlQ'?egtt | angg{aﬁg%gmgm dﬁ gyﬁén% 4 ha%&waﬁeﬁg&’a} Preferred
aronat i c- gr ouplkgiewtenes) vingltolameswinynaphthaee, allylbém&he @ﬂ@mda:xeorrat Ic structure
appended to a pol, erEI’I zabl e ol efinic lety, Particul ar{ preferred

aromat i ¢ nmonoffPdalbRtERfe PERY SR Styrepe,y Hh%]t’WP@PW@r?@Y e al kyl styrenes,
i nyl t ol uenesgyoxiiny! napd NabH4 Gl g%p% cially
tyrene, par a‘“ﬂagﬂ styrene, rﬁllﬁ-%pcﬁ%%éﬁﬁ-ﬁﬁtene %ﬁé rFy tzé)nbiegl:réléeHe [ 0054]
Non aronati ¢ El;ﬁsbnmngnenspammntakiﬁbmg' upnmaﬁmrhomaﬂ:nma.l Suitdbhamaed These
nononers can cont al n {*rom 5 .t.o 30 carbon at Sujtabl e non- aronatic
cyclic group TERELT RiCHEERBAE %PE’P%‘PE’BW‘H 2 e"lt %08ne pol ymeri zabl e
ol efi ni ¢ gr 0 hétzable ORI Yo ARSI HUitRFp it G Bld ol Stehi & iOfar S Part  of
the cyclic structure. The cyclic structure may al s6 be further substituted
by one or nmfehmgmthosjmcbw er(mrplm smctreasay dsn benfutthérisnbstibded y,on€, to CI O

al kyl groups.

or more hydrocarbyl groups such as, but not limited to, C; to C;q alkyl groups.
- . Preferred non-aromatic cyclic group containing monomers include
-+ vinylcyclohexane, vinylcyclohexene, vinylnorbomene, ethylidene norbomene,
cyclopentadiene, cyclopentene, cyclohexene, cyclobutene, vinyladamantane and
- the like.
_[0055] Diolefin monomers useful in this invention include any
. hydrocarbon structure, preferably Cs to Cso, having at Ieast two unsaturated bonds,
wherein at least two of the unsaturated bonds are readily incorporated inio a
- polymer by either a steréospeciﬁc ora hon—stereospeciﬁc catalyét(s). It is further
preferred that the diolefin monomers be selected from alpha, omega-diene
monomers (i.e. di-vinyl monomersy. More preferably, the diolefin monomers are
linear di-vinyl monomers, most preferably those containing from 4 to 30 carbon
atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,
heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,

tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,



-Preferred non-aromatic cyclic group containing nononers include

vi nyl cycl ohexane, vi nyl cycl ohexane, vinyl norbonene, ethylidene norbonene,
cycl opent adi ene, cycl opentene, cycl ohexene, cyclobutene, vinyladamantane and
the Iike. [0055] Diolefin monomers useful in this invention include any °

" hydr ocar borWO2ft104/#E, preferably C4 to C30, having at PEHYB20p4334sat ur at ed
bonds, wherein at |east tw of the unsﬁiurated bonds are readily
incorporated into a polynmer by either a stereospecific or a

non- st ereospecific catalyst(s) It is further preferred that the diolefin

nmononers be sel . V|nyI

nonomner s}. %&S&ﬂ a’g ;&!ﬁ}l&e ﬂgﬁgﬁ ‘ﬁéngtr}?t n}aé}éﬂ%d dﬂ%’e?? Htﬂ Gi nyl
NONOMEr s, mostt @hdpfa@feﬁ@lw-@dmﬁ&ecg&-h@mdaidﬂa 1 g-ﬂéﬂadkeﬁd) 130-1%dédagiene, at ons.
Exanpl es of pr eferred dienes include butadi ene, pent adi ene, hexadi ene,

hept adi ene, odtEcoderadicns A dditridesadiones 147 deteadeaarigns; artl lomemolsedarcadi ene.

ot adecad one. SRAIGRRIDR 0P g Saf n Trnds PERRERE R B cne.

ticosadi ene, t g CSFE aehe N RRIHREAS IVIRARIREX A89EaHEL BBfolRA,acosadi ene, WO
2007/ 018743 P S2006/ 023404 - 18 oct acosadi ene, nonacosadi ene,

triacont adi endjvipdhenene) diescippprtadiencros ightraingsontaming holefins with or

1, 6- hept adi ene,.1, 7- adi en 8-nonadi ene, 1, 9-decadi ene,
1, 10- undecadi' %‘butsﬁgsg}%wﬂ%&g%%%ﬂ@pof%ﬁ ‘tri decadi ene, 1, 13-tetradecadiene,

and | ow ol ecybgss] Wei gt pRTbYSAHABIBRABoMYnoRs ek ar: o0 BiFD! )

Preferred cyclic dlenes |nclude cycl opent adi ene, vi nyl nor bonene,

nor bomadi ene, pebrmymrq@wedhws@tmwewW%Bht%yrqﬁeab!}eﬁé) Q104 ye I Bjeeighadi ene or

hi gher ring cg QEF& Ll af various
¥ing p05|t|onftp%%§32f0ﬁtr)\£§edp$glgl rr'e ﬁevgﬁnﬁno\é\éé’re ne ortotr(r)DLbregélghte}rfes are
present.in. theasempwmétommtgheafmeﬁmpmsﬁbnums‘omebﬂ;bmmhtsS%)ppmeferabl y at
0.00001 to 1.0 vveiog % preferably 0.002 to 0.5 weight % even nore

prefer abl-y 0. GblEssa disnoisaddestp tor polymaesizationy pisferably 440 ppm %Fﬁfht of the -
B e f o AP
| n other . enboddded it the polyhmerstion®r pRGpmd- oﬂmemeon K50 ppm ormore. - o

[0057} Preferred monomers inchide one or more of ethylene, propylene,

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

pentene-1, norbornene, norbornadiene, vinyl norbormene, ethylidene norbornene
" MOnOMEIs.

[0058] In a particularly preferred embodiment the process of the invention

relates to the polymerization of ethylene and at least one comonomer having from

4 to 8 carbon atoms, preferably 4 to 7 carbon atoms. Particularly, the comonomers

are butene-1, 4-methyl-pentene-1,3-methyl-pentene-1, hexene-1 and octene-1, the

most preferred being hexene-1, butene-1 and octene—l .

[0059] In another preferred embodiment the polymer produced herein is a

propylene homopolymer or copolymer. The comonomer is preferably a C, to Cyg

linear, branched or cyclic monomer, and in one embodiment is a C, to Cy; linear

or branched alpha-olefin, preferably butene, pentene, hexene, heptene, octene,

nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, 3,5,5-

trimethyl-hexene-1, and the like. Ethylene may be present at 5 mol% or less.

[0060) In another embodiment ethylene or propylene is polymerized with

at least two different comonomers to form a terpolymer. The preferred



added to the polynerization, or 100 ppmor nore, or 150 ppmor nore. [00571
Preferred nmononers include one or nore of ethylene, propylene, butene-1,
pent ene-1, 4-methyl -pentene-1, hexene-1, octene-1, decene-1, 3-nethyl-

pent ene-1, norbornene, norbornadi ene, vinyl norbonene, ethylidene norbornene
nonomer s. WOYWEPIIH a particularly preferred enbodi nerRCH¥RZMO3MEEs of the
invention relates to the polynerizatildm of ethylene and at |east one
conononmer having from 4 to 8 carbon atons, preferably 4 to 7 carbon atons.
Particularly, the conobnoners are butene-1,

4-met hyl - pen&;&ﬂ&?}o‘m&é 5@%@é(ﬂgbiﬂﬁt%%?gg%o%ﬁﬁ%ﬁé%gﬁﬁ%%ﬁﬁrﬁkg%bg@he oSt

preferred bel ng hexene- ut ene- ct ene- her preferred
enbodi ment t bRrRphyEtefptbldyce 8 chbseatoms, Dptonafly ot laclesst baddiped yer or
copol ymer. The conononer is preferably a C4 to C2Q |inear, branched or

cyclic nmononEonomerd The prferedierpelymens include thecombiaiians spéhasar  or  br anched

al pha-olefin | ene g, heptene, octene, nonene,
decene, dodestgﬁ{gﬁ%@ﬁn%tﬁgﬁ%e eéhﬁg-g%l%gﬁen%%&ggéntene-l, 3,5, 5-
trinethyl.-hey ?Ieﬂe/etﬂiléheyﬂ&ﬁedei-llsemrlaldﬁpfbﬁﬂﬁlef@dtb@ﬁexﬁraﬁé&ﬁtlika.t 5 ol % or |ess.

[0060] In another enbodi nent ethylene or propylene is polynerized with at
| east two di {6061kent cdnenetheembpdinress theglaliappbmenesmprishe preferred WO

2007/ 018743 PCT/ USRQ06/ 0234 - S e ' hon . of

al pha-ol efin monot rsgmﬁgﬁﬁg’ﬁ%e%té?ﬁégc@?‘ggﬁﬁlogeta%%,gfe%gteyogggP gﬂ’ é%l y 4to 8

carbon at ons, pRfdrebiab 16 80 théle &, ahdeast one di ene nononer. The preferred

terpol yners include the conbinations_such as o et hyl ene/ but ene- 1/ hexene- 1,
(&)

et hyl ene/ pr opy! erfefamanemsr presenhatdipm & teddonelg| frably 18 19 60 mole %,
et hyl ene/ pr‘oﬁ’%ﬂe%@f(eraﬂ 235 Q@Hl%leaﬁ",qﬂ& he like. [0061] In another enbodi nent,
ol yrrer coﬁ’{)ri ses: aft

(:the olefin p I rst nononer present at from40 to 95 nole
% preferably 50 4wemiéhomet preséit atfia Ontabl yhobd%s,tnoors Preferhidy Homahflta cononomner

present at fro to 40 nole % preferably 10 to 60 nole % nore preferably
20 to- 40 'ml%ﬁ%h@%?@%’r%’rﬁﬁﬁs}&nt at fromO to 10 mole% nore "’
preferably Tfogg)0- 5 t @ypically, the first monomer comprises one or more of any Cs to Cy

linear, branched or cyclic alpha -olefins, including p;opylene, butene (and all

- ;. isomers thereof), pentene (and all isomers thereof), hexene (and all isomers
- thereof), heptene (and all isomers thereof), and octene (and all isomers thereof).

Preferred monomers include propylene, libutene, 1-hexene, 1-octene, and the like.
[0063] The comonomer may comprise one or more of any C; to Cyp linear,
branched or cyclic alpha-olefins (provided ethylene, if present, is present at §
mole% or less), including ethylene, propylene, butene, pentene, hexene, heptene,
and octene, nonene, decene, undecene, dodecene, hexadecene, styrene, 3,5,5-
trimethylhexene-1, 3-methylpentene-1, 4-methylpentene-1, norbornene and
cyclopentene.
[0064] The termonomer may comprise one or more of any C; to Cyg linear,
branched or cyclic alpha-olefins, (provided ethylene, if present, is present at 5
mole% or less), including, but not limited to, ethylene, propylene, butene, pentene, ;
hexene, heptene, and octene, nonene, decene, undecene, dodecene, hexadecene,
butadiene, 1,5-hexadiene, 1,6-heptadiene, 1,4-pentadiene, 1,7-octadiene, 1,8-
nonadiene, 1,9-decadiene, 1,11-dodecadiens, styrene, 3,5,5-trimethylhexene-1, 3~
methylpentene-1, 4-methylpentene-1, and cyclopentadiene.



‘5 nole% nore preferably 1 to 3 mole % [0062] Typically, the first nononer
conprises one or nore of any C3 to Cs linear, branched or cyclic al pha

-ol efins, including propylene, butene (and all isomers thereof), pentene
(and all isonmers thereof), hexene (and all isomers thereof), heptene (and
“al |l i somer SVORMTAM¥3 and octene (and all isoners ther eBETUS204/EBK03, od
mononers i nclude propyl ene, 1 butene, 1=HKexene, |-octene, and the |ike.

[ 0063] The conononer may conprise one or nore of any C2 to C40 |i near,
branched or cyclic al pha-ol efns (provided ethylene, if present, is present

at 5 nol e%orﬁ Eﬁ§§ Jd ? Lhg ethyl ene, propyl ene, butene, pentene,
hexene, hepte o{l zgtigh H‘gg%snnonene, decene, undecene, dodecene,
hexadecene, stiggespe, 3, Thdcatdlyst BRtchg|dbRIBAEbOvVe e BEiBNK BEMeaNE- 1,

4- et hyl pentene- 1, norbornene and cycl opentene. [0064] The ternononer nay

conpri se one eelutior,éul gasmy siorypelymeazatipmpreeess oba eontheatiogrthersod) i ¢

al pha-ol efi ns, rovi ded et.hyl ene, i.f present..is present at 5 nole% or

| ess), incl udipﬁeé?ra@wglﬁgqnﬁ’qafyﬁ?rg)au‘tpglfm&o PHMODDIGS™ ene, but ene, pent ene,
hexene, hept engosepnd OCDREE: mBARREBRIs HESRBEr inPRABCRRRY b\REeRaRE. hexadecene,

but adi-ene, 1, 5-hexadi ene, 1, 6-heptadi ene, 1,4-pentadi‘ene, 1,7-octadiene,
1, 8- nonadi engplylmegizalivo puicesse Catelysticompdnehé erddictimeior may/badedivered as a

3,5,5-trimethyl hexene-1, 3-, nmeth ent.ene- 4-.met hyl.pent ene- and
cycl opent adi eﬁ‘él}‘gwrfaﬁ% 6‘%@%@ t@éﬁfﬁ@}%ﬁﬂg%e&%i%engpg}?éw ati on
Process [ 0065keatie of pteattivated SHS h@ifedde &t fidtivaed al1ON® RsRingWs thebl e for use in

a solution, bulk, gas or slurry polynerization process or a conbi nation
t hereof ,  pr etesetabl & praseread aparaprls éwe polesiank aglivated ipling/ X iMOX | on process.

0066] One or.re. r LN - ' ! .1 el ed in the
kol ymeri zat i oh’ﬂ%’r’%“‘é‘é"g?‘?&”%g’t%%% @s,lﬁg:dg‘r?ﬁs)%ﬁ%ﬁ{e cgngétgéljt't?\r/eaa&g}r%’ ?errgyége del ivered as
a sol.ution opatshtiNg.¥,399,72D &id Bepakiah PyeitPubli@tioe Ne! WO 0BBd86zat ed in-1ine

just prior to the reactor, or preactivated and punped as an activated
sol ution or sihilefhespreferances may epyphasige gasghasereasth dhedeshBIveS t wo sol uti ons

AL L e o BV R 11
-« stirred tank reactors, slurry loop reactors and the like. Polymerizations are carried
-out in either single reactor operation, in which monomer, comonomers,
- catalyst/activator, scavenger, and optional modifiers-are added continuously to a
single reactor or in series reactor operation, in which the above components are
-added to each of two or more reactors connected in series. The catalyst
components can be added to the first reactor in the series. The catalyst component
may also be added to both reactors, with one component being added to first
reaction and another component to other reactors.
[0067] - In one embodiment 500 ppm or less of hydrogen is added to the
iaolymerization, or 400ppm or less, or 300 ppm or less. In other embodiments at
Jleast 50 ppm of hydrogen is added to the polymerization, or 100 ppm or more, or

150 ppm or more.

Gas phase polymerization
[0068] Generally, a fluidized gas bed process is used for producing

polymers, with a gaseous stream containing one or more monomers being
continuously cycled through the fluidized bed in the presence of a catalyst under
reactive conditions. The gaseous stream is withdrawn from the fluidized bed and



-Patent No. 6,399,722 and International Patent Publication No. WO 01/ 30862.
Wil e these references nay enphasi ze gas phase reactors, the techni ques
described are equally applicable to other types of reactors, including
continuous stirred tank reactors, slurry loop reactors and the |ik

“Pol yreri zalbHE YW carried out in either single react®rT '6?38?6&’121"48% in
whi ch nononer, conobnoners, catalyst/aé%VVator scavenger, and optiona
modi fi ersare added Continuously to a single reactor or in series reactor
operation, in which the above conponents are added to each of two or nore
reactors conn e dded to the
first reactorﬁﬁﬁﬂg%%ﬁgggég§§m$ﬁg gg@%@%ﬁﬁhgéﬁgoneEﬁﬂhﬁﬁgagpggwge added to
bot h reactorsﬁomthhreaa:termdrﬁmdmmnnmhmmgidadidﬂdplh@tmpcslymemﬁact|on and anot her
conponent to other reactors ne e odlnent 503@§Bn10r | ess of

hydrogen is aB@8emero(Seqdor %Gﬁl}lﬁ'&@ zpéfel“ 0s. 6=r5 309 Arcsr 2P, 689 300 ppm or
less. In otheg i: 1'8?39‘7@9 %t405'995‘%43%%0?}5‘5{9@47*‘}’?,&&9@@ Sg@%%dt o the

polynerizationi m’of  nore nore’ S phase

pol ymeri zat i 0f,668)2855) GEneraIIy, a fluidized gas bed process is used for
producing polynmers, with a gaseous stream contai ning one or nore nonomers
being continuously cycled through the fluidized bed in the presence of a

catal yst unde%i%#pé%n% ohi ons. The gaseous streamis w thdrawn from
the fluidized { 18743 PCT/ US2006/ 023404 -21 recycl ed back
into the reacf08s9] Si wlAﬂmpstnﬁbymeqsrgaMlyo@eratﬁbwﬁavmm fromthe
reactor and fresh m)no I s added tq, repl the yner. nmononer. (See
for exanple LFagut Khatmos resgurgg@ggglgi pshtogiégpyxgb()ﬁ%’adg@@#%a) 0% 317, 036,

, 352,749, 5, 4 61 and

‘665, 228.) S@Eﬁ%ﬁéﬁéﬁ%ﬂéﬁ%ﬁ T SRS
pr ocess gener pilyyerivation tasaspendioveefsolid, tpemca]aml;ml)&&r atforsqhendquidessur e range

(15 psi to 735 si, 103 _kPa to, 5068 reater and tenperatures
in the range Bt gigagon, t‘?%@nt?wgﬁg&%"%“ﬁr and coonomers -ﬂOﬂg with

catalyst are added. The suspension including diluent is intermittently or

continuously removed from the reactor where the volatile components are
separated from the polymer and recycled, optionally after a-distillation, to the

- réactor. The liquid diluent employed in the polymerization medium is typically an

. alkane having from 3 to 7 carbon atoms, preferably a branched alkane. The
medium employed should be liquid under the conditions of polymerization and
relatively inert. When a propane medium is used the process must be operated

.. above the reaction diluent critical temperature and pressure. Preferably, a hexane
or an isobutane medium is employed.
[0070] In one embodiment, a preferred polymerization technique useful in
the invention is réferred 1o as a particle form polymerization; or a slurry process
where the temperature is kept below the temperature at which the polymer goes
into solution. Such technique is well known in the art, and described in for
instance U.S. Patent No. 3,248,179. The preferred temperature in the particle
form process is within the range of about 85°C to about 110°C. Two preferred
polymerization methods for the slurry process are those employing a loop reactor
and those utilizing a plurality of stirred reactors in series, parallel, or combinations

thereof. Non-limiting examples of shury processes include continuous loop or



-pol ymeri zation, a suspension of solid, particulate polyner is fornmed in a
liquid polynerization diluent nmediumto which nononer and conononers al ong
with catalyst are added. The suspension including diluent is intermttently
or continuously renoved fromthe reactor where the volatile conponents are
“separ at ed fWOMYMSHB| yner and recycl ed, optional ly aft & TASYOPMMat i on, to
the reactor. The liquid diluent enployd@d-in the pol ynerization mediumis
typically an al kane having from3 to 7 carbon atons, preferably a branched
al kane. The nedi um enpl oyed shoul d be liquid under the conditions of
pol ymeri zati ong | Yel Med | A ed the
Prosess mst BAas s IRbslE Mst,dfick ol i iy BARGBERY Wl 0 LT
and pressure. WPSePaaitdioy4,683,88kane or an isobutane nediumis enpl oyed.
[0070] In one enbodiment, a preferred polynerization techni que useful in
the invention P87l ef er r &tianoghengmbodizent, e slurry pracpsiisenmiedanti on; or a slurry
process where _the t erature i1 s kept W enperature at which the
pol ymer goes ge @%mggy ?@ﬁ?rﬁaﬁ{gﬁ ’ﬁé&?ﬁﬁﬁ?}éh%f\éﬂ&%fw%%%qﬁat art, and
described in fide floWwisd @vedRr, i Djecka r@ilarlo th rekdfr 6B, wiitieisisaf gnéed :
tenperature in the particle formprocess is within the range of about 85C
to about 110C withwircplatingslpmyof grewingmolyre patickemtichientof isohdangl urry process
are those enpl gyi a_|loop reactor I 147 [ty of
stirred react &gétq%%]%%é?oé’%,r a%%ﬁgoéf? né)fn,%P(c)lffﬂﬁgg 1%&&0 #%ﬁs&%ﬁ%ﬂgg QA n-limting
exanpl es of slmulednld meihssafrol.ncl ude conti nuous | oop or WO 2007/018743
PCT[ US2006/ 023404 -22 stirred tank processes. Al so, other exanples of
slurry procesd®2hr e dedhe reaeier is maimtpined p2pesssurapt 362067810389 KPHO71] I n
anot her enbodi nment, . th Lurr, [OC L. Sn6ALT ] b B ly in a
(oop reactor. %ttgctg‘%lg%ﬁélﬁ maés(e %ngﬁ ‘%fa?’?/ﬁtﬁsr? ?éoo%ﬁﬁta@g %nggg&ggg‘?yﬁ free
fl ow ng powderdesited poliinRe htHing@Bathetbdisites. OR $dotor IRacrik eémdved throvditkdr i s itsel f
filled with circulating slurry, of growi ng polyner particles in a diluent
of i sobut-ane - leaprivall sinasgnueho8 Hisreastnr 1w famiora ol 2 fgubloneketed g dhel 1y, may be
added. as a [ . ; j ' ined at a
oressure of gg@g@g%%fo%éﬁ i‘g %%t %ggéa[:t% at b @A 3hter A8 of EFERRSuslyTo TREARER :

- .. low pressure flash vessel, rotary dryer and a nitrogen.purge column in sequence SR

- for removal of the isobutane diluent and all unreacted monomer and comonomers.
.The resulting hydrocarbon free powder is then compounded for use in various
.applications.

[0073) Tn one embodiment of the slurry process useful in the invention the
concentration of predominant monomer in the reactor liquid medium is in the
range of from about 1 to about 10 weight percent, preferably from about 2 to about
7 weight percent, more preferably from about 2.5 o about 6 weight percent, most

PN

preferably from about 3 to about 6 weight percent. 7

[00_74]- Another process usefil in the invention is where the process,
preferably a slurry process is operated in the absence of or essentially free of any
scavengers, such as triethylaluminum, trimethylaluminum, tri-isobutylaluminum
and tri-n-hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like.
This process 1s described in International Patent Publication No. WO 96/08520
and U.S. Patent No. 5,712,352.

[0075] In another embodiment the process is nin with scavengers. Typical
scavengers include trimethyl aluminum, tri-isobutyl aluminum and an excess of

alumoxane or modified alumoxane.



-and at a tenperature in the range of about 60C to about 104C dependi ng on
the desired polyner nelting characterisitcs. Reaction heat is renoved
through the |loop wall since nmuch of the reactor is in the formofa double
jacketed pipe. The slurry is allowed to exit the reactor at regul ar
‘interval s oBmU@ﬁWFﬁH6usly to a heated |ow pressure fIa?ﬁT@ﬁgﬁgg?“ﬁotary
dryer and a nitrogen purge colum in seddence for renoval of the isobutane
di luent and all unreacted nononer and conononers. The resulting hydrocarbon
free powder is then conpounded for use in various applications. [0073] In
one enbodi nent of the slurry process useful in the invention the
concentration of predom nant nononer in the reactor liquid nediumis in the

range of from Hivagdnedust bullale wolutidh phesaiulyietzathoi , preferably fromabout2 to
about 7 wei ght {)er cent, nore preferably fromabout 2.5 to about 6 weight

percent, nost [0BFIf er abiThe Fotelistadaseribed hewsingsa be uspdadyaptacepushcant . . [ 0074]
Anot her process_useful | e_lnventi | ocess. . referably a
slurry pPoceszhoiu% ggrb 'r;%#fo@l(#o? nicﬁsésg%bdé%ﬁgﬁgﬁpgl&&gé{bzﬂ | Ly“‘%‘F‘é‘g of any Y

scavengers, sughtidfut féagtbdilvaidhthe bif formRéd and e rii Monomer and _
tri-isobutylalum num and tri-n-hexylal um num and_ diethyl alum num chloride,

di butyl zi nc aatlystmsateriaesupplied, srepgiiated to rpducg esevoidrogceniation Sedigatt.onal

Pat ent Publ i cat]. . 8 S, . 12,352. [0075] In
anot her enbod?&rfg%@cgﬁjges\égo%géage %ﬁ%@%ﬂ?\eﬂltﬁ%%ggg%%gé?l .B‘F%ﬁg‘% scavengers

i ncl ude tri metphssburad, @b 3000 bari ($O-B0,000 MPla)) lin which 8Rtn@Brex eSS Of

al unoxane or npdified al unoxane. WO 2007/018743 PCT/ US2006/ 023404 -23
Hongeneous, bilkent §F inseiuien galyPREZECR YRSAFPYEE on [0076] The catal ysts
escri bed her gj an be V. B oHRRNR Wely|

gr ocesses. Geﬂgqvgf |y th?éﬁﬁﬁeﬁ%&g@&%gﬁ%ngéﬁ#?éﬁoon In%g%@@gﬁ?g%%gg react or
in Wlmcg t he .Mbgl?mrﬁzfjaﬁ?ﬂndkhgeudtot hmlmga)ylgéan@rjmh?ma{c.oamg coﬂg!:cadopi;t m;t g[i g: S
supplied, are agitated_to reduce or _avoid conce on gr.adj ents. ui tabl e
processes operit@nieBEOE teteaciy W%@%WW@EHQ%MH&UOHP h
pressures, fr gghid i3 REER! mbdBacé o0 el br cdrhbitiftiofiflof diftnfgRNONEr act's as

. Adiabatic reactors with pre-chilled feeds may also be used. The reactor

=

.temperature depends on the catalyst used. In general, the reactor temperature

. preferably can vary between about 30°C and about 160°C, more preferably from
about 90°C to about 150°C, and most preferably from about 100°C to about
140°C. Polymerization temperature may vary depending on catalyst choice. For
example a diimine Ni catalyst may be used at 40°C, while a metallocene Ti
catalyst can be used at 100°C or more. In series operation, the second reactor
temperature is preferably higher than the first reactor temperature. In parallel
reactor operation, the temperatures of the two reactors are independent. The
pressure can vary from about 1 mm Hg to 2500 bar (25,000 MPa), preferably from
0.1 bar to 1600 bar (1-16,000 MPa), most preferably from 1.0 to 500 bar (10-
5000MPa). '
[0078] Each of these processes may also be employed in single reactor,
parallel or series reactor configurations. The liquid processes comprise contacting
olefin monomers with the above described catalyst system in a suitable diluent or
solvent and allowing said monomers to react for a sufficient time to produce the
desired polymers. Hydrocarbon solvents are suitable, both aliphatic and aromatic.

Alkanes, such as hexane, pentane, isopentane, and octane, are preferred.



——~—————e
diluent or in solution polynerization using a solvent. [0077] Tenperature
“control in the reactor is obtained by bal ancing the heat of polynerization
with reactor cooling by reactor jackets or cooling coils to cool the
contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization
-of |iqui dwieshorpisédi | uent, nononers or sol vent) or corggmgdbgenssef all
three. Adiabatic reactors with pre-chijed feeds may al so be used.. The
reactor tenperature depends on the catal yst used. In general, the reactor
tenperature preferably can vary between about 30C and about 160C, nore
preferably from about 90C to about 150C, and nost preferably from about
100C to about [0078DC. Pdlhemodezsatan becaraadeutan acentmpyus\stirrgd thak esaciong on
catal yst choice. For ex e adiimne N catal yst may be used at 40C,
whil e a netal ﬁ@&%ﬁé"tﬂ OIPi‘EéHVS’/EePg%Hr IB@”%%’Q“&F“%@@@’%&%@W@% series
operati on, thﬁm%ﬁﬁ.oTﬂesE?@aE{ofsrm?tlﬁquﬁ?Eﬂ&hlﬁe iRl EhY oPhARRE addran the
first reactor”tenperature. In paralle react or operation, the”tenperatures
of the two reé#éetnomemar fed nelg pemaleudt be Tofegerged sSaerte disgioses of U.80m about 1 mMm
Hg to 2500 bar. (25,000 M preferably frgm 0.1 bar _to 1600 bar (1-16, 000
MPa); nost pr SFERIAN: 9,%9#,833 fpr geneep! Brogess apnciters §e@3ﬁﬂv£9t¢mf@@ﬂaliat@50h of
t hese pr00955?%%&%@&9%99?/@2@%3&'W@9?)2@939‘? reactor, parallel or series
react or configurations. e [rquid processes conprise contacting olefin
nononer s w t h{a08@) abovelldemesitibedlsecadatstet systemin a suitable diluent or
sol vent and al |l ow sai d pononers to. teact_for a sufficient time to produce
the desired pol mg@’."? ]lb%?rr%ﬁseg@fi\qﬂéﬁiesfo’é?‘@azsui table, both aliphatic and
aromatic. Al kanes, such as hexane€t+?g_gm§)a]-i sopent ane, and octane, are
preferred. WO 2007/018743 PCT/ US2006/ 02340 -24 [0079] The process can be
sarried out i where€6Tis A nattanssapabile efedtracking an elkyt groyp frtvas artbreakingtaor or pl ug

| ow reactor, or more .than_.one reactor.operated, n series, or arallel.-
These react or STHRyPFALRD roﬁr?ﬁﬁr%?mﬁé\[)@q%mpqugﬁ@ﬁﬁﬁ?@p%‘?nﬁr@g?q’ng and the
nononer feed ARY @172; ARYeddRR iPRdERLAHS sabaed S fhidfopHEds bRapasd #f U S.
Pat ent No. 5,001, 205 for general process conditions. See also, |International

Patent  Publ i Beqrprsphthgksronmppogided drywhennvipeah/ R gegpis connected at the 3-
position relative the connection between the associated Ar' group and the boron

atom and, when n=2; the R groups are connected at the 3-position and the 5-
position respectively relative the connection between the associated Ar® group and
the boron atom.

2.  The fluorophenylborate of paragraph 1 wherein each R is independently
selected from a perfluorophenyl group and a perfluoronaphthyl group.

3.  The fluorophenylborate of paragraph 1 or 2 wherein each Arlisa
perfluorophenyl group.

4.  The fluorophenylborate of paragraph 1, 2 or 3 wherein Ct" is selected from
silylium, trityl carbenium, Group-12 metal, anilinjum, ammonsium, phosphonium,
and arsonium cations, and anilintum, ammonium, phosphonium, and arsonium
cationic derivatives wherein the cationic derivatives contain C; to Cg hydrocarbyl,
hydrocarbylsilyl, or hydrocarbyl-amine substituents for one or more cation
hydrogen atoms.

5. The fluorophenylborate of any of paragraphs 1 to 4 wherein Ct" is a [4-t-
butyl-N,N-dimethylanilinium] cation.

6.  The fluorophenylborate of paragraphs 1 to 5 and comprising an anion
selected from (meta-CyFs-CeFa)aB™ and 3,5-(CeFs),-CsF3)4B".



-[0080] This invention also relates to: 1. A f |uorophenyl borate represented
by the formula: Q' [B-(AreRn)4] where Ct+ is a cation capable of
extracting an al kyl group from or breaking a carbon-netal bond of, an
organ netallic conmpound; Art is a fluorophenyl group; n is 1 or 2; and each
‘R is indepeW@eM’(y87d4L| ect ed from a fl uorophenyl group aRETHS2006/933#Monapht hyl
group, pro vided that when n=1, each R &foup is connected at the 3- position
rel ative the connection between the associated Art group and the boron atom
and, when n=2; the R groups are connected at the 3-position and the 5-

position respegcti yel | a1 ve .t ' . he, soci ated Art
group and th:’Ebo?gggeﬁni%%%gﬂ?g%@@%ﬁ%&%g’gﬁr’ggéggag%1c%tgs’gtgraph 1 wherein
each R is i ndepengenidmprisiglaf efgfbmétallic sorstubl ued @p Resstdvagioup and a
perfluoronaphthyl group. 3. The fluorophenyl borate of paragraph 1 or 2
wher ei n each Aempfisnga cerapaund swopeded by e apulas. The f uor ophenyl borate of

paragraph 1, 2 or 3 wherein Ce is ;?J e g‘-om silylium trityl carbenium
Group-12 netal, anilinium amoniu %Ci iunr, and arsonium cati ons,

and ani | i ni UMy REOMidHBatiBhepake Of sklacBipthnalis/P Bloi o2 bl RBASngI£T | vati ves
wherein the cationic derivatives contain Cl to Cs_hydrocarbyl,

hydr ocar byl si lcgiben-aretahhendnfaatyrzanamatallis edsepoundigl is afinoraphenybgrowpr e cat i on
hydr ogen at ons..

._Jhe ,fl ophenyl . bor at f. 2N f r agr aphs to 4
wher orn G 1 4 pudia gadk O SRARBaRRofeeftn cBRY Mo R R g i and g
f 1 uor ophenyl bmuamgmhym%*@g,rﬁ@h@edmtm@naﬁﬂ, BEHTR etovb Agconfeddt Athe Sel ect ed
from (et a- C6F5- C6F 4)4B- and 3, 5- (C6F5) r C6F3) 4B- 2007/ 018743

PCT/ 1JS2006/ 0Pgsition relafige the cognegiiasrhehvss terassaciatad Angicup and/be begat em
by an o (a?o)m% Cahal yor theﬁi%riigﬁs%?éco%ﬂ%géd at k- p&é%%&ﬂ{éﬁa‘.a' i c compound
_ 0 mp ed by the

nd (b) an activa conprisin conpound represen formula: Ct+
[B-()4]" position respectively relative the connection between the associated Ar’ group and
- the boron atom.

8.  The catalyst system of paragraph 7 wherein each R is independently selected
from a perfluorophenyl group and a perfluoronaphthyl group:
9. The catalyst system of paragraph 7 or 8 wherein each Ar’ is a
~.. .perfluorophenyl group.
10. The catalyst system of paragraph 7, 8, or 9 wherein Ct" is selected from
(silylium, trityl carbepium, Group 12 metal, anilinium, ammonium, phosphonium, -
and arsonium cations, and anilinium, ammonium, phosphonium, and arsonium
cationic derivatives ﬁherein the cationic derivatives contain C; to Cg hydrocarbyl,
bydrocarbylsilyl, or hydrocarbyl-amine substituents for one or more cation
hydrogen atoms.
11. The catalyst system of paragraph 7, 8, 9, or 10 wherein Ct" is a [4-t-butyl-
N,N-dimethylanilinium] cation. "
12. The catalyst system of paragraph 7, 8, 9, 10, or 11 wherein said activator (b)
comprises an anion selected from (meta-CgFs-CgFs)4B™ and 3,5-(CsFs)2-CsF3)4B".
13. The catalyst system of paragraph 7, 8, 9, 10, 11, or 12 wherein said catalyst
precursor is selected from a metallocene catalyst precursor, a bisamide catalyst
precursor, an amine bisamide catalyst precursor, or a pyridine bisamide catalyst

precursor.



where Ct+ is a cation capable of extracting an al kyl group from or breaking
a carbon-netal bond of, an organo netallic conpound; Arf is a fluorophenyl
group; nis 1 or 2; and each Ris independently selected froma

fl uorophenyl group and a fluoronaphthyl group, provided that when n=1,
each"R grotf? @’%@ﬁ%ect ed at the 3- position relative PREVENPHERY% on bet ween
the associated Arf group and the borom6-atom and, when n=2; the R groups are
connected at the 3-position and the 5- position respectively relative the
connection between the associated Arf group and the boron atom 8. The

catal yst systgm i C 119 |/ e ly sel ected
from a perfllg'brg{ﬁ%%?& %&pgfgﬁ%%%zﬁ% @6?%)’&2&%5&%‘%’2% 9. The
cat al yst systcatilyef precut ()i he aotivaton{ds meipreser@Gia Aitib of shaut 10:¢1d | uor ophenyl

group. 10. The catal yst system of paragraph 7, 8, or 9 wherein C+ is
sel ected frorboutdidOy]ium trityl carbenium Goup 12 nmetal, anilinium

phosphon um Lsna 1o Syt ARpTRAREAR, IR 0ORP 1L A% EBL M Bl BTC1 O

phosphoni um “ahd™"ar son

derivatives efatysiprecuisot () &l thy SbOStaf (Y hre preadidl 108 RIHEYOF Sduy b:1 t6r
hydr ocar byl - am ne substituents for one or nore cation hydrogen atons. 11.
The catal yst 2Bgtlém of paragraph 7, 8, 9, or 10 wherein Ct+ is a [4t-butyl-

N, N- di et hyl api | i-ni i paragraph 7, 8, 9,
10, or 11 whgg ei ]gﬂés%fﬂéysg%{stle%f# ?f&m%%agﬁépﬂog@;wlg%ééﬁ{yggﬁggfect ed from
(et a- C6F5- Cofetindt-(apaid tBe tiv&6HD) de HiRbad} #bx ratio d8aboltR] edbaly . syst em of
paragraph 7, 8, 9, 10, 11, or 12 wherein said catalyst. precursor is
sel ected froda Hixwidwtesenciany Jfperagrphyf o6 and H‘Pﬁ'éméét al yst
precursor, a_goﬁgg p iksam de catal yst precursor, or a pyridine bisam de
(,_cat al yst precursor. 20071018743 PCTI US2006/ 023404 -26 14. The catal yst
syst em-of paid&grApiocéss fB; podymetRing hil least dne cefid Rowdmerebmptising cat al yst

precur20r () ot 15, 2L 8" DLl RIS Sy o s ] 18172001 1011t
19.. The process of paragraph 18 wherein said olefin monomer comprises at least
one of a C; to Csg olefin, a C4 to Cag diolefin, C; to Cyp vinyl aromatic monomer
and a Cs to Cy cyclic olefin.
20.  The process of paragraph 18 wherein said olefin monomer comprises

.‘ ethylene and/or propylene.

[0081] The invention will now be more particularly described with
reference to the following non-limiting Exaraples.

Activator Synthesis Examples

Ekample 1 |

Synthesis of 3-Bromotetrafiuorobenzene

[0082] To a cold (-78°C) solution of 3,5-tetrabromobenzene (19 grams) in
diethyl ether (Et,O) was added BuLi (10 ml, 1.6 M, Aldrich). After 1 hour of
reaction time, the mixture was quenched with an HCl(aq)/Et;0 mixture and
allowed to reach room temperature, The organic layer was separated and dried
with MgS04. The solvent was removed and the product purified by distillation

(b.p. 130-135°C, 10.01 grams). "F NMR (25°C, CDCl3, referenced with CFC1s)
-190.4 (t, 1F), -124.7(m, 117),.—132.6(11'1, 1F), -162.2(m, 1F).



R
15. The catal yst system of paragraph 7, 8, 9, 10,11,12,13, or 14 wherein the
catal yst precursor (a) and the activator (b) are present in a ratio of about

5:1 to about 1:5. 16. The catal yst system of any of paragraphs 7 to 15
catal yst precursor (a) and the activator (b) are present
17. The catal yst syspenusfoocng4af

paragraphs 7 to 16 and further includifgg a porous support. 18. A process
for polynerizing at | east one ol efin nononer conprising contacting said
nononer with the catal yst system of any of paragraphs 1 to 17.

wherein the

rati o of aboudo7distax 0 about 1: 2.

process of paragraph 18 wherein said ol efin nononer conprises at

of a C2 to C30 olefin, a C4 to C30 diolefin, C7 to C30 vinyl aronatic
nononer and %ﬂt? C20 cyclic olefin. 20. The process of paragraph 18
wherein said

i nvention w |Synﬂﬁ¥isbf=‘3—'§@it@ﬂﬁﬁfobh al56-testoRadnydneh reference to the
following non-limting Exanples. Activator Synthesis Exarrpl es Exanple 1

Synt hesi s of [@@I onot eTe atdlume/tatehvdeefarap golgtian alghe3col d

w16 ARy pa e e S proth G PrRtlf e b PR s

nmononer conprises ethylene and/or propyl ene.

quenched W t RlixandiFB gRss) EAPR: Mithrd was AifRixeddol 2\IRE. Adtef BRSdhebIROM

t enper at ur e.

The organic | ayer was separated and dried with MySO4. The
sol vent was renovedheeraaninlaygid seraragads wid theisabyentiiestovd. atliegpsidyab. p.

19. The

in a

one

[0081) The

(-78C) solution of

(10

-190.4

(1 ? > |1§)5 © ig 0%%\(%@&%%%&%@%&%%% ?{E’Iﬁﬁﬁ i C\F/\81%071018'743
PCT/ US2006/ O Z224@xks). ZIﬂyeyBIdiWﬁ& £3 Zrabynt e (25°C CDC1,, referenced with
3-pent af | uor ocpbenyl tetrafl uorobenze

FCla): 1140(m, iF), 11286 {m, 1), ~130.5 (., 1F), ~138.4(m, 2F), -151.7 (4,

. 1F), -161.7 {m, 2F), -164.0 (m, 1 F).

Example 3
Synthesis of [4-tBu-PhNMe,H]{(m-CsFs-CsF.)¢B]
[0084] The biphenyl prepared Example 2 was used to make the

. corresponding borate using standard methodology. - To a cold solution of m~C¢Fs-

C¢F4H (1.5 grams) in diethylether was added 1 equivalent of BuLi (1.6 M,
Aldrich). The reaction was allowed to stir at -78°C for 1 hour and then a hexane

- solution of BC13; (1/4 equivalent) was added. The ice bath was removed and the

reaction mixture was stirred for 3 hours. The solvent was replaced with methylene
chloride, and the LiCl byproduct removed. An oily material was obtained after the
solvent was removed. Salt metathesis with 4-tBu-PhNMe;HCl was performed
using the oily méten'al, and the LiCl byproduét removed by filtration. The solvent-
was removed under vacuum. The resulting white product was collected. Yield:
1.53 grams. °F NMR: -105.5 (bm, 4F), -123.6 (bm, 4F), -139.2 (bm, 8F), -141.5
(bm, 4F), -155.2 (bm, 4F), -163.7 (bm 8F), -169.7 (bm, 4F).

Example 4

Synthesis of 1,3,5-tribromotrifluorobenzene

{00851 To a suspension of iron in 1,3,5-trifluorobenzene (40 grams) was
added Br; through a dropping funnel. After the addition was complete, the



-(0083] To a toluene/tetrahydrofuran solution of the 3-
br onot et raf | uor obenzene (6 granms) produced in Exanple 1 was added (C6F5) 2Cu-
di oxane (13 granms) and the m xture was refluxed for 2 days. After an aqueous

_wor k-up, t .c. | ayer was separated, and the solve The
resi dual Sﬁ?ﬁﬂ?@?ﬂ%s subl i med and th&@ubl i mat e was pg(tsgg%wﬁzo?g‘%h a
silica colum (hexanes). The yield wa .3 grans. 19F NMR (25C, CDC 13,

referenced with CFC13): -114.0 (m 1F), -128.6 (in, IF), -130.5 (in, M
-138.4(m 2F), -151.7 (t, 1F), -161.7 (m 2F), -164.0 (m | F). Exanple 3

Synthesi s of [drtiSmbBityektdihred36rdahntk ARk nliRQRATas Tha Jimihedwin Pr epar ed

Exanple 2 was used to make the correspondi ng borate using standard

met hodol ogy. .an7guegughitdtogsn bisulfabesodiition ane K prabrustteated with setyldne

di et hyl et her .added 1 equi val ent of Bulj .6 Al drich)..The reaction
was al | oned t\g%:"f’ﬁ?‘dgtle Qrgaé%tﬂ?gf wes WBﬁrﬁteEﬁﬂd Pﬁu%r?”&%)?ﬁn‘ghers@%' pn of BC13
(1/4 equival emesonRst @qurﬂéveﬁ,hl%aﬁ%% Wit bryvetlideshBMRe @aglh: b grantseact i on

m xture was stirred for 3 hours. e solvent was replaced wth nethyl ene
chloride, and '“$FMMR @5°GERHUE5.96Emoved. An oily nmaterial was obtai ned
after the solvent was renoved. Salt netathesis wi th 4-tBu- PhNVe2HCL was
performed wusing the oily material, and the LiCl byproduct renoved by
filtration. Thgaggleent was renoved under vacuum The resulting white
product was collected. Yield: 1.53 granms. 19F NVR -105.5 (bin, 4F), -123.6
(bm 4F), -13Symthesinef B3-dibromotriflverolfeppenedr) - 155.2 (bm 4F), -163.7 (bin

8F), -169.7 ( AF) . le 4 nt s of. 1.3 B-tribronotrifl uorobenzene
(0085] To a s si on%faj’@lgf)aﬁml Bé'f%%bf Pﬁoﬁ?(ifg'r%%_éaﬁ%% w@ﬁg‘sﬁoﬁﬁeﬁs) was
added Br2 thr ﬁ#@ﬂﬂatg'dﬁmptddgaﬁdﬂ%&hg tHf rbsilitakt RETutlslvith BWicedatheo et e, the WO
20071018743 PCT/ US2006/ 023404 -28 reaction mi xture was refluxed_ for 16

hours. The ni kegHwalew of EiMgPrdBbReAlach)iwas addgd. Aqwhitapreqipitatompaaed sul f at e

sol ution, and : e i k-0 . . The organic
ayer vas copiidRiaRE bl AR, Rl ROV ANR miSBtot w88

ice bath was removed and the temperature was allowed to reach 25°C, After an

aqueous work-up, the solvent was evaporated to produce a colorless semisolid

material. Yield 10.34 grams. '°F NMR (25°C, CDCl3) :98.5 (s, 1F), -106.4 (m,
2F). .

- Example 6
- Synthesis of 3,5-bis(pentafluorophenyl)triflnorobenzene
_ - JOO8T7} To a toluene/tetrahydrofuran solution of the 3,5-

( ' dibromotrifluorobenzene (7.645 grams) produced in Example 5 was added
(CsF5);Cu-dioxane (40.0 grams). The mixture was refluxed for 2 days. After an
aqueous work-up, the organic layer was séparated, and the solvent removed. The
residual material was purified by recrystallization from hexane. The product was
collected by filtration. Yield 9.64 grams. '*F NMR (25°C, CDC13, referenced
with CFC13) -103.6 (s, 2F), -106.3 (s, 1F), -138.1 (in, 4F), -151.5 (t, 2F), -161.5
(m, 4F).

Example 7
Bromination of 3,5-bis(pentafiuorophenybtrifluorobenzene



t he sol vent was renoved, leaving a white crystalline material. Yield: 65
granms. 19F NMR (25C, CDCl1l3) -95.9(s). Exanple 5 Synthesis of
3,5-di bronotrifluorobenzene [0086] 22.363 grans of the Br3F3C6 produced in
Exanpl e 4 was dissol ved in tetrahydrofuran and, after %Olgl{*i ng t he resultant
sol uti on WPRYYA®EL bath to -5C, gbjl val ent of Et MjBVUPEPYBUA| ari ch)
was added. A white precipitate appeare after the addition was conpl ete.
After stirring the reaction mxture for 1 hour, the ice bath was renoved
and the tenperature was allowed to reach 25C. After an aqueous work-up, the
sol vent was rat edrr QTS lﬁmﬂtﬂﬁi tal . Yield
10. 34 grans. EI|gs|?(])Nl\/R (ZES)(CBJHB%:DClS) ﬁblg@&%ﬂé, ?;pF;% -10 8kc%e?iléﬁ;&?f'52%). , Exanpl e
6 Synthesis cgi'arﬁs)ﬁrdnlluse(dpalﬁxahplaéraoqbirempbwmrmfab sdded Ben Aba enixtnfeO@B7] To a

5. dibronotrifl ugﬁgbenzene (7.645

t ol uene/t et rahydr of.ura tion 3
grams) produd ﬁ a‘iﬁl‘ﬁ er\ﬂ&%“ 1@&‘?@5 @J‘dﬁ“ﬁ?ﬁ% 0 grams). The

m xture was r, organic

| ayer was separ@?érg%hkﬁge’?}ﬁéj&@?c ﬁ%ér%ﬁag"g'{?sdegﬂifﬁgé& re5| ér‘g}fferl al was
purified by ﬁba:drymgagéntztmsodnmfwmﬂﬂeoeawethliﬁhmepﬁiedwallwnamn affofdedct ed by
filtration. Yield 9.?4 rans. 19F NIVRé C, CDC13, referenced wth CFC13)
-103.9 (s, 2ﬁ}épr94%.%7(ﬁs€fmaﬁl})ﬂsa“’h§%°ri’t eggienial. 151 5 (¢, 2F), -161.5 (m
4F). Exanple 7 Brom nation of 3,5-bis(pentafluorophenyl)trifluorobenzene WO
2007/ 018743 PCT[ US2006/ 023404 - 29 [0088] To a mi xture of

3, 5- bi s( pent ¥xampleophenyl )trifl uorobenzene (7 55 grans) produced in Exanple

6 and iron p refluxed for 3 days. After

quenchi ng 't hg’yﬁﬁ‘fs'ﬁﬂﬁﬂé&%?(g’éﬁkﬁﬁ{%&gh%%@g% Wi t h nmnethyl ene chloride, the
(organic |ayefpoggp dri eﬁo%&hsé\{g%flégrbﬁb F4.ltering off the drying agent,

t he sol vent was replaced with hexane. Recrystallization afforded ‘

bis(pentafluorophenyl)trifluorobenzene (5.188 grams) produced in Example 7 was
added 1 equivalent of Buli (1.6M, Aldrich). After 35 minutes, BC1; was added.
The mixture was stirred for 40 minutes, then allowed to reach room temperature,

-+ ‘and stirred for an additional 1 hour. The solvent was replaced with methylene
chloride and the LiCl removed by filtration using celite. Following partial
evaporation, pentane was added to induce precipitation. The mixture was chilled,
before the product was collected by filtration. A final pentane wash provided the
product as a white solid (3.761 grams). PF NMR (25°C, CDC13, referenced with

CFC13) -95.8 (s, 8F), -118.1 (s, 4F), -139.3 (m, 16F), -155.9 (t,.8F), ~164.3 (m,

16F).
Example 9

Synthesis of [4-tBuPhNMe,H][(3,5-(CFs):-CeF3):B)

[0090] 3.651 grams of [Li(Bt205 s][(3,5-(CsFs)2-CeFs)sB] produced in

Example 8 were dissolved in methylene chloride and was stirred with 2 methylene
chloride solution of 4-tBuPhNMe;HCI for 45 minutes. The LiCl by-product was
removed by filtration. The solvent was replaced with toluene, and pentane added
to incipient cloudiness. After chilling the mixture at -35°C, the product was
collected by filtration and washed with pentane. The residual solvent was
removed by placing the product under high vacuum while heating to 110°C for 4.5



the product (5.701 grans) as a white crystalline material. Exanple 8
Synthesis of [Li(Et20Q2,51[ (3, 5-(C6F5)2-C6F3)4B] [0089] To a cold solution
of 1-brono-3,5- bis(pentafluorophenyl)trifluorobenzene (5.188 grans)

produced in 7 was added | equival ent of BuLi ich). After
35 m nut esWOE%?QPf{XE% added. The m xture was stirred f&&@%“ﬁﬁ%‘{“ s, then
allowed to reach roomtenperature, and stirred for an additional 1 hour.
The sol vent was replaced with nethylene chloride and the LiCl renoved by
filtratioon using celite. Follow ng partial evaporation, pentane was added
to induce preghmi FNMR. (saitens Bxxinpled) Wascatel iplifegfoduch efielaes ibe pr oduct was
collected by filtration. A final pentane wash provided the product as a
white solid @M1 grans). 19F NVMR (25C, CDC13, referenced with CFCL13)
-95.8 (s, 8F), -118.1 (s, 4F), -139.3 (m 16F), -155.9 (t,-9F), -164.3 (m
16F). Exanple 9 Synthesis of [4-tBuPhNMe2H [ (3, 5-(C6F5)2- C6F3)4B] [ 0090]

3. 651 granms @ynbdrizatiedi Bxhbles, 5- (C6F5) 2- C6F3) 4B] produced in Exanple 8
wer e di ssolv in nmet hylene chloride and was stirred with a nethyl ene

chl ori de sol (@093h of 4AtsBuRlvRiMb2leiEtalplr-oldfin edpolymesizatibhe wereCl  by- pr oduct was
renoved by filtration. The, solvent was replaced.w th.foluene, and pentane
dded 1o i nEPBEIR SERE FA RS ES BB P TR ORRRERe i - 350t he
product vas pfollbesle@atal¥s had ﬁﬁ@éﬂ@ﬂyﬁagﬂmsﬁ@ﬁw BdratBaRvaRes. THee resi dual

sol vent was renoved by placing the product under high vacuum while heating
to 110C for zes8ltagme ppon¢dingAalR IREiPWJUS2006/ 023404 -30 hours. ' 9F NMWR (same

Beamt o5 [ooWEPH cor vl e wpfete B SR R BT L2

perforned uspiB reQeb@Rsy, abtht ReucbRNTHONEIe aal GwdcdtvktRmalBorste f f erent
met al | ocene catal ysts and fluoro henE/CI: and_fl uoronapht hyl borate activators.
10 . '

The: -+ . - -.activators, namely [4-tBuP e2H][{C\¢F7)4B] labeled A in the structural -
- formulae below and [4-tBuPhNMe,H][(C¢Fs)4B] labeled C in the structural
formulae below.
) CeFs ®) - CeFs
(@) o @),
D), o @), ©
D B U5
&
e
G2 ®)
DMAH @ DMAH
4
4
A C
[0093] The metallocene catalysts employed included the materials labeled

E, F, G, and H in the structural formulae below;

E = bis(para-triethylsilylphenyl)methyiene (cyclopentadienyl) (2,7-ditertbutyl-
fluorenyl) hafnium dimethyl;



—
results are reported in Table 1 below [00921 The activators included the
products of Exanples 3 and 9 |labeled D and B, respectively, in the
structural fornulae and two conventional borate .activators, namely
[4-t] 3uPhNMe2H] [ (C, oF7) 4B] | abeled Ain the structural fornmulae bel ow and
[ 4- t BuPhNve@Efop40186435) 4B) | abeled C in the structural Pporostemzbelow. O C6F5
e C6F5 E, O/ 4 DvAH B OF 4 DMVAH D B3iIC6F5 0 O DMAH (9P4 B DMAH(04 B A C
10093) The netal |l ocene catal ysts enpl oyed included the nmaterials |abeled E,
F, G and Hin the structural fornulae below E =
bi s(pars-triethylsilylphenyl)nethyl ene (cyclopentadienyl) (2,7-ditertbutyl-
fluorenyl) hafni um di nethyl; WO 2007/018743 PCTI US2006/ 023404 -31 F =
di net hyl si | yFebdisethytsgyifis-indemi) g dimethyl) ; G =
di mret hyl si l yl (tetranet hycycl opent adi enyl ) (cycl ooctylanlido) titanium
di net hyl ; ands +idimditysipitRixhtiRy Embm@y@wmwamﬁ%ta)m{rﬁl uor enyl)
haf ni um di rrerdﬁ}yéthy Et 3Si - Phi . aMe p-Et3Si - Ph

“Me $1 Mew M t- EF Md~/ \\ Ph,,,,. "aMe Men,,.. \ Hf Mw ""*Me P G

H H= b1s(phenyl)methylene {cyclopentadienyl) (fluorenyl) hafnium dimethyl.

Meﬂllu
Me’—Si\N Ti {m\\Me
Me
G
[0094] Each polymerization test was run in a glass-lined 5-milliliter

autoclave reactor equipped with a mechanical stirrer, an external heater for
temperature control, a septum inlet and a regulated supply of dry nitrogen and
ethylene in an inert atmosphere (nitrogen) glove box. The reactor was dried and
degassed thoroughly at 115°C. A diluent, comonomer, and scavenger, were added
at room temperature and atmospheric pressure. The reactor was then brought to
process pressure and charged with ethylene while stirring at 800 RPM. The
activator and catalyst were added via syringe with the reactor at process

conditions. The polymerization was continued while maintaining the reaction



[ 0094] Each polynerization test was run in a glass-lined 5-mlliliter

aut ocl ave reactor equi pped with a nmechanical stirrer, an external heater for
tenperature control, a septuminlet and a regul ated supply of dry nitrogen
and ethylene in an inert atnosphere (nitrogen) glove baox, The reactor was
dried and WQSANOIYE t hor oughl y at 115C. A diluent, combh&NEF0/EMMscavenger,
were added at roomtenperature and atd®spheric pressure. The reactor was
then brought to process pressure and charged with ethylene while stirring
at 800 RPM The activator and catal yst were added via syringe with the

reactor at pr i REILE RIS oet AR e RN TE L %ahl %5# whi | e

mai nt ai ni ng t‘%g&'%?gggl??oﬁ 0%2%587}5018743 IIrée?CT/ Uszog@i%g%%@t"f gessel W thin
3C of the tarmmyedesppressegby arnpeastitadditionnfetbylps ap deddnd)Rm}il ofixédar get  process
pressure (by aut og?tétiac addi ti on of ethy|ene on demand) until_a fixed uptake

of ethyl ene” WR&KE YleRsoy ol {BFFr§Pdng o ¢ .Oilg EPOBRFHIIPERR until a

maxi mum r eact i on 1 i > : j st opped by
pressuri zi ng x#xﬁleﬁn%fgg&acgﬁm g%egg@%@gguég%&Bﬁgﬁﬁggﬁtléﬁ%gﬁggwr ocess
pressure W tptessurgisy tite xdactoeto@ORipy2el Idfa) Bbovelthé avgyiprocessprassgen. The pol yner
was recovered by vacuum centrifugati on of the reaction m xture. Bulk

pol ymeri zat i ofith hgasimixiue coaposed Il%ﬁlétpxﬂﬁelb‘ﬂ\#&ﬂ’ilna‘h?ﬁély?ﬁe‘f’ﬁ of pol ymer by

the total weight.0f bib&“"ﬁl%%ﬁfgﬁgsp tg&eg*?ﬁ%"ﬁ*ﬁ‘ingpg ES-a8B8 Dby the

absol ute nononer pressure in eres. e spe ynerization
activity was ac@hitubasteetiulated diydividingtht lyeld ofipelythen by el tytaleweiphyt of e t ot al

nunber of mllipoles of transition netal coptained in the catal yst charge
by the time At 511'%@:3811?@5WW@%W&?%%H@B?WP@Q@W?SWﬁm at nospheres. C
(VD 20071 01574 REFL LSRR 2R e o bRy e Ghdnicy ARk YL % Oct ene
Mv Mh QT(a) Yield(b) Act(c) 30.8 873326 459306 306."9 0.209 163352 B E
26. 8 1227178 yR5deORInag by tige to@UnBaEgebmillimoles of transition metal contained in

the catalyst charge by the time in hours and by the absolute monomer pressure n

atmospheres.



C E 32.6 941435 359464 158.9 0.206 310403 A E 27.8 1277730 5647

0.204 219838 B E 27.9 1306600 380611 135.2 0.182 323883 C B628}2 553325
318875 130.9 0.203 371911 A F 24.9 538394 322048 36.7 0.113 736698 B F
27.5 345581 136350 29.6 0.184 1495135 C F 25.6 38809]1, 2805 0.102
831707 AWOWT/M8EPog68 305263 38.4 0..124 776067 ﬁ@@‘f'wg 126762
23.4 0.181 1862671 C F 25.8 317877 I§%436 25.1 0. 112 1066135 A G 32.8
529095 248672 54.7 0.155 680132 B G 34.0 727898 199555 61.9 0. 183 708686 C
G 29.2 481970 236278 36.7 0.153 996843 A G 29.8 541922 249355 53.1 0. 154
697270 B G 22.5 678695 224801 48.7 Pupldf 864847 C G 11.6 393259 173766
35.2 0.164 1118910 A H 27.8 1281727 770214 63.4 0.094 353776 B H 28.0
1017740 371580 133.2 0.169 304347 C H 26.9 1197383 733800 94.6 0.091 231325
A H 28.0 133040%Ri79DIEHt 7% Btege 1083345 Q56) ' 45. 7

0. 166 871582 H 27. & 985668 5535026 78453300. 12306969656209A E 183359 1139206
528162 159.6 0.365 24E669 2BZE 22M7229W9IB8 36923 120.1% 0. B8#$8863756 C E
31.3 1077142 393479 187.5 (2894 3REB70 35046 27191406846 6051¥93 143. 3 0. 164
275281 B E 26.5 1261551 399811 957800. 65684410316 C E2B2. 4 219888757 489391
39.9 0.151 909190 A E 23. b7542480668@48%06133. 8 185.2108 B.682830 32B8F 25. 1 382211
157275 23.4 0. 142 175247 JgaF 2617625336345875193188 26. 6283. 1067935664

24.9 538394 322048 36.7 0.113 736698

27.5 345581 136350 29.6 0.184 1495135

25.6 388091 231445 29.5 0.102 831707

24.7 519868 305263 38.4 0.124 776067

272 331338 126762 234 0.181 1862671

. 25.8 317877 183436 25.1. 0.112 1066135
32.8 529095 248672 54.7 0.155 680132

‘ 34.0 727898 199555 61.9 * 0.183 708686
29.2 481970 236278 367 0.153 996843

29.8 541922 249355 53.1 0.154 697270

22.5 678695 224801 48.7 0.176 864847

11.6 393259 173766 35.2 0.164 1118910

27.8 1281727 770214 634 0.094 353776

28.0 1017740 371580 133.2 0.169 304347

26.9 1197383 733800 94.6 0.091 231325

28.0 1330405 793966 753 0.105 334528

26.4 1005842 367618 457 0.166 871582

27.1 985666 552501 783 0.121 369655

319 1139206 528162 159.6 0.165 247669
277 1297955 369433 1214 0.184 363756
313 1077142 391479 137.5 0.194 338370
27.5 1406540 603749 1433 0.164 275281

QWP OEFPFOEPABPOAE>OEFOEPOEFPAEPOEPOEPOE>O® >
TEDmoQoOOQOM TN DO ERENEoOOQQHE T

26.5 1261551 399811 95.8 0.176 441031
32.4 1013757 489391 199 0.151 909100
23.1 542432 324864 338 0.108 767830
251 382211 157275 234 C0.172 1756247
26.6 336457 193188 26.6 0.106 955664
79 648240 338164 7.4 0.032 1044898
20.3 326268 153321 146.1 0.374 614538
253 335501 194869 57 0.093 3880139
33.6 632428 250031 54.6 0.148 649350
35.0 833868 276887 59.3 0.155 626298
305 503336 248427 34.0 0.136 0959154
34.0 631606 320913 457 0.144 755517
328 885361 400882 66.6 0.144 517167
35.5 470821 231047 325 0.144 1064290
26.7 1513491 945792 96.2 0.086 213555
24.] 1080331 451270 353 0.150 1020034
26.8 1503997 965301 945 0.064 162979



A F 7.9 648240 338164 7.4 0.032 1044898 B F 20.3 326268 153321 146.1 0. 374
614538 C F 25.3 335501 194869 5.7 0.093 3880139 A G 33.6 632428 290031
gjégzg.éjsoeggigg 959&3535 0 833868 276887 59.3 0.155 626298 C G 30.5 503336
4 A G 34.0 631606 329913 45.7 7 B G 32.
885361 40W@PVEMSH3 0 144 517167 C G gg 5 470821 231059193.%4902@%?%4 1064280 °
A H 26.7 1513491 945792 96.2 0.086 213555 B H 24.1 1080331 451270 35.3
0.150 1020034 C H 26.8 1503997 965301 94.5 0.064 162979 WD 2007/ 018743 i
PCT/ US2006/ 023404 1 34 Table 1(Cont'd) Activator Catalyst % Octene Mv Mh
QT(a) Yield(b) Act(c) A H 28.3 pRA1€.APEL29 62.1 0.101 391750 B H 22.6
1196811 566381 76.8 0.140 438666 C H 25.4 853983 434098 59. o 0.102 416684
A E 29.4 1739067 1171641 361.2. 0,156 77845 D 8» ooo 3509 140.0
0. 222 285604 Actiyapr 3Gatdysgglyfrigne304M80 16 0 ﬂﬁbm%’ﬁ@ 1 11141'24
377003 155.4 0.202 238569 288 E 291601439 PAH2° 303981 163810, 2%‘752}31127 CE
32.0 826184 263797 131.7 02242 289874 546381 28. 86.4343301494758%6667 9 0. 140
904519 D F 29.7 223543 112971 18539830. H8499814538A6 C §1027. 24468119 143140
20.4 0.139 1212667 AEF 26284 47963067 86W6®135.3610. 1300-666287778 F 29.5
245276 130613 29.6 0.A46 1374128791M0F 2863589 326788 203B228 28285604 100 641387
30.9 880288 324780 164.3 0.211 231067
27.1 1114124 377003 155.4 0.202 233569
26.1 891463 303781 163.8 0.210 231127
32.0 826184 262797 131.7 0.212 289974

C E
A E
D E
C E
A F 28.9 434332 247590 279 0.140 904519
D F 29.7 223643 111971 192 0.155 1453846
C. F 27.2 266119 143140 20.4 0.139 1219667
A. F 26.8 479632 286466 35.7 0.130 656287
D F 20.5 245276 130613 20.6 0.146 1274128
C F 25.8 326288 203926 280  0.100 641387
A G 28.9 497448 226962 51.7 0.163 568458
D G 26.5 407860 166429 49.1 0.184 673120
..C G 359 388306 155568 30.8 0.162 947030
A G 30.7 516519 224971 50.4 0.162 577513
D G 34.0 651541 551572 45.6 0.173 682201
C G 31.5 424935 202725 - 353 0.148 751995
A B 27.8 933784 508402 112.1 0.136 217612
D H 32.1 705849 324346 107.7 0.157 262970
C H 32.6 923314 509265 84.3 0.110 234987
A. H 30.1 1008994 589812 ‘1153 0.129 200642
D H 30.0 633608 292334 48.7 0.167 615887
C - H 26.3 968278 553254 1012 0.122 217794
A E 26.6 1113206 376594 130.6 0.190 261139
D E 25.8 812604 260344 131.5 0.206 281537
C E 33.9 830389 288859 51.6 0.202 704863
A - E 29.5 1086331 451706 71.6 0.173 435670
D E 33.9 754390 267926  88.7 0.205 416462
C E 313 864963 302902 107.7 0.198 330875
A - F 27.2 440115 250287 24.9 0.140 1012953
D F 26.0 220341 107690 19.2 0.152 1427263
c F 257 - 26626% 140377 19.1 0.135 1275079
A F 27.6 428823 250452 26.8 0.123 826119
D F 27.3 260176 139289 30.7 0.154 903520
C F 27.1 275397 154858 222 0.126 1025553
A G 36.3 575980 222526 485 0.170 630538
D G 28.1 462870 213858 33.7 0.159 846902
C G 35.6 450127 227673 33.8 0.145 770668
A G 30.3 541348 243450 47.2 0.160 609413
D G 25.5 423513 169533 33.7 0.173 923747
o) G 336 452305 215879 34.1 0.156 825330



A G 28.9 497448 226962 51.7 0.163 568458 D G 26.5 407860 166429 49.1 0. 184
673120 C G 35.9 388306 155568 30.8 0.162 947030 A G 30.7 516519 224971
50.4 0.162 577513 D G 34.0 651541 551572 45.6 0.173 682201 C G 31.5 424935
202725 35. 1995 A H 27.8 933784 508402 112. 12 D. H
32.1 70584@033‘%@1 107.7 0.157 262970.. C H 32.6 92331&@@@’2@%&"?‘3 0.110
234987 A. H 30.1 1008994 589812 '115.% 0. 129 200642 D H 30.0 683608 292334
48.7 0.167 615887 C H 26.3 968278 553254 101.2 0.122 217794 A E 26.6
1113206 376594 130.6 0.190 261139 D E 25.8 812604 260344 131.5 0.206 281537
C E 33.9 830389 288859 51.6 O. 202Tm4§g@0n¢d)E 29.5 1086331 451706 71.6 0.173
435670 D E 33.9 754390 267926 88.7 0.205 416462 C E 31.3 864963 302902
107.7 0.198 330875 A F 27,2 440115 250287 24.9 0.140Q 1012953 D F 26.0
220341 10769QAqiater (Copiyst PnOcjosp2 Mw E ocMp oos S8 1 40¥sidHb) o_4o49) 135 1275079
A F 27.6 428823A25045X 26. 8275, 12316636611662620 F 2923 260475 1386d9 30.7 0. 154
903520 C F 27.D 275387 154898 2X9%9D. 1218906025583 A GIZ5. 3 BIBYIS0 222526
48.5 0.170 630588 D @& 28. 12746287838222 3848613, 7 W.6159 846002 526548 35. 6 450127
227673 33.8 0.145 770668 A0@ 3013353 134@3@43451.347. 20018160 ¥OB313 D G 25.5
423513 169533 3B.7 0. H73 92B747 7651@ 3331W3452308.42158P95834. 16883456 825330 WD
2007/ 018743 PCTCUS20067 023434 841879 438440 546 0135 446619

(2) QT = Quench Time (sec); (b) grams; (c) Act = activity in grams of polymer/

(mmol hour).

[0095} All documents described herein are incorporated by reference
herein, including any priority documents and/or testing procedures. As is apparent
from the foregoing general description and the specific embodiments, while forms
6f the inventic;n have been iltustrated and described, various modifications can be
made without departing from the spirit and scope of the invention. Accordingly, it
is nolt intended that the invention be limited thereby.



-35 Table 1 (Cont'd) Activator Catalyst % Octene Mv WMh QT(a) Yield(b) Act(c)
A H 27.5 1169360 662620 102.2 0.129 226475 D H 33.0 698392 279906 51.9
0.172 598033 C H 27.9 838232 408637 50.6 0.148 526543 A H 30.8 1133963
694364 56.3 0.118 375733 D H 301 765102 339351 41.4 0.157 682234 C H 28.5
841879 438440 54.6 0.135 446619 (a) QI = Quench Tine (sec); (b) grans; (c)
Act = activity in grans of polyner/ $ | hour). 100951 Al docunents
descri bed herein are incorporated by reference herein, including any
priority docunments and/or testing procedures. As is apparent fromthe

f oregoi ng general description and the specific enbodi ments, while fornms of
t he i nverngLaMBave been illustrated and descri bed, various nodifications can
be nmade W thout departing fromthe spirit and scope of the invention.
Accordingly, it is not intended that the invention be Iimted thereby. -36-

CLAIMS 1.4 A fl&ﬁﬁ@?@%ﬂﬁ;@%ﬁe&gfgﬂiﬁgﬁ el the formula:  C*' [B-(ArRo)4]

where Ct' 'is a ca I'ng an al kyl group from or breaking
a carbon- netal bond of, an orgam' [BetafRj)4 compound; Arf is a fluorophenyl

group; nis 1 qr 2; and ch. R is, independently selected froma
f1 uor ophethfre Gt dupoaliva Capﬁa?%%fr%ﬁaﬁwswmaﬂgr &P ﬁ%g{r gubrgEing P.aerg]vm_en n= 1,
each R 0rAuR Hodd 60AAGFEH nittalileomisoaie! AF A1 Aidkephedl ohdifp, GAIN6CATAR Det veen

t he associated Arf group and the boron atom and, en n=2; t groups are

connect eckach Riihimdépepdeithyiselectad fromeflrepenyli groupr and pfbtoreraplthyledraup, ve t he

connection hetween it he associated Arf qgroup, and the boron om 2. The

fl uor opheoﬁ?/‘flg%lrv\g?tembef" nc_lella?aﬁﬁ SR &i¢ m%gtc?ﬁ a@??'ﬂ"ﬁ@%éﬂﬁgﬁ%? sel ected from

a perf | uQhaikasy betgeat e aidciated Arf dros AAREbEh a@hOLY, when AEE the R

fl uor ophenyl borate of claim1 wherein each Arf is a perfluorophenyl group.
groups are connected at the 3-position and the 5-position respectively relative the

connection between the associated Ar® group and the boron atom.

2. The fluorophenylborate of claim 1 wherein each R is independently selected from

a perfluorophenyl group and a perfluoronaphthyl group.
3. The fluorophenylborate of claim 1 wherein each Ar' is a perfluorophenyl group.

4, The fluorophenylborate of claim 1 wherein Ct" is selected from silylium, trityl
carbenium, Group-12 metal, anilinium, ammonium, phosphonium, and arsonium cations,
and anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein the
cationic derivatives contain C; to Cg hydrocarbyl, hydrocarbylsilyl, or hydrocarbyl-amine

substituents for one or more cation hydrogen atoms.

5. The fluorophenylborate of claim 1 wherein Ct" is a [4-t-butyl-N,N-

dimethylanilinium] cation.

6. The fluorophenylborate of claim1 and comprising an anion selected from (meta-

CeFs-CsF4)4B™ and 3,5-(CgFs)2-CeF3)4B".



4. The fluorophenyl borate of claim1 wherein Ct' is selected fromsilylium
trityl carbenium G oup-12 netal, anilinium anmonium phosphonium and
arsonium cations, and anilinium amonium phosphonium and arsoni um
cationic derivatives wherein the cationic derivatives contain & to C8

hydr ocar byl , hydrocarbyl silyl, or hydrocarbyl-am ne substituents for one or
nore cation hydrogen atons. 5. The fl uorophenyl borate of claim1l wherein '
is a[4-t-butyl-N, N dinethylaniliniudi-cation. 6. The fl uorophenyl borate of
claim and conprising an anion selected from (nmeta- C6F5- C6F4)4B" and
3,5-(C6F5)2-C6F3)4B . -37- 7. An olefin polynerization catal yst system
conpri si a ( LS i ¢ conmpound
and (b act e et R S R oyt o

[ B- ( Ar r Rodostiprising me o@asoinstabliccampomdoag 4b) an aofivasont soaprrising aompbinyd  gr oup
from or breaki q HE rbo&; nmetal bond of, an organo netallic conpound; Arf
is afl u&F@ﬁT‘F@#@I ng%g’ﬁ?’“ “is 1 or 2; and each Ris independently selected
froma fluorophenyl group and a fdttu%g_mnl)}]hyl group, provided that when
n=1, each R grqoup is connected at the 3-position relative the connection

bet ween tweera€tds b aation cApablgpinxiracting antatkyberoup fems or busakinghsarbpe2; the R

9T 0UPS. S GATEEAl oPlon I8 AOOSIRE AP {15, S00A B n T FRES ! ¥

relative connection betwee € assodi a and oron
atom 8. chbieRd@indbpeatemtlyseRoted troal afliordphshigl goup adchilRroaphthgbgreasient | y

selected frao per fl uqgrophenyl group and a_ perfluoronaphthyl group. 9. The
cat al yst P§9‘§?§ﬁﬁ"‘6"fw}lqndﬁ=rln FRSTRIRS EQRIFC gﬁf@%a{mﬁ’éﬁoﬂlr?r]%“@d enyl group. 10.
The cat al yahecivs baWet theladiotlated MILHB P arfd the bérof aldat bkl WhERBESIthyki um  trityl
carbenium Goup 12 netal, anilinium anmmoni um phosphonium ‘and arsoni um

cati ons, greupd asmédnnedtedyt thendrpodition anditos hhositionmespeatively sdativetheat i oni ¢
derivatives Wnergi n th catigi iA:rf deri vaaisthvgs cog)t ain C, to Cs hydrocarbyl,
hydr ocar b“g?f’g?cflﬁ?,etgferhélﬁtaﬁs@&ﬂ 9| M PHR AR EYOP 38 's for one or nmore cation
hydrogen atons. 11. The catal yst systemof claim7 wherein CGt' is a
[4-t-butyl-N, N dinethylaniliniun] cation.

8. The catalyst system of claim 7 wherein each R is independently selected from a

perfluorophenyl group and a perfluoronaphthyl group.
9. The catalyst system of claim 7 wherein each Ar' is a perfluorophenyl group.

10.  The catalyst system of claim 7 wherein Ct" is selected from silylium, trityl
carbenium, Group 12 metal, anilinium, ammonium, phosphonium, and arsonium cations,
and anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein the
cationic derivatives contain C; to Cs hydrocarbyl, hydrocarbylsilyl, or hydrocarbyl-amine

substituents for one or more cation hydrogen atoms.

11.  The catalyst system of claim 7 wherein Ct" is a [4-t-butyl-N,N-

dimethylanilinium] cation.

12.  The catalyst system of claim 7 wherein said activator (b) comprises an anion
selected from (meta-CgFs-CsFy)sB™ and 3,5-(CeF5),-CsF3)4B.



12. The catal yst systemof claim7 wherein said activator (b) conprises an
anion selected from (neta-C6F5- C6F4) 4B- and 3, 5- (C6F5) 2- C6F3) 4B-. -38- 13.
The catal yst systemof claim?7 wherein said catal yst precursor is selected
froma netallocene catal yst precursor, a bisam de catal yst precursor, an
am ne bi sam de catal yst precursor, or a pyridine bisam de catal yst
precursor. 14. The catal yst systemof_claim7 wherein the catal yst precursor
(a) and the activator (b) are preseh% in a ratio of about 10:1 to about
1:10. 15. The catal yst systemof claim7 wherein the catalyst precursor (a)
and the activator (b) are present in a ratio of about 5:1 to about 1:5. 16.

The cataligst g%stantydfsystem oTclaimhariRldin Eeh@cﬁﬂ?s?t SursdF RGeS fibfla and the
activator (b) are present in a ratio of abou 1 to about 1:2. 17. The

cat al yst wajkOémeo:at shPIePTrserna bispmide entalystairertises, an punobisasidppaialyst 18. A
process %&uggl%ggbkﬁ&ﬂg %mkﬁgg&%$g3(9+§&ln nononer conpri sing contactlng
ner w’t e m 0

said nond yst Sy claim?7. 19. The process of claim
18 wherein said ol efin nononmer conprises at |east one of a C2 to C30

olefln C30, di ol efi C7_tq C30 vin aronatlc oner and a Cs to
cycﬁi“c olTBf FHalyssystem o r}ﬁlraBE 3§‘§‘e&fm the £ATHYPEPTGFHET & (%) %‘alﬂéf" HHEFPH nononer
C 0 r’rp ri segyRhOYIEaR P8 of 2B Y €8 8bout 1:10.

15.  The catalyst system of claim 7 wherein the catalyst precursor {a) and the activator

(b) are present in a ratio of about 5:1 to about 1:5.

16.  The catalyst system of claim 7 wherein the catalyst precursor (a) and the activator

(b) are present in a ratio of about 2:1 to about 1:2.
17.  The catalyst system of claim 7 and further including a porous support.

18. A process for polymerizing at least one olefin monomer comprising contacting

said monomer with the catalyst system of claim 7.

19.  The process of claim 18 wherein said olefin monomer comprises at least one of a
C; to Cyg olefin, a C, to Cyg diolefin, C; to Csp vinyl aromatic monomer and a Cs to Cyg

cyclic olefin.

20.  The process of claim 18 wherein said olefin monomer comprises ethylene and/or

propylene.



