WO 01/42249 - | - PCT/US00/ 33590 OLEFI N POLYMERI ZATI ON COCATALYSTS DERI VED
FROM GROUP- 15 COVPOUNDS AND PROCESSES USI NG THEM TECHNI CAL FI ELD Thi s

i nventi relates to ionic catal yst systens, especially
polynersjggf)ﬁéﬂ"%rocesses using ionic catalyst systens; t?%gpisg%sssg?s for
ionic catalyst systens conprising Goup-I|5-containing cations and
noncoordi nati ng anions; and to nmethods of use of

G oup- PEERENeFREMERIFAT 39N ICAGA TOEY $ 9N BERIBATKGRAUNDUTHE CeNTAUNA® B oPRPCAS]ESNg
ani on" (WNGAF THMnow accepted 10 terminology in the field of olefin and

vi nyl nmononer polymerization, both by coordination or insertion

pol yreri zat i G ¢HAKMLIEEWdcat i oni ¢ pol yneri zation. See, for exanple, EP O
277 004, U.S. patent 5THi98nddtionBelates tdliohimetatdlyst eysterhs,, especialiyn toChem
Soc. 1994, 116, 6435-6436, U.S. . patent 5,%12,881, U S. patent . 5, 668, 234,
and WO 98/ 038 é‘[‘e“ﬁ%%@ﬁ%@&e&ilﬁé’% G SABRST SYRCMEstor PIREHSPS 105 1PRiScti on as
el ectroni c sh@Bist ispte@s Cé?}MBr%ingGﬁoﬁ;ﬂ!S—S&fﬁt@imdg?_kiﬂbn@%ddoﬁb&oﬁ?&iﬁ’édn cene
conpl exes that "are active for polymerization. "The term noncoordinating
anion as usewnkend tappdthads afosholt GrouptlSyeleroens ontiiniag catipnani ons and ani ons
t hat at rmstCB %gg)@%nate so weakly that they are |l abile enough to all ow
for ol efini &G* l.eni ¢ mpponer i.nsertion. ”Tgﬁﬁe noncoor di nati ng ani ons
can be effectively intr5ddé&8Y FENFoxrdinating, apinsy i7On 1$reffWinfcsRisdr at e

fromgt he or gaRRARLA lih Ghe BERI ¥Sblefiff UNROHAA RAbnBhENbNSHeW { al yst
pri oro to adding i tgit/cl) t he pol yrrereilzati onmrred?um@rngs?Bre%ﬁbgdmggf% salts

cont ai ni ng chendgetionloamesertgpnc pelpnenzaiion and . cafwichtiani Spolyateematidn. 19&;, 401 and

WO 97/ 35893 .speci fi.c res nitr - cant ai ni,ng,.Bro ed gcid cations
that are caﬁ?ﬁ?@”&le’a%épgggﬁpggﬁasIpé'lif\??%g%é@ I g%fi’l &Slglfrﬁgz‘{v gnaa}nelut ral,

or ganonet al A hemsiddcONon®t alo CodB g, NI SCWakRf LPMENAS Sbypatlppating a
proton to such |abile groups, thus rendering the catalyst precursor
conpounds catf68ii34. an@ig‘ﬁﬂ)\‘)ﬁ@ﬁﬁ@ﬁ-a Tenpendobrdanatimguaniens ateadescriged to

noncQor di natﬁimn Ogni o119 rgh%' Rat ent SleEIQFBdHAqu‘lr dsesctr ilges,(1 cat al gtsh activator
compounds r epregadt SEBYMEREY SRR PRI B FRETHA Y CaHOR G TISME-  wher e
L' is 30 a wempledts thasere ackiv&for polehicdigetiorat Die A rohdbordinafidEnionas - Q '] 1S
a netal or netalloid atomconnected to a variety of |igands, preferably
where Mis Berdbobergrapligsykoth to fenemcoprdingtinggraonst nd iR Hiat at B9sth as

PIETY!, SR A AL ERSON s BEEH A M P i 3,500
-2 ammoni ummanplee kasrton, dlHdsdNnok@bkdihainigl anfonsroaa drepdfiecasely \WMRr@iicdb893
des e bes gt Al S ranraton Mhedtam? Sepatate’ Hom “he orzandmetatlic Calyse L= 1+
compound or premixed with the catalyst prior to adding it to the polymerization
medium, as Bronsted acid salts containing charge-balancing countercations.
Both U.S. patent 5,198,401 and WO 97/35893 specifically address
nitrogen-containing Bronsted acid cations that are capable of abstracting a leaving
25 (labile) group on neutral, organometallic transition-metal catalyst precursor
compounds by donating a proton to such labile groups, thus rendering the catalyst
precursor compounds cationic and providing a compatible, counterbalancing
noncoordinating anion. U.S. patent 5,198,401 describes catalyst activator
compounds represented by the formula [(L'-H)" Jaf[(M")""Q:Q; . . .Q,]* where L' is
30 a neutral base, H is a hydrogen atom and [(M')""QiQ; . . .Q,] is a metal or
metalloid atom connected to a variety of ligands, preferably where M is boron and

two or more of Q, are aromatic radicals, such as phenyl, napthyl and anthracenyl,

each preferably fluorinated. L' is illustrated with various trialkyl-substituted



[BQ 4] - where L* includes nitrogen-containing neutral Lewis bases, Bis +3
boron, and Qis a fluorinated C1L 20 hydrocarbyl group, preferably a

fl uori nawed1822Py| group. The cocatal yst conpounds are safG@I/Uspo3ads¥ender ed
soluble in aliphatic solvents by incarporation of aliphatic groups, such
as long chain alkyl or substituted-alkyl groups, into the Bronsted acid
[L*-H +. Bi s(hydrogenated- tall ow al kyl) net hyl ammoni um and

di (di cosyl ) nmet hyl -ammoni um salts are exenplified. 10 In view of the above
there is a emmtonhwi ngmdedtsf ard Modadialkykhilinanh i stahplexescorpoudssegs h t o

i nprove i nstt r.hal econom cs and to proyide alternative synt he*si s, and

pr epar at i ondFEIRTHSOBFIYH ACHVUBE £PRIPOURdSC ERRFRsEMad by the 15D t he
catal yst actp i Gt § : e Lt - aj n.hg ocat al yst
compounds. oo irbsu] e B iadSy i AROKIhE GRAR] ERDRTBRENTE FDEFS

hydr oni um abenen, &ad Qf s & Himodosted &ti.ndydroshbyhizicup, pedeanblyna flibesaed
conpQunds are Lew s, bases that may interacgt with the strong Lewi s acid,
orga(r'?iomat al ?ﬁygg“’eat jlh§§?°a(t,%ﬁ'§tﬁﬂg’,p°éﬂ aﬁﬁ?alﬁﬁo E%Fﬁé‘dﬁ'& ég}ugg"v’é‘r Bh3tG nterfere
wi th overal {olvé@d WieidcdAidraibnk bPefliphtic $86upsn sBEK tdsClHnB" chdify HkA28r 637,
where the use of carbenium oxonium and sul phoniumcdations are taught for
r epl acenent substifutagi-alkPlogtvaips o ribe Rvonsted heeids [ighéHt.i oBis(lnatrogeataty st

poi sons andtaHn\g/eaii( rl?bl 6 [ esi dual %@ri n§f .can thli? be avoi ded. A BRI EF SUMVARY
Enbodi ment 20V ik s THILRABINWRqrads  $UGiFsy BREt ammpuni nlts péf§ol ef i ns
from one orexgaiggifieief i ni ¢ nononers in which the olefins are 25 conbined
with the reaction product of i) an organonetallic catalyst conpound and ii)
a cdBatal yst conpl ex BHoism Qfﬁée abeye dhreoany la- ¢angganmgsudsdt for utosatalyscondar y
am ne or phgosphine and a up- 13-.-based noncoordi nati.ng or, weakl

coor di nat i n%%g%:'%n.cg 8“?%@?1& i;on '@SEOa%eafvgftglaLreBWOd’éw eaélfjdf?alpr%‘%{’ﬁlene or
phosphi ne carepnitingsyiithedis bRHpeparabias infdthads loFltRdsk \Bcdtybth@hophdd. N pri or
art, as 30 well as noncoordinating or weakly coordinating anions for

or ganomet al RarécwWaf dhe satalys nipterBan tisagtioax Ay bihe ahaver Pgioggn-gontaiging

pol yneri zatd RYIRY! 4224 0 -3..The term

noncoor di naétogﬁtsgg{nF%’?\b%lgﬁag\é\grgﬁte%zﬁ)ep ﬁgg%ﬁgt%"fpo%%ggﬁlly%yn@ %:85?}51 nati ng
ani ofis and lydosrdimattomgHa Nnahs adthating peotbesidnaeatidh N athiestoL tddatpousdsef i ni ¢ or
acetyl eni c nononers. Th%se noncoor di nati ng ani ons can he effectively added
to a pol yméf'f IHRAREANATTEY BEEREED WRE Btrene deyinarid: argapemstalist ai yst
conpound b agdi ihhqt h i.Zal | i as,:Bro d acid
salts cont gdica%inﬁsé %*gﬂig’n\a}g%t@g% g—‘hg?g%ﬁglegn%c}\%gegg%%g??aﬁlﬁlsd.l'%@TAl LED
DESCRI PTI Oyolymerization kinetics. See in particular, EP 0 426 637, where the use of

carbenium, oxonium, and sulphonium cations are taught for replacement of Lewis
20 base amines with the suggestion that catalyst poisons and undesirable residual
amines can thus be avoided.

BRIEF SUMMARY
Embodiments of this invention address a process for preparing

polyolefins from one or more olefinic monomers in which the olefins are
25 combined with the reaction product of i) an organometallic catalyst compound
and i1) a cocatalyst complex comprising a fluoroaryl-ligand-substituted secondary
amine or phosphine and a Group-13-based noncoordinating or weakly
coordinating anion. The invention cocatalysts provide residual amine or
phosphine compounds with reduced basicity relative to those of the prior art, as
30 well as noncoordinating or weakly coordinating anions for organometallic catalyst

complexes that exhibit surprisingly high polymerizition activities.



The invention provides a process for olefin polynerization in which

G oup- 13 _cocat al yst conpl exes and transition nmetal organ | 10

cat al ystwﬂroé/éﬁzr“gor conmpounds can be conbined to form act %ngf@%oé)is?sgo

pol yneri zation catal ysts. After activation or essentially concurrent with
activation, the catalyst is exposed to suitable nononer that has accessible
olefinic, vinylic or acetylenic unsaturation. Using the general formula
[L-H ' [A]-, where [Al- is any anion 15 suitable for ol efin polynerization,
the Lewi s base conpourld®§ term nejcoprianatingentqnoss ussd diereyanpliss pothgadedy on

fl uori nat ed | - 0 1 g f - A E- wher e
AF s o f1 IoRsarsFATRCHTES FRELbrhlR URH S £F TS TooRindlil B BT

i ndependent biefiaiClorCa€ety lemie amamonteranc Hddseh ynosadingtingr anibnsdroasabbyl si | yl
substi tuent. Addi [i onally, the two.,R s may connect .to forma 20 %ubsti tuted
or unsubst i eliedtyeladdsd shapeamsrizain. Refibgen reuixedyitbsg orgdnomsialiiphat i c,

C2-CLo hyro - ar I B 1 ocar byl
or hglsl ogenatg ggry%!éﬁrg%%}%yﬁ&gﬁﬁtq g%]cg t??{i&e;?!())%nf Pg%tllj nzgtn??lggenn% q?)rr? H%’tﬁ%

ni trogen at ecndcalts domtsmhg the inyedionrchangsthastnicingtoedntgtoanighs. or bi phenyl . The
substitutiopns can be on ring carbon atons, or the ring carbon atomitself
can be 25 stBHIMLERTEGCRYTIONGI ng a hetero-aromatic ring. Sone, enbodi nents
use a perfluorinat ed TAE geentiony proyides e procest et ol POYErBAlQD 1R near or

branched, = {puqr icgkgég-gﬂfco&ﬁl&#gﬁrgg}teﬁ% ginﬁyhar?sritifrl kel g%@%&&iﬁ@t- Sone

enbodi nents are on the uor oaryl - I'1 gand- stituted
am nes, ArFedti®st wretiesdrheonfpoundsoadayl Hei ganthinedr Fp rfaym bactavef | alefim- or

perfluoro-substituted aryl. R represents 30 substi t.u} ed or unsubstjtuted,
al kyl or cyE?lé’%F‘%VFO”grcéé‘ﬂ)‘é“sas S nét2H8Y e Or WiTF eI ]?'?aﬁmlfé‘"é’@i ettt

| ndependent Ly, ,20ie (RTRad), s nd %x?H&%’dOYo 50RO hOMMRG BYEIHS agBGANdarY

am nes: N-pentafl uorophenyl pyrrolidine, N-para-nonafluoro WD 01/42249

PCT/ US00/ 336k€inic; #inlyliphemetydgmiounsituratiolN- t r i decaf | uor ot er phenyl pyrol i di ne,
N pent af | uoro- phenyl pyrrole, N angnaf | uo i phen rrole,

N-tri decaf | uor ot er phe%l"%%?%?ﬁ@%?@ @ﬁr'ﬁhl [fgf ‘g%ﬁ%ﬁ?/sﬁé‘?'iaﬁf%e, o

N- pasanonaf biyabRbiop BRAY pBl yRedriAife thd\t ewisibdecainpinad, ¢!, Bharh@ingghi di ne,

N- pent af | uor ophenyl i ndol'i ne, N-paranona 5 fl uorobi phenylindoli ne,
N-tri decaf | agsrtppiezlpheasgd pmopiipied ampersorpoundsonegitngrih¢ gengoll éormula

N- par anonaf Lugr.obi,phenyl | rdol N-tridecafl uorot er phenyl indol e
N- pent af | uoir{(b%ﬁlwgﬁ%}gfv Z‘telyedil‘ %SI,S aﬁll-uﬁ)éoraé‘ﬁlol}ﬁf] ?’u%'rso%tiro eé]n()); ngézgse[fhlocrlpl ur?ez,mdl\l-t ri deca-

f 1 uor ot er phequyl Razahi€hen@entN-PENTHS linear Srianahad ihyi@dca®yl & par anonaf | uor o-
bi phenyl aziridine, and N-tridecafl uoroterphenylaziridine. 10 Effective,

i nventi on Ghyripearyleibdatbstipant c degitiopakly. shetvd R's swaveconaems st s, deri ved
fromyan ionjgaRkdd GAUMRLLsEbRG, Dafb e RREHL R rhal E AR 1E,-Cao

cycloaliphatic, C,-Ciy hyrodcarbyl or C,-C hydrocarbylsilyl. R'1s a C-Cy
hydrocarbyl or halogenated hydrocarbyl. Suitable fluoroaryl substituents on the
nitrogen atom can be substituted or unsubstituted phenyl, or biphenyl. The
substitutions can be on ring carbon atoms, or the ring carbon atom itself can be
25 substituted, yielding a hetero-aromatic ring. Some embodiments use a
perfluorinated aromatic ring. The R' substituent may be a linear or branched,
fluorinated or unfluorinated alkyl or alkenyl substituent. Some embodiments are
based on the following fluoroaryi-ligand-substituted amines, ArF-NR;, where the
fluoroaryl ligand, ArF, may be a fluoro- or perfluoro-substituted aryl. R represents
30 substituted or unsubstituted, alkyl or cyclcoalkyl groups as defined above, which
may be selected independently. Some embodiments employ the following cyclic

secondary amines: N-pentafluorophenylpyrrolidine, N-para-nonafluoro-



ani oni c conpl ex, represented as: [L-H+ [(M)QLQ . , Where [L-H + is
defi ned above, Mis one or nore Group-13 netal or rret aII S’q' 0/?556“:' udi ng
boron orvaPYM2Am Each Qis aligand effective for provi ng 3fectronlc
or steric effects rendering [(M)QLQ2 -4- .Q,]- suitable as a

noncoordi nati ng or weakly coordinating anion (as that is understood in the
art). If an anion is noncoordinating or weakly coordinating, it is

referred to, in this  disc]osure _as substantl alcl y noncoo&jl nating, which
means that PiPhepypyiokidinesNagdeqsfiliyarotgrpheny pyroliding N-geptpiductaough to al | ow

for olefi mApte Iynlgﬁ'%lé”b@%x%n BRibi Heﬂilg)%g%nthHHk&gluﬁroQ%M%é i zation

reaction. 1 vely, ICI r'of Qcan be'c en so that
[(M)QLQ . pyfdle; Nasenaaﬂniondpeem)éplpérﬁ@ne |N-qaaasomﬂdd®¢b1phdﬁymnpﬁrmﬂqe -

substltuents ave from4 to. 20 carhon a ' heir fuysed or unfused ring
syst ens, é@a YFORFRIIT B PIRSTISE: %ﬂ?ﬁ@? eroshguftipeeting - Rtadars
substsi tUt' Oﬂﬁon%‘B leh{GRlolite, NLEh AR driRIpHRAY BHoRNMY N @eRidRSoroPer f | uori nat ed

aryl ~ groups, and may I nclude substituents other than fluorine
subst i t uent ghemgilioHolasN- ﬁalramnaﬂhaireidphgxdhoédcmegsrcaﬂpsrotd?p}m‘nehndxde

fluorinated,aryl groups incl. C18 or a ups such as
ohenyl | bi phapoNtaitiotiepyazeH n&ﬁm&ﬁ%ﬁﬁ e R et

di scl osur esﬂﬁf)ro%r?h e Rz8idife, 5\%91%&14@&0 %%n&%@ Nx?;ﬁra%oagt&m}@ 5 447, 895,
5, 688, 634 895, 771, WD 93/°02099 V\D% 9845, 99/ 43717, WO 99/ 42467
and copendi hphengazicigisei mNﬂmd6§eﬂuCHbtemh¢DEhaZIFKdg¥eZ6l 627, f| I ed 3 Mar ch
1999, and its equival rticu

PeT/ oo 33500 5| ntlegivs varRgoE SHofe T3 ios e E, et ot o
i ncor por at egmbydinRhe &Rfifed Bom MNGAGE Q&I Aonlprishg PALQIViRERC Gréeh-1The

cocat al yst conpl ex conprising a fluoroaryl-ligand-substituted secondary
am ne or phé@phﬁcrﬁéﬂw gp@seuipd 28- based noncoordl nating or weakly 5
coordi nating ani on can general jyy o? gr reactl ng a

.C

fluoroaryl-|i st tut def bove a strong
B onst ed acthbdteB o é?tﬂafitamva& IS P o 8}9{9 PR AR AR PedIBR: amon um
catign counmrm AeRsh oW dllininle. arEan Q &08j u@aideeﬂe&@eofort pRvakagd. The
resulting salt, ; ArF-ER2- H +[X]", is then reacted with a Goup-1 or -2

salt conpri glﬁﬁgorac s tsigsice eRierts atenderintes cMIQI Qabove,.Qahdsuitables a5t at hat now
conpri ses tn‘%‘or Pd?r?&tﬁllq o%}egmlc%8ml.§59@g%ﬁm%a(§§g@gglJnﬁsrs o(atht‘)?ED ). 1€ metal

is renoved exa (p uorophenyl orate can be

conmbi ned Wi &M adignr @t ﬁ@t&b@ﬁﬂlnatﬁlgyd)ramﬁlﬂymo@dhhmﬁgjet ti© ryﬂ‘ealed 8 pr efionat ed
ar yl anmoni um tetraki s(penta- fluor ophenyl ) borate coggound and LiCl, as a
bypr oduct . 4iscl @f&egsgﬁ”g%m&l ly| negsperdingfing whichemedisridat Broorinatesset i onal -

20 weakly that it is labile enough to allow for olefinic or acetylenic monomer
insertion during a polymerization reaction. Alternatively, a sufficient number of
Q can be chosen so that [(M")Q;Q: . . .Q,] as a whole is effective as an NCA.
Exemplary Q substituents have from 4 to 20 carbon atoms in their fused or
unfused ring systems, especially from 6 to 20. Q may be substituted. These
25 substitutions specifically include fluorinated aryl groups, perfluorinated aryl
groups, and may include substituents other than fluonine substituents, such as
fluorinated hydrocarbyl groups. Preferred fluorinated aryl groups include Cs-Cig
aryl or alkylaryl groups such as phenyl, biphenyl, napthyl and alkylated
derivatives thereof. The disclosures of U.S. patents 5,198,401, 5,296,433,
30 5,278,119, 5,447,895, 5,688,634, 5,895,771, WO 93/02099, WO 97/29845, WO
99/43717, WO 99/42467 and copending U.S. application serial number
09/261,627, filed 3 March 1999, and its equivalent W0O99/45052 are particularly



group-contai ning netal oxide, netalloid oxide, or polyneric support. See,
for exanple, U S patents 5,427,991 and 5, 939, 347, each ] ed by
ref erenc Oqlé'rzzﬁurposes of U S. patent practice. Suitabl eﬁﬁg@é@%%

metal |l oid supports include all netal -or- netal |l oid oxi des. Some enbodi nents
use supports that have surface 20 hydroxyl groups exhibiting a pKa equal to
or less than that observed for anorphous silica, i.e., pKa |less than or

equal to about 11. Accordi n?I )@1 ang_( of the conventi o&‘gl ly known silica
support nmat SSFHFEE pato peitable, (hyehshipntsgrnsligee Hcpmoratee Ry fersnss far | |

function w bp?g%@ df@)’.gf‘;fajtélﬂpri%%@ enbodi nents enploy supports such as
ITica, si a

net al - oxi de, , Ica-alumna, alumna, clay, talc, etc. Silica 25
particles, gels and glThssotmads @mplerosimprypng alfluoRmryirerand-sabypipaed s
typically contain hydrox ctio rou Addi ti onal |

| fu al S, , ot her
functional HFQBFAY Ao’ BWPE%&HB&@ Prb-basgd Spneqsedingmeer yeklxy |
am ngs, secendamytifd kilon2BngeneralA bOIHIESRed W eleBetidiea 9 [@h&and-

structurally incorporated in~a polyneric chaih and Capable of protonating
and 30 r epl adishgptahaniot compo@dandef@edabare with i gaonsBradeted atwrtodomnpl e, t he

functional - group-cqntainin ol yners. of U.S. Patent .5,6 288,677, th
functional i %grﬂfoﬁg‘?&?ae or ﬂ[ﬁg\%ﬂxﬁ%\é%ﬁ‘f@d sAimBonyigy catin uhtgEalanced i on i n

U'S. appl i caiihomeSRidrl WRuOHE4R2A9 RELLIR00/TR3T0Minsile, [FOARTERIZ0, 111 ed
26 V arch 1999, and its equival ent W99/50311. See also 98/ 55518 where

prot onat ed HiiEhi isnthemreastedrweith at@ospdrared salt qooipyising « suitabbdd Ciloas

reparing s ort ol efi ol rizati on catal,ysts. | are i.ncaorporated
DL Pt oo RBRhEE thoRlss ol sp By BBy, i BE B Panstiah Y roieA e hods
for supportpig aad alhgsGroysltens Lhahethiave fmdVed COoEat akathpleWMilthiugl SO be

suitable for supporting this invention's catalyst conplexes. Thus, the
i nventi on cktrakigene8upioghenylibatatal san bdephgemeiaed y widepadsi petpngtedor

o1 SoARBHAR G B VB L Hyon Py B BIAIR! 7511 0
and 5, 610, 1fiborophcnydbbiatdcoipcind @ahé Li@l, poh yywobdaat i on catal ysts that are

useful with this invention include those conmpounds useful in traditional
Ziedfer-Natta pol ymePns2ispumey ligardmaycalie Reoringrad tQimfungtipgaliknown to

be useful i Qb XARfidS Ae i GhechiNfid | RYEN O HRIARLAY AhPbR. 3L 3Gt 1 vate
t he cat al ysgmgpecur scl)r%. éiﬁrbmeée tyglﬁcac[;(l y i n u}gg CSrOLFg)- g'— lg&f r(gnsi tion
met al conpoexadplé, Ushipatenat 5428391 ahé,938134l7, kachaindorpamtddebypraftrenat ed by
the activatprs. Typically, those |igands B include h %ide, al kyl and silyl,
and their |@\R@Ptpéz?%wﬁéébgitm&%wec D)y g qryag g?lfmnogaﬁ%@u‘_%apab| e of
bei ng abstracheeth aPthetdiRNEbkide BhElmbBIRMMHISse GAPHEI BlahBaveh@atac! ude
t hose described in the background art, see for exanple
20 hydroxyl groups exhibiting a pKa equal to or less than that observed for
amorphous silica, 1.e., pKa less than or equal to about 11. Accordingly, any of the
conventionally known silica support materials that retain hydroxyl groups after
dehydration will function with the invention. Some embodiments employ
supports such as metal-oxide, silica, silica-alumina, alumina, clay, talc, etc. Silica
25 particles, gels and glass beads are most typical.
Polymeric supports typically contain hydroxyl functional groups.
Additionally, other functional groups may be employed including any of the
primary alkyl amines, secondary alkyl amines, and others, where the groups are
structurally incorporated in a polymeric chain and capable of protonating and
30 replacing one of the Group-13 anion’s ligands. See, for example, the functional-

group-containing polymers of U.S. Patent 5,288,677, the functionalized polymers
of U.S. patents 5,427,991 and the description in U.S. application serial



20 US patents 5,198,401 and WD 92/00333. Synt heses of these conpounds are
well known fromthe published literature. Additionally, where the netal

| i gands WU hal i de, amido, or al koxy noieties (for SaHpW/33590

bi scycl opent adi enyl zirconiumdichloride) that are unabstractabl e using

i nvention cocatal ysts, the |I|igands can be converted into abstractabl e ones
t hrough known al kyl ation 25 reactions w th conpounds such as |ithium or

al um num hydrides or al kyls, alkylalunmoxanes, or Gignard reagents, etc.
See al so EP- m109®2'5’735399ﬁ2edf2ﬁ Mareh 19epanilGrs mulmigmwapemoamm cSeeqatsunds with

dlhalo subst Iocene ounds be ore addin tivating anions.

document‘gbgéﬁgls ﬂ%o oF BT ?/‘P BrER S8 t? ére b‘HFrﬁB%é%dCHf POIY8IETIGat ent
pr actl ce. 3bedde BAL pRparidd SFBpsEA CABLRI ﬁbﬂyﬁa‘éﬂkidoﬂn%'at g&%sc“ R o for
nmet al | ocene conpounds that conprise, or can be alkylated to conprise, at
| east one Ilﬂma@dmbt@r@ﬁe frsipugpoatsefiast paentpriaticen a cat al yti cal | y

active cation, e.g. 42249 SO0/ 33590 0 129 368, US
patenst(:a s 4,871,705, 4, r2 WIp Ing zf’dlégﬁf %lﬂpﬁ”@gﬁégbﬁiys‘e’@ﬁt thagef 756,

WO A- 92/ 00338 A WdchtaBAl GEA71Isard WRST 255 ipporiteN thifBhRNkiBR]NELtAQEPOUNS
can be described for this invention as nono- or

bi scycl opentcaEPExes-- Tt |th®tléﬁntl@ﬂ0¢§¢ﬁlﬂit complegs way - Gsmch@pphmdﬁzallyn whi ch
the 5 |igangs e substituted w more groups and may
be bri dged% O o hﬁ“%‘?t n%"ro%réat%rsi‘%f)é’é‘d"‘tag) shale 5510 PYAgPInetal

t hr ough a heickingatadnW( /69882, N0 0IN$1 72 URTE W65 7bb eard URSdSaemd
bridging elenents is not critical to preparing invention catalyst systens,
but oul d B&0SdPactéP 210t e literature-descri bed manner to enhance

pol ynmeri zation activit aracteri stics.
When bridged to each oth l%n%nyh‘%aq & ;ljp%nﬂﬁgd}{ag T ng% (tﬁ;ag cihdt ﬁé"l

substituted v\oghcﬂhmmmhrenmludbaﬁesia iﬁdlﬁlﬁﬂmﬁk mxgequMﬁtr@ﬂﬁmn@lumg@ﬁ-l\laﬂdeny|
fl uorenyl, &I en% or their substituted, anal 0gs) Eref erably, be
| ower - al kyl P8 't“ﬂﬁ”e&"‘% cpeteidgcens CRWOEN o §imifasly {(W"t"h tor Dgniusefslitin g
simlar 4-pasiyhiefRafdtd Hheh WRTh

addi tional | ?} i'5 ecozrirtprl seeaH%;l vbr(f:{g/otghaggf/iléﬁdca %ﬁgﬁt W{/ﬁqg or éfsyl al kyl
substi t uent $hesertgpicaliy exclule Gioupdar], trhnsalmhmdtal oasmpqmids Gn sthiclcituess
including multi-ri ures, for .ex U S. patents
5,278, 264 afd B gﬁc’éﬂ Ca“rft{ Jrobopped; qyu@‘ﬁta§t‘¥ﬂ8ﬁi d?}ﬁ%@ly’ HjeReoligandy |
charact eri stricigieaRgdrdd, | alkylplaﬁal inwlc%ﬂa afhRirU vk ?-aB 1GRb QR KAt ngBC.OP

be heteroatom contai ning w 1- 5 "'non- hydr ogen/ car bon at ons, e.

20 P, Ge, Bdefrptiges. Mllgﬂnd}d@amlﬁﬁpﬁ being abﬁwtqﬂw@ttmmxpnmétek mtﬂnds

pur poses of ten r |l e compounds s |tabI e for
preparing i nrg%r S"ﬁfgﬂl %} LHCF da%osgrdeéf’\{ﬁiﬁ% et ﬁ?l%ﬁrn'})'}‘?gar&éﬁ'f) OErDPiSher e

copabymer nE8nsmtdngy STEOR, fl(D omMEW 0 e39333. Syntheses of these compounds are well

known from the published literature. Additionally, where the metal ligands
include halide, amido, or alkoxy moieties (for example, biscyclopentadienyl
zirconium dichloride) that are unabstractable using invention cocatalysts, the
ligands can be converted into abstractable ones through known alkylation

25 reactions with compounds such as lithium or aluminum, hydrides or alkyls,
alkylalumoxanes, or Grignard reagents, etc. See also EP-A1-0 570 982 for the
reaction of organoaluminum compounds with dihalo-substituted metallocene
compounds before adding activating anions. All documents are incorporated by
reference for purposes of U.S. patent practice.

30 The patent literature contains additional descriptions for
metallocene compounds that comprise, or can be alkylated to comprise, at least

one ligand capable of being abstracted to form a catalytically active cation, e.g.,



two different nononers) are essentially any of those known in the art, see
agai n 25 WO /00333 and U.S. patents 5,001, 205, 5,198, 800

5, 304, 61»’0(36&%@ 308,816, for specific listings. Selecti ng&lne§a]@§90ene
catalysts for making isotactic or syndietactic polypropyl ene, and
correspondi ng catal yst syntheses, are well-known in the art, both the
patent and academic literature, see for exarrpl e Journal of Organonetallic
Chemistry 369 359-370 (1989). Typicall t hose 30 catal ysts are

stereori gl d EBxrdyPni2P 368, USratents 4&71595%887 e r5a$241%10a5¥0%@n‘é153 O4be, for

exanpl e, 8 7, t

5, 252 434, %@ A% %2? e7:15t6 g@%’%@ﬁ%@ ﬁgﬁ&ﬁﬁé “fogla% 7(%86?&@93%8103
EP- A2-0 577 rWﬁal(IlidedaZ@tﬁnﬂ?ﬁ]iﬂdJS‘@ﬁ/ BSS&chnbe‘a $(8r1,th1EPm%mﬁb157a8 8%0- agrd
academc literature "The In%rtuen e of Aronmtic Substi tuents on the

PoI yner i zat 0577y BORSRY NG rsupstitets Gmwpo%néce%@rcét%mp@pg s 1n ghighothe et
e gaHOW%EﬁJiJ hf% thedelvdsSbe LabtRfied AR on §}ef g&{ﬁg?%ﬁ m
I | gan

PoI yrrerl zat Cata ysts with Annel ated Ring cts ona%at alytic 5
Activity andridged mereaChaither enghins'be Bidgedi togthe, tréhsjticet nadtal, through a
Organonetal lLics 199 13, 964-970, and %?urre ts referrecl to therein.
Though nany NEEFAtAAc dbe S1zE 2pd gonsiiracy pEthgilizandsapdibsidgineglements jsRets wi t h

al unoxane actijuat @ ﬁpepﬁr'i}ﬁr irvVRMESH 'c%l)@@’éys\fé}ﬁéjrl%tc%uﬁﬁ%‘é%fe%teﬂnf%' figous

met al | ocenes provided that the halide-, m de-, or al koxy-containing netal
| i gands (\Ahélrt@amcaedmcnhg) nEan@er eqoleabad:e\/\pdzlhmanzamnnabstma/caadbl)eelth thand, for
exa Ie thrdou (ﬁ¥ atiop reactions des ribe %above an ther
ligald is a“f BehnceH S e hyl e ge@r GigseE-& fash | r‘?

exanpl e, hyd &lgﬁente?d g%'hnrpfsdﬁ\dh)’dmg @b&tlﬂﬁ@d’%?ﬂ%ﬁerﬁﬁ(ﬁeﬁﬂ%E&P?@E@‘#m y
reference for pur poses of” S. patent practice. In sone enbodi nents,

exenpl ary rréysatmﬁ)c%lﬁb aéontﬁmwhd@mwé azuienyheorftbeimshbstitutad laBalogs) WDE wher e,

connect ed ST bt P IS TaRER R RGP Ee LR R PSR T ordton =R or

is heteroakomidri g@ﬁdn@@@ﬂl@@ﬁt@m tif thé fhs%d&n@ by3temmy) &Rl Baydgemiidnagt her
t hrough a 20 G oup-14 |inking group an optional neutral,

is
non-Bxi di zi GGMPTIgAYL G&Pﬂﬁé’&b@%loalml@f}’le@m%{b’@'1’0'1tSHbS)tuefM ithe éat@f@&p 4 or
-5 nmetal ; a o | e, 0 ands, each
connect ed tgqﬁfﬁ gﬁgdﬁdt {)'gc f @98% g%'%u 8 gg}% r%ﬁ%’?’gﬁﬁg ﬁj%) %GDM or

E- M can be hro@k@lﬁ UDS ahsmts acmsm4 anldi ngn 6Bl AhoRzr Bl tusiits BﬁbMHEHaIvZam e

macr oner i nse into D-M or abile |igands may be present in
reduced nu é‘iimﬁfi“ ék/“éﬁ“%%%rﬁﬂfs afP‘J(E WNL tWéqahé!\f‘é’E}ta"i HRtto t3f%c§arb0“ atoms, but

reduced-val %g%e%?etr@at&ﬂ%ﬂkémm With!1- 5%6’1% gwwb@n & % Ralsl yy active

cation that in fact substantTally funct y equi val ent’té oné nade
f r ora0a P, Ge, B and Si. All documents are mcorporated by reference for purposes of

U.S. patent practice.

Metallocene compounds suitable for preparing linear polyethylene
or ethylene-containing copolymers (where copolymer means formed from at least
two different monomers) are essentially any of those known in the art, see again

25 WO-A-92/00333 and U.S. patents 5,001,205, 5,198,401, 5,324,800, 5,304,614
and 5,308,816, for specific listings. Selecting metallocene catalysts for making
isotactic or syndiotactic polypropylene, and corresponding catalyst syntheses, are
well-known in the art, both the patent and academic literature, see for example

Journal of Organometallic Chemistry 369, 359-370 (1989). Typically, those

30 catalysts are stereorigid, asymmetric, chiral, or bridged-chiral metallocenes. See,
for example, U.S. patent 4,892,851, U.S. patent 5,017,714, U.S. patent 5,296,434,
U.S. patent 5,278,264, WO-A-(PCT/US92/10066) WO-A-93/19103, EP-A2-0 577



structurally saturated conpound. Non-limting representative netall ocene
conpoun i e 30 nono-cycl opent adi enyl conpounds su

pent ane?ﬁ’ﬂogé%# pent adi enyl titani um i sopropoxide, %%800/33590

pent anet hyl cycl opent adi enyl tri benzyl ti%anium dinethylsilyltetra- m

et hyl cycl opent adi enyl -tert-butylam do titaniumdichloride, pentamethyl WO
01/ 42249 PCT/ US00/ 33590 -9 cycl opentadi enyl titaniumtrinethyl,

dinmethylsilyltetr thylcycl opentadi enyl - tert-butylam do zirconium

di met hyl , dpPfet e !lgﬂy ?ﬁﬁéﬁse@rrﬂfﬁcaé%%&&ﬁ@tam ehyq Infhisaes 9f dvPagtinaf ni um
dihydri de, dUBRALSbhXhd PHARIEREDYCHEARREH ARY 7ir ARdEsY Ahigashar ni um
di met hyl ; unbri dged bi scycl opent adi enyl conpoun suc as

bi s( 1, 3- but Yhalesk, W, et dpremicmakitalibipd 1924, r Borsisdraed] aed Nylsa-Zieohedeat hyl -

I di - I t adi en) i i di net hyl t et t hyl -
Cy o b AT Ao HEE b Aondngt) Bk s 5o e Combibed o o
cycl gpent adiAgAviy GREPEYIPAS Swath Eénﬁhi"'}?tﬁ%z‘fﬁée}‘ﬂt ﬁ'y lséttﬁ.t, r ghuadopkRdray!)

zirconiumdi chloride and silacyclobutyl (tetrane
cycl opent adil 8% [3( A6$P3Rydndlddcumehspefermdite nlydryinz i Floogh umangi referénces  bri dged

bi s-i ndenyl ,.conpounds such as di - t hyl si |l y-bi sindenyl zirconiu

di chl ori de, hﬁfleflrﬁ%ﬂy? st'f ﬁﬁ?ﬁn@eﬁ?}%ﬁhﬁﬁtﬂﬁgd’?@h r?.é‘f’ﬂ ane activators, the

di met hyl si | yvBhSdrladiRaityd Qanetiosie Bnhibedls HARNEE 5oL R deu ol HRRLBY | -

si |yl bi s(2-net hyl benzi ndenyl ) zirconiumdinethyl; and fluorenyl |igand-

cont ai ni ng aoHsomddkoxg-cgntairdng heta) ligendsyMheteamcemipl) arecywhazdenitlagh enyl ) 15

zircgni um dinet hyl . .and the additional . mano-.and bi scycl.opent adi enyl

co rrp@u nds s 5%:%&5%{) teriand, ffag £ ’éa(in%ﬁ’cfﬂ?é%@ ﬁﬂ@gﬁ’qnnre_ﬁft@.ns \éﬁlfjgﬁt@ e(g ?6‘1"7&?’ 714,
5,324, 800 anh &fotiherQigafid isADroulidto SaeHBRlesh 3R drosPIPU-ahefidv Ifef er ence
for purposes of U S. patent practice. Representative traditional

Zi egl er - Nat @smpleryidiidernlids ef silyboAlslepemarts areiorergeratast ryatséarende foi r coni um
tetra(bis(tr] bk - zirconium oxotris(trimethylsilyl methyl)
vanadi um té%ﬁ%egﬁgy'g'kﬁgéﬁh%u?et rabenzyl titanium

bi s(hexanet hyl - di si | aki dohe dniRidiibnts] bxethplaty mietalldCére caahboungs Inaveet hyl)
ni obium di chloride, tris(trimethylsilylnmethyl) tantalum dichloride. The

i npdPtant pEyA@Yl3ati on features for these conpositions are the 25
abstractable ligand and the i ganidg&gc,a?b the ethyl ene (olefinic) group
can insert ese feat ap| L gan traction fromthe netal
conpound an‘gh%rljrg]’ei cgsngo%{b?tztﬁﬁgi g%cz%é‘i“gaﬁd‘%zr a§yl§etqgrf) ac%%qﬁngaﬁ}e“l(gdigﬂ‘ nal

or ganonet al ¢tdnbecrodmoe WMdE® ssiatmbhberast tleedliss ofpigin®y ddaiedofor ¢at ot st s in
accordance with the invention will bg any pof those 30 Goup-3-11 that can

be convert ekFiEpatoMyligandasanseded oM Intandd careuibytridaed pester twousha on and
stabplized GRuphad 1ARIAY Gr8hECLFON CardthiBnblY nBuANGRALS AN G fiq Weakl y

connected to M (1 equals O to 3); M is a Group-4 or -5 metal; and D and E are,

independently, labile monoanionic ligands, each connected to M, and optionally

bridged to each other, L*, or L®. D-M or E-M can be broken by abstraction.

Likewise, a monomer or polymerizable macromer can insert into D-M or E-M.

25 Labile ligands may be present in reduced number or even absent. It is believed

that the reduced-valence-state compounds will react to form a catalytically active

cation that is in fact substantially functionally equivalent to one made from a
structurally saturated compound.

Non-limiting representative metallocene compounds include

30 mono-cyclopentadienyl compounds such as pentamethylcyclopentadienyltitanium

isopropoxide, pentamethylcyclopentadienyltribenzyl titanium, dimethylsilyltetra-

methylcyclopentadienyl-tert-butylamido  titanium  dichloride, pentamethyl-



WO 01/ 42249 PCT/ US00/ 33590 -10 coordinating anion that is displaceable by

an ol efinically unsaturated nononer such as ethyl ene. npounds
i ncl ude Wﬂayéz%%scri bed in the patent literature. Int eﬁ?&mjﬂé\?g’%‘gt ent

publ i cations WO 96/ 23010, WD 97/48735-#d 5 G bson, et al., Chem Comm,
pp. 849-850 (1998), disclose diimne-based |ligands for G oup-8-10 conpounds

shown to be suitable for activation and ol efi n poI yrrerization See also WO

97/ 48735. Pol ymarlzatlon catal yst systens from p-5-10 netals in which
the active fE¢lapensadienyi 'iltgmﬁmgﬁnyleéwﬂ dﬂmhﬂﬁwlt%gﬁmw%&m@waﬁw

coordi natio o n n U S.
catent . 5oSi RGP PkARLAT Gnle S ntiB ST BLmSAGIRE Rt 5
G oup-5 orgdndﬁmtaahﬂmc hafitiarhy sdibydofdelJ. &m@hﬁl@lﬂ&lte&aﬁﬁﬂl%lﬁedaﬁhﬁyl-

tridentate- [|igand-cont |n|ng G oup-4 rganonet al |.i c catalys of
copendi ng udegdecy ﬁ W dEpethyl “ﬂ?ﬁ‘ﬁgﬂég yalgpentadienyl ICQEPPQQ" i 1999,

and ist s equhyabfsgf3-bB{§T4&é§%9§ngt%gﬁmd.@ﬁ9Hp Jl:&mﬁﬁ,taapgegh | &aﬁﬂéthfnowpounds

actlvable wth 15°1onI"zi ng c ysts usef ul nerization of
ol ef i ns and cyslopdntghiowyp-cydopdnsd diényg potlacronnmmorreldimah}el des(Ietrebmlhﬂnd
exenplified i V\099/3 22 an its pri docu g

pat ent appl F%’ﬁ??eé‘??dﬁﬁ'y ‘thp@gN@lQEe@ 3%4‘7%8‘““‘16 Il'ié‘i'fgﬂbe “ 599 bEach of

these doCUNBRSpdrfadichiPT ROAHRAIDY sE@f TN CintcRty1d FRQ&RMmdehyly. S
patent pr act:ﬁfzgp . lél?ﬁ's pg?;gnt 5, §18 9§5 dESCeI‘I be@%bl?(lpéégeg and un ri dged,

bi sani do caltredwtsn dlohlpadnomldoslle@ydubutétl(teenaaieﬁlychfa/pwpleetadlfenpk)dnymepylz| ng

So?lyl Ir Iniat fzgcw ]gegga%l%lgg( al l%lgrmbﬁn%thyh%%%ﬁv%ﬁ S?r];lgﬁl;uncfs chh as di-
Or ganonet al e 1é®9§smaény1 %Z@mﬁﬁ‘@&chloﬁbl@t&lﬁﬁt}?lﬂ@tﬁﬁﬂﬁeﬁm%ammo&md

characteri zat| on are presented. Further work déscrib brid
bi s(aryl am @gjhytr dlm]!f—t yleibytbio(Zrasthy gnziadenyhk zircanium- digklende, dalueih)ylst s. See

D. H NbCOnykdi)E 2-m té)ly!beh Ngenﬁl nDlzx?cCl‘rlllle 1(191%eth ?9 a5c124f11uc?r%431 th%a - al so

W98/ 37109 S Sul e T'MadCorYhnc |nvent| on

i ncl ude thOS@t&iﬁﬁfgrld@ﬁii)OUHdsV\Oe%fS/ 4Qﬂp&nyméth91m@oramyp(c@clapentb,@ieﬁ ynl
met al conpl exes for ol efin polynerization are disclosed in copendin
U. S.13appl i cafsasmnse dimethylinisad ~ ooy saBbmmal f masg- 29nd3ebtsemi@ven1@9@,yl and its

caui val ent EXThRAS! 22590, e RLSSUAROTIRIAL. fOMBSUNARY s oA | zed bY

a nonoanionic and an wo nonoani oni ; l'itgands’and are
activabl e wb 824 %M Qdd EP24-9 %75!6800,1 d3&8ents drk incorporhiedibycefsadrek st S. Each

of these docunents s incorporated by reference for the purposes of U S.
pat ent pr acPyreases of U.S. patent practice.

Representative  traditional  Ziegler-Natta  transition  metal

20 compounds include tetrabenzyl zirconium, tetra(bis(trimethylsilyl)methyl)

zirconium,  oxotris(trimethylsilylmethyl)  vanadium, tetrabenzyl hafnium,

tetrabenzyl titanium, bis(hexamethyl-disilazido) dimethyl titanium,

tris(trimethylisilylmethyl) niobium dichloride, tris(trimethylsilylmethyl) tantalum

dichloride. The important polymerization features for these compositions are the

25 abstractable ligand and the ligand into which the ethylene (olefinic) group can

insert. These features enable ligand abstraction from the metal compound and the
concomitant invention catalyst formation.

Additional organometallic compounds suitable as olefin

polymerization catalysts in accordance with the invention will be any of those

30 Group-3-11 that can be converted by ligand abstraction into a catalytically active

cation and stabilized in that active electronic state by a noncoordinating or weakly



Addi ti onal description of suitable organonetallic catalyst precursor
conpounds nmay_be found in the literature, any of such wl 1Labl e
where SYOSKEFL; ng, or where capable of alkylation to C(#rgzpllr?'?ssog)# ?gands
abstractabl e from organonetal | i c conpodflds. See, for instance, V. C

G bson, et al., "The Search for New Generation Oefin Polynerization
Catal ysts: Life Beyond Metall ocenes”, Angew. Chem Int. Ed, 38, 428-447
(1999), incorporated by reference fo tge pyrpas of U S. patent

practi ce. 1@0‘%4%“9&@91&1% ke fioRags0ln %@g,otfff%rlfﬁﬁyuv%s@wa%éﬂoq%bi|ized
on a SUuppokLfeh 4senyigfal catal yst system may additionally conprise one or

nore scavengi ng conpounds. The term "scavengi ng conpounds” as used in this
di scl osure includes t Hoxsmptoypoumps:ntdhainckflé ethbses elegcntedowe thel patent

impurities fromthe reaction. All | yneri.zat i carr
mouri £ es TGt aatopal grent pubfratigna FD PRASAET WA St gt g
cat alsyst feghSson]B&8 € hRU DohingS pp ARBLEIE 1998 )2l ¥ Slbs@BfimMel Based gl 1 ty.

Their presence can decrease or ellmnate catalytic activity, particularly
wi th ionizi fer &nbem8didecompaundacshiovat ¢ol kratsmitabde fosyastizateon Endselefin

impurities, of poisons, .inclu oxygen, .netal inpurities,. etc.
Typi cal |y, ipﬂ{;'lgfe[r ‘Fﬁté%“'aﬁgé P ﬂnqgg\é\@#/ ?%7%5,[ hgglyglﬁefaé}‘Pt"SC%BQ? PESERS ff(gﬁ_ct ant s
are 20 addedrbgp-5N® hRed IO WNEESBE aclVé HERE cafay & GiglTy IR GnM | |
normal |y be wused during polynerization. The scavengi ng conpounds w || be

known or ganétiabtiged b low sepulimaiongwatven sl yaniahio LiganBsystamporradissafbed), S,

patepts 5,153,157, . 5,241 025. 5. 767,587 A- 2 A-94/ 03506,
o Aoz 141&@ agend 108 (2% ar\ﬂd‘bé‘/“b%“ﬂ@%x%% ta%é‘g@%%oﬁﬁ% SPrBF e

triethyl al GrowpiB)orghiongdtslit daeNwae of tU.Si palent B185alousi mdmheneideytagl unoxane,
i sobutyl alunmobxane, and ¢tri-n-octyl alum num Those scavengi ng conpounds
havi ng bul kligeHd-cauapme |Giouard-fy areseamsiplis uesalysttie8f s cepandit el S o t he

netal or ne i er . l.pnte i 4y Rlsloy AW e Ve ¢ L yst.
Exanpl es i nc&hl gh{;’? %g{]%lyf"gjflgénﬁ 2%&%% ’B‘d%&b36\gﬂfc‘m€%né‘§ﬂ%cﬁ”§‘§‘%
triisobutyl PEMAGEPUEP3AG | | Gagupehly | catalyst nprevurssrd cbmpguradiaiattivable with

| i near - al kyl - substituted al um num ¢conpounds, .suc s_tri-n-hexyl al um num
tri-H- octyloMZiRg sOrAtalystst fmin Hs%l'bldééwoi}’fﬂﬁ'i‘%&ﬁ? #r@eé%@%dé}yhgrpa&p-i s used

wi th VO 01/ 454RinfedibSEthdel e adierbBY 8RA 1:Q0mGRkA] SR oS By Bhaed to an
activity-enhanci ng anount and avoided altogether 1f the feeds an
pol yner i zat itoprinegi dovuseet, puoledieg &US patdnmupplidacon Sat. aloy 88/98 biipd.eded ar e

useful for nerj zi oners known to .be coordinatio ol yneri zabl e
Letng met el ToDEERbEE ERORERTR SR e B iR R hnerereRes Hdnear ot | on,
slurry, gasppfpas®.ofangd piaippicessure pol ynerization. If invention catalysts
are supported, they wll be
20 U.S. patent 5,318,935 describes bridged and unbridged, bisamido
catalyst compounds of Group-4 metals capable of polymerizing o-olefins.

Bridged bis(arylamido) Group-4 compounds for olefin polymerization are

described by D. H. McConville, et al., in Organometallics 1995, 14, 5478-5480.

Synthesis methods and compound characterization are presented. Further work
25 described bridged bis(arylamido) Group-4 compounds that are active, 1-hexene

catalysts. See D. H. McConville, et al., Macromolecules 1996, 29, 5241-5243;

see also WQ98/37109. Additional compounds suitable in accordance with the
invention include those described in WO 96/40805. Cationic Group-3 or
Lanthanide metal complexes for olefin polymerization are disclosed in copending
30 U.S. application Serial number 09/408050, filed 29 September 1999, and its
equivalent PCT/US99/22690. The precursor metal compounds are stabilized by a

monoanionic bidentate ligand and two monoanioni : ligands and are activable with



particularly useful in the known operating nodes enpl oying fixed-bed,

novi ng- bed, fluid-bed, slurry, or solution processes conducted in single,
series, WPW4224P el reactors. Additionally, pre-polymeri2aT/U§0/3690
supported invention catalysts can 10 conptrol polyner-particle norphol ogy
in usual slurry or gas phase reactions. Liquid phase (solution, slurry,
suspensi on, bul k phase or conbinations), in high-pressure |iquid phase, in
supercritical fluid phase, or gas- phase processes enploy different

i nventi on camsgéntsm egstabystse nbandli ofethtse. ddeaatentsofs ihdweperapdapessesndeddr al so
function in %ingularuﬁqﬁgallel, or. series reactors. The 15 liquid processes
conpri se cont aCHTRYSEY He” QelUrTHPEYF CEt al yst systems with ol efin  nononers in

sui table diluent s or sabiveihsl d:antRAUIDINe BOAN S IVERHLAR-ARLYTor S

Both aliphatic and aromatic hydrocarbyl solvents can use
i nvention préweesads maexknm&undyiol thpdittranee, aycodhiehand] banditibieiwhead kyl at ed

derivatives ar rticularl ef ul her exenpl ary sol vents include
| i nea?t or 206%8&5@“@0’ ar ﬁ?t%géﬁ§8fﬁg(¥%l8ﬁéo ﬁ%’i’/‘gﬁﬁ’fjééﬂ‘%ﬁgﬁﬁa%@légpﬂbn
atoms, pref esrgilomdtiifiticompbOndsO Sl BHIngth U v X eBBEGH Yerap! Ve §eff&l§o
i nclude 6-to-12-carbon-atom aromatic hydrocarbons. In bulk and slurry
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propyl ene polymers can be nmade.” Representative reaction

pres$ure f oreadtibhepancularyriedioiemt smanemahaincatalystabéds. 1Thdse TABLAiek:
Reaction Tenperature, and Reacti.on Press¥re Enbodi ment, Reacti on Tenperature
in"C A< élféra egat&blst gctviycand stpbyligp Their presence can decrease or eliminate

catalytic activity, particularly with ionizing-anion-precursor-activated catalyst

systems. These impurities, or poisons, include water, oxygen, metal impurities,

etc. Typically, impurities are removed from the reactants before the reactants are

20 added to the reaction vessel, but some scavenging compound will normally be
used during polymerization.

The scavenging compounds will be known organometallic

compounds such as the Group-13 compounds of U.S. patents 5,153,157,

5,241,025, 5,767,587 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132,

25 and that of WO 95/07941. Exemplary compounds include triethyl aluminum,

triethyl borane, triisobutyl aluminum, methylalumoxane, isobutyl alumoxane, and

tri-n-octyl aluminum. Those scavenging compounds having bulky or C¢-Cy

linear hydrocarbyl substituents connected to the metal or metalloid center interact

minimally with the active catalyst. Examples include triethylaluminum and bulky

30 compounds such as triisobutylaluminum, triisoprenylaluminum, and long-chain

linear-alkyl-substituted aluminum compounds, such as tri-n-hexylaluminum, tri-n-

octylaluminum, or tri-n-dodecylaluminum. The scavenger that is used with
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speci ficall
polymers. Both aliphatic and aromatic hydrocarbyl solvents can be used with the

invention processes. Hexane, cyclopentane, cyclohexane, and their alkylated
derivatives are particularly useful. Other exemplary solvents include linear or

20 cyclic aliphatic hydrocarbons having from 4 to 20 carbon atoms, preferably from
5 to 10 carbon atoms. Exemplary solvents also include 6-to-12-carbon-atom
aromatic hydrocarbons. In bulk and slurry processes, the catalysts typically
contact liquid monomer slurries. When that is the case, the catalyst system is
usually supported. Gas-phase processes typically use a supported catalyst and are

25 conducted in any manner known to be suitable for ethylene polymerization.
Illustrative examples may be found in U.S. patents 4,543,399, 4 588,790,
5,028,670, 5,382,638, 5352,749, 5,408,017, 5,436,304, 5,453,471, and 5,463,999,
5,767,208 and WO 95/07942. Each is incorporated by reference for purposes of
U.S. patent practice.

30 In some embodiments, the monomers used with the catalyst
compositions described in this disclosure include 2-20-carbon-atom olefins. In

other embodiment, olefin polymers prepared with invention catalysts contain at
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f | uor opimgmaceny(betatey; [ (2 8 piifloprgbhepid@eqpia i exy PAmmdnivat] [teek k@ tedflusrbnat eJ;

t
(
t
(
t
(
t
(
(Phenvl ) ( iuBARh A PR ok feh A R RSN b BEREMORBREAS b iuk{ PET T | uoT 0-



bi phenyl ) (et hvl) (2- met hvl - 5- pr opyl - hept vl ) phosphoni unj

[tetrakis perfl oropentvl pcrfl uoro- biphenvl)borate];

[ (bi phen f)) yI ) (hexaf | uor ononvl ) anmoni um [tetrakis( 2‘3%%0?15-9& propyl -
heptyl )al umi nate]; [(phenvl) (butvl) (2-¥8t-hyl - 5- propyl - hept vl ) anmoni unj
[tetraki s(perfluoro 30 hexyl perfl uorophenvl)boratc];

[ (bi phenyl )(hexafl uorononvl ) (hexyl ) phosphoni unj [tctraperfl uoro-

i ndenyl bor at e

[(tetrafl uoJtaﬁ'ﬂ%fﬁg}’f")a'ﬁbI%étdﬁwJlﬁl%w&ﬂévf>£"H%V&P§the%ﬂme)rﬁﬁ@§ﬁﬁom un

t et r aper f | aalrademdigimd].d | paifusraitighenyi)(butyl)(methyl)ammonium] [tetranonylborate];

e R L

(2,3-difl ug}e@ﬁh@ﬁﬁpmﬂf}ﬂpr@mv@p%mﬂ,[@mocw aluminate]; [(1 ﬂuoroblpheml)(z-methvl 5-
t et rsaki s( pgfofnhmampam@mmham]q&@hept{ub\&nﬁcl [tzl-;umueflamaﬂws)damwr@éuﬂnl uni
R L P —
tetrakis( rréﬂmrblrb\ertvaﬁI-mmmmmmvﬂbaﬁmoulmnh[aettrelils(hexaﬂuorononvl)alumlmte] (-

(tetrafl nwrwmgwtbmwnremb ;maéphc[nﬁu%ﬁ r[@d;.ﬁ,%érﬁm&mvﬁahmr@o%wl)a%at el

(23d|fluoro e%/ propyl ) (hexyl)ammoni u Itefrals(Eentafluoro-
ndenyl ) al u exaffuorononyl)(butyl)ammonium] ftetrakis(heptafluorofiuorenyl)boratej;

N (@- perfl upn*rmmﬁtplmnkla(ﬁ-np&nnlﬁsl-;uqrvoka:tphwethpla}mfnhoumhmb¢nphr$rwalu)rmnre[;qxlz,eni uml WO
01/42249 PCI lﬁ'ﬁ@?gmme 4) L:Qﬁltu r@‘rﬂﬂn%p ‘8&% 1s(methvlpc upro-

[(2, 4- di f1 uor nonv oni u te rape uor o-

ant hr acenyi B‘E’P‘g-’( “"“‘[“(ebé(P?‘ b‘B‘PeﬁH N Betkxfrentyx fund FerekipEmi

% : et rano tny: Ewlmbe])bomu[]([tﬁﬂcﬁﬁf):Ioulemﬂmhﬁﬂmbr}»@'ﬂ%&h%fd&@hmi)dﬁmﬁwrr]
etraoc ugr ophen .

net hyl pen%/vf")e'{‘f)é)r %SPhOL"(J [t m?jz(ﬁé;rguur?{)érél uér?]‘l)t[of A G Py g agrahenyhe-

[ (1- 11 uor obmetheriyrgpy Pacpiab ey isioPheniumygrakls@eciiy)-5-erohxHIyRaDRORELI.5-

[tetrahept y}ilhﬁl{r&bth@]vl) h[z\(‘laﬁd?&lﬁlwl)k}@(@ﬁﬁﬁlm&m]Qt‘c@ﬁﬁsﬁdcﬂ%t@%ﬁﬂ)ﬁhﬁl)borate]

F'? reI :' ;Er g?lp ‘]r}lﬂ?j%’%lﬂ]c ‘Ngffﬁl{}]l\fl‘ﬁ)gfrﬂg?f{ LH\Q?lré:rjlﬂl;'ra?(lSTp(«:rgll(gohe\vlpcrﬂuorophenvl)borate]

di fl uor ophehkvd\)ﬂt@melblkwi INegsy iy(hang brégsphdnaumifetralgisd2- methylpentyl)borate]: [(1-fluoro-
[tetrakis( h%ﬁwfd HQE\Q)@QQML%@AOHW&@SB@UUH& ﬁcirakls(pcrﬂuoropvrenvl)alummdte]
f I uarobi phenvl’) (butv I') (et hvl) phosphoni um
[tetzroakl s(perfluoroethyl perfl uorobi phenvl)borate];
(bi phenyl) (hexaf | uor Q‘ﬂ@%lld\(/ﬁ'gtéﬂa)rﬁimoﬂlublﬂﬁte the foregoing discussion. All
et raki s(hept af | uor of | uorenvl )boratel ; 10
per f | uor op#tsn PTORCRIGRS (ARG IReBepiasps Aretypweight walpss gthemiemindiepted. All

g

[(

t et rahept

i 1 uor opheRl LT G rel el PUheafTor SHERVI Sniigmens and solvents
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et r aki s( matthyhghethklesamples mapd:‘rtdeyﬂa)rﬁd:mhmd’mkﬁt]s ;of the present invention, they
oct af | uor gbi phenyl )(butvl ) (2- met hvlfp ent vl éammni um [tetraki s(3-
et hy¥hept vl 5 BetBL theipyensionsin apy epastiiiesRSCher f | uor oet hyl - per f | uor obi phenv

1) (butyl) (fg MRI’E[ﬁEEi gret hyI ) phosphoni um [tetrakis(perfluorobiphenvl)borate];
oe

[ (3-pertl uor -t \gp( o
et hyl - 5- pr opel - hepty hy rhgl(x%&ﬁ%hﬁ@ ?] fe %ght average molecular weight unless

[ tetraki s( 2etivetwiyd nStepr opyighhapéryge limflaiuﬁl]r wélgli‘t 4w) and number average
di f I uorophenyl) (hexaf | uorononyl ) ( hexvl )amm um
[tetraki s( p@Rtearian oy delipAYIRY e ragaspred by Gel Permeation Chromatography,

[ (ogpaf | uor@rﬁ%ﬂgngméhigg fowdY | REg Y @% 150 Gei Permeation Chromatograph

[tetrakis(per or ohexvl perf | uorophen borat
[ (hexafl uorextnnmhdnwitl) (drtEetentjal meﬁnadu)mhoéqoh(ﬁikl)rﬂnd low angle light scattering

tetrakis(2; entv bqr (1-fl uoro-
E)henvl ) ( m(at ﬂ.{g;)c{; )F%l(f?ﬂf &)%W%Wrﬁ?ﬁ standards. Samples were run in
[tetrakis(pepil M@ﬁﬁpaﬂeﬁmﬁle)(@k%)w@ threePolifed DAPNLAG, PXBADI Gixdd | ustrate

t he foregoi ng di scussion , proportions and pércentages are by
wei ght unl eBs colulnerswirs esarresli caThad géhdral excdmphes inediecussed iied "biguid n dry,

oRyQen- 1 oeCELLonIEnt s G 20 Vet e LRI 1P CEIRTRAER, SGygT oo

Ed., Marcel Decker, 1981, page 207, which is incorporated by reference for



25 do not limt the invention in any specific respect. EXAMPLES All

ol ecul ar wei ghts are wei ght average nol ecul ar wei ght unl 0(3}3 vm se

not ed. prd’llnlf' 3erage nol ecul ar wei ght (Ma) and nunber \}?@28% ecul ar
wei ght (M) were neasured by Gel Perneabi-on Chromat ography, 30 unl ess

ot herwi se noted, using a Waters 150 Gel Perneation Chromatograph equi pped
wth differential refractive index (DRI) and | ow angle light scattering
(LS) detectors and calibrated using polystyrene standards. Sanples were run
in 1,2, 4-t PHEIessr obbhY eprent IB8Ciceus | Ney CPﬁﬁ@@nPo‘pyﬁ@}unLrabmﬁadlag|ve@e PC Gel,

m xed B col.ly i "Liquid
35 Chronmat ogr g“ﬁ’)?h gl?&%)lﬁ?e?trasor}'agr%&g%ﬂﬁa?éecﬁ)&e%g%?@rdlgﬁgsé P1 lﬁbﬁ&%?% zatlaISOfcur rent
regi me Ed. StavdaielPoBetlsddne 1498 ldenpir@eaidd 4, pradidicd wiith 0. nantpioraietMby
reference for WD 01/42249 PCT/ USQQ/ 33590 -55 purposes of U. S. patent
practice . Kt¥gscagelpsddronyeluten timesspr eadi ng were enpl oyed; however,
datason general ly accepted standards, e.g. National Bureau of Standards
Pol yet hyl ene 1475, denonstrated a preci sion with 0.2 units for MV Mh that
was cal cul aExdMproin el ution tinmes. 5 EXAVMPLE | Synt hesis of

C6F5- N( CH2CH2) 2:  To a Syadheik Onofof CGF@MCHQHQ}QEHZGWBO(?)Q 990lintibrnl 0Qem
di net hyl sul fOXI de was added pyrrolidine . The reaction was heated
and stirred ?’%ﬁﬂupﬁ’r‘i’e“mﬁﬁocﬁ)emh@%@“t@i@lelfu’l?llé@étqeowabﬁdé%er’ﬁghdlﬂe| nto an

aqueous <ol uig 9 O RO PLERTRANA g LRPEAINSL MRS RXBEARE S ¢

chl orof orm e organic l'ayer was separated and ried-over

magnesi um stdatadeby E&m“gagnﬁ@amathi adlativmef srcﬂlimne@bambntatd tHegfrbdurt and t he
sol vent was renoved under reduced pressure This | eft an orange oil. The

clear, col oPRe&stragtedmathoshieretarmei90gBDai Hesdotgpniai laysr way F‘%ﬂ?@%ﬂ% O at
10-3 % 4
10-3 (1L e h A3 oo MR LBRAS o2 Bty Sy (I

| F), -172. lafdnhe28lvent EXAWPOEe@uBintéteskd prefsuts 6HEs Mf&rbzmagabxmcwm To a

pentane (100 m ) sol ution of C6F5- N(CH2CH2)2 (1.55 Q) added anhydr ous
HCl . The Hc?lewagoloﬂessar%%w&%wgﬁ 9ftain é&&?lﬂ@ﬂ%ﬁg oq) %ﬁvwr. c acid

to sgdium chipride gng 45 ansTAnUARI RIS b2 cBaMl 8 TRE PROGHCT

preC| pitate at%l y upon a | on o

the HCl wasqgprift miverl (CDlg;, 351‘5@?@1@514(%@3meseﬁ(tb K- 1|712t10(nthz$ gl ovebox to
coll ect the product by filtration. The product was ri ed under "reduced

pressure: yESMMPEEZ 48 g, 82% 'H NMR (CDC 3,
Synthesis of C¢Fs-N(CH,CH;), HCI: To a pentane (100 ml)

solution of C¢Fs-N(CH,CH3;), (1.55 ¢) was added anhydrous HCI. The HCI was
20 prepared in situ by adding concentrated sulfuric acid to sodium chloride and

transferring the gas via cannula. The product precipitated immediately upon

addition of the HCI. Once the addition of the HCI was completed, the suspension

was placed back into the glovebox to collect the product by filtration. The

product was dried under reduced pressure: yield = 1.48 g, 82%. 'H NMR (CDCl;,
25 25°C): 8 129 (s, 1H), 3.71 (m, 4H), 2.17 (m, 4H).

EXAMPLE 3
Synthesis of [C¢Fs-N(CH,CH)2(H) J[(C¢Fs)sB]: A methylene

chloride (100 ml) solution of [Li(diethyl ether);][(C¢Fs)4B] (1.52 g) was treated
with a methylene chloride solution of C¢Fs-N(CH,CH;); HCI (0.5 g). A white
30 precipitate formed immediately upon adding the ammonium salt. After the
reactions were stirred for 1 h, the LiCl byproduct was removed by filtration. The
filtrate volume was reduced by approximately 80%. Approximately 10 ml of

pentane was added to the filtrate, and the mixture chilled for 15 h. The product



25 25 C: 6 12.9 (s, 1H, 3.71 (m 4H), 2.17 (m 4H). EXAMPLE 3 Synthesis
of [CO6F5-N(CH2CH2) 2(H) ][ (C6F5)4B]: A nethylene chloride (100 m) solution
of [Li (dW&H#R248t her) 2] [ (C6F5)4B] (1.52 g) was treated WERHUSHRBNMYI| ene
chl oride solution of C6F5-N(CH2CH2)2 HB-(0.5 g). A white 30 precipitate
formed i nmedi ately upon adding the anmmonium salt. After the reactions were
stirred for 1 h, the LiCl byproduct was renoved by filtration. The
filtrate volume was reduced by approxi mately 80% Approximtely 10 m of
pent ane was vaddeledted by éittdtionraati eyashetiwitheeniant uThisdbft lal whitd ofysthfine. The
product WO 01/42249 PCT/ USO0,33590 -56 was_col | ected by filtration and
washed wi t h PREEG eeld T 480 ?ef"?lwa%vc& ¥31 &)1 75 (s éé&c‘fﬂ (htel), = 1. 480

g. 'H NMR ( , - Hor. /b 3. t, 2H),
268 (bt, 2%%%?35?%@ (bé%}.h 93‘&%@“}-&&@@@‘8& 28 9-3%7@‘%%“ 8F) |
-145.2 (m_ 3F),-145148mb1K)M143B)(m, 2655155 § (i, 2F) -16316@.4F) (1168 Hihn, sF1L68. 0 (m
8F). 5 BATCH POLYMERI ZATI ON REACTI ONS Pr opyl ene pol yneri zation reactions
wer e Scar ri eBA3GH PORYMEREATIONREAGTENSD. 5 L batch reactor equi pped to perform
coor di nation pol yner i Paepydenei polymerizagioms saciorsf ware carded dudnog avdibn
sol vent (hexane t. pressures up t.o 500. psi nd. tenperatures up to 150C
SOPEES 5 & W RS Sqnr o 2Pnfr s Bayn PEBHT GRS iPe e i

In the vapor-Tiqui

the liquid phastewfanhendf BRYbQROINRBN chEthekited) 4thfessiREH IS 50 bAL ah@ t he
addition of the catalyst solutions. In all experinents, the freactor

t enper at ur etamperdtiseedupt 160150°6y elrectheonapatiquid opelywlerizatgprt heysempunt  of

ste added to the reactor jacket.. In typi cal experinent, hexanes (125
n )a‘v@ere fB?J‘YF}?{‘éa‘E%‘eOWebéaéﬁ%#‘.‘l“ﬂ S@ﬂség‘ﬁ‘éﬂgcﬂfﬁzf?ﬁ%}? ¢4 fﬁ{,mtgsth%\(mt) of

TIBAL was_1Reag@desior Qo tthe aa&aghfo-thE’rcaﬁws@381u%3§ rrh)au\ﬂ@)%pe?ﬂle&ﬁs tife t he
al'y

reactor. The reactor was sealed and hedted to 60C. The ca st sol ution
(cat al yst arrdctac tamperaure wisfewidae 407 6 byCeledironadalie nedtrallisg ackdeaound of he
reactor via_a catal yst K feed punp. Polynerization began imedi ately upon
catal yst addfiT &H?e‘g'_r?&h%?“&?!ag_gﬁd lpg ty%'sﬂthﬁﬁf_é*"&{ﬂfdé?xae%@#éym'éavere

tenper at ur efddointd HR drpdesddredAt follRne AbluBibn (D6 MINB L84 G 8PTF]I§RE’ whd1e
reactor was allowed to reach roomtenperature and vented. The

pol yiferi zat tdsledgo|the resatonaremylened 12hind) meas ldded ta thei nedetoe Fireaeaqot at i on.

The polyner was ,col |l ected and i ed,under anbient condition for 16 h. The
pol ymer ~ wa$ % ﬁ?%l?fgramgr egt&df}ﬂd%(gevaj.&ﬁrﬁa&ly%éo i\ I""é%?t lﬁ‘@go%t‘i"iaqo[lstrat es

conpar ati vedig&fived il &5 nANGIRAY WRS addd RO GHARE: VR l:0bl GHAEAF bhpSt i oS T or

i sotactic pol ypropyl ene products prepared wth a ch

bi scycl openRaiingrigationaberes d mmeseately aupma cdtalfistaadaliior, aadtwascthilwaédbro (A) and
those pr epaéo%%nma hrrlldetrr@:%n{-rlee%nttein%gra?ucrté if(\)/ratli'lgrina(icl?zgtéd time. After the indicated
20 time, the reactor was allowed to reach room temperature and vented The
polymerization solution was poured into methanol to induce precipitation. The
polymer was collected and dried under ambient condition for 16 h. The polymer

was further dried under vacuum at 60° C.

Table 2 below illustrates comparative activities and polymer
25 molecular weight characteristics for isotactic polypropylene products prepared
with a chiral biscyclopentadienyl hafnocene activated with a prior art activator

(A) and those prepared with the invention activator (B).



WO 01/ 42249 PCT/ USOQ 33590 -57 Table 2. Results of polynerization
reactions | vmth propyl ene Act' Yield (g) time (mn) Acti

(g/ mol *W 34(’Conp) 16.63 15 1288 191, 751 112,002 1.77 y@%’@%%l 56 15
896 324,379 182802 1.77 average 1092 -B724.58 10 2583 252,314 223,296 1.77
B 27.86 10 2940 223,296 123,895 1.80 average 2762 'Catalyst:

di met hyl si |yl (bi s-indenyl)hafni um di methyl Activator: (A)

N, N - di net hyl ani | i ni um 5 tetraki s(pent af | uorohenyl ) borate (B)

N- pent af | uorkahees DR <m| RGN AfOreRs henyl ) borate WO
01/ 42249 PCH UCfW 33596 V‘"".at HSrel-ateg S —I——A-eonposi ti on
of matter wt fdﬁlﬁﬁg)aﬁm\? (fTF%“r)l +I\F3Xn] -, ['wher e M%N%'F is a

fluoroaryl graup: (bh) F isl nitroge (Wm?i HH rous: c) each Ris
i ndependent [ {(Goman) d8@3hydiécar byl | 1888 hydr ocallBY4781 | 12,982 qdy7 or | t he two
Rs may conngAf{Cemp¥|ddmban [UAsubsti (89bed or 10[384B39i 182&2 Q2-71220
cycl oal i phaf Ia&eggoup, (d) R 1s a [F09220 hydrjocarbyl| or haljogenat pd
gydrocaabyl () T]2S80, [100T 27 pRe3 (1) [ANR525%4 3B23859M 15 2 >”0_ng

ronst ed aclr- B’ IQWBI tTon |94b|a| II;J_ I §:|2§'§T| ]23-\895 :l%()aﬁ U_OI‘I e,

brom de, chl-e+ide f:“m‘ﬂ aH-0h Aof—¢e{aiml

wherein ArF i@e@gél uorinatied or ﬁﬁ?lnrl na'r prl ar\/l group and i s} one of
phenyl , biphenyI1 | phenyl terphenyl or
substituted terphgQn %&gﬁ,&ﬁ lsagﬁawm ené’ lrnetPy]\/\/her ein -R2- is a
substituted or unstbeYaten

"g% hatic group. 5 The
conposition of matter of ant%tr ‘SPﬁEa l.l(ge Ofd¢ s wherein -E is
N-pentafluoropheny! pyrrolidinium

tetrakis(pentafluoro-phenyl) borate



nitrogen. 6. The conposition of matter of claiml whereini is 1, Ar is
phenyl and R - is at the para-position of Ar. 25 7. A co i f matter
that is WR&YER4tti on product of (a) a fluoroaryl-li gand-méot)}é&egg ani ne
or phosphine with the fornmula: R ; Arf3&R2, where (i) ArF is a fluoroaryl
group; 30 (ii) Eis nitrogen or phosphorous; (iii) each Ris independently
a Cl-C20 hydrocarbyl or hydrocarbylsilyl group, or the two Rs may connect
to forman unsubstituted or substituted C2-C20 cycloaliphatic group; 35
(iv) R is SL&M®0 hydrocarbyl or hal ogenated hydrocarbyl; (v) i is 0, 1
or 2; and ( .one of hydrofluoric, hydrochloric, hydrobromc, or
triflic ac@$a§&glﬁﬁgé§49 PCT/ USOQ' 33590 -59 8. The conposition of claim
7 wherein AlLF i sAaonipesitionaf echtter witkthid foonulaat ed aryl group and is one of
phenyl , substituted phenyl, biphenyl, and substituted bi phenyl, terphenyl,
or substituted terphenyl. 9. The conposition of claim7 wherein -R2- is an
unsuBstituted C2-C20 5 cycl d&iAphdRdhldop.Wwhese The conposition of matter
of clains 6-9 w@rei nAEF issa flierpaiybgroupl. The conposition of matter of claim
| wherein i is (b) Ar Ess piweggh oppitbsphorbss; in the para-position of Ar. 12. A
conpound with t{g forsathdR isliadépdnleriyZr €-€,J Arkdcarbvier Rydroagrbfsiyli s a
fluoroaryl group; (Db)gRaghorfthé swéd REGRGTARAE: Yo forkl mGBubkYiEited af byl or
hydrigcar byl si 1yl gr odpstifited ORCLVG cRBaliPRXicGeAREct to forman unsubstituted
or substituted -C2Q & célg :le A 95 O 0l q.@ At ANl - is an anion
of a strong Broh:ted 9ﬁ%éio ,anJmaco%b05|t|%n oF Fa|n1 wherein ArF is a
fluorinated or erfl pprrna ed.arqvj‘l ang d'es.(ﬁne of phenyl, substituted
N e

- - %_I’ Ou%)l/' ns -
phenyl ,  bi phenyl, and subetiFtes tt BHEmE et pheny | 0l Suist il ut ed

t er phenyl .
15 or triflate anion.

3. The composition of claim 1 wherein ArF is a fluorinated or perfluorinated
aryl group and is one of phenyl, biphenyl, substituted phenyl, substituted
biphenyl, terphenyl, or substituted terphenyl.

4. The composition of claim 1 wherein -R,- is a substituted or unsubstituted

20 C2-Cy cycloaliphatic group.

5. The composition of matter of any of the preceding claims wherein -E is
nitrogen.

6. The composition of matter of claim 1 whereiniis 1, Ar is phenyl and R'-
1s at the para-position of Ar.

25 7. A composition of matter that is the reaction product of
(a) a fluoroaryl-ligand-substituted amine or phosphine with the
formula:

R';ArF-ER,, where

(1) ArF i1s a fluoroaryl group;

30 (1)  E is nitrogen or phosphorous;

(111)  each R is independently a C,-Cy hydrocarbyl or
hydrocarbylsilyl group, or the two Rs may connect
to form an unsubstituted or substituted C,-Cy
cycloaliphatic group;

35 (iv)  R'is a C1-Cy hydrocarbyl or halogenated
hydrocarbyl;
) 1is 0, 1 or 2; and
(b) at least one of hydrofluoric, hydrochloric, hydrobromic, or triflic

acid.



14. The conposition of claim 12 or 13 wherein ArF-NR2 is one of: 20

N-pent af [ 10 nyl pyrrolidine, N para-nanofluorobipheny e,
N- pent af E)(]:l;?‘ggtgnyloyrroI e, N parananof | uor obi phenyl pyrr04’(91\9{]%”’3%da

N- pent af | uor ophenypi peri di ne, 25 N-par&hanof | uor obi phenyl pi peri di ne,
N- pent af | uor ophenyi ndol i ne, N paranano-f| uorobi phenyl i ndol i ne,
N- pent af | uor ophenyi ndol e, N-par ananof | uor obi phenyl indole, 30

N- pent af | uor ophenyazeti di ne, and N -parananofl|_uorobi phenyl azeti dine.
15. The con%os. tT C(BFPQ?Ft&inrﬁfflPlWh%WéFfﬁmAéﬁ r’RA1YosInRted SR PETINQHRYEHeny |

pyrrolidine. M YA olakR M, T hebinbBaRt | product of 35
(a) an organorret alﬁ gtgfsycg%rgggn%ju’n av%erqu?“(ﬂltl% 9%‘153 ?rggsa?llaone stabilizing
ligand, and (il )sm)'stltlumlsltiplmmgl lterbhéneyl,| dr gabshitistead teaqbﬂeayf or olefin insertion

and abstracf abl e o forman éﬁl ve tal ent er; 249

PCT/ US00/ 33590 I Reqpyosy! Oé’dg aa\’i“ys‘t" 6Hpountt aEdWﬁ‘r‘ SEF‘HB‘? %F 2 cation that
conpgi ses a fl UO&yQ:?JaYlbhitl&QBﬁlp substituted secondary am ne or phosphine,
wherein the aryl” moiety is one of phenyl, substituted phenyl, 5 biphenyl,

substi t ut edl(bl phEhwmmmqsrtpmmfyma;teanﬂclamm@ﬂ wheren B smptegepl s; and (ii) an
ani on that a xoup

bt ant o PO baE St mat@?oﬂ‘?ﬁ@&a‘fv@r%flsclo?fm%&eqnahar& R ai m 16

wherein the coca;rne}},yﬁ;;ra%g;@,gg@g,@rs 10 represented by the formula: [R;
ArF-ER2-H + [(M)Q 1 th where (a) ArF is a fluoroaryl Ilgand
(b) E is niltZogen compphméwﬁb mpky) each R is independently a Cl-C20

hydr.ocar byl or hydrocar byl si | g{ two R's may connect to form
an dﬁsubsti t ut e(d or tlfli i‘é&F %ﬁgTR{)b \gg?l phati c group;
a) 1s a tluoroaryl group;
(b) each R is independently a C,-Cy hydrocarbyl or hydrocarbylsilyl
group, or the two Rs may connect to form an unsubstituted or
substituted C,-Cy cycloaliphatic group; and
15 (©) [An] is an anion of a strong Bronsted acid.
13. The composition of claim 13 wherein ArF is a fluorinated or

perfluorinated aryl group and is one of phenyl, substituted phenyl,
biphenyl, and substituted biphenyl, terphenyl, or substituted terphenyl.
14. The composition of claim 12 or 13 wherein ArF-NR; is one of:

20 N-pentafluorophenylpyrrolidine,
N-para-nanofluorobiphenylpyrolidine,
N-pentafluorophenypyrrole,
N-parananofluorobiphenylpyrrole,
N-pentafluorophenypiperidine,

25 N-parananofluorobiphenylpiperidine,
N-pentafluorophenyindoline,
N-paranano-fluorobiphenylindoline,
N-pentafluorophenyindole,
N-parananofluorobiphenylindole,

30 N-pentafluorophenyazetidine, and
N-parananofluorobiphenylazetidine.

15.  The composition of claim 14 wherein ArF-NR; is N-pentafluorophenyl

pyrrolidine.
16. A catalyst composition that is the reaction product of

35 (a) an organometallic catalyst compound having
(1) at least one stabilizing ligand, and

(1)  at least one labile ligand suitable for olefin insertion

and abstractable to form an active metal center; and



(d) R is a Cl- C20 hydrocarbyl or hal ogenated hydrocarbyl; (e) i is 0, 1
2; s at | east one Goup-13 elenent; 20 (g) n I t one;
and (h) %chwﬁﬁ?éat to Mand are selected to render [(M )Ql@”e.gqoeg%%

substantially noncoordi nating. 18. The &atal yst conposition of claim 17
wherein each Qligand conprises at |east one fluorinated aryl group, or at
| east one substituted aryl group 25 wherein the substitutions conprise
fluorinated hydrocarbyl groups. 19. The catal yst conposition of claim18
wher ei n each Q I(bhand acwepielyseerrspound compeisingon atons in a fused or pendant
ring system 20. The catal yst co tio f Q ligand
is perfluorinated. 30 21. (Fr)he c%}tjgi?ﬁosnt @Sﬁpgé#?b%@ﬁ ot m@llﬁgf%ﬂﬁ%ggd

wherein R ; ArF-ER2 is sel ected g‘ubgim{udmeadrajhl—wmﬁm@nyﬁdgphmelwdefem

N- par a- nonaf | uoro bi phenyl pyroli dine, N-tridecafl uoroter pheng yr oI i di ne,
N- pent af | uoro- phenyl pyrrol e, Ntbaﬁ@ﬁmﬁtVd%P%Pﬁh@Wl ﬁ??ﬁ*lﬁ‘l“é phényl,

N-trigdecafl uoro- terphenyl pyrroly p pi

N- pargnonafl uoro 35 bi phenyl pi per?thn g, %Rﬁ)? ecgygﬁ%ﬂyi taﬁﬁé S(Ilﬁnpl peri di ne,
N- pent af | uoro- phenyl i ndoli ne, Nubartamdmaphénm ahdphenyl i ndol i ne,
N-tridecafl uoro WO 01/ 42249 PCT/ USOQ 33590 -61 . terphenylindoline,

N- pent af | uor opheny! i ndol e, (9 paradinian (B#tocopiPRen\A | Gy 3  element,

N-tri decafl uorot er phenyl i ndol e,

N par anonaf | uor obi phenyl azeti di n‘gh&ﬁﬂﬁﬁgeggwg%?tﬁ dn@ - glzatel?%di ne,

N- pent af | uorl@phefhazataldi penpdditiar efiwaal 1 uehereln ﬂhepheme;lyazsompdumais and
N-tridecafl uoroterphenylaziridine. 22. The cat al yst conposition of clains
16- 28 wherein thé® 8%%3%391 538 is a Group-3-11 conpound activable for

ol efin polynerization to g gz@pjm H] %(’M )('ﬂ‘@z caQaj Ywhereonposi tion of claim

21 wherein the t al y%mmu&% ﬁ oup- 3- 11 conpound activable for
ol efin polyneri % i on gn@tr&% 09 ho 4 The cat al yst corrp05| ti on of claim
L gt

22 wherein the dsfzil q%lzt;j) %r/g ene h gthe
formul a: LA LB Lt I\/DI'::a% En A B ke %yqr(S’c 5? Wituted or
unsubstituted, cycl O&W%BT% Sd?”h‘é’c“é?ﬁé? PBpYhYRY \%‘H?‘ie Iolrgand 15 (b)
LB connects to M and iSe0stitad SpiGacedodiPhanG 8198Pi t ut ed, ~ cycl opent adi enyl

or heterocycl opé@t adi &iyd a 6r-Geghydrpeareyl oahalegenated hydrocarbyl;

1150, 1 or 2;
(f) M’ is at least one Group-13 element;
20 (g) n is at least one; and

(h) Q connect to M and are selected to render [(M)Q,Q; . . .Q.]
substantially noncoordinating.
18. The catalyst composition of claim 17 wherein each Q ligand comprises at

least one fluorinated aryl group, or at least one substituted aryl group

25 wherein the substitutions comprise fluorinated hydrocarbyl groups.

19.  The catalyst composition of claim 18 wherein each Q ligand comprises 5
to 20 carbon atoms in a fused or pendant ring system.

20. The catalyst composition of claim 18 wherein each Q ligand is
perfluorinated.

30 21. The catalyst composition of claim 17 or 18 wherein R';ArF-ER; is selected
from N-pentafluorophenylpyrrolidine, N-para-nonafluoro-
biphenylpyrolidine, N-tridecaﬂuorot_erphenylpyrolidine, N-pentafluoro-
phenyipyrrole, N-paranonafluorobiphenylpyrrole, N-tridecafluoro-
terphenylpyrrole, N-pentafluorophenylpiperidine, N-paranonafluoro-

35 biphenylpiperidine, N-tridecafluoroterphenylpiperidine, N-pentaftuoro-

phenylindoline, N-paranona-fluorobiphenylindoline, N-tridecafluoro-



| i gand; wherein LA and LB optionally connect together through a |inking

group conprising a Goup-14 elenent; 20 (c) Lc; is an opty ral,
non- oxi deE’ioﬁ/ézq“?gand connected to M (i equals 0 to 3)1 (ﬂmqofé?@h

G oup-3-6 netal; and (e) D and E are |-&bi-le |igands that connect to M and
optionally connect to each other, to LA or LB 25 wherein D or E are
abstractable as a nonoanion from M by the cocatalyst conplex and wherein a
nonomer or polymerizable macromer can insert into MD or WE for

pol ymeri zati on. 2&phapydindeling Nspensasiuosanhenyindete, &-parananeflgperein Mi s

titaniumand LB i ) %rq ﬁﬂﬂ 0 The .cat al yst
conposi tion of clbgq%n)é@% \/(\)E%(r?\g%n I srg(gtlglt ?gﬁlﬁlﬁmﬁ ﬁﬂ%%ﬁ%ﬂuun%m%]ﬁale is a

substituted or unsehiiid Nip@tnomaflabebipheayhstidineON-tridet Aruoestelpapgnt adi enyl
| i gand connected to. M 27. A catalyst systemfor olefin polynerization
conpri si ng: WO 027etuhuey Nopertafbsnordegwerinidige, N-ppraganafiupseronet al | i ¢ cat al yst

catian having at bkrﬁi%ﬁt\lﬁﬂﬂﬂin%f %ﬁféﬁjtﬁh%gpu&iogg@ﬁng&gir?diﬁeabi | e |igand suitable

for olefin insertion ereln atalyst ¢ nis activated for olefin
pol ynmeri zat 20n; (T catalystitanapasitfdnudichamny |1 6420galndeia uhstdtilystedmpeanddar y

am ne or 5 phosphi rg];?; and (c) a Goup-13 substantjally noncoordinating
anion. 28. A cat & ¥SfouRstdrldoRpored ativiahleSor plslin pglyamerization © a@tivaci ted in

any of clabys 16n2QataR9t cd%gﬂysgfb%%?cta% FGIRALH e @ﬂél%glec‘étﬂggﬁmfl [s9fn on€ or

nore nmononers 10 conprising conbining the nononers u yneri zation
conditions withCGaoumBell compmiupdectivdid fon okefinglojysteridaabn ksa tdiwnr eact i on

product of ) an,organonetal lic catal conmpound having at | east one

st abll%l i zi nggﬁ‘i gaﬂ.&eéi%taf}éftcol%’t“o&? Cfiaé%%é”*rqr ke @i V%{B‘%E‘WBP‘?B‘I%H n

i nsertion and abgfbghtabhRiadiBcdRaUCing tk@ldrRAllac Metal center; and 15 (b) a
G oup- | 3- based cocatal yst conpl ex %or{pri sing (i) a cation having a

protonated, fluoroaryl-ligand- &UbstlitMkiwherondary ani ne or phosphi ne and

(ii) a substantiglly anoorgin ing.anion. 30. The pr.ocess of claim?29
wherein Q conpr @e fl trl]“orcf)ﬂ'éﬁc Sami?gp gr%ﬂg’ t’%‘?ed or unsu&"?meds’
cyclopentadienyl Or heterocyclopentadienyl ligand;
15 (b) L® connects to M and is a substituted or unsubstituted,

cyclopentadienyl or heterocyclopentadienyl or is a heteroatom
ligand,
wherein L* and L® optionally connect together through a linking
group comprising a Group-14 element;

20 (©) LS is an optional neutral, non-oxidizing ligand connected to M (i

equals O to 3);

(d) M is a Group-3-6 metal; and

(e) D and E are labile ligands that connect to M, and optionally
connect to each other, to L* or LB ,

25 wherein D or E are abstractable as a monoanion from M by the
cocatalyst complex and wherein a monomer or polymerizable
macromer can insert into M—-D or M-E for polymerization.

25.  The catalyst composition of claim 24 wherein M is titanium and L is a
heteroatom connected to M.
30 26.  The catalyst composition of claim 24 wherein M is zirconium or hafnium
and L® is a substituted or unsubstituted, cyclopentadienyl or
heterocyclopentadienyl ligand connected to M.

27. A catalyst system for olefin polymerization comprising:



20 conprise aryl groups having fluorinated hydrocarbyl substituents. 31.
The process of claim?29 or 30 wherein the catal yst conpound is a G oup
3-11 conP®uHE22t i vable to a cation for ol efin pol yneri zaP€HHS0@EBSI0The
process of any of clains 29 or 30 wherg@ n the olefin polynerization
conditions conprise a solution, supercritical pressure, bulk, slurry, or
gas- 25 phase process conducted at tenperatures fromgreater than or equal
to 30C to less than or equal to 300C and pressures fromgreater than or
equal to 0 to I@ps thanoghaneguallid catZ@S0chiion. h83ng Théeast onesmbdizing ai m 32
wherein the process is bulk, slurry, or gas, phase,. and.the activated

catal yst conpound is lgandjasd aolﬁbﬂ?}llé?‘f‘{%@%{eogéo IS erHen WEE. Rfort . WO
01/42249 PCT/ USO0/ 33590, 8 s adki€atld £ ofdid glyhiayzaa8na _
fluoroaryl-1li gand-subst|¥ute secondary am ne or” phosphine for preparing a
G oup- | 3- based (dycat ad y séutcabnpilexoanytigarsi-sugpstimteiubscamdara| lapine  or
noncoordi nati ng anion. 35.. Use of a precursor for polyolefin preparation
wher&in the precursorpl?sﬁléiﬁﬁrqnéles a G oup-13-based cocatal yst conpl ex
conpri sing a cakyon Nyl Aefukariony Mbndbamiiimg ARk L ut ed secondary ami ne
or phosphine and”a substantially noncoordi nating anion. 36. Use of a
precursor f2& makicatalysn actefling wotkimerd7z havieg acfzemire/ gs reshtedeinnanyt ble
precursor conpri ﬁe.s %C? oup- | 3-based cocat al yst conpl ex conprising 10 a
cati on having a $#I5r®at%1 - 1i gand- substituted secondary amine or phosphine

and a substanti ahl yrReHRC IS PréfkinBI pdRoRfins from one or more monomers
10 comprising combining the monomers under polymerization conditions
with an olefin polymerization catalyst that is the reaction product of

(a) an organometallic catalyst compound having at least one
stabilizing ligand and at least one labile ligand suitable for olefin

insertion and abstractable to leave a cationic metal center; and

15 (b) a Group-13-based cocatalyst complex comprising

(1) a cation having a protonated, fluoroaryl-ligand-

substituted secondary amine or phosphine and

(i1) a substantially noncoordinating anion.

30. The process of claim 29 wherein Q comprise fluorinated aryl groups or
20 comprise aryl groups having fluorinated hydrocarbyl substituents.
3L The process of claim 29 or 30 wherein the catalyst compound is a Group

3-11 compound activable to a cation for olefin polymerization.

32. The process of any of claims 29 or 30 wherein the olefin polymerization
conditions comprise a solution, supercritical pressure, bulk, slurry, or gas-

25 phase process conducted at temperatures from greater than or equal to

30°C to less than or equal to 300°C and pressures from greater than or
equal to O to less than or equal to 2000 bar.

33.  The process of claim 32 wherein the process is bulk, slurry, or gas phase,
and the activated catalyst compound is carried on or affixed to a

30 particulate support.



10

WO 01/42249 PCT/US00/33590

34.

35.

36.

-63 -

Use of a cation having a fluoroaryl-ligand-substituted secondary amine or
phosphine for preparing a Group-13-based cocatalyst complex comprising
a substantially noncoordinating anion.

Use of a precursor for polyolefin preparation wherein the precursor
comprises a Group-13-based cocatalyst complex comprising a cation
having a fluoroaryl-ligand-substituted secondary amine or phosphine and a
substantially noncoordinating anion.

Use of a precursor for making an olefin polymerization catalyst wherein
the precursor comprises a Group-13-based cocatalyst complex comprising
a cation having a fluoroaryl-ligand-substituted secondary amine or

phosphine and a substantially noncoordinating anion.



