21 MAY 2006 WO 01/42249 1 PCT/ US00/ 33590 OLEFI N POLYMERI ZATI ON. COCATALYSTS
DERI VED FROM GROUP- 15 COMPOUNDS AND PROCESSES US| NG THEM TEGHNMAAZL0KI ELD
Thi's i N §19324oc! ates to ionic catal yst systems, especi apb¥ajsfoziten

pol ymeri zation processes using ionic catdlyst systens; to precursors for
ionic catalyst systems conprising G oup-I5-containing cations and
noncoordi hati n anions; and to nethods of use of G oup-|

5- el emfBEFTH RO Y‘fﬁ%éﬂ?ﬁé’ﬂr GRS TARACRPEBUNEP FROM SRPER1HS" AOROBWIS] ANRARAGESBEISON"
(NCA) i s RtYF d88epted 10 terminology in the field of olefin and vinyl
nmononer. pol yneri zation, both by coordination or insertion polynerization
and carbocatT&ﬁﬂﬁcﬁbfﬁﬁﬁrlzatlon See, for exanple, EP 0 277 004, U.S.

patent 5,198,401, Bai r ThisMimkasbn Gelatedt toalionic Jatalysn sychams, &SpecialkPd, 116,
6435- 6436, U.S. patent 5,312,881, U S, patent 5,668,234, and WD 98/ 03558.
The ndncoor dPSIHEIeHgataT) BIOSCSE® USBE CIONISeeRta sty ystamsc t1P opregursess dor ot c

stabilizing &€ oni c_netal |l gcene | exes
that are act?a\c/{é% E)I’S?&I% C&q‘ ﬁ&? g(r;(%ro% "t%%&ar'l’r?'ﬂ% 618P%I|arqgtril%°°o1rﬁlf nﬁn%s used
here appl i esarﬁ@ﬁshah@td muﬁwd@@f\mwfd}raaﬂﬂ&le@dﬁnﬂ@én@m%wt@% that at nost,
coordi nate so weakly that they are | abile enough to al for olefinic or

acetyl eni ¢ nBAGKEROVMerti on. These noncoordi nati ng ani ons can be
effectively introducedTheOtermt 6nanqootdineinigz ahioall @EQA)Mis seywar adcepted om t he

o R T N A S e d&“ﬁﬁré&?a%%é?%%rii 85RY ai i ng
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specifically address nitroge nt al ni ng ronste At are
capabl e of afwstexacipieydEPD0 E@’hOGM)gJ S2patehabjlP8 Y0 yr Baipd, oMictael Cal gt al.,

organonetal | i c t nsr |on cat al yst precursor conpounds by donatrng a
proton to suéWI ?'T'e §f-oti LE){ H%sé‘ﬁ%érﬁﬂ‘éﬁr ﬁg t Rateph e} MR8 1, r”gcdﬁa

conpounds cak kefhs4 agh rwgvggbmsa %@pﬁédcgbx% Ora@,gu f5RaLan és'Egbed t0

noncoor di nat i’ng ‘ani’on. atent 5,198, 4 escri bes cata yst acti vator
conpdunds refmnesmnb.edlebtyomhetabdlzmg eountdriond 4yrgsdértlly CatiQhilmetall&@ent "
where L' is 3aneu ral base, ' ahdro n atom and %’(M)'"+Q1Q2

Q'] is a neteiPPlgres thelats Ao f&fB SEHREed kreoteawar’mf 1ngEng pyam s

preferabl y waggemeM hﬁpiﬁ@ﬂﬁﬁh & hulyt WohBbrd®iifgCdniddls AHdPaRbRTRat 6 R cal s,
such as phenyl, napt and ant hracenyl,
coordinate so weakly that they are labile enough to allow for olefinic or acetylenic
monomer insertion. These noncoordinating anions can be effectively introduced
20 into a2 polymerization medium, separate from the organometallic catalyst
compound or premixed with the catalyst prior to adding it to the polymenzation
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 lear/ing
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)" Ja[(M)"" Qi Q2 . . .Q,]* where L' is
30 a neutral base, H is a hydrogen atom and [(M')""Q)Q; . . 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' 1s illustrated with various trialkyl-substituted



each preferably fluorinated. L' is illustrated with various
04-ﬁ2a2£91-substitut ed 04-12-2001' 99B050. PCT: -2.a 21 MAY 1004 ni ukdS00335€
conpl exes apmbshpSEFdi al kyl ani | i ni um conpl exes. WD 97/ 358932”@3@3%

cocatal yst activator conpounds represented by the formula [L*-H + [BQ 4] -
where L* includes nitrogen-containing heutral Lewis bases, Bis +3 boron,
and. Q'is a fluorinated C3_20 hydrocarbyl group, preferably a fluorinated 5
aryl group. The cocatal yst conpounds are said to be rendered soluble in

al i phatic solvents by incorporation of aliphatic groups, such as |ong

chai n al Ky lr@honismbsdimplekes-amdaiNyitdigk plpSiniimt corhiplex&. onW@d9He 5803
"[L*-H +. Bis(hydrogenated- tallow alkyl)nethylampni um and N
di (di cosy| Yessribgs -Conatelyisuacwdters campourgdserapresenied. by rheifernele HheHdbove

th [ nt i d f t al ._.activat | b t
mor ove i A0 | REEohoine S Bt RrebpiahnE LBl A8 B R D
prepar at i opq et hadsyok 4 p§§ﬁn%§&ﬁ@lu g@ﬁ:&%ﬂ%@;ggg%ﬁ_ﬂrefamy td AbARated €

cat al yst acti vation reac ove ni't contalhing cocat al yst

conpounds efyl gresi Thé tocaedly st abmpounds aenpdunde, rehderby sblobke infaliphatid 5
hydroni um atom H+, in the activating_ protonation rezcti on. _Thazse L
conpounds Selventseby sinperperAtionap! llPhAtY aeRs: iUCh 2hdO88 roRy 134 ls Ohci d,

tal lic. talyst ti : i1 ; pnterf
wi o over aPPoSiguEIY o FRl 81 e oMK JER TESP B ROUBR Gl G ¢
wher e the wkbwhikybaidienimmondxani i dildicsslphahylumomhiwns satte taatight for

repl acenent of Lewis 20 base am nes with the suggestion that catalyst
poi sons an@xempeB¢d-abl e residual ami nes canthus be avoi ded. BRI EF SUMVARY

Enmbodi nents of this invent.| r-Qce EQr:._pr ri | efins
fromone or nore ol ef% glg%ﬁgn@?%%??lé\}\%rghlg&gg%tﬁlg{wgs&ggeﬁ?%gc%%?ned

Wi th the reagbition psgoaidsoboih) t@rninpreen dmbisaidli econatraés/ sind proe puedde
conmpound and ii) a cocatal yst conplex co i

f I uor oar yl 2ltegahve symhesiy %@arepé@é@ﬁda?ty%ﬁ@% gﬁ?&lﬁﬁi erngrgds o
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cocat al yst “I's sonkt nes ¢ an activator.”) The invention cocat a%ysts
provi de r esbdcatalysaeirmpouwnds plaosphilnen seutd amdse wotripo80ds, ddunetbsbadithé t y

o e Ry P Bl R B S AR 200 Rl
are Lewis bases that may interact with the strong Lewis acid, organometallic
catalyst cations, and may in some cases adversely interfere with overall
polymerization 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 precursor
compound and ii) a cocatalyst complex comprising a fluoroaryl-ligand-substituted
secondary amine or phosphine and a Group-13-based noncoordinating or weakly
coordinating anion. (This cocatalyst is sometimes called an activator.) The
invention cocatalysts provide residual amine or phosphine compounds with
30 reduced basicity relative to those of the prior art, as well as noncoordinating or
weakly coordinating anions for organorﬁetallic catalyst complexes that exhibit

surprisingly high polymerization activities.

(replacement sheets)
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surprisingly high polynerization activities. (replacenent sheetksg) S00335S
UANERNBED! SHEET 04- 1 2-2001 9B050. PCT 3.a 21 MAY 2004 US003352 1A #lsr m US00335¢

noncoor di na#Bei§.F&ii on as used here applies both to truly noncoordinating

ani ons and coordinating anions that are | ess coordinating than olefinic or

acetyl eni c nononers. .These noncoordi nagiang ani ons can be effectively:

added to a polynerization nediumor prem xed with an organonetallic 5

catal yst compound before adding it to the polynerization nmedium as

Bronsted acid salts containing the invention charge-bal ancing

count ercations. DETAI UHe teESCRINETbOM=Ting anfvresst used herowpples tatiprtoaels f or

ol efin polynerization in  which Goup-13 cocatal yst conpl exes and

transiti on RPAQCTGPEEHOARCRS 130d CQoafiaryRg apiope dhaore detptnsidisaton tha
combi ned to l{e‘ﬁ‘hﬂ? agt 'a%?txﬁln\?é 'txﬁlon&%le%rmr ;Tgxg%el ) n&%rﬁlr?éﬁk?' Ia@foég Lg%cgk'w%/ gt' on

or essenti a? y concurre activat e catalys e

sui tabl e mogferivelyhaddebas 2a3PRasiBRN rAdEhmYr Grentixel With &1 opesénb@NicC
unsaturation. Using the general fornula [L-H + [Al-, where [A]" is any
ani oh is susatalyblecaropowidebsfarpeddingrit rathopolymsazitton mediwe, zoRpostads, L,

of the invept) re.typicall ased on.f|luorinated am ne conpounds
neeting the&égggrt‘sa‘?oﬁ%fl%%ltgm ETE\P]I%-C’%@E'\H’i‘L@P‘émﬁrcﬁuthmgnP%oroaryl | i gand or
group, E ispetifesdsekipritiosphorous, and each R is independently a Cl-C20

inear or branched  hydopAERiibn Qiroties 9 BHRULSIELY i ShaDanh i oup.

‘Addi tionally, two Rs may 20 connect to m a substitut unsubsti t ut ed,
hal ogenat edwbrchnéirobpdldgenedtelyst CdnGleékesy ahdalraquitadri ane@R - GAndryetallicar byl
or C2-C10 hydrocarbylsilyl. Ris a Cl- gZO hydr ocar byl . or hal ogenat ed
hydrbcar byl a1 @Yst FFEHFITorEaRdnds; samade €8 ed®t d°Re 2RHYS ogHinat om

can be subsidjiieadattin WashPsti t Uhed: PRGANLon B RREMallyOlcoh&ITRRE YAy The

substitutions can be on rinhg carbon atons, or the ring 25 carbon atom
itsel f can dsdiveubst theutcedlysyiiel cipvged theswstableampomminiar thahghasSemessible
enbodi nment s use. a e;.fl uor i nat ed arom%ti c ring. The R substituent nay be a

linear or DPEHRERYTIHE GhETTEERE B2 i%or i nat ed al kyl or al kenyl
substituent. "i" is Qsing thelgeReraSRiReNICH MR, Svidre [ AFseshyomibhe

foll owi ng fluoroaryl-Iligand- . ) : i ]
15 suitable for olefin’polymerization, the Lewis base compounds, L, of the invention
are typically based on fluorinated amine compounds meeting the general formula
R';AIF-ER?; where ArF is a fluoroary} ligand or group, E is nitrogen or
phosphorous, and each R is independently a C;-Cy linear or branched
hydrocarby! or hydrocarbylsilyl substituent or group. Additionally, two Rs may
20 connect to,form a substituted 01; unsubstituted, halogenated or non-halogenated,
Co-Cap cyc]oaliphatic, C3-Cio hyrodcarbyl or C3-Cyo hydrocarbylsilyl. R"is a Cy-
Cao hydroéarbyl or halogenated hydrocarbyl. Suitable fluoroaryl ligands- -
connected to the nitrogen atom can be substituted or unsubstituted phenyl,
biphenyl, or terphenyl. The substitutions can be on ring carbon atoms, or the ring
25 carbon atofm itself can be substituted, yielding a hetero-aromatic ring. Some
embodimehts use a perfluorinated aromatic ring. The R’ substituent may be a
}inear or branched, fluorinated or unfluorinated alkyl or alkenyl substituent. "i"is
G, 1, olr 2. 'Some embodiments are based on the following fluoroaryl-ligand-
substituted amines, ArF-NRj, where the fluoroaryl ligand, ArF, may be-a fluoro-
30 or perfluoro-substituted aryl. R represents substituted or unsubstituted, alkyl or

cycleoalkyl groups as defined above, which may be selected independently.
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substituted am nes, ArF-NR2, where the fluoroaryl ligand, ArF, may be a
fluoro 30 or perfluoro-substituted aryl. R represents substituted or
unsubstituted, al kyl or cyclcoal kyl groups as defined above, ﬂdﬂ“ﬂﬂﬂ be
. selected i ndependently. (replacenent s@ﬁets) AMENDED SHEET 11 MAY 7004 3.b
Sone enbodi nents select i to be one, ArF to be fluoro phenyl, and R to
connect to ArF at the para-position of ArF. Sone enbodi nents enpl oy the
followi ng cyclic fluoraryl-ligand- substituted secondary am nes:

N- pent af | uorophenyl pyrrol i di ne arag s .nonatl yo "ol a

bi pheny! pyr 8P §ieH P%NPFF§ Eﬁfﬁ%ﬁg %?ﬁﬁé%y?g@?%ﬂ?%?ﬁ%?kﬁﬁpghtéléﬂoro-
phenyl pyrrole,. gﬂﬂj uer aiphenyl pyrrol e, N-tridecafl uoroterphenyl -
pynTol e, N—%@ﬁf@?§%§?gp eﬁh pi péridi ne, N-paranonafl uorobi phenyl pi peri di ne,
N- tridecafl uor ot er phehylepirpesdideme emylqenht d6llavane shdiyflvaani-lgand-

N- paranona 5 fl uorobi phenyli ndol | ne, t(%gﬁc quoh teﬁghgqylindoline,

N- pent af | uosebstiphieh§gconRdasy @MIRESH Al RE FRROYCBYHPPHE &PF’ e

N-tridecafl uorot ei phenylindole, N pentafluorophenyazeti dine,

N- paranonaf d8? 1JIC’IS‘EenyIazetidine, N-trideca- fluoroterphenyl azetidirne, N
pent af | uor ophenyazi ri di ne, N-paranonafl uoro- biphenyl aziridine, and
N-tridecafl uoroterphenylaziridine. Effective, invention G oup-13 cocatal yst
conpl exes are, in sonme enbodinents, derived froman ionic salt conprising
a 4-coordinate, Goup-13 anionic conplex, represented as: [L-H+ [(M)Q @
...Q] where [L-H + is defined above, M is one or nore G oup-13 netal or
metalloid, 15 including boron or alumnum Each Qis a ligand effective
for providing suitable as a electronic or steric effects rendering
[((M)Q @ . @] noncoordinating 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 disclosure as substantially
noncoor di nati ng, which nmeans that it coordinates so 20 weakly that it is

| abil e enough to allow for olefinic or acetyl enic nmononer insertion during
a polynerization reaction. Alternatively, a sufficient nunber of



as a whole is effective as an NCA. Q can be chosen so that [(M)Q Q@ Q =]
Exenpl ary Q substituents have from4 to 20 carbon atons in their fused or

unfused ring systens, especially from6 to 20. Q nay be substiz!t@ﬁ Zﬁfp 25
unsubstituted. These substitutions spﬁ fically include fluorifat yl

ci
groups, perfluorinated aryl groups, ahd may include substituents other than
fluorine substituents, such as fluorinated hydrocarbyl groups. Preferred
fluorinated aryl groups include C6-Cis aryl or al kylaryl groups such as

phenyl , bi phenyl, napthyl and al kyl at ed derJ. yatiye ergpf. Sone
enbodi nentispselydstroine, X onpedasiuor 161?5517Yé1§§?f”§ﬂ%I\fl%ég{ra?]nat ed aryl group or

at | east one substituted aryl, grqup,.i [ 193604A13 0 20f1Een9B050. PCT 4. b
21 MAY 200dhesibariodtty-sRENe F@E%‘%@g%ﬁg’%% h;drocar byl groups. Some

embodi nents_sel ect . B8 cperfel Mosdrnamefvorphwheh¥RIRsEdrEs of U S.
patents 5,Hléhoﬁﬁg‘%jpe]‘ga?@g’ao%%g?19%,6278,6113, 5,447,895 5, 688, 634, 5,895, 771,
VO 93/ 0209@@6}{@]1)&3{3%9&{{”31@]&@d%')f/, A\qum@ﬂw@?fwlz&%’?m&nﬁl'%ao%‘en ing US.

li cati ial 5 09/.261, 627, f] - 989roand it
s val ent adlHB0SIEE, Wr (7 uam%;?fl%ﬁg@ﬁg@é‘%%Efbéﬁgg?%figgb33H
AVENDED SHEET 04-.12-2001 . ARA50: RET M5 U2 by RTA YR uct | ve as
to suitabl B @Ygﬂﬂgﬁi’ ﬁﬂ%aﬁ%l%sé%gﬁg§§r%ﬁ?%go? porated b re%.er%_qugcg_r pur poses

of U S. pa -?‘Emﬁ’ﬂ@&%' K&y dhBing Capalapstalporahildien e BAHY ¢ 5F
fl uoroaryl -

gand-substituted secondary am.ne or sRiagorand a
Gr oup- 13- bélserbtenphewdentitidais ﬁbpg{iaiﬁgﬁw‘{}‘-nygﬂ{%glg?dﬁ at? i né ani on can

generally be prepared b AT | | gakyhidiregand substituted am ne
conpound a@‘ﬂ@ﬁ’yﬁ%ﬂuﬂ’%égé ?ii@dle ?‘&@05’%2‘3;’&9{& ?ﬁ a strong . Bronst ed agkd
"I H +[ An] *; hydr of | uogiestivey s ariomiGroupyidrespiebist ORI AT I acid are

suitable strong Bronsted acids. This reaction. 054.2 0 Hiadi0d) abdp-13
f1 uor oar yl <nilangeniabdern tagt B ARORTEN? a‘iolnﬁﬁlsﬁ: nt erbal anced with the

anionic complex, represented as:

[L-HY [(MYQ1Q2 - - Q4

where [L—H]+ is defined above, M' is one or more Group-13 metel or meta]llo.id,
15 including boron or aluminum. Each Q js 2 ligand effective fo-r providing
clectronic or steric effects yenderng (MYIQQ: - - Qn) suitable as a
noncoordinating or weakly coordinating anion (as that 1s understood in the :.art). ?f
an anjon is moncoordinating or weakly coordinating, it js referred to m this
disclosure as substantially noncoordinating, which means that it coordinate‘s S0
20 weakly that it is labile enough to allow for olefimc or acetyle-nic N1ONOMET
insertion during 2 polymerization Teaction. Alternatively, a sufficient number of
Q can be chosen so that [(MYQ1Qz - . Q) as 2 whole is effective a.s an NCA.
Exemplary Q subsﬁtuents have from 4 to 20 carbon atoms in ther Afused or
unfused ring systems, especially from 6 to 20. Q may be substituted or
25 unsubstituted. These substitutions specifically include fluorinated aryl gl'ouPs,
perfluorinated aryl groups, and may include substituents other than fluonne
substituents, such as fluorinated lydrocarbyl groups. Preferted fluorinated aryl
groups include Ce-Cig ary) or alkylaryl groups such as phenyl, biphenyl, na.pthyl
and alkylated derivatives thereof. Some embodiments select Q to comprse at

jtut g ) ych the
30 Jeast one fluorinated aryl group or at Jeast one substituted ary) group in which t



.ggg!éég%e base of the acid "[An]-". The resultlng salt, [R c
r =ERZ'H +[An] -, is then reacted mnth a Goup-1-2 salt conpr|5|ng a US00335¢
sui t abl e ndiBOGOBETi nati ng ani on, NCA, "[Goup-1-2 net al ]+ M 1W5as

descri bed above, and the salt that now conprises :the Bronsted acid's

conj ugate base and the Goup- | -2 netdlb"[G oup- | - 2 net al]+[An] ™"

renoved, leaving "[R 1ArF-ERZ-H }[ NCA]-", a cocatalyst. For 15 exanple,
lithiumtetraki s(pentafluorophenyl)borate can be conbined with a

prot onat ed, aryl amonium chloride to yield a protonated aryl ammoni um

t et r aki s( pesubafitutions ptrepyisg fiosrdtaed bydrotarty bgydups. Cbomasnebdaypemd select Bef or e

t he i on-exchange reaction_produc on- coor di i_.ng- anio nt ai ni ng
cocat al yst, eatche%cé%’l Bn Resfugranyt erh— @C'é’éuﬁeﬁeogiicstl%e‘ﬁﬁ ogdgg‘mkso of .

fl b f I
KA R SR SR R S EReS, SRRl 89588 SV By sBe, T e
or phosphoramgygg4, 1Weeaghasiry, SW@M@%M &Idu@@ ngﬁﬁlﬁﬁfll@b{'seﬁﬁl
hydrocarbyl'si Iyl group, or two Rs may connect to f'orm an ‘'unsubstituted or

subst i t ut emmﬂerQQﬂﬁb,ﬁaV,oﬁlﬁde\aMamlgﬂB% ard vp Ruivadent WO S¥52damcar byl
or hal ogenat ed drocarbyl; (replacement sheets) AMENDED SHEET 04-12-2001
USO00335E 91P838 @ﬂﬁ%ﬁ 5b(v) i is 0, 1, or to; and 21 MAY 2004 (b) at | east
one of hydrochloric, hydrochloric, hydrobromic, or triflic acid. One Q
group or ligand nmay al so be connected to a functional- 5 group-containing
nmetal oxide, netalloid oxide, or polynmeric support. See, for exanple, U.S.
patents 5,427,991 and 5, 939, 347, each incorporated by reference
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for poses of U S. patent practice. Suitable netal or netalloid sup
1%& all nmetal or nmetall oid oxides. Some enbodi nents use suyﬁortSWBSQ

have sur f aceeodoypdmoxyl groups exhibiting a pKa equal to or2 1 ¥85ihan t hat
observed for 10 anorphous, silica, i.e., pKa |less than or equal to about
11. Accordingly, any of the 15 conventifaally known silica support
materials that retain hydroxyl groups after dehydration will function with

t he invention. Sone enbodi ments enploy supports such as netal -oxi de,
silica, silica-alumna, alumna, clay, talc, etc. Silica particles, gels
and gl ass bgptscave asms tsuityie c@l subbtugn®ring atepipootpsrated byatefsrenenter n
hydr oxyl functional groups. Additionally, other functional groups may be
enpl oyed i nBHpEsergOiddyp Dﬂeﬂmambﬁei mary al kyl ami nes, secondary al kyl

am nes, and ot hers, e the are str [ i in a
pol ymeric chain and %bﬁo(gat&* lr?éﬁoﬁr&rgh ‘Iilﬂ g%ld‘%(“ E\ig‘;%%gﬁﬁﬁed
Group- 13 ankQiyndaty! GaRdor pﬁgsephlﬁ@an@amau 13tme<ﬂ wosédopdiakting or weakly
group-contal ni ng pol yners "of 'U. S. Patent 288,677, the functionalized

pol ymers of:ocbjdﬁxaupgtmnd)rs cBr 42Teolly b prepaeedd &Y clepginizon fluproargi-ligapdi cat i on

Trled 26 VaPARTISSS SBAa FAeral oa inie00se B0t L (T S a8 2 5ikees 10
ile

wher e pr ot opatad ATYED g{l{]ﬂrgﬁﬁy Sggd:%ﬂh%@rﬁﬁﬁb%ﬂut NhybyiTefitCandeadi for

prepari ng supported ol zation catal ysts. Al are incorporated
by refer encemﬂoa:epsmpﬂn@stroﬁg LBlﬁnsqaét ands. pr Bbisi rectign domey & mpovienated:hods

f tl t t t that h NCA b
Sul t abl 6 f oFSGBRY ARSI SHILRGRLES o 2pf o OB AIIEL it SURD, 2°
i nvegtion Cg&.gh%pts Ha00TBE L acifRYAR] SO T RANEAE 8kt VR, @Lemztﬁﬁ‘[gﬂ] ofs

affixed to riate support materials. See, for exanple t eachi ngs
of WD 91/ 098&2, rev\ﬁb@&ﬁmmoupmm@/lmsamauusablpa@ewgrdmam&a@% and

w th this i Ne | GHomRarhae e NE A el Rt Rl P R YR Rph iy Fb& voet v

Zi egl er - Nat t:ampﬂ@ésmeHr@r%tdmlcandomagadeltaeemi terroupds2 siemll"§Gtqupkhown t o
be useful in polymerization, when the invention, ﬁﬁ}é ators can ac |vate
the catal ys2 mpeledUAIST §s rgmoved; Leawingn IR{ARE -EfHE ﬁ;staﬁP%%ﬁ or

actiyable f f IR0l %ER Hes oy Cald Yool @Sﬂn‘ﬁﬂﬁdau@ﬂp'a3 11
tran5| tion QL?%E I?rpoun S %g@hh@ﬂuom; &?ﬁ
protonated, arylammonium chlonde to yxe]d a protonated arylammonium
tetrakis(pentafluorophenyl)borate cornpound and LiCl, as a byproduct.
Before the ion-exchange reaction produces the non-coordinating-

anion-containing cocatalyst, the cation can be referred to as the reaction product

20 of:
(a) a fluoroaryl-ligand-substituted amine or phosphine with the
formula: -
R;ArF-ER3, where
(1) ArF is a fluoroary] group;
25 (3i)  E is nitrogen or phosphorus;

(i)  each R is independently a C)-Cyq hydrocarbyl or
hydrocarbylsilyl group, or two Rs may connect to
form an unsubstituted or substituted, Cz-Cag
cycloaliphatic group;

30 - (iv)  R'is a C)-Cyp hydrocarbyl or halogenated
: ‘hydrocarbyl;
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-ong [ | Iigand can be protonated by the activators. Typically, thos
Oﬁoﬁéaﬁzﬁgﬁ i ncl ude hydride, alkyl and silyl, and their Uso0335¢

| ower - al kybesaslestri t uted (C1- C10) derivatives. Ligands capalMsy 2004 bei ng
abstracted and transition netal conpounds 20 conprising theminclude. those
described in the background art, see fgrp exanple US patents 5,198,401 and
WO 92/ 00333. Synt heses of these conmpounds are well known fromthe
published literature. Additionally, where the nmetal |igands include

hal i de, am do, or al koxy noieties (for exanple, biscyclopentadienyl

zi rconi um di chl oride) that(gre ynapst oagd;alddie using invention cocatal ysts,
the 25 ligands can be converted into abstractabl e ones through known

al kylation reactions with conpounds such as |ithiumor alum num hydrides
or alkyls, alk [ u P- A1-0
570708 Tor the T eacrion o Of BmGanor BERAEIoR: Rl o, S smie

di hal o-substituted me‘il At ocene corrpounds bef ore addi ng activating anions.
30 04-12=2001 ' US003 (598050 PCT. 6 E 21 MAY 2004 The (gaten |iterature
cont ai ns addi ti ona1 §Er rﬁrPBP@rfl&ﬁan nBEXI 313 BR £ORBRPEUAR S Bpri se,
or gan be GRERT n E?rﬂ-;‘i’ cgﬂﬁﬂg ng
abst ract ed or m a 1-%at al yt(ls)ga @E%é??f/éx:g% |8rohb " ( etlﬁaggerreb%%’
sheets) Al h@ﬂam I%MENDEE)&S&EEHY/}@D%&Q%Q 34’21eaM%Yn®@ﬁdratd§Oﬁ wSeEn88590
EP-A-0 129 368, US patents 4,871, 705, i? 29 é 00 EP-A-O 18 044,
EP-A-0 591formirpegssRidsSopatent Pagtios. 9%5“6&3 e7pe éPfWﬁt 199 spapprtsdnelyde

met al | ocen S e O r

bi scycl opeg{ qﬁl enylln agstl tu d@? 5 h%ué}glg&fm%ms%gk%ﬁﬁﬁ 6 cgﬁrﬁﬁ%ﬁﬂgfﬁcﬁ whi ch
the 5 |igahgdroxgy grbemaxhﬂﬁnbg B Yt let;uhleab vért hesenthanr thabrabseavedipforand may
be bridged to each_other, or may_be bridged to the trangition %ftdgl

t hi®ugh a am@mhmse)lma,rﬁep&azleﬂéh@ eDFEUA! QR 1of AR ANy

D 9919, b 5 Sy ARS8 LI Ry gyt o

pol yner i zatkbydratibh vivily fandiign elih tthe invention. Some embodiments employ
supports sﬁch as metal-oxide, silica, silica-alumina, alumina, clay, talc, etc. Silica
particles, gels and glass beads are most typical.

15 Polymeric supports typically contain hydroxyl functional groups.
Additionally, other functional groups may be employed including any of the
primary alicyl amines, secondary alkyl amines, and others, where the groups are
su'ucturall)jr incorporated in a polymeric chain and capable of protonating and
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 serlal

{renlacement sheetg}
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10 desired polymer characteristics. Wien bridged to each other, the

cycl opent adi enyl rings (including substituted cycl opentadi enyl - based
fused-ring systens, such as indenyl, fluorenyl, azulenyl, or f?ﬂf 0
substituted anal ogs) wll, preferablg be | ower-al kyl - substlt é gﬁ Co6)
inthe 2 position (wth or without a finilar 4- position substltuent in the
fused-ring systens) and may additionally 15 conprise al kyl, cycloal kyl,
aryl, alkylaryl, or arylal kyl substituents: the latter as |inear,

branched, or cycl ic structures ing mul t.i - r Jé’bl‘
exanpl e, tho&#/237,388. 33]56316%@50}7519??83"5%%5 SHi' 8@8\?{(? ﬂ%‘}ﬁog substituents
shoul d hav r r afyfls Wird inteycpesad liy ppdphein up to
30 carbon S‘VQ%%Sﬁg qfvﬁ&@ ﬁ&%erg@%ﬁl}ﬁgont zu rru rllg W?t 1-5
non- hydr ogeorgégsadﬁgg D L% Sapgported\, o]SﬁnOpo]Z'ﬁlEFi,zatﬂml @t@lmﬁs Si . ARl Edocunent s
are incorporate y r ference for purposes o atent practice.
Met al | ocengnemppatdy ISf.ﬂl@Eblfél Pwposss epEr- ﬂ?@temw&&?“‘gol yet hyl ene- or
et hyl ene- cont ai ni ng c ner s 11E) glts %{ge@,a{ o at | east

i Sl e abstp e SRNTR 1B er

two 5di f f er ent nononer 0¥Ed fhose Known |in thggart see
again 25 9 pl Mo Soe RAEANE %15,5@15;;]@1*2)@@ thi5, 9eytDs CBlaBAL, 800,

5, 304, 614%@6‘ éé%g%?% ol faop specific listi n? Sel ec E tralCa cene
catal ysts f@mprekdsng Thirs otheec tivesniaen §§ﬁﬂbﬁsbt09%?ﬁf’ Eé‘%d??/)braﬁ)sé’y By

correspondi ng cat al yst nt heses r i eteh@orag lamOthet he
patent and ¢epasiésd en oF fEPELuPe? Pp%@émfo?umgon rﬁ%\gmjogsr val of 6%anorret allic

Chenmistry 369 9}@)382 Ty o/l w728 IWS)e 9805326 adngstsS.apatents
stereori gi cfea%mg%rrefr?\?(?( §ch| ral’, or bridged-chiral netall ocenes. See, for
exanpl e, U.B46patgnind4,@92,1851, U.S. patent 5,017,714, U.S. patent

5,296,434, U.S. patent 5, 278 4 5924510066 WOvARB/ 19103,
EP- A2-0 577 D4-12- 200172980 Hﬁ%@"‘ﬁh&@% US003359 581, EP-A1-0 578

838, and acgdem.g s} \;etngg@;]wj@jc{h@scldaflipuenmejseﬁz]Artmd;ltlonal ZrdlotNetent s on the

Pol yneri zat 1 on ehavi or of Bri dged Zi rconocene % Lsefu‘?‘%‘?‘l eck, W, et
al., O ganOﬁﬂt)raiehlzmtsoxﬂ@@mmiﬁoc09540196‘3’“‘15ﬁ’éF“‘ Ak ’OZf’ ohoc&ne

Pol ynmeri zation Cat aI WLt h. Al 1RisRgn LESaindlgreatbat preenrseat al ytic 5
Activity anHOlﬁB'ieil%‘l’ ISREER e nw%\ﬂeqpaatcgﬁ nzi nnger H, et al.

Or ganonet al i, &Sy eakd Wat 114535at:9§ét~p@€cm;soamodeodﬂﬁéth@BﬁTbP@W’é’HZ?‘bO”t her ei n.

- Though many references |isted a ove_ar e dir ¥l JsYskens with
al unoxane adbisetpicelly tlﬁ@oel(?ﬁ?éﬁg n" 4t 10\){@{1{,&&] &h nOngggﬁj\?\gte];na | ogous

metal | ocenes meYz!ﬁanc} tbéﬂ%t&\ﬂeﬁ@?'ﬂne acive@es. , Tgﬁcﬂlykdwedngm@ ni ng net al
| i gands (wthe occurting) are replaced with an
include hydnde, alky] and silyl, and their lower-alkyl- -substituted (C;-Cio)
derivatives. Ligands capable of being abstracted and transition metal compounds
20 comprising them include those described in the background art, see for example
US patents 5,198,401 and WO 92/00333. Syntheses of these compounds are wel}
known from the published hiterature. Additionally, where the metal ligands
include halide, amido, or alkoxy mojeties (for example, biscyclopentadienyl
sircomium dichloride) that are unabstractable using invention cocatalysts, the
25 ligands can be converied into abstractable ones through known alkyl ation
reactions with compounds such as hithium or aluminum, hydrides or alkyls,
alkylalumoxanes, or Grignard reagents, etc. See.also EP-A1-0 570982 for the

reaction of organoaluminum compounds with dihalo-substituted metallocene

compounds before adding activating amons.

30



O@hg@g@@{able ligand, for exanple, through alkylation reactions as dequ§b9§359
above, and another ligand is a group into which the ethylene group -C=

may i nsert IB§HFC exanple hydride, alkyl, or silyl. Al dorymapymare
|ncorporated by reference for purposes of U S. patent practice. In sone
enbodi ments, exenpl ary met al | ocene con%&hnds have 15 the formula: LA LB Lc;
MDE wher e, LA is a substituted or unsubstituted cycl opent adi enyl or

het er ocycl opent adi enyl 1igand connected to M LB is a nmenber of the class
of ligands defined for LA, or is heteroatomligand c nnected,to LA and
LB may be 20 bri dged Ib@emﬁﬁwttﬁﬂﬁﬁﬁﬁeaceﬂﬁﬁﬁ 120171903 n FlessTRIPNS clorj s an

| d ' | 3): M
P G ouptalTiepe EMRRREL A dg kP RR o PANBC B Py 30 ChuBhg! 2 Mad D, O
l'i gands, eggh 1@93&%%9&6& tMng @d},@a@ﬂeﬁlt@rfa}rhxﬁ émélsiﬂ@éh)l &tRRcatiehheg,, LA or

LB. DMor E-MTcan be broken by abstraction. Likew se, a nononer or

pol yneri zabl e macroner can insert into D25 Mor E-M' Labile |ligands nmay
be present in reduced number or even absent. It is believed that the
reduced-val ence-state conmpounds will react to forma catalytically active
cation that is in fact substantially functionally equivalent to one nmade
froma structurally saturated conpound. Sonme enbodi nents select Mto be
titaniumand Lb is a heteroatom connected to M Sone enbodi nents sel ect M
30 as zirconiumor hafniumand La as a substituted or unsubstituted,

cycl opent adi enyl or heterocycl opentadi enyl |igand connected to M

(repl acenment sheets) AMENDED SHEET 04-12-2001 1 i nn 5r 9B060.PCT 8.b L i
MAY LUO4 Non-limting representative netall ocene conpounds i nclude

nono- cycl opent adi enyl conpounds such as pent anet hyl cycl opent adi enyl titani um
i sopropoxi de, pentanet hyl cycl opent adi enyl tri benzyl titanium
dinmethylsilyltetra- nethylcycl opentadienyl-tert-butylamdo titanium

di chl ori de, pentanethyl (replacenent sheets) AMENDED SHEET 21 NMAY 1004

_ - (replacement sheets)
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WO 01/ 42249 PCTIi 1SO0 33590 -9 cycl opent adi enyl titaniun1trinethﬁl,

di net hyl siwbjloyﬁza?rret hyl cycl opent adi enyl - tert-butylam do zirco iUHN 2004

di met hyl, di nethylsilyltetranethyl cycl opent adi enyl - dodecyﬂ3HVHﬂmﬁ§$Hiun1
di hydride, di nmethylsilyltetranethyl cycl-dpent adi enyl - dodecyl am do haf ni um
di et hyl ; unbridged bi scycl opent adi enyl conmpounds such 5 as

"bis(1, 3-butyl, met hyl cycl opent adi enyl ) zi rconium di net hyl, pentanet hyl -
cyclopentadieﬁ | - cycl opent adi enyl zirconium di nethyi, (tetranethyl-

cycl opent adi e éﬂ'@nl-:’ﬁrg?ﬁrll&éﬂemt"amlewl, WA37208] 6j30dj00tERA-0 b;r]igctg;ald bi s-
cycl opent adi epyl o] u ' | si |yl bis(tetrahydroi nden

Cyc' opent act epp'a ??gﬂaﬁﬁﬁg\@é@xﬁﬁoﬂ5,”3&(9%-34/0%471 AR e A A

cl obut yl (t et rmmtlb&drﬁ%b@?&ﬂidé‘d&ﬁnﬁle) Qf‘s‘c%@cpyijor %ﬂisCXC%e%ge“t adi eanI)_) or

zi rconi um di nethyl ; bridged bis-1ndenyl” conpounds “su Qhgps mo
met hyl si | y- bi Bs@gkpgntadienylonibstimtide Groug-8le.4, d5 nast rwl:@hbauﬁaissmgﬁeu lgpd1af ni um
di - et hyl, q; 'ah I simigill bi %éﬁ nmet hyl benzi ndenyl ) zirconi um di chl ori de,
di et hyl - si | ﬁg‘é. %%%V SHPFEH PE neited 2vith itieudn saretgigups amdl nfdyube eny !
| i gand- cont &rideed ©OBRAUSES, £- i nyil hyl (fl.uor enyl

(cycl opent adi en;gle) 15 zi rconi udr?n lgla b%hg (?ge\gng?{ﬂhé/et Bﬂf‘f)i’dﬁéﬂ? HBryeh ahd

bi scycl opent d¢tesoatbm. cirepoentd contiuehsy bh0edidanad s5H iHE SRk in U S
patents 5,017, 714, 5 324,800 and EP- A0 591 756, Allgﬁ dgﬁﬁe&m@%grsé““

i ncor por at ed BV Plei% PERABNS dRvenpon sawmbist systems. buiathmid freasdleqed in the

Repr esent at | RerhfiRalighd ' - a transition netal 20 conpounds

i ncl ude tet rab%_nzyi zic?i?%irﬁén@g{ Zé r%‘%%%cse( PRIV o) Aty ikerang) yield; the: oni um
oxot rlifs(tr L_mﬁlehyﬁ‘:bi bqlgnfetg}ch:)ﬂamﬁgd:i)sug]_ MEﬁ ?hﬁ_&@éh_ haf N ot T gbenzy!

titani um bis(hexanet.hyl-disilazido) dinethyl titanium ’

t ri ts(lt ri meéI hﬁ%PP%;ﬁmF Tajg)| g fcyml'emmisetlaﬂtmtp@e:y;:;opm?die?mm? Sf'uie%dhﬂmﬁg hyl )
antal um di gidiehi d8ich r ol ymerization features for these
conposi ti ons Are The o8 282‘%@30@%%@1 ?zé%ﬁ?al"a‘?{dmf?ﬁes”ﬁf“&& aneshaviblh t he
ethyl ene (ol efdferably. be busperadiyl-subsruted (ThEspin MLURRIGGRANELS LaAN 2
?bstraptlon é{(’,’%ﬁ"t‘ﬂe _get al conpour}d and the concomtant i nvention cat al yst
ormation. AJdT (4 HEPSIBPY SHeM ket D dhe disseuings sxuemsbped asayokdditionally
Phose: 30 Groane o ga Ty BaReE anoak st S SRl BiSemithedteraiy o
catal yti cal | ineast braachedt poeyclindtratiates ihdleding mdlﬁ&tnbﬁﬁmcﬁﬁe@f@ﬁ{a‘?ﬁﬂl% state

4 -

by a noncoorgi ' or_weakl 01/.42249 PCTl usooi 3 6MAY 200

coordi nat i ngmgg'?%ﬁq‘gﬁaf’atﬂm gréﬁ%&é&‘ﬂl 23,61k dhese substiueptsushoatdihateed

nonomnmer hydrocarbyl characteristics and will typically contain up to 30 carbon atoms, but
may be heteroatom-containing with 1-5 non-hydrogen/carbon atoms,eg, N, S O

20 P, Ge, B and Si. All documents are incorporated by reference for purposes of

U.S. patent practice,

Metgllocene 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, 5304,614
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/US92/1 0066) WO-A-93/19103, EP-A2-0 577



such as .ethyl ene. Exenplary conpounds include those described in the patent
%ng'r&q}re. | nternational patent publications WO 96/23010, VD! ¢ AB¥35UG003359
5 G bson, efPHOPCTChem Comm, pp. 849-850 (1998), disclose diinine-based

| i gands for G oup-8-10 conpounds shown to be suitable for activation and
olefin polynmerization. See al so WD 97/48735. Pol yneri zati on catal yst

systens from G oup-5-10 netals in which the active netal center is highly

oxi dized and stabilized by | ow coordination nunber, polyanionic |igand
systens are described 10 in U S. patent 5,6502,124 and its divisional U S.

pat ent 5, 5048049 EFRSéd-@1558 $He anGr sagemiolitpantorret Hid inflweatalof shsomdtidl. S.

patent 5,85 and t i dent at.e- |i gand- taining Goup-4-9 .
or ganonet al %P@ég’é?”é? ?QBEE y@%ﬂ%i"ﬁé@%ﬁm Ogg%!qa&?ati}&qng%ﬁqeaq:atﬁbﬁﬁef
09/ 302243, &i r sl s ot quivake! h 9/.

G oup- 1| caté ?Ihgéskt Z%Ir'":@uéléf Siifon8 Al s, 159agg’lt’ iq\;’égFg@\{?\;’t %ﬁ{5¥|§%%]gﬁ%§5§§ene
cocat al yst sPolynbrizatiédmil ChtalyspowitierArzeldieh Rifigo0LRRahas EfactsvonyCa@lyaien-

cont ai ni ng pol.ar m)aomars are described and exenplified in WO 99/30822 and
its Driorit{cavendsdt Polymer fohaiy LongthspaBsinzingsp| e Atiadn Sxkganometatlics

08/ 991, 160, 44 _g9ac h e do nts i

i ncor por at ehégbdyqséf?éggr??é%rﬁg%%g&%ﬂ&%%g%gé (%%eb%ﬁ‘s.ﬂk@ggﬁ?arﬁr Eia??riee(é‘?s 20
U.S. pat entlisied o098 Sardediesdtér 3o atgR dsyatsnd Rt dBgsbxah SaivaRrs Cifeal yst
conpounds of Group-4 netals capable of polynerizing a-olefins. Bridged

bi s(ary! ani @¥FNUSTRPIVAIES fbagitate pelegoss metgicopasriretdedthasthe haldeer i bed

by D. H M il ) - no jcs 1995 .. 14, 5478-5480.
Synt hesi s n%? @édsdrgﬁllﬁfgé’o%(%ﬁiél@({%fg@ég%%g\g’b%rgr?cé‘frgng)r%rgéﬁ? g%ﬁd tfer work
25 descri besbstraétdpiediding( edrwxmﬁqlhralgm RoIARGYRLDNS BateRrDeAGbLYE
1-hexene catalysts. See D. H. MConville, et al., Macronol ecul es 1996, 29,

5241- 5243; aslasiothezdigapday 3 2I0W. injiggwhichdha pthy taep Giewps- (St -tmay &nsert, for

accordance wi isnV i Hhacl ' i [ 40805.
Cat 1 oni ¢ Gracmbld yaridl @R 88sil- AlfBoba5R, SRSRLBER by BRSRECRIS:  on
are di scl ospoposesedpbldpatgntifadidc8. application Serial nunmber 09/408050,
filed 29 Septenber 1999, and i%s . eglui val %r,}ﬁ PCT/ US99/ 22690. The precursor
metal conmpounds are stREPHIE &4 PBYMEDtS, SXEHRIASH ReBIIORERE B BIEER PRI t wo
nongani oni the fb@g@ngs and are activable with WO 01/42249 -11 21 MAY 1UWM
PCTI USOCQ 33590 invention cocatal ysts. ;,Each of these docunments is
i ncorporated by reference faor L®L° L~ MDE

where, L" is a substituted or unsubstituted cyclopentadienyl or

heterocyclopentadieny! ligand connected to M; LP is a member of the class of
ligands defined for L, or is hetercatom ligand connected to M; L* and L® may be
20 bridged together through a Group-14 linking group; L% isan optional neutral,
non-oxidiz;ing ligand connected to M (i equals 0 to 3); M is a Group-3-6 metal;
and D and E are, independently, labile monoanionic ligands, each connected to M,
and optionally bridgéd to each other, LA, or LB, D-M or E-M can be broken by
abstraction{. Likewise, a monomer or polymerizable macromer can insert into D-
25 M or E-M. 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. Some enbodiments select M to
be titatniumn and L” is a heteroatom connected to M. Some embodiments select M
30 as zirconiu_.m or hafnium and L? as a substituted or unsubstituted,

cyclopentadieny! or heterocyclopentadienyl ligand connected to M.

{replacement sheets)
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O%anﬁghgoses of U S patent practice. Additional description of suitable

T'fa tallic catalyst precursor conpounds may be found i magsg — U=00335¢
| iterature,B&8FCGF such will be suitable where conprising, or ere

capabl e of al kylation to conprise, |ligands abstractable from

organonetal i ¢ conpounds- See, for inst&hce, V. C. Gbson, et al., "The

Search for New Generation Oefin Polynerization Catal ysts: Life Beyond

Met al | ocenes”, Ange}v. Chem Int. Ed, 38, 428-447 (1999), incorporated by
reference for the purposes of U S. patent practice. In Wen using

i nvention catal ysts, pantlimitime teprasheativermetsllocaredeampowmds uphotet , t he t ot al
catal yst system mgy additiqnally cqonpri se one or nore scayvengi.ng.
conpounds. W'P\énﬁﬁﬂpﬁfgé‘%}@ gaow%@ﬁlﬁéuﬁkt@'peaéam@bﬂcmomtgdwwqg@mmr e

i ncludes t t f Lyel y. k -pol ar . {ties fromthe
eact i on.  ARPREPTRE S Bet R e 8o BE e Rl Y G R TR BB 05
reaction, pasthiyeytRpkxtaliRaysaivBidylaniias iiBhuadcigatiad pehtabreda. These
inmpurities degrade catalyst activity and stability. Their.presence can
decrease or elimnate catalytic activity, particularly with

i oni zi ng- ani on-precursor-activated catal yst systens. These inpurities, or
poi sons, include water, oxygen, netal inpurities, etc. Typically,
inmpurities are renoved fromthe reactants before the reactants are 20 added
to the reaction vessel, but sone scavengi ng conpound will normally be wused
during polynerization. The scavengi ng conpounds wi ||l be known
organonetal lic conpounds such as the G oup-13 conpounds 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 WD 95/07941. Exenpl ary conpounds i ncl ude
triethyl alumnum triethyl borane, triisobutyl alum num nethylal unoxane,
i sobutyl al unoxane, and tri-n-octyl alum num Those scavengi hg conmpounds
havi ng bul ky or C6-C20 |inear hydrocarbyl substituents connected to the
metal or nmetalloid center interact mnimally with the active catal yst.
Exanpl es include triethyl alum num and bul ky 30 conpounds such as
triisobutylalumnum triisoprenylalumnum and | ong-chain

| i near - al kyl -substituted al um num conpounds, such as tri-n-hexyl alumi

num to -n- octylalum num or tri-n-dodecyl alumi num The scavenger that is
used with WO 01/42249 12 2 2004 invention catalysts is mnimzed to an
activity-enhanci ng anount and avoided altogether if the feeds and

pol ymeri zati on medi um are pure enough.

(replacement sheets)
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I nvention catal yst conpl exes are useful for polynerizing nononers known to
be coordination pol ynerizable using metal | ocenes. Such 5 condi ZiloMAY 8ie
wel | knoW¥P %824 cl ude sol ution, sliurry, gas-phase, and hiR§F/$H0883590 e

pol ynmeri zation. If invention catalysts -a&re supported, they wll be
particularly useful in the known operating nodes enpl oying fixed-bed,

novi ng- bed, fluid-bed, slurry, or solution processes conducted in single,
series, or parallel reactors. Additionally, pre-polynerization of

suppor t ed i neeiipeotadenyhlttstiamc animeth§l,c dithethyispyltermmretpac fdlGentaamnpiol ogy
I n usual slurry or gas phase reactions. Liquid_phase (solution, slurry,
suspensi on, 'BUT'%‘“HH@&% FHICoRG D methahs fimsthylpil Y etgmethyiexelopegtadienphase, in

it £.luld - . - . ! i ff t
Thbent! on catedebHaMidNREmIOR Ueacl"S kRIS R S BUEK- o) <.
function in didegylemido Rafoh @lmetRyl: ﬁﬁlﬁﬂicﬁgizd&ﬁﬁ@bl@béntaamﬁyl]cl%n#dogklﬁéjs&hoces5?5

conprise contact.i n%_t he described catal yst systenms with olefin nononers in
sui t abl e di |3erRis(lot-butyl.metitvicyclopgniadisnyh tzircpaivaucdimetipdnt penametbylner s.

Bot h al i phat | ronpti ¢ hydrocarbyl _solvents can be used with, the
YRRl RIRL PR ARSTL oY wrRENGR| on ARERBY. ana eRePrinalicyl at ed

I nvention pr

derivatives ceyrchp@aaraaieﬁyl)ﬁf-{in)bpy&9élabeta@?eﬂﬁ0zi%ﬁm&l alyme@lY erﬂrﬁiékﬁ":'bgsde
linear or 20 cyclic _alllp ati c”hydrocarbons having from4 to 20 carbon
atons, pref eYasipgntadeny! 5 compondsar besh atas nsdinExtenplydbig(tetodhydniisdenlyho

I nclude 6-to-12-carbpn-at.om gromati,c, hydrocarhbons. 1 n bulk and slurry
processes, tﬂré:OE%'t“hl‘ﬁ&@"?ﬁ/[ﬁnaaf'F{l?yd(?g‘.r'l‘i(/g&etmﬂeaml%yc}ﬁﬂﬁf?ét‘e@ﬂm‘ﬂo@g{‘ When
that 16s the SelpentaiRngB Aty HLmSHABIPI ridgd8 BRLindesIRBAHbEAs {RRaPRASE
processes typically use a supported Catal yst and are 25 conducted in any

manner knowmMmedylsdyigindasyé ziropnismhgicklesdpotlipreshylsibt-bisindenyll hafsiumatii-ve
exanpl es may, ound . n .lU.S. .patents 4. 543,399 4,658 0,, 5,028,670,
oS00 Gas eyl SRRl PRER g deRey psonjud” dighiptides igghyGe
5,767,208 aniiyWix(@SheR9Wenzika&dyl) Szires@imor dbRehydy Al erRBe@yf Onighhy-poses

of U S patent practice. 30 In sonme enbodinents, the nononers uSed with
t he cat al ystOnEdMpssicompaYndse s 848, be ddiphenyimsthyl(Jueresyl) e (¢¥eidnsdtadienyl)

2- 20 bon- fi | t ' | ef. I d
i 0T nvent Aoyt an B SERGRGTT hopo s Shl R YERERpReSHTG) ©

ei ther et hylw@meponndprmpk| snehoskhiistedvand alescriiddy irene.S. ppaptk ene1potaners
can be nmade. sentative reaction tenperatures and pressure for
difterent  ehbiApRARGERIAOSGRINR6 Ak dopements are incorporaied by reference for

purposes of U.S. patent practice.
Representative  traditional  Ziegler-Natta transition metal
20 compounds include tetrabenzyl zirconium, tetra(bis(trimethylsilyl)methyl)
zirconium,  oxotris{trimethylsilyimethyl) vanadium, tetrabenzyl hafnium,
tetrabenzyl  titanium,  bis(hexamethyl-disilazido) dimethyl - titanium,
tris(trimethylsilylmethyl) niobtum 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 6rganometallic 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



5 TALE 1: Reaction Tenperature and Reaction Pressure or Enbodi nent Rea &ion
Tenper atWo@1Km4E A< 220 B> 40 C< 750 D> 60 Enbodi ment ReachCHusy &;Mﬁg h
bar E< 2500 F> 0.1 G< 500 H< 1600 1> 1.{}J> 0.001 Linear polyethylene,

i ncl udi ng high- and ultra-hi gh nol ecul ar wei ght pol yet hyl enes, i ncluding
bot h honb- and copolynmers with other a-olefin nononers: or a-olefinic or
non- conj ugat ed di ol efins are produced by adding 10 ethyl ene, and optionally

(Lypi cal Iy <20TURR MR fhat Rl RRIL BY AHCBRBhIAND S B IR et i on

cat al yst t haucthassetlydeme. sl urried with a sol vent, such as hexane or tol uene.
O her a-olefins such as C3-C20 ol efins, diol eflns vinyl aromatics (such as

styrene) or cycl ic oIEéﬁemﬂaWuﬁ@mp@lﬂﬂdés inebismehose wiesaribeshrenothet ipagent

[ ti Pol t db
cool i ng. " cad FapEE Bk Se BT PR ERR RRR s gt O SR e
cont isnuous  ibdos: bred., mﬁﬁrw pheSaS 95 (1908], %ﬁs%fbs%u%ﬁﬁ’@bi@@q gLﬁE&s and
60- 160 C, usi n hydrﬁTol%gn as a reactlon modi f1’er (100-200 PPM),

comonomer f &Xd&treem cempoqndsosh@wn atndbCZSuxtabledﬁarr aama(naﬁ af whdfl) . See,
U S. patent 5 and \\D 01! 42249 -14 11 MAY
2004 | PCT/ uéB@F‘E%%B%"% 56% 392@387/382@ gggmfww sitalyshexstess foBY by
ref erence f@rowsn@smtm in L&vﬁichpﬁake%uv@rﬁ%l @ntetl 9 gmheéiki'd?zred"‘?dcpht

|l ow-crystallinity ethyl ene-a-ol efin elastoners (iInc
et hyl ene- cy8tebdized bif|l@wanmdrcbn¢t;dremanbnrpbdyamanﬁlcdi gaﬁd Bystang aréSdéaEnbécEpar ed

ustng 1 nvenid o SR 534ch, 108N i ANiona A s Patent 33oB3a8 T At Tt
Group-5 organometallic catalysts of U.S. patent 5,851,945 and the tridentate-
ligand-containing Group-4-9 organometallic catalysts of copending U.S.
application serial number 09/302243, filed 29 April 1999, and its equivalent
PCT/US99/09306.  Group-11 catalyst precursor compounds, activable with
15 ionizing cocatalysts, and useful for polymerization of olefins and vinyl-group-
containing polar monomers are described and exemplified in WO 99/30822 and
its priority document, including U.S. patent application Ser. no. 08/991,160, filed
16 December 1997. Each of these documents is incorporated by reference for the

purposes of U.S. patent practice.
20 U.S. patent 5,318,935 descl:ribes bridged and unbridged, bisamido
catalyst compounds of Group-4 metals capable of polymerizing a-olefins.
Bridged bis(arylamido) Group-4 compounds for olefin polymerization are

described by D. H. McConville, et al., in Organometatlics 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 WO98/37109. 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



processes or by introducing ethylene gas into a slurry using a- ogq:fr,imq 100
.cyclic o 51’? 2%gtheir m xtures wth other conpounds or nononerS as

di l uents, I 011 suspend invention catal ysts. Typical ethyl BAEUBHEISr es
will be between 10 and 1000 psig (69-689F kPa), and the dil uent
tenperature will typically be between 40 ]0 and 160 C. The process can be
carried out in a stirred-tank reactor, or nore than one reactor operated
in series or parallel. Sele t he general disclosure of U S. patent 5,001, 205
for general pivgaten coerlalystonEachee tidss Aochib@s Natia | SRt

96/ 33227 and 97/22638 $AII docunents are incor porgﬁé%l@%yyr% gér"ggééé\pf or
description o ﬁaﬁrﬂ’ﬁf@?i" yt -A195¢ Braéees, metal | ocene sel ection and usef ul

15 scavengi ng conpounds. (3:F | ef.ipicall sat urat ed nononers besi des

t hose specifically deséﬁﬁ‘ﬁ{%ﬁmpﬁa °Eﬁxﬁgreﬁfé?’?%%}aﬂﬂﬁcﬁﬁl)fsﬁv@ﬁ@rism

catal ysts. Foeorepamusemay $eyoei in @'l’é(me-_rﬁ*'&?ta{‘%%If%gCﬁt\iyi'ile@eﬁ?ﬂitag)ieg%‘ﬁte yl ene
yli r :

and other gem nally disubstituted olefins, e ene norborn
nor bor Radi eneSOTBPRYBL.ceHheaeFemable afrrkpatiar 026 nopresk] Nz laps et dfrat e d

mononers, inchud er.cyclic alefins, such as cyclopentene, norbonene,
and al kyl -subs%??%%%ﬁlnﬁo?wgé‘ 35?1 fj&r fnsg@ce,n¥| Grtipsoad etial. h" Thevsaatdhon

catal ysts. Sefar N@.F-C&h,@fmbﬁOIéﬁrSPolgfrfeﬁigEt?on%gt%g/s?EifeJ%ggnweqa 2 20s

Addi tionally, a-olefinic marchers 0 ior han LH‘FF‘E?"’nay

al so be pol y digee Chera ﬂil-nédbrfé’ncélm{?l@ﬁt(ai999)39n66r@c§ria&dp? Y&RFehice 15t the
| nventi on catmr?ggg %?EEESI tions can be used as descri bed above for
pol yneri zati on fhar 1 RAEPIRCHREbe i xed to prepare pol ymer blends with

ot her 10 ol ef i n pol ymeri ZWE&%S‘F@% mv¥§ﬁ§‘n ca%&%%,ﬁ%ipdlgrﬁ]gﬁv %gdgxﬁgo%ﬁgzreg 98s e

selection allows blend preparation under I'ons

usi ng i ndi vi du&FPRAt.athestagal cmmeyssemamhy\gaddncdrﬁﬂge@bnwmef Bhe iofRh&ed
processi ng a%af’éngﬁ{u traditional 30 benefits available from polynmers made
with mixed catal Vst sySTRENSan Thulerde "scavensne commpumlsy 2004ed \WD 10/ 42249

PCT/ US00/ 335 Isciddur£ahyatiéy iene Raiddi P [ advant ageousl y have
a density of_ from0.87 to 0.95. A gﬂgslrtﬂ;?/aqo éaét%?lgg%?n%’%%ona ?‘Bf"é’f‘ ly at

| east 0.90 dfRMedipaenatiany &l pelysterizaldb redyanke cats ety ThHudRiRs iy RY be

| ess than O. ef erab | ess than 0.925. The M may vary fromO0.1 to
10 and espec ?'g?‘ﬁ% Pglrt’tchaély8tL¥8°lS8?tf Sranemer and satetst deedsn These ¥ramd1'tb:b own

fil m processekgrateeapal pn)dce ey ah@IRLIIAPD 162 glggg% made ,Wi.t h

met al | ocenes that pernit the formati an' (;[?‘ P of act?ggw}séﬁ% ISStAF ngE

atactic sequ&?@i%“%ﬁ&“ﬁﬁ)jb ramisularly MRhofonfiziografliob-precursor-activated  catalyst
systems. These impurities, or poisons, include water, oxygen, metal impurities,
etc. Typically, impurities are removed from the réactants before the reactants are

20 added to the reaction vessel, but some scavenging compound will normally be

used during polymerization.
-Thg 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 triethyt aluminum,
triethyl borane, triisobutyl aluminum, methylalumoxane, isobutyl alumoxane, and
tri-n-octyl aluminum. Those scavenging compounds having bulky or C¢-Cao
linear hydrocarbyl substituents connected to the metal or metalloid center tnteract
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 ri-n-dodecylaluminum. The scavenger that 1s used with



from 170W@08¢208, where the pol ypropyl ene co-nononers nmay gRerg&lo

to one or nore of ethylene, C4-Cl2 a- QI1 fins, and C5-C, 2 non-conj ugat ed
diolefins. The bl ended pol yner formati'édn can be achieved ex situ through
mechani cal blending or in situ wwth a m xed catal yst system It is
generally believed that in situ bIending provides a nore honbgeneous

product and end tQ produced in one step. Inin situ
bl endi ng, m')l‘?Je&l ? Ca{ tis cat a ")I/g?zel tol%“ 88%F3hél§lﬁ"ﬁmgh@n§'aﬁear}demléﬁd to

si mul t aneoualtygthiadﬂﬂme feddsfaga @BEyIRALYAR meliAf Ep éHBhEh met hod requires
addi tional catalyst synthesis. I't also requires that € various catal yst

conponents be mat ched Ifeenticheicatahst i ompkRes t Be: p@efilerfor prp@%ggrﬁmgéney
generate at sopem fi FPcondl tions, .and thel r response to changes in

pol yneri zat 'on° CGHdFEPERL0 bfomec&kmmo@ YoERERble NsTIgEMRRACTERE. CRuchHl S

| NVEBITI ON  Exe11% tuted A d P
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fl but y! 1 f| henyl) (h fl but yl
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a? {I'Ll’ﬁ)am ne;

fl uoronet hyl )am ne; (2, 3-difl uoropheny ‘(per T uor omet
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AR

et hvt hephyéntiopproicksses. Ocliénany, aydidntdng, fkydnohkmléoah&rmbbr alkylated
er fl uor oet hvl (fl uorom=ft hvl)amrte; (2,4-difluorophenvi) (nonyl)
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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 iquid 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.
Nlustrative 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.
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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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3-_met hyl - per fl uor
ins function a.senonomers

opheoy!
embodiments. Polymerization heat is typically removed by cooling. Gas -phase
polymerization can be conducted, for example, in continuous fluid-bed, gas-phase
reactors operated at 2000-3000 kPa and 60-160 °C, using hydrogen as a reaction
modifier (100-200 PPM), C,-Cy comonomer feedstream (0.5-1.2 mol%), and C;

feedstream (25-35 mol%). See, U.S. patents 4,543,399, 4,588,790, 51028,670 and

of(ﬂ'nt fyle)mng WO 01/ 42249 - 17
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blend preparation-under conditions analogous to those using individual catalysts.
Polymers having increased MWD for improved processing and other traditional

benefits available from polymers made with mixed catalyst systems can thus be
achieved.
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Ed., Marcel Decker, 1981, page 207, which is incorporated by reference for



U Itetraoctvl al uninatel ; 21 MAY 201
[ (1-fl uor (nonvl) (perfl uoroet hvl)phosphoniun [tetrakis(perfluoro-
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t hyl tvl i ac ' ;

rln{ez_ vl Pﬁgl Y(ﬁlgﬁ}ﬁéﬁngg%gwﬂdi %i&&&%rédt&iﬂé@ﬁ%khftQt?oer{‘&’s's‘?‘édJ el 6.3 vorr-

per f luor obi pheldvt )Ighexafd3urr oo NNR( tDMEO-aammsriymE 1 agtmaast)vh gy nat el ;
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patent practice . No corrections for cggérm spreadi ng were enpl oyed,
however, data on generally accepted standards, e.g. National Bureau of

St andar ds Pol yet hyl ene 1475, denonstrated a precision with 0.2 units for
Mv Mh that was calculated fromelution tines 5 EXAMPLE | Synt hesi s of
C6F5- N( CHZCHIAZ To a solution of hexafl uorobenzene (30 g) in 100 m

di et hyl sulflexIMé: was added pyrrolidine (10.9 ~). The reaction was heated
and stirre f-ter quenching the 10 reaction by pouring it into an
aqueous soﬁk 28 o Cﬁmg(% %um bi carbonate, the product was extracted with
chl or of or m](100 rﬂ)zom}gegn@mgmgfdrayﬂg was separated and dried over
magnesi um sul fate. Thée magnesi um sul fate was renoved by filtration and the
sol vent was renoved under reduced pressure. This left an orange oil. The
clear, colorless liquid produdR,mE5EBBHEN nad] byhdiestil | ation (55-60 C) at
10-3 torn: 15 yield = 19.19 53 % 'H NWR (DMSO-d(, 25 C: S 3.44 (m 4H),
1.85 (m 4H). 1@&%@:@9@&0@&5“%@ -155.4 (m 2F), -165.5 (t, IF),
-172.1 (m 2F). MPLE 2 Synthesis of Cc, F5- N(CH2CH2) 2' HCI : To a pent ane
(100 mM) solution of C6F5- N( CH2CH2) 2 (1. 55 g) was added anhydrous HCl. The
HC was 20 prepa d i ;ididobsh AddioRgngrengentrated sul furic acid to sodi um
chloride and tr sferrl ng the gas via cannul a. The product precipitated

i mredi ately upon addition of the HCl. Once the addition of the HO was

conpl eted, the s pen% \e@ﬁd Em@y@ekozmﬂea&mbgeirwe@ommacmIect the
product by filtr |on [Q %E’ z Cc{ﬁ@@&@(}bﬁﬁ@ﬁsure

yield= 1.48 g, 82% - Ogm %H ,haaf;-@enaew@(m 4,
2.1 4 EXAI\/PLE '
Lone Pa s %ﬁé 3 ﬁdfr‘l)ﬂh&) CGES)4B]

met hyl ene chl oride ( aﬂﬁ%ﬁ i ﬁf
(1.52 g) was treated wlth a net hyl ene chI oride solution of

CGF5- N( CH2CH2) 2" HCl 9) ci pi jap=To\ 1rmed| atel y upon
addi ng the amon{%m t]S “&f‘té’r‘)v‘%ﬁmc ofr?%mb\%%cgh (ﬁorreé for | h, the

Li C byproduct was rem)ved by filtrati on. The -

15 (e) 11s0, },0r 2; and
(f) [An] is ﬂuoride; bromide, chloride, or triflate anion.
2
3. The compeund of claim 1 wherein AsF is a fluorinated or perfluorinated
20 aryl group and is one of phenyl, biphenyl, substituted pheny!, substituted

biphenyl, terphenyl, or substituted terphenyl.

4, The compound of claim 1 wherein -Rp-isa substituted or unsubstituted,

halogenated or non-halogenated, C;-Cap cycloaliphatic group.

5. The compound of any of the preceding claims wherein -E is mitrogen.



filtrate volume was reduced by approxi mately 80% Approxi mat el y 10 m of
pent ane was added to the filtrate, and the m xture chilled for L The
product WO 01/42249 -56 21 MAY 2004 PCTI USOQ 33590 was col | ecte iMAYZﬂﬂ&
filtration and washed with pentane. This left a white crystalline product:
yield = 1.480 g. 'H NWVR (CD2C12, 25 C)58% 7.95 (bs, | H), 4.32 (bt, 2H),
3.94 (bt, 2H), 2.68 (bt, 2H), 2.43 (bt, 2H). "9F NWR (CD2Cl 2, 25 O: 5
-133.8 (m 8F), -145.2 (m IF), -145.5 (m 2F), -155.3 (m 2F), -163.9 (t,
4F), -168.0 (m 8F). 5 BATCH POLYMERI ZATI ON REACTI ONS Propyl ene

pol yneri zat} onr ctions carried out. in a well- stirred 0.5 L batch
reactor equ ped?ﬁl C%BP%%@J%%W FEB 11 ttes trarq phenyhand - ispt émence of
an inert hydrocaﬁg}g%ogﬁbﬂe@tmﬁhexanes) at pressures up to 500 psig and
tenperatures up to 150C. In the vapor-liquid polynerization system 10

pol ymeri zation occurred in the |IC]UI d phase where propylene was fed into
the reactos prio toth n,.of .t e_cat tions. In all
-experi ment sﬁ5 t he 'E‘rce)énéo 8]%0tne §f H}aélttg% Tta°x81a¥ uégMJ C by electronically
controlling the amount of steam added to the reactor jacket. In a typical
experinment, hexanes (125 m) were fed into the dry reactor. A toluene
solution (20 m,, (2(?5 %aMiloroiry FhBAM-wastidhe dadd dr phbidideeanhaie Propyl ene
(125 n) was added to fhhgymeactor. The reactor was sealed and heated to
60C. The catal yst solution (catalyst and actlvat or dissolved in 40 nL

tol uene) was added to the react or vAgP%RC st feed punp. Polynerization
began i nmedi ately upon cat q-dlsté ]9151 aI | owed to continue
under controlled terrperatur for he 1n he After the indicated 20
time, the reactor was aIIo to_reach room erature and vented. The

te
pol ynmeri zation sol ution was our%dstm tée%t PlléonsB C’]rtotj)sl nduce pr eci pitation.

The poI ymer was col | ect ed d dr| und ! t@n { 1) 1.on fmancrt h. The
poI% was further drle dﬁ %—t ﬂ’ % 335 f Tlstrates
rative activities and pon fz‘rcdaa stlcsfor

. isotactic pol ypropyl ene product s”‘ﬁ?’éﬁ%ﬁ‘%&lm Hmdméﬁ t€d or Substitutea

bi scycl opent adi enyl haf nocene ackiloatnetrdarinenabeln 3‘36?439# rGeq | vat or (A and
those prepared with the inventi ofyeaiPhatierCa By hYW?‘?G{‘P/YJbZ’Z@ ~B7 Table 2.
Results of polynerization reacti bydpcaabylwipk o

15 (iv)  R'is a C,-Cyp hydrocarby} or halogenated
hydrocarbyl;

(v) 115 0,1, or 2; and

(D) at least one of hydroﬂuonc hydrochloric, hydrobromic, or triflic
3 acid.



propyl ene 21 MAY 2004 PCT/USOQ 33590 ActYield (g)tinme (mn)Activity
MMVhMAV Wh (g/ nmol *min) A(Conp) 16. 63151288191, 751112, 0021. 77

A(Comp) 11. 5615896324, 3791828021. 77 aver agel092

B24. 58102583252, 314223, 2961. 77 B27. 86132940223, 296123, 8951. 80 aver gde’%@ﬂ”%
"Catal yst: dinethylsilyl (bis-indenyl)hafniumdinmethyl 4Activator: (A)

N, N -di met hyl ani l i nium tetraki s(pentafl uorophenyl) borate (B)

N- pent af | uor ophenyl pyrrolidinium tetrakis(pentafluoro-phenyl) borate 21
MAY 2004 58.a 5 CLAIMS: What is clainmed is: 1. A conpound with the
fornula: [Rg A TF ¢ it isizSl@orfluet oageyflu@tme (b) E
Is nit rogengbr phgggﬁgr uséf?]&?%f(dg :{i\?%&%)ni ?ffrndependentlea% Cs-C20 | inear
or branched, hydresapyp andris byeodeheby] sibsyhutgrieznyl, biphewsl, Rsd may connect
to forman unsubstituted or substituted, hal ogenated or non-hal ogenat ed,
C2- C20 cycl oal i plalstieytedcipbeay veapleraa Ly | SUbBIVEd 1PBERYdr ocar byl si Iyl ; (d)
R is a Cl-C20 hydrocarbyl or hal ogenated hydrocarbyl; 15 (e) iisO, 1, or

2; and (f) [An)- is fluoride, brom de, chloride, or triflate anion.

S. The compound of claim 1 wherein -Ro- is a substituted or unsubstituted,
5 halogenated or non-halogenated, Co-Cyg cycloaliphatic group.

10. The composition of matter of claims 6-9 wherein E 15 nitrogen.

11. The composition of matter of claim 7 wherein i is 1, Arf is fluoro phenyl and

R' is in the para-position of ArF.

12. A compound with the formula:
10 [ArF-NRz-H]" [An], where
(a) ATF is a2 fluoroaryl group;

(b) each R is independently a C;-Cyo hydrocarbyl or hydx:ocarby]silyl
group, or the two Rs may connect to form an unsubstituted or

substituted C,-Cao cycloaliphatic group; and

15
() [Ah]' is fluoride, bromide, chloride, or triflate anion.

13. The compound of claim 12 wherein ArF is a fluorinated or perfluorinated
ary] group and is one of phenyl, substituted phenyl, biphenyl, and
substituted biphenyl, terphenyl, or substituted terphenyl.

20 14 The compound of claim 12 or 13 wherein ArF-NR; is one of:

N-paranancflucrobiphenylazetidine}, N-pentafluorophenyl-
pyrrolidine, N-para-nonafluorobiphenylpyrolidine, N-tridecafluoro-
terphenylpyrolidine, N-pentafluorophenylpyrrole, N-paranonafluoro-
biphenylpyrrole, N-tridecafluoroterphenylpyrole, N-pentafivoro-

25 phenylpiperidine, N-paranonafluorobiphenylpipendine, N-tnideca-
fluoroterphenylpiperidine, N-pentafluorophenylindoline, N-



02:1320Pe conpound of claim| wherein ArF is a quorinated or W¥QEmp35¢
perfl uori natesbso2@raryl group and is one of phenyl, bip Lz@ybstltuted
phenyl , substituted bi phenyl, terphenyl, or substituted erp enyl. 4. Th
conpound of claiml| wherein -R2- is a sgbsgtituted or unsubstituted,
hal ogenat ed or non-hal ogenated, C2-C20 cycloaliphatic group. 5. The
compound of any of t~ e preceding clains wherein -E is nitrogen_ 21 MAY
1004 58.b 6. The compound of claiml1l wherein i is 1, ArF is fluoro phenyl

and R - i's at the paﬁ@aﬂﬂﬂﬂﬁ&@b@‘heﬂfndoﬂneﬁ\l Qﬁﬁ%@ﬁbbﬂo@&pl@én yiRbblge that is
the reaction product ﬁﬁ él % IQH?E BQFE&%H”@H}nﬁ of
phosphine with the U&B%ﬁyor ﬁfﬁ%@ r N - f uoroary
group; (ii) Eis nltr}g% %ﬁg T Wﬁe%? ependent |y
a Cl-C20 linear or gl ﬁ&ég fid 18? P F%P §AY 3&1“85‘:‘3 > or two
Rs ray connect to foNrmeatilneseutienyaznrigiseoN- m@@mﬂmr@ iphemypgigdingt ed or
non- hal ogenat ed, C2- G268l Ndydtwmiluophietphenyl@€drid@B6. hydr ocarbyl, or C2-C10
hydrocarbyl silyl; 15 (iv) R is a Cl-C2o hydrocarbyl or halogenated
hydroca_rbyl}5.(v) Thes€orparnd; afdldim) Iat whaast AGPNRS ihydpaithflodrophenyl

hydr ochl ori c, hydrobromc or triflic acid. 59.a 2 1 MAY 2004 8. The
conposition of cl &VFPEdipEerein ArF is a fluorinated or perfluorinated aryl

group an | qcone of NG SURSH i SOl ybighepy and | substi Lt ed

wherein -R2- is a substituted or unsubstituted, hal ogenated or
non-l@al ogenat ed, @2- C2n oggehmale!ianhastdmlygrmemusor compound having

(1) at least one stabilizing ligand, and
(i1) at least one labile ligand suitable for olefin insertion

and abstractabie to form an active metal center;

and

(replacement sheets)
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Q42T hmyconposition of matter of clains 6-9 wherein E is nitrogen. H.
conposition 9}50 Iggjtcher of claim7 whereini is 1, ArFis flu rbﬂé\hmﬂiﬁyl ligOOBSSE
R is in the pf‘- osition of ArF. 12. A conmpound with the fornula: ]Jo 15
r [ArF-NR2-H + [An]-, where ArF is a fluoroaryl group; (a) (b) each Ris

i ndependently a C3-C20 hydrocar byl or h?@raocar byl silyl group, or the two
Rs may connect to form an unsubstituted or substituted C2-C20

cycloal i phatic group; and (c) [An]- is fluoride, brom de, chloride, or
triflate anion. 13. The conpqund of claim 12 wherein ArF is a fluorinated
or perfluorinated aryl grol asécdtalysrremgoupdenyiprisigbstituted phenyl ,

bi phenyl, and substituted bi phenyl, terphenyl, or substituted terphenyl.
20 14. The conpound of clai )12 or t&iwhetleitn cArfprNERR ias DoGoefyl-lidand-

N par ananof | uor obi phenyl azeti di neS]H@ N Pent af | uorophenyl - pyrrolidine,

N par a- nonaf | uor obi pheny) pyr ol i di ¥&stiiadr jcgapary @sripe of ehprphing:| Wyerein di ne,

N- pent af | uor ophenyl pyrrol e, N-par f o- bipkenyl pyr.na).

N-tri decaf | uor ot er phenyl pyrrol e, tﬁ?%@ﬁ@é@?ﬁgﬁgﬁ%ﬁgﬁ%@ﬁi f’)léqs%lg{tﬁ%})henﬂ

N- par@anonaf | uor obi phenyl pi peri di néphdiyl,r i st@s@utddl qgﬁgérgql\ih@ eg&ger&@i ne,
N- pent af | uor ophenyl i ndol i ne, N 04-12-2001 9BGbo. PCT 21 Y 2004°59.b 5 10
par anona- f | uor obi phenyl i ndol i ne, sNbstthigddemhenylstamdpheny! i ndol i ne,

N- pent af | uor ophenyl i ndol e, -par naf | obi.phenyl i ndole, N

tri decaf | uor ot er phenyl i ndol ,]PN- %e {Oé’Prﬂ%F’%sﬁﬂélﬁya%&ﬁ}a?‘H@wn-

paranonaf | uor obi phenyl azetidine, N-tri d ecafluo rote rphenylazeti dine,
N- pent af | uorldhhenyBs datalysieomiopiaiba e BRiL UGHORrBheRY ko@ghib bt GallRound is

represented by the formula:
10 [R4ATF-ERo-H] [(MDQ1Q3 . . .Q,) ,where
(a) ArF 15 a fluoroary] ligand;

() E is mitrogen or phosphorous;

(c) each R is independently a C,-Cqyq linear or branched, hydrocarby}
or hydrocarbylsilyl group, or two Rs may connect to form an
15 unsubstituted or substituted, halogenated or non-halogenated, Cs-

Cao cycioaliphatic, C,-Cjq hydrocarbyl, or Ca-Cjq hydrocarbylsilyl;

(d) R'is a C;-Cy hydrocarbyl or halogenated hydrocarbyl or a linear
or branched, fluorinated or unfluorinated, alkyl or alkenyl
substituent;

20 (e)l 1150, 1, or 2;
(f} M' is at least one Group-13 element;
(2 nis 1-4; and

(h) Q connect to M and are selected to render {(MYQQ2...Qn)
substantially noncoordinating.

(replacement sheets)
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Oand-ReOti decaf | uor ot er phenyl aziridine. 15. The conpound of clai m 14 whegenp3se
ArF-NR2 is Nopegtalhl uorophenyl pyrrolidine. 16. A catalysty ¢ompagieti on
that is the reaction product of (a) 1QUR35~ an organonetal |1 c catal yst
precursor conpound having at |east one &it) gbi lizing ligand, and at | east one
| abile ligand suitable for olefin inserti‘on and abstractable to form an
active netal center; and (replacenent sheets) AVENDED SHEET 04-1122-2001
9B050. PCT 21 MAY 2004 US00335~ 60.a 5 a cocatal yst conpound conprising a

ti t hat i fl yl-11i nd- bstitut d . '
Shosphi ne.  wier o1 il T4 S KT PTRBFREY o SEBAd 7ot aerEh S UGEERETTs DHony!
bi phenyl , substit utadoht PRAYAted b BRAMY bSarabsk: o3 BMdihHES iy g{o%@eny' s, and

(ii) a Goup-13-based non-coordi nating. anion. 17. The cata onposi tion
of claim 16 wher eiwhartia thosatstihytiins compasmbudrinatedpydreenbedrbypst he f or nul a:
10 [R;ArF-ER2-H+ [(M)QI @ ...Q'] ,where (a) ArF is a fluoroaryl
ligand; (b) E is nitrogen or phosphorous; 15 (c) each Ris independently a
Cl - C20 | i neay, Or anched, hydrocarbyl, . or _hydracarbylsilyl, group, or two
Rs may connett tobJ; rcﬁrai tcﬂﬁ?ﬁﬁl Ptoﬁfléﬂnéﬁ gpice @jl,‘g%glcgﬁ’@ﬁ‘é?seﬁ or
non- hal ogelna_tledi G- cafiR a6 dh hRiAb & orerirsta ribpdyear byl , or C2-C30
ydrocar byl sil yl ;

20. The catalyst composition of claim 18 wherein each Q ligand is
perfluonnated.
21. The catalyst composition of claim 17 or 18 wherein R;AIF-ER; is

selected from N-pentafluorophenylpyrrolidine, N-para-nonafluoro-

10 biphenylpyrolidine, N-tridecafluoroterphenylpyrolidine, N-pentafluoro-
phenylpyrrole, N-paranonafluorobiphenylpyrrole, N-tridecafluoro-
terphenylpyrrole, N-pentafluorophenylpiperidine, N-paranonafluoro-
biphenylpiperidine, N-tridecafiuoroterphenylpiperidine, N-pentafluoro-

phenylindoline, N-paranona-fluorobiphenylindoline, N-tridecafluoro

(replacement sheets)
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04dP-B00is a C, -C20 hydrocarbyl or hal ogenated hydrocarbyl or a |inear Yep0335¢
branched, fdppepated or unfluorinated, alkyl or alkenyl suyosMAfight, 20
(e) i is 0, 1, or 2; (f) M is at |least one G oup-13 elenent; (g) nis
1-4; and (h) Q connect to Mand are sekegted to render [(M)Q Q@ ... Qn]-
substantially noncoordi nating. (replacenent sheets) AMENDED SHEET
04-12-2001 9BO5O PCT US00335S 21 MAY 2004 60.b 18. The catal yst
conposition of claim17 wherein each Q ligand conprises at |east one
fluorinated aryl group, or at |east one substituted aryl group wherein the
substitutions conpri i I.nat - Nparanblafiddie- cat al yst
conposi tion of cﬁgfpnhn%ﬁé"‘bﬁgf;ngrﬁ %&éﬁb{%}%g%ﬁ%ﬂéﬁpri ses 4- 20 carbon atons
in their fused orpypésgedold, Notrizlsifhrorofrhefhiéndrde, Al psntafionpedeny-on of
claim 18 wherein each Qligand is perfluorinated. 21 Tge cat a%’fﬁtl
conposi tion of claetditE, brparanana8uerabimaenalapetiiipe, N ndesatlupriePREK-
N- pent af | uor ophenyl pyrrol.i di n N- par a- nonatf | yor.o= L.phenyl pyrolidi ne,
N-tri decaf | uor ot et3¥ QHS‘?i' yl?%ﬁt%efmoﬁ ; W%%H?g’ﬁ ufﬁ%@%%gﬂg)/ﬁ]pyrrol e, N par
anonal | uor obi pheny; F-RE i b MRoestetpBERABAYIdMer 1 ol e,
N- pe%t af | uor ophe%l:pgf\!%g%lﬁ?wg’:Ml{il-lggganonafI uoItrpo-ijEi phenyl pi peri di ne,
N-tridecafl uoroterphenyl pi peridine, N pentafl uoro- phenylindoline,
N- par anona- f | uor obi phenyl i ndoline, N-tridecafluoro (replacenent sheets)
Al f1K U x. 009~r ~| The cata@kveampositian ¢fl@RsTLG-2@wherein the qatalystgompound py

a0Ore ~n 1 AVENDED HEETB%%_CJE)%pZO%% agt?\(/)a éﬁ)%l%l‘n paymerization to a

15 a Group-
cation.
23. Thie catalyst composition of claim 21 wherein the catalyst compound is a
10 Group-3-11 compound activable for olefin polymenzation to a cation.
24. The catalyst composition of claim 22 wherein the catalyst compound is a

Group-3—6 metallocene having the formula:
LA 1P LS MDE where:

() L connects to M and is a substituted or unsubstituted,
15 cyclopentadienyl or heterocyclopentadienyl ligand;

() LP connects to M and is a substituted or unsubstituted,
cyclopentadieny! or heterocyclopentadienyl or is a heteroatom
ligand;

wherein L® and L® optionally connect together through a linking

20 group comprising a Group-14 element;

() L is an optional neutral, non-oxidizing ligand connected to M ¢
equals 0 to 3);

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

(e) D and E are labile monoanionic ligands Lhatﬂconnect to M, and
25 optionally connect to each other, to L*, or L”,

{replacement sheets)
et AMENDED SHEET



0L32MXYD2004 terphenyiindoline, Npentafluorophenylindole, N paranonaflyapgsssc
bi phenyl i nd }ﬁroptlridecaflueroterphenylirdcle, N-pentaflqpfpmhﬁmy-
azeti di ne, paranonaf |l uor ob iph eny |azeti dine,
N-tridecafl uoroterphenyl - azetidi ne, hkaﬁgtafluorophenyaziridine,
N- par anonaf | uoro 5 bi phenyl aziri di ne, a
N-tridecafl uoroterphenylaziridine. 22. The catal yst conposition of clains
16-20 wherein the catal yst conpound is a G oup-3-11 conpound activable for
ol efin polynerization to a _catjon. 23. T atal yst conposition of claim
21 wherein the catal y¥ er@BhBo‘Un%l e agﬂr&f@a g‘t‘?ﬁ“ g&'iﬂﬁ%& et RRleRbl e
for olefin polynerizati - | . L f
cl ai m 22 wherein thea%g$§P%§FP%§%%gﬁﬁg(%éxgﬁﬂgggﬂ%?g¥%&ﬁ@?ggﬁéggﬁgnﬁgving
the fornula: LA LB LcM-WDi MhErfer pdlgneribagomnects to Mand is a substituted
or unsubstituted, 15 cyclopentadi enyl or heterocycl opentadi enyl |igand,
(b) LB connects tg Mand is a substituted or unsubstituted, ]
cycl opent adiZeny|  dheaiadys syepepier abickaip2dorharend petierom and L iyand;
wherein LA and LB i | {, together through a |inking 20 group
corrprgi sing a Gou%—g%géag?%r%ﬁ?%&%;? C, is an optional neutral,
non-oxi di zing ligand connected to M (i equals 0 to 3); (d Mis a
G oup-3-6 netal; and (e) D and E are | abil e nonoanionic |igands that
connect to K6. and Th2zaaptst ooapbsiticooneaim R4 vaaetin o ierircdndurh Ar hefnikb,
US00335~ (repl acenment gsheets  ""~~ AVMENDED SHEET 04-12-2001 US00335~
9BCBO. PCT 61. b 212pA} 29p6ubatigiied AT mpibsituifde CUHeRGREEMI 8T f r om M by t he
cocat al yst conpl e%ete%l@cm@ﬁﬁjii@nﬁ‘l l%ﬁ%ﬁn&rte&)ﬁ} yreri zabl e macromer can

insert into

27. A catalyst system for olefin polymenzation comprising:

(replacement sheets)
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ot opoNt E for pol ynmerization. 25. The catal yst conposition of claim 2618003359
wherein Mi ég(}tpqﬁum and LB is a 5 heteroatom connectedjtioMM)R6. The

cat al yst co?’rB Si‘ti'on of claim24 wherein Mis zirconiumor hafnium and La
is a substituted or unsubstituted, cyclﬁoz:)ent adi enyl or

het er ocycl opent adi enyl |igand connected4® M 27. A catalyst systemfor

ol efin polynerization conprising: (replacenent sheets) |~ BS. Ln
X~Dv_iii.f.-i~ ...vn...r...... ,n~nn.n-t~ . u..-...wJ.._ ~ _ " w.J.
AVENDED SHEEZ 04- 12- 2001 US003359 9B050. PCT 21 NMAY 2004 62.a (a‘% an

or ganonet al | k& ¥xPEAPemeRRG Galnshaaign evingasleagmaestamtizing ligand peghad and a
| abi | e |igand suitabl elabde lipref swtablesfer vledm inteetien whetedn twtcatalpdt ceddnon s
activated for ol efin polagmested firicdefin péligyrrerineudt; al
fluoroaryl-1ligand-substituted secondary am ne or phosphine; and (c)a

G oup- 13 substantially noncoordinating anion. 28. A catal yst according to

clai m 27 having gufeatatias MesbdroRibmabstfuetbMard ndfle of0 15 29. A
process for preparing s%l%h@fdr{as romone or nobre nonohers conprising
conbi ni ng the nononers under pol ynerization conditions with an olefin

pol ymeri zation catalyst that is the reaction product of (a) an

organonetallic c lys A t least .one . stabilizing |Iigand
and at | east one%ngi Iaterl 8a%%&%§6ﬁ8n$3?005$15?5m§ M{¥%ertion and
abstractable to forma catalytically active cation; and (b) a

[ G oup- 13- bgged] gogatal Qml.ex.c i.sin i) a_catjgn having a
pr ot onat ed, §$‘I uor%‘ac(r%%l}:slti)%%oﬁgl-ngsﬁﬁzﬁlﬂ%ﬂ’%%g%&zﬁﬁs5?194’?@ BA"HRbGsphi ne and
(1i) a G oup-13-basess @aooordi nating or weakly coordinating anion.

29. A process for preparing polyolefins from one or more monorners
10 compnsing 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 form a catalytically active cation; and

15 (b) a [Group-13-based] cocatalyst complex comprising
() a cation having a protonated, fluoroaryl-ligand-
substituted secondary amine or phosphine and _
(1) a Group-13-based noncoordinating or weakly

coordinating anion.

20 30. The process of claim 29 wherein Q comprise fluorinated aryl groups or

compn'sé ary! groups having fluonnated hydrocarbyl substituents.

31. 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 polymenization
25 conditions comprise a solution, supercritical pressure, bulk, slurry, or gas-

phase process conducted at temperatures from greater than or equal to
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0201 B000The process of claim29 wherein Q conprise fluorinated aryl gr 09%0335(
or conprise argll groups having fluorinated hydrocar byl s%z%ﬁnnts. 5 )
31. The proc@8%°%GtCTcl ai m 29 or 30 wherein the catal yst conbol & a G oup
3 11 compound activable to a cation for olefin polynerization. 32. The
process of any of clains 29 or 30 whereitd.t he ol efin pol yneri zation
conditions conprise .a solution, supercritical pressure, bulk, slurry, or
gas- phase process conducted at tenperatures fromgreater than or equal to
AMENDED SHEET (renl acernent sheets) 04-12-2001 US00335~ 9B050. PCT 62. h 21
MAY 2004 30C to | e3&’( tedassaharequedual @ 30PC anichrpssessUfes gfd0eniBieat er t han
or equal to O to les t@an or equal to 2000 bar. 33. The process of claim
32 wherein the pro%’@th ihlgpkthag|ogeqyal to20Qhbkarphase, and the acti vat ed
catal yst compound is carried on or affixed to a 5 particul ate support.
(repl acenent sheets) AMENDED SHEET )01 9BC60_PCT 21 MAY 2004 63.a 34. Use
of a cation vin ryd: =14 - stituted.,secaondary am ne or
phosphi ne fo?ﬁpregg% éullgegsrs%?(%%{nljﬁ%ﬁ%&%@%@é@ﬁif@t}m@ﬁr?gqnéyx SL&PP1SFng a
substantial | y noncodrtte netatgl @milgsn.codfpoukls & @friad B 8ewfis@l (§@r pd yol efin
preparation wherein the precursor 5 conprises a G oup-|3-based cocatal yst-
conplex conpri si nd’aén‘?}g?t?@lﬁpp%vi ng a fluoroaryl -1igand-substituted
secondary am ne or phosphine and a substantially noncoordinating anion. 10
36. Use of a precursor for naking an olefin polynerization catal yst wherein
the precursor conprises a G oup-13-based cocatal yst conplex conprising a
cation having a fluoroaryl-1igand-substituted secondary am ne or
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phosphi ne and a substantially noncoordi nati ng ani on.

1
US0033%71 AVENDED SHEET 71 MAY 2004
SBO5S0.PCT
63.a
34. Use of a cation having a fluoroaryl-ligand-substituted secondary amine or

10

35.

36.

phosphine for prepanng a Group-]3-based cocatalyst complex comprising

a substantially noncoordinating anion.

Use of a precursor for polyolefin preparation wherein the precursor
compnmnses 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.
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