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H GHLY: SOL V¥R R734%¥ | N POLYMERI ZATI ON CATALYST ACTI VATOR The
invention relates to a catal yst activator. Mdrre particularly the present

i nvention relates to HGHRYBOUBEE CLEMN POLYMERIZATION crimnivet AGHIVATOR N 2
5 sol ution polymerization process for polynerization of [err]-olefins.

Such an activator is particularly advantageous for use in a continuous
sol ution pol ynerization process wherein catalyst, catalyst activator, and
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G oup 4 netal cation, especially tetrakis(pentafluorophenyl)borate.
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Normal 'y, ionic Sal‘f‘dﬁc‘{'h\{%qgﬁ need to be added to such pol ynerizations in
0

the formof a sol mati ¢ sol vent such as tol uene. The use of

even a smal | guantity gfe Qfeaﬁtg,m evoﬁﬂatfufaf g&g%naltwe&?ecflpanéﬂg

undesi rabl e since it nust renove n ste
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sol ution polynerlz tions that use "an
the monomer and in order to reduce the aromatic hydrocarbon content of the

resulting polymer product. Normally, ionic sait activators need to be added to such
polymerizations in the formof a solution in an aromatic solvent such as toluene. The
use of even a smalt quantity of such an aromatic solvent for this purpose is

30 undesirable since it must be removed in a devolatilization step and separated from
other volatile components, a process that adds significant cost and complexity to any
commercial process. In addition, the foregoing ionic cocatalysts often exist in the
form of an oily, intractable material which is not readily handled and metered or
precisely incorporated into the reaction mixture.

35 Accordingly, it would be desirable if there were provided an ionic catalyst
activator that could be employed in solution polymerizations that use an aliphatic
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sol.vent, wang}/as86319 condensed a-ol efin nononer. | n addition picrpyddsbsbape
desirable to provide a new formof ionic catalyst activator that is

particularly adapted for use in a continuous solution polynerization
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condi tions, m%&o@ﬁr&%?ﬁé&dﬂ i‘rpl%'ﬂ? osahwreh% mici/ rg;f di tions.
Al l references rein ene | ongi n certaln oup refer to the
et i 0l o Tabl o "SRIERDOD) Wil ACEIANR PYRIE FORNSDS P SEaspotReiabrebs s

Inc., 1989. 20activdtsio any reference to the G oup or G oups shaII be to the
Group or Goups as reflected in this Periodic Table of the El enents using
the | UPAC syst em f orByrihrivee chthedotageing catalyst activaios: impeoved satalyst activatien is

o oS are T hobr Mgl MOR pHrda? ““’”’sma‘t‘gtb‘.%’““‘“’ymr"@‘éﬁﬁb’?ﬁ%ﬁ'ﬁ?@f’ng a
charge beari ng 32PBRInga. ﬁi&&ﬁ%f‘ﬂ (ﬁ°§" Ef F&? |°§“@3‘H§0FPSBFSR?&'|33Y10| ng
t he charge of tcbahmﬁusymlmmenzaﬁmhemdjﬁdns metal cation) which is

formed when the two conponents are conbined. Also, said anion should be
sufficiently |abile Alge Qﬂ%rﬂ%@dﬂ BMQ@WQ&*"Q}‘P@IWMQVOHR(!M&HO&B

acetyl enically WﬁM&l@&tﬁ@M§pﬁﬂlSﬂ@&hﬁ@bﬂﬂéﬁﬁd BPTHC PHSES, e, %bers

am nes o Bt A anctibableoiRe i 3 Srde shicoe fiibe fSul 5 algui 40 'O

limted to, bomeigcterhinghisdtenodiciiabiessfthe Elemddisysingtie YBACHYstenyfoani ons
whi ch conpri se At p conpl exes containing a single netal or
nmetal | oid atom are, rse, well known and many, particularly such

The catalyst activators of the invention are further characterized in the

foliowing manner. Preferred anions are those containing a single coordination

25 complex comprising a charge bearing metal or metalloid core which anion is capable
of balancing the charge of the active catalyst species (the metal cation) which is
formed when the two components are combined. Also, said anion should be
sufficiently labile to be displaced by olefinic, diclefinic and acetylenically unsaturated
compounds or neutral Lewis bases such as ethers, amines or nitriles. Suitable

30 metals include, but are not limited to, aluminum, goid and piatinum. Suitable
metalloids include, but are not limited to, boron, phosphorus, and silicon.
Compounds containing anions which comprise coordination complexes containing a
single metal or metalloid atom are, of course, weil known and many, particularly such
compounds containing a single boron atom in the anion portion, are available

35 commercially. Therefore, said single boron atom compounds are preferred.
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conpounds §r;1,&'§é' ng a single boron atomin the anion porti OBcrAis8I04234
avail abl e rcially. Therefore, said single boron atom conpounds

are preferred. -2- WO 97/ 35893 _ _
PCT/ US97/ 04234 Pr ef er phifyrably@hé e6&italys of thefinvditioh My tid repreBeliteddy the

represented by t Idg}fk .yl : ,iel,g‘-g—i)d[err](A[err]),
wherein: Lis a ﬁ’gﬂWI e%gs agé?t(’fl_ H)[e'rvf |'g a Bronsted acid; 5

Ad- is a noncoordi nating, QR | j on having charge d-, and d is an
integer from1l to 3. Eg%r?p'l?es g&‘g{?ﬁag% e anions of the formula Alerr]

i ncl ude sterically shilettd)dds aiBsen®tad apidons corresponding to the formul a: 10

wherein: S isgal kyl, fdugrdRdresbrdifiting; cotpdtbleOdrien Mévirﬁgr RdigydBeaAgt WO S
groups are present ad |,t|onalglfé ké\égr?ggn), Ar[err] is fluoroaryl, and

X[ err] is either hydr@Jeaniitegelfiom 1 g3 Such di boron anions are

di sclosed in US-A-5, 447, 895. Additional ex e f &d- . anions _are .those
ani ons correspondi ng ZFléé'PR’%sP&PH‘EbA? a"[“R)PT 8&?‘?&{%‘?%% ?ndqd%eﬁ?gfcaﬁy %"?@e‘in

i nteger from 1 t dib8romaniorss comrespondieg td therforlwulan 6; 20 -k =d; M
is an el enent selected from Goup 13 of the Periodic Table of the El enents;
and Q i ndependently each occurreXle is selected from hydride, dialkylamn do,
hal i de, al koxi de, aryl oxi de, hydf obe.r\byl , and hal osubsti t ut ed- hydr ocar byl
radi cal s, 25 said Q havjmﬁ];up to 20 3C4§1[Fb‘ons with the proviso that in not
nmore than one occurrence is QWlide,/ & nore preferred enbodinent, dis

one, that is, the counter ion hagg single negative charge and corresponds
to the fornmula, A-. Activating cocatal ysts -3-

10 wherein:

S is alkyl, fluoroalkyt, aryl, or fluoroaryl { and where two S groups are present
additionally hydrogen),

A is fluoroaryl, and
X' is either hydrogen or halide.
15 Such diboron anions are disciosed in US-A-5,447,895.

Additional examples of Ad- anions are those anions corresponding to the
formula: (MK+Qpy]d-, wherein:

k is an integer from 1 to 3;
n’ is an integer from 2 to 6;
20 n-k=d;
M’ is an element selected from Group 13 of the Periodic Table of the
Elements; and
Q independently each occurrence is selected from hydride, diailkylamido,
halide, alkoxide, aryloxide, hydrocarbyl, and halosubstituted-hydrocarbyl radicais,
25 said Q having up to 20 carbons with the proviso that in not more than one occurrence
is Q halide.

In a more preferred embodiment, d is one, that is, the counter ion has a single
negative charge and corresponds to the formula, A~. Activating cocatalysts
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conpri si ryovanses3whi ch are particularly useful in this invertTossmmay4be
represented by the followi ng general fornmula: [L*-H[err] (BQ[err])[err],
wherein: L* is a nitrogen, sulfur or phosphorus containing neutral Lew s
base; B is bor ofCmPrising beronathictharstnarticularly Bisefghin this invention mgy bé sepresented
fluorinated ([ ebythefpliowing gepérabioampia: O]+ [BRE/ whergin: @ is in each

occurrence a fluorinated aryl group, especially a pentafl uorophenyl group.
General |y, sol ubility" @fa hitrogermisalfyrdr phesphoriDédntalhing RBulrdl\(8Md el N
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hal o-, al ko>§-, ani n&t 15 &iycrinated (196 hygrocartykBIBUR-ut ed | ong chai n al kyl
groups or long chain al kenyl groups into the Bronsted acid, L. By the term
"l ong chain" are rreaM"sbP'G{%Eg i 1B i sachRcewrencesfiyasinaled and geoupaeenesiaily a
such group, prepentafiioropienyt grogpbr anched form Preferably such L groups
contain from1 to 3 CJerr] n-alkyl groups with a total of from12 to 100 15

carbons, nore pref er Giahgrafly, Gotubility of thy capiystigtivawds 6ftherinéntion if diigratial

carbons. The pr f. el i | .10 render the

acti vat or rg g‘%ﬁﬁ%ﬁ(ﬁi'sn al | pﬁgpywoﬁgﬁ?%%%e?ggﬁ%‘r M groyRs such as
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or exanple, on e a i e. prot onat ed anmoni um S

deri vedrTr omt h§’°§‘§#?x$‘!é‘ﬁér wﬁéggﬁ'&tﬁ@ﬁ' are, meAntgrpyRs '?ﬂ)’l‘ﬁﬁ'm ﬂa t%\go

m xture of two Wrehydroges) atoms igisuclh group, prefeyablyincaupen-bradcietformat Rydferabiyup.

Such am nes ar eg@pdl ' - . hne
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present cocat al SAPSNSRPrE Prefeadly 2, Craseaiod greunsansiirom 24 90 et gathenandhet

of metal conpl epresengeasfesiich oldophilie roups $s Blievedio rBhderthd ActivatoR ATPé BOIMBIEn

BT o enc es. | PiFae BalE oy inpRiyrirbe KAecllbndle ) ERGRAERARRIP PR o
whi ch may be usWdRderstopdthat the-¢ataglyst aclivatemay roraprse symixtire of pleephilicgroups of
et 1 aki S( pogy af Lyiog ol ver o akafRpiene Silable HEAUEn s T FrblohalsU@irkRium
etrakis a O orate ecyl di (e ium, . )
tetrakis( B af f%]g?%&ﬁg% thﬁcﬁng{néé,rmp@x ?’ﬁ%@@?lﬁ‘mg(% N8 CRERNSIRG a mixture of
t et r aki s( pent af Weo€apGersyiGre blkylgreypsanderecogthyi grous. hSuchcamines ame available
tetraki s(pent al frANRRRSONIP), [HeleRirfd traRfe!RARC KeraimitigioR Y 516 HRE M Akzo-Nobel
(et ?l a

t et r aki s(pent af I uor ophenyl') borate, 35 I cosyl di nMmonNi um
t et r aki SE Bent af ¥ 5%]%% guargslAémggn% MZH% The%resent cocal aly)sts may be used in

reduced concentrations based on amount of metal complex compared to the amounts
25  of prior known cocatalysts previously required, while retaining equivaient or improved
catalyst efficiencies.

lllustrative, but not limiting examples of boron compounds which may be used
as ionic activating cocatalysts in this invention are tri-substituted ammonium saits
such as:

30  decyldi(methyljammonium tetrakis(pentafluorophenyl) borate,
dodecyldi(methyl)Jammonium tetrakis(pentafluorophenyl) borate,
tetradecyldi{methyl)ammonium tetrakis{pentafiuorophenyl) borate,
hexaadecylidi{methyl)ammonium tetrakis{pentafluorophenyl) borate,
octadecyldi(methyt)ammonium tetrakis(pentafiuocrophenyl) borate,

35 eicosyldi(methyl)ammonium tetrakis(pentafiuorophenyi) borate,
methyldi(decyl)ammonium tetrakis(pentafiuorophenyl) borate,
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met hyl di (d@@@_)ﬁg@om um t et raki s(pent af | uorophenyl ) borate CTF&%%
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met hyl di (dodecyl ) ammoni um t et r aki s( pent af | uor ophenyl ) borate,

met hyl di (t et r adegydthylgn@itiedpidrRinbalkinstenaris@Ehtdfiicrppestiyt) bobate at e,

met hyl di (hexadec N yIP84r
e

tridecyl ammoni um,,t,&;, %Hﬂﬂfdﬁpmkfs@pehﬁﬂﬁé@phiﬁwm%yl amoni um

tetraki s(pent quorop rate, tr| et radecyl apmoni'um
tetraki s(pent fI JoRts H@ﬂg‘? '9‘%/’ nyl} berate,

:e: rati s( pen: a]t : umwtmmbmummms(péﬁaﬂddwm{jmwmmmnI um

totr aki o( pont af | I SBRERTIonSh SfesibortaBrapratiel Bod o v i

t et raki s(pent af | ammmmmgmm tetrakis(pentatiuorophenyi) borate,

dodecyl di (n- butyl&m&a mohmﬁu&ﬁ:aﬁie(p%hidﬂaéﬁah |Bor£\@£ate

NN dodecyan I Qﬁ%qwmm”mt U IEhROR PSRRI B .

N- et hyl - N- dodec;thamdylammﬂmttaﬁkkxs(@pmﬂudrbpfwwblbem) bor at e,

por at e, - oydconaxy G EUT b RFEHAR etRis et i‘%‘%@é‘ B, o1 S bor at .
and net hyl dl(dodé@FPMﬁ'(ﬂJhﬂm mevpig) tetrakisipent uerepmwﬂhhmtphenyl) bor at e.
20 Sui t akjctadeicyid W)aheecnidny tetkislp ehﬁilluu gé nyl ssraleoNi um sal t's

(n-but yi ) dodddy] Lr%?'rwi” hwﬁ' Ve {hei raékfg&ﬁ@gp%h%é‘r%é e, % o
E:I Ir i g gtc g :jg(r:\o)s ﬁg ? E i Nrmettm;l-lb&dwqcphnt ﬁlaumletra\nh(pamaﬂuml!MM) borate,
t rl((t et radgcyl ) p%ﬂgwgm um % ng@ii%tgﬂ uor opEen %‘r’%ﬁﬁéﬁ)@ﬁbﬁ&?so be
named. Preferred ‘%(6'9?‘9’%‘3@9 aevdammenivm dirak ZN\Q ihprate, and
t et raki s(pentaf | mmahamdé?mmhﬁnﬁndtmkmz aﬂ%wthﬂmrbpheﬁﬁ)maj um
r

t et raki s(pent af | uorophenyl )borate. Suitable catalysts for use herein
i ncl ude any @0npound oSuitablgsimiianyf substittes] suffoniumair pBiosphenign saitsosuchlas,

Peri odic Table ofcildaeyfsubiilintetalaBbatloriseig dbtay 2l ed 10 ol efin
insertion and pol ynerization resent Sl n| um sbal t acgtivators.
(%-butyl)dodacyfsu omumt kis(pentafiuorophenyl) borate, tridecylphosphonium

tetrakis(pentafiuorophenyl) borate,
di{octadecyi)methylphosphonium tetrakis(pentaftuorophenyl) borate, and
25 tri{tetradecyl)phosphonium tetrakis(pentafiucrophenyl) borate, may also be named.

Preferred activators are di(octadecyl)methylammonium
tetrakis{pentafiuorophenyi}borate and di(octadecyl}(n-butyljammonium
tetrakis(pentafiucrophenyi)borate.

Suitabie catalysts for use herein inciude any compound or complex of a metai
30 of Groups 3-10 of the Periodic Table of the Elements capable of being activated to
olefin insertion and polymerization by the present ammonium salt activators.
Exampies include Group 10 diimine derivatives corresponding to the formula:

— CT-CT
\ ¥ A\Y
M* K>A™  wherein N N is Ar=N N-Ar*



Exanpl es include G oup 10 diimne derivatives corresponding to the fornula:
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M is Ni(Il) or Pd(Il); K is halo, hydrocarbyl, or hydrocarbyloxy;, Ar* is

an aryl group, espegiall sdhisopr opyl phenyl or aniline group; CT-CT is
1 ,2-ethanediyl, gﬂ!p;ﬁt&‘a{ﬁia?ﬁybbr forma fused ring systemwherein 5
the two T groups todeisthalo, AydrogarbyR onhydrotarbgidky;l group; and A is an inert

noncoor di nati ng ani og* isTdre reerel : ” | by M

Brookhart, et al., i(gria..Aa? e%é%ggaﬁﬁ%@'%%@?%@ﬁg%ﬁggﬁrﬂqp-Am

Chem Soc., 117, 64147448 3.2415889diyl23hutanedivhar fermp fusae ring system wherein

cat al ?/Tts).ts e§pedhgkwrt]qngmugsabgemeﬁaeTait)&nabhmand_;@ﬁ;:g@m;ghager a: (Ian 10 or

in conbination wt : WEBSB?B as vinyl chloride, alky

acryl ates and al kyl Ar:;r(gétﬁg'cnrggl at es. &3@#&?’3&% catal ysts include derivatives

of Goup 3, 4, or L lqem dsts ¥y Wt % réfﬂimal

oxi dation stat Pr ef eééye cé@éunds%n@%&%ﬁ%] g%g%néfgg"gé '

from1l to 3 [e%ﬂsﬂb’dﬁd -6 ) and A Ghem; $e6,(1 17 64 1rk-6418 (1998 asbeing

lé)e( cylcl ic OE, naactive polymerizetion zhialysts ¢spetialipfof goRmRRAEANNGS i dlgs, Rt Bone
enpl ary sygh N n rou e.co ated or

nonconj ugatq ed, ng%%%&h?%on- c@%ﬂ %Mﬁ%é@qgga&gﬂﬁwgyjlcﬁ 'dﬁ%g‘?mﬂes and

bor at abenzene @'%B@!ﬁa&hﬁﬁt&i-ene groups. By the term"[err]-bonded" is neant

dto the transition netal by a sharing of

that the |i d .S bond

el a(Oalct roﬁs :‘?grr; ag:)glrj‘{)qdr‘ﬂs"mlo‘?nféﬁ%ﬁm%& degivatives o Grouncs, 4, or Lanthanidemataisn i n
t hg_ de: oca: i zsdvﬂidfar]emmdaﬁ &roumm?! mf AGe:s. 9rd@ave°n%?ﬁh | pounbs thoide 2
radi cal sel ec . rogen, hal ogen,

ydr ocar byl heteipl pieEs ORGP RIS o Pr Sondid HRGRE prosimed fernd stouns, <
wher ei n t hdSnetitthingy Pe cyélicar nea-cyeliseigcsiizedim-bordad-anidhic iganidgraigs. e of

t he El ts, aHRnipiEHoh ged i .l |
ragi cafarsTE P uft her 'subst iot ﬁg‘:e\néhh aar%m@ﬁ’%dgﬁg%&%éaﬁ%@hg&e? %?gn%mdgg{eq'
cont ai ni ng noi &G FIONFAELE dipe PFP‘{pﬁea'{yéP'ﬁppgmﬁ%ﬁWW gERuUps,anshgrene
strai ght, bran@meupsarly thg terc"relidnded! isdnearit shat @jeligand aroueis bondeattiodne s,
Cerr] alkyl- S‘i&%&iﬁ&h‘hﬂ%@al%&@%ﬁﬁ? B@ﬂb&%wg&%ﬁﬁhﬁ%@{%ﬂﬁ&ﬁ tuted

al kyl radicals. In addition two of nore suc ge eP‘erm a
fusted ri ngze%/ﬁt em iss]@h%mm m?fcfe:lo’ﬁaliiéd%-géhﬂddfgf?%ﬁ{tﬁgWﬁ?@tﬁdé@?%tg [ ing
systens, or e rL.m a 0 e W he nmetal. Suitable
hydr ocar byl - s U%P%'FQW@IM?%{?&%&%°W&8? 8equp SoRBiIFtiNA-t hyAtPgenJhalogary
tri-substi tut edydrogarhylhbalehydrodarbyki hydrbearbyl-sBbstitpted 4netaiivicraticalshwiveréin tisach
of the hydrocarhythiicki Refected ¥éth Erolip 240l the POt B ofthe Elomdmtd ik &3ci?
hydrocarbyl- or hydrocarbyi-substituted metalloid radicals further substituted with a

25 Group 15 or 16 hetero atom containing moiety. Included within the term “hydrocarbyl”
are Cq.2¢ straight, branched and cyclic alky! radicals, Cg.pq aromatic radicals, C7.og

alkyl-substituted aromatic radicals, and C7.oq aryl-substituted alkyl radicals. In

addition two or more such radicals may together form a fused ring system, including
partially or fully hydrogenated fused ring systems, or they may form a metatlocycle

30  with the metal. Suitable hydrocarbyi-substituted organometalloid radicals include
mono-, di- and tri-substituted organometalloid radicals of Group 14 elements wherein
each of the hydrocarbyl groups contains from 1 to 20 carbon atoms. Examples of
suitable hydrocarbyl-substituted organometalioid radicals include trimethyisilyi, triethyl-
silyl, ethyldimethylsilyl, methyidiethyisilyl, triphenylgermyl, and trimethyigermyi groups.

35 Examples of Group 15 or 16 hetero atom containing moieties include amine,
phosphine, ether or thioether moieties or divalent derivatives thereof, e. g. amide,
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suitable h | -substituted organonetalloid radicals in

trimethyl W ?’F”a{sgﬁlet hyl - silyl, ethyldimethylsilyl, methyl dfﬂ%’é’ﬁ?f,

tri phenyl gerrryl and trinmethyl gernyl groups. 35 Exanpl es of Group 15 or

étﬁ he% ﬁr o at omt C@ﬂb@bﬂ'ﬂ@%&{iﬁbﬁﬂiﬁiﬁéf@b&&%@’hﬁbﬂ% uﬁhfsiaiabﬁa‘etﬁtohﬁémﬁ&mue
i oet her noieties,ar va er \ re

97/ 35893 e, aid B6hdad o H5d AydRodalti ohdlE 1% thehydosalisbbsinion,

phosphi de, et her matalloid cantaisinggredmps bonded to the tran3|t|on rret al or

Lant hani de netal, and _bonded to the dr ocar byI group or to

hydrocar byl - subst i tutEéémPPFé!fFB'ﬁP%éng o f-bo méﬁslﬂﬁugﬁl tabl e

ani oni ¢, del ogal | Spérﬂédi&nw 1, AUOreRGH, tea&h rnEeny!Q&ﬁéWﬁﬁF@n?ﬂW

i ndenyl , quoren dr.oi nde et ren

oct ahydr of | uor enéf’fah&&ﬁ' ¥l he MM'QB?% éJzS'Wﬂcenyl
hexahydr oant hr ac hmhydmmmwgcmypgmumchwmmm groups, as
groups, as well ]W@ﬂ

hydrocar byl - subst | tut ?"Jy Isﬁ?%tﬁt?fgg%ﬁ'bﬁ? ng’al Ves ﬁéegrsglf)%d %Iy! ?I"ebrs}l d
ani oni ¢ del ocal i Setvatives }MMdg@ngBQJEBWBP@eW“Z W%F@rﬁ?

pent anet hyl cygl o clopentadrenyl

Wﬂﬁﬁéﬁtﬁbﬁ
o o AP o =

oct ahydr of | uore nyfiqthWMenﬁtaﬁhWMewmﬂenmefmbmb nctahydrofiuovémy and
l'i gands whi ch argg m?g‘%"ﬁﬁnﬂal ning 15 anal ogues to benzene. They are
previously known in the art” having been described by G Herberich, et al.,

in Organonmetal lics, 14nbbofatdbeliZ8nbd 8aniorii lﬁ#ﬁé%séﬁq@bahﬁ%ﬂmn

correspond t the formul a:. wher ei I S seletedfro rou onS|st|ng
of hydrocar byS . SnRBLSSp heBieaR. Ty are susviougly AWIG e A BEVES best. 48R

atonms. In conpl exgh. IHatbérmnet ali, maw; nwemmwgbsd)elmﬁmeaed
[err]-bonded grogg e at om t her eof tf\ Qond d by neans of a coval ent bond
or a covalently fﬂi&?“&?%ﬁ@ﬁ“ﬁ?%& 8 Fer atom of the conpl ex
thereby formng a bridged system A _suitable class of catal ysts are
transition netal coRpl exer'corresponding to 25 the formula:
Llerr]Merr] X [err] Xfefr], or a dinmer thereof wherein: L is an anionic,
del ocal i zed, [er % ghqup that is bound to M containing up to 50
non- hydrogen ato ﬁ y two L groups may be joined together formng
a

wherein R” is selected from the group consisting of hydrocarbyl, silyl, or germyl, said

20 R having up to 20 non-hydrogen atoms. In complexes involving divatent derivatives
of such delocalized r-bonded groups one atom thereof is bonded by means of a
covalent bond or a covalently bonded divalent group to another atom of the complex
thereby forming a bridged system.

A suitable class of catalysts are transition metal compiexes corresponding to
25 the formula:
LeMXmX'nX"p, or a dimer thereof

wherein:

L is an anionic, delocalized, n-bonded group that is bound to M, containing up
to 50 non-hydrogen atoms, optionally two L groups may be joined together forming a
30  bridged structure, and further optionally one L may be bound to X;
-7-



30 bridged structure, and further optionally one L may be bound to X, -7-
WO 97/ 35580 97/35893 FOVUSB841334234 M
is a netal of Goup 4 of the Periodic Table of the Elenments in the +2, +3
or +4 fornml oxidatiqQn state; IS an i onal _ dival ent substituent of up
to 50 non- hydrogen d@&%"ﬁét‘”é&%%@?tﬁ iPerodic Table:of the Elementsdy the+2yi+Brorm
5 . X i s a4 fophalaxidatioestatesl | i gand having up to 20 non-hydrogen
atons; X' each occurrence is a nonoval ent, anionic noiety having up to 40
non- hydrogen at ons,X isgan eplighaty divalent substifuentns updy 50 aon-hydiogan bioniothar

t oget her form Rggeihél with £ mdiadnéaibcycidWiding havi ng both val ences bound to
M or, optionally 2 X' groups nay be coval ently bound together to forma

neutral, coBj ugat ed Xis ddoptioraiwaatifindthading P t 2etnohshykiRigeh aksmgled to M
(whereupon Mis in the +2 oxidation state), or further optionally one or

more X' and one or nffreackoceurence isamanovdientdanionio gwidty havihg up by 46 porvi Nng a
iety that i . '

of Lewi s Eas'esf"l?ﬁ,*é*@f*‘é%éﬁf*&?’*’?%@?i*“&*&%@%ﬁ%EW%@M%?.‘@%%@%WS

is a nunmber fr Grivalent dianiosiic giojgty hauirgeoth valgRees hayund to M, gr.ioptioralisn2 X

[err]+mtp, is emowls rh@y b eovadértiboand thjethen tforrh @ rfutrd, comjagatbd vpen 2 X'

groups toggther neut ral nj e on-conj,ugated diene that is
[err]- bondg o OL?%AP@?% H\ﬁﬁ?é’?ﬁq gsa’%gg '?#éﬂg %vfr}be(ﬁp?ﬁw% 'Qg?&fé f’ﬂs?tﬁ’é’ f or nal
oxi dati on st at state), Rr furhet epticagih-onmdrmers X' rndithe arimare X groups maydeei t her
one or two L giepasd tobather Melrély @mb@eﬁ&ewrﬁﬁaﬂwso&%té@eﬁtwo%awm hd
bridgi ng group I|n.|n%dihe tgo Lagrso S.. Pref&rﬂred bridging groups are

t hose corresporﬁ’&f"i”?}é(f‘att hetete By M PE%‘%'PPP?T FYomali ein E is silicon,
germanium tin, or ¢ ?()p ¢ 2% independently each occurrence is 25

hydrogen or a group se ’ec?ed fromsilyl, hydrocarbyl, hydrocarbyl oxy and

conbi nati ofg t her eofy iSglfl4,R* having up to 30 carbon or silicon atoms, and
x is 1to 8 Preferably, R independently each occurrence is nethyl, ethyl,

propyl, benzyl, tertyiskivgmberpioanyto 3;met hoxy, ethoxy or phenoxy. Exanpl es
of the conpl exes containing two L groups are conpounds 30 correspondi ng
to the fornul a: p is an integer from 0 to 3; and
the sum, £+m+p, is equal to the formal oxidation state of M, except when 2 X*
groups together form a neutral conjugated or non-conjugated diene that is n-bonded
20 to M, in which case the sum ¢+m is equal to the formal oxidation state of M.

Preferred complexes include those containing either one or two L groups.

The latter complexes include those containing a bridging group linking the two L

groups. Preferred bridging groups are those corresponding to the formula (ER"2)y

wherein E is silicon, germanium, tin, or carbon, R* independently each occurrence is
25 hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy and

combinations thereof, said R* having up to 30 carbon or silicon atoms, and x is 1 to 8.

Preferably, R* independently each occurrence is methyl, ethyl, propyl, benzy, tert-

butyl, phenyl, methoxy, ethoxy or phenoxy.

Examptes of the complexes containing two L groups are compounds
30 corresponding to the formula:



WD 97/ 35893 PCT/ US97/ 04234
wher ei n: NWOSP7358Boni um zirconi um or hafnium preferably zi 0434
haf nium in the +2 or +4 formal oxidation state; 5 Rlerr] in each
occurrence independently is sekected,fromthe group consistingsof hydrogen,
hydrocarbyl, sily, gernyl, cyan h Io and conbi nations thereof, s
R-err} haV|ng up to 20 nonahy ‘ons, or adj acent Rlerr
together forma divalent derivaprva(that i, a hydrocarba
gernadi yl group) thereby forn1ﬁg a fygped ring system aogdeil0
i ndependent |y each occurrence i sRan_anionic |igand group §f
hydrogen atoms, or two X' g ®t her forma dival ent
group of up to 40 non-hydrogen or together are a conj
having from4 to 30 non- hydrdgen akons formnga [err]-conpl
whereupon Mis in the +2 formal oxidation state, and 15 & RY
are as previously defined. The foregoing netal conplexes are especially
suited for the prepar tlan of polymers having stereoregular nol ecul ar
structure. In such c Py it is preferred that t he conpl ex possesses

err] symretry or po c S

ﬂ]e f} rs%/ typeyare Eoﬁgﬁg&&né?gﬁuﬁ%ﬁ ere kgaéfa@(t:% |z'§'51‘ ‘F‘?ﬂ?&rﬁ ‘ﬂ%d

20  systens, sd@rpfﬁ%ma'(%ﬁﬁﬂ%M| enyl group and one fluorenyl group.

Sy o et - P e Bt bbbl L i BoEh S

6255|— 6256 ( é 980|)hydﬁgannhmombsdmlya Igghyl.wganoﬂmlm and udabmaltodu tFereag eamIR"

conpl exes. Sim

SRkt o i ot ok
em ] 2|

[err]-bonded grqm,@{fs ystgmh,@dny! si | yl - bi s(cycl opentadi enyl)),

(di met hyl silyl -bi s(methyl cycl opent adi enyl )), (dinethylsilyl-

bi s(et hyl cyci®pent ad |)erilydép)9ndénﬂyrﬂdh)dcsudrwhcdjs ab anlonicligand gapprdf agite a9 npi-

(di met hyl silyl -
PCT/ US97/ 04234 tg‘nyd pg{‘%;“n'é >y I cyc " 8mr?ts é%?ethet f%madwalem anionic ligand group of up

(di net hyl silyl -¢ 4 "ﬁﬂmmﬁn %‘Uﬂﬁﬂfﬁ‘ﬂpﬂﬁ’ﬂﬂa perjugated diepe having &1 4 $o 30 non-
(di methylsilyl- biy&(&gleu@taﬁykdrhung(siu%tﬂudmw whérstiben VA fithel2ersaly | ) ) |
(di met hyl silyl - oxu{a%orqgété/ é phenylindenyl)), (dinethylsilyl-

up to 40%fion-

15 R*, E and x are as previously defined.

The foregoing metal complexes are especially suited for the preparation of
polymers having stereoreguiar molecular structure. In such capacity it is preferred
that the complex possesses C, symmetry or possesses a chiral, stereorigid structure.
Examples of the first type are compounds possessing different delocalized n-bonded

20 systems, such as one cyclopentadienyl group and one fluorenyl group. Similar
systems based on Ti(IV) or Zr(IV) were disclosed for preparation of syndiotactic olefin
polymers in Ewen, et al., J, Am. Chem. Soc. 110, 6255-6256 (1980). Examples of
chiral structures include rac bis-indenyl complexes. Simitar systems based on Ti(IV)
or Zr(iV) were disclosed for preparation of isotactic olefin polymers in Wild et al., J.

25 Organomet, Chem , 232, 233-47, (1982).

Exemplary bridged ligands containing two n-bonded groups are: (dimethyisilyi-
bis{cyclopentadienyt)), (dimethyisilyl-bis{methylcyciopentadienyl)), {dimethyisiiyl-
bis{ethylcyclopentadienyt)), (dimethyisilyl-bis(t-butylcyclopentadienyl)), (dimethyisilyl-
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bi s(2-net hyl i ndenyl)), (dinmethylsilylcyclopentadienyl-fluorenyl),
(dimethy| 0 8%3588  cycl opent adi enyl - oct ahydr of |l uorenyl ), PCTMUS97/04234-
(di met hyl silyl - cyclopentadlenyl- tetrahydrofluorenyl), (1, 1, 2,

2-tet t hyl d | | t adi
bi s(ec;/glrrgpe%t adPéﬁ?’ﬁl'EI? f¥eio SpaniadienyD), (dimetyish ‘V')b‘s(g"de“y‘»' (dimethyisilyl-

Ci Isopr o(p;y:c i denﬁblsaellramdrmmtmhy I(dsfdatlwtsﬁylsﬂlﬂﬂud%mﬂ#,r(dmtﬁﬂsnyﬁ oups are
t
hal osi Iyl sil y?‘*ﬁf %‘?%‘e"’“%&y%ﬁ‘é’bX#h‘“ﬁ@ﬂ‘%!ﬁ"&é%fﬁ"ﬁ‘w*ﬁsﬂmﬁ pifdipetnysivi-

groups t oget her bis@-methylin %(&G@WFW@OBW@'WWMQMH (dimethyisiiyl- el se

toget her they feyaBpen RbetamRirétiuoPetiys) S@im Ww Most
preferred X' gr@g%ﬁ?ﬁvgerr %grggﬁﬁ%rogp uﬁttaﬁgﬁylcl ass of metal
conpl exes utili 19 do P@g}ﬂm@yq‘%?ef‘ﬁé“ﬁﬁmdéd?lﬂg
formul a LeMX| erbi;@dy{:leper}tidnpayl):uthanedam(isdplrmpyﬁméne-@ycbpemad%nyl&luéﬁnyl)a

di val ent substituent of up to 50 non-hydrogen atons that together with L

forms a netallocycle Pratemed X" groups ara-selegtachirem hydtide, bydrocarbyit silyl, getrayle
groups cont ai ni Relokydrb&arsy, H%lyh!ﬁﬂi}lt%?&aﬁiypgﬁd sraiﬁaﬁyd‘rbéwb\ﬂ AF@@S&J%%(Fatom
rio

that is ox sul f boron or, a abl e
of the El ery?g‘ﬁt sg'(?uPﬁgqq ef forny.4, diyaleg g%ag@ of g dz‘&?f‘e[%'r qise l9gatherthey
group, and a di W@raeﬁ'ﬁ!u‘@@ mo@eﬂeeq@wamﬁmmeMgswe@%K T groups ate Cy.00

ni trogen, phosp bﬂw or sulfur that is covalently bonded to M A
preferred cl ass suc up 4 netal coordination conpl exes used accordi ng

to the present 'nVenh'%&%fdsg%PMcbﬁxj lrﬁthe%ﬂsentmventnon"m]?re' n: M
U Ot SorrdaBhidTia (G Bl Yol é‘ﬂ}m&‘,‘nk“)é \or & timér thef¥iot, Wherdlh X
PCT/ US97/ 04234 ®divalent substitueint ofcup for 50 mwom-hyritegearaiems that together with ecfoifmm t he

group consi sting, gll hydr ocar byl silyl, gernyl, cyano, halo and
conbi nati ons thereeo? sa%&'err] having up to 20 non-hydrogen atoms, or

adj acent R3 groups t paaéﬂiw dib@lem R sthatlepty inslade yr%hbyéor{téahﬁ\b dpsto 38 non-

hydr ocar badi yl | adi er.nadi ou re form

r?lng system yea@?#r%gaq éto “SWC#%TMD ”WGE?‘dié ?‘@%B&’%‘?W?’I group
sai d group havi mgmber bbGBﬁ:prMmfhw Petadic ablaof therEld.»mmtxmrgmtmmqhagmtther
forma neutggl &Insax&e& &ruouaaa groul &tPa Qittefent! Ao, SBlecti Hotféhle ol Eriefting ¥

is -0-, -S-, -NR-
o mtrogen phosphorus. oxygen or sulfur that is covalently bonded to M.

A preferred class of such Group 4 metal coordination complexes used
according to the present invention corresponds to the formula:

R3
ZY
M xn2

25 wherein:

M is titanium or zirconium, preferably titanium in the +2, +3, or +4 formal
oxidation state;

-10-



10 ' Rlerr], CRlerr], SiRerr]SiRerr], CRerr]
CR* =CR*, [92$§1§éiR*[err], or GeR*[err], wherein R* is as p%’iagfjs y
defined. Illustrative G oup 4 netal conplexes that nmay be enployed in the

practice of the preseRtin dacariccomencedhdegpendently is seiected from the group consisting of
cycl opent adi enyl {1 § nj ' | = C p | Lt anl rieth i"
cycl opent adi enyl ‘E‘%ﬁ#ﬁh%ﬁm%:os E‘r‘ 3 y'|92"8?}‘&?“@6’&5%%?%?P%“H"?ﬁ%ﬁ%’ﬁhéﬁﬁy ,
cycl opent adi eny| havingup ta 20 ydrogen atoms, or adjacent R” groups together form a divalent

cycl opent adi enyl g4 ' i -0 t hel | i

cycl opent adi gyl ?ﬁ%ﬁ?ﬂ@%%%%ﬁ&%ygwlmpﬁ igtg Iyqr%tgl%)st?)ﬁie%%f,oming a
cycl opent adi ehyt {Us8% NESYS8My; et hyl pent adi enyl . t ri et hyl phosphi ne,

cycl opent adi enyl tit ani ugdi et hyl ' . .

cycl opent adi enyl ti t ant o] lgﬁ’@&i&é'@% hydrocarbyloxy or S'M group, said group

pent amet hyl cycl ofRfiRGHP 99 PPR-RYFragen plRms o two X grpups.tagethes form & ReutraLCsae,

i ndenyl titani unt phrfidutbd dieRE 8P divalehi bedVative freledt; ,
i ndenyl titaniumriphenyl, tetrahydroindenyltitaniuntribenzyl, 30

pent anet hyl cycl opent agtij@r®d, tE4, MRUIRR"-:mdr opyt ,
pent anet hyl cycl opent adi enyl titani untri benzyl,
pent anet hyt cyx| opent aliie8iR*t,i CRM%, SiRiSIRL N ORMEH) CRteCR*, CR*:SiR";, or GeR™,,

pent anet hyl cycl o e t i | hyl chl or de,
bis([err]-2,4-di %?@Fge%{%cﬁ%ﬂwﬁgﬁ?hm 35
bi s([err] -2, 4-di met hy ipematwai Group kirmétandompiéxesTRitidybemplopéd in the practice of

bis([err]-2, 4-di pet hyl nt adj. en titaniumtri et hyl phosphi ne, -11-

Fg—/r gﬁ%i gﬁﬁﬁin??%%%&%&@%”ﬂ*%%ﬁ% Ihﬁlor enyl titaniuntrinmethyl,

(tert-butyl atf dopyciopentadienyijaniymigethyh 10-[err]-1,4,5,6,7,8- 5

hexahydr onapht haggdiddentddidtivititdriich@iRptdpe)i undi net hyl ,
cyclopentadienyltitaniumtriphenyl,
cyclopentadienyititaniumtribenzyl,
cyclopentadienyititanium-2,4-dimethyipentadienyl,

20 cyclopentadienyititanium-2,4-dimethyipentadienyletriethylphosphine,
cyclopentadienyititanium-2,4-dimethyipentadienyistrimethylphosphine,
cyciopentadienyititaniumdimethyimethoxide,
cyclopentadienyititaniumdimethyichloride,
pentamethyicyclopentadienyllitaniumtrimethyl,

25  indenyititaniumtrimethyi,
indenyltitaniumtriethyl,
indenyititaniumtripropyl,
indenyltitaniumtriphenyl,
tetrahydroindenyititaniumtribenzyl,

30 pentamethylcyclopentadienyititaniumtriisopropyt,
pentamethylcyciopentadienyititaniumtribenzyl,
pentamethylcyciopentadienyltitaniumdimethylmethoxide,
pentamethylcyciopentadienyltitaniumdimethyichloride,
bis(n°-2,4-dimethylpentadienyl)titanium,

35  bis{n’-2,4-dimethyipentadienyl)titaniumstrimethylphosphine,
bis(n>-2,4-dimethylpentadienyl)titaniumetriethylphosphine,

-11-




(tert-butylamdo)(1,1,2,3-tetranethyl-2,3,4,9,10-[err]-1 ,4,5,6,7, 8-
hexahydr epmehisged enyl ) di net hyl si |l aneti t ani undi net hyl , PCT/US97/04234 *
(tert-butytam do) (tetranethyl-[err]-cycl opentadi enyl)

di met hyl si | anetitani um di benzyl ,

(tert-butyl am destghygrofuotenylitariumtrimegiy|l opent adi enyl ) di met hyl si | aneti t ani um
dinmethyl, 10 tetrahydroindenyititaniumtrimethyi,

Er;[glr';re:)lﬁ;lyl am dt%?r&ﬁy%réf?‘u%%n%ﬁéi&é&%ﬁewﬁl opent adi enyl ) -1, 2-et hanediyltitaniu

(tert-butyl am d¢dri-batyiamidd){tyl-dimethyl-2,34BmM0-)-di4®6/78-si | anet it ani um
di net hyl , ; ; i "

(tert-butyl asm' do) {\te)é?hrygqmentaRh?ngtegchl[ngﬂmsg%%er%agg{né%%e}m,met hyl si | ane
titanium (111) (zar(-awl@mﬂq)éﬂi RPrerampthyl-2,3.4,9,10-n-1,4,5,6,7,8-

(tert- b:JIt y: am do) hbeRAHyarsHabhimalepyndimeirylstanstitamlinedivelid, et hyl si | anet it ani um
11 , 15 . . . , _— .
( er % - Egut zl ani d@ﬂ‘f’m)ﬁ%@'['@Nﬁ"]:é%PBﬁ@ﬂ?‘%Y'EWW%‘%?W@W gioepextani um
1) 2, 4- di net en-petylamida)(tetramethyi-n"-cyclopentadienyl)dimethyisilanetitanium dimethyl,
bt vl d i ’ / : , . :
o DUty e bed et thgm}nfwoaaﬁaa@ﬂwgwgﬂé@m.ﬁm%ﬂﬁéth}n?n' um
rt-butyl am dﬁav{@wm)ﬂyvame!hm cpesnyhdimetyisiapettanivadimetyh anet i t ani um
) 20 %t&t-ﬁ@l@faﬁd&lg_(letramamyl-ns-cyciopentadienyl)dimethyIsilane titanium (1)
|

(
(
(
(
E
(1, rél gﬁgly?mldg) %@ﬁ%}%ﬁ@&%%%&dlsmt hyl sil anetitanium (11)
(tert-butyl am digri-Butylanigs){tatiamethyim neyclopeatatiany)dimethyisiianetitanium (lif) aliyt,
2

(

(

(

1

(

(

5O —O® —O® —

. 4- hexadi gqug, i) gt - | ' ki AN
£ T, et m ey

I - .
tert-butyl ani do) MW?MWVB‘{& met hyl si | anetitani um (1V) isoprene,
tert-butyl ani dgert-Butytsintigid){tetiampthyi Hejciopestatisng)dimeathyisiar(etidnium (1)
, 3-but adi ene, (terj- an_ - di et hyl i ndenyl ) di net hyl si | anetitani um
1V) 2, 3-di net hyl fﬁ‘i‘*’?@%ﬁ'?? Bhhbiene o T
tert-butyl ani dégt-butylamideXtetramativhy-susiaperegiesyldimethyisianaianium i sopr ene
(tert-butylzgn do) (173-gentadehey! i ndenyl ) di met hyl si | anetitani um (1V) di nethyl
(tert-butylarrid%é = di. %ﬂi 'M ' |.Si [ Iy L r{em i benzyl
(tert. butyl an df 'g’f’ iRl ‘ﬁ"ﬁ@ﬁ% @"@%ﬁ”‘%ﬁ@'ﬁt@#% j 18
1, 3- but adi ene, 35 butadiene,
(tert-butyl am dadkRudmias)sreuniiadenyldinEilyihasthatiGn (P24 iHakaditde, 1
' 3-pent adi ene, t'gr%‘@ﬁfg@gm dom,z, 3-‘% et My i nd%%éi% Nyl Si.l (f\eneat i t ani um
(11) 1, 4- di phen{pn-bytylasoi ‘&M%rmeé'?'@?dew dimetmyjgianatiatug V) 2.3 dimethyi-1,3-
PCT/ US97/ 042834 butadiene,
(tert-butylamido)(2-methylindenyl}dimethylisilanetitanium (IV) isoprene,
(tert-butylamido)(2-methylindenyl)dimethyisilanetitanium (IV) 1,3-butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsitanetitanium (IV)
2,3-dimethyi-1,3-butadiene,
30 (tert-butylamido){2,3-dimethylindenyl)dimethylsilanetitanium (IV)
isoprene
(tert-butylamido)(2,3-dimethyiindenyl)dimethyisilanstitanium (IV} dimethyl
(tert-butylamido){2,3-dimethylindenyl)dimethylsilanetitanium (V) dibenzyi
(tert-butytamido}(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,
35 (tert-butylamido)(2,3-dimethylindenyl)dimethyisilanetitanium (1) 1,3-pentadiene,
{tert-butylamido)(2,3-dimethylindenyl)dimethylisilanetitanium (i1} 1,4-diphenyl-
1.3-butadiene,
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(tert-butyl am 2-met hyl i ndenyl ) di net hyl si | anetitanium (11

- pent adi en®O ﬁ#{ butyl am do) ( 2- net hyl i ndenyl ) di met hyl si | ané’(‘lj"{%-’%’(‘l V)

di et hyl , (tert butyI am do) (2- met hyl i ndenyl ) di net hyl si | anetitani um (1V)

di benzyl , (tert net i tani um

) penz il R niEhyihsdRRRaRABIRANLA (1 bdthdds

(tert-butyl ani doftPQ'WMWPOMzﬂﬂéMiF’ﬂMW?’W#BPEVP@PM@MX‘iﬁl'ﬂ&fhyum (11)

1, 3- pent adi ene, (tert-butylamndo)(z-methylmdan l)dlmeth silanetitanium (IV) dibenzyl,

(2t ir Leg g;?’gﬁg‘ do}t&%-b”%}lar%do)‘b—%e%% nlen enylﬁme%y?s%i!ar?er};?anllt a?[hum ()

ttert-butyl arf do) ( t kédiphenyiyl,3-butadjeneycl opent adi enyl ) di met hyl -

silanetitani um( N

(tert-butyl am do)k %{)tht11 }yéa’irrgt E??Q? er ‘4;(;;&(':1 F"é"p?é’“l"?adé“‘ s;l%uemarhurp gl)l Ane ?n?dlm

¢(1V) 2, 3-di met hyKet-butyiarmidg gwmylott-phenyhndenyl)dumethylstlanetnamum (1) 2,4-hexadiene,

( T s/; t-butyl ani d0Iténmmmbximmmﬂqummmnmmm|Mmam@ﬁ gpiyt ani um

| soprene,

ert-butyl am do) (té?tbé'm%ﬂe’ [err]- cycl opent adi enyl ) di et hyl -si | aneti tani um
) 1S 101 (mndqumyp){tgtramemm-ad»pmentad:enyl)drmethylsnlanemamum (v)
rt-butyl am do) (t28LmRBhiv,3bbtddieney c! opent adi enyl ) di met hyl sil anetitani um

) 2, 4- hexadi ene,

I
e
|
ert but yl am doteftduparidR)itetramethyl-nyeycionentadianyiigimethyisianetitanivm ARGt i t ani u
m (1) 3-nethyl , 3-isepreneli ene, 20
e
e

't -but vl a 33‘%@ é‘ﬁ’éﬁ‘%{aﬁ*ﬂmﬁ% v BT T Y
(tert-butl®am do)(“P'bGDZY* mﬁﬁkeﬂsgB 4,9, 1 0-[err]-1

4,5, 6,7, 8 hexahyg ﬂfuwshiaaj (fiivafirethiy- h&waés&azﬁtagid{gn[ era?l?)_féuﬁﬂgih?ﬁ&rwhg -

(tert butylamdo)(l tetrarrethyl
hexahydr onapht hal er?'%'lhfa?%ﬁ? yI sil anet i tani umjl met hyl

(
(t
(I
(t
(I
(t
(t
(t
|

(tert-butyl am doXtettd:tutyhmﬂbwa@meﬂ}yl iinyldimethyi- sitanetitanium ()
met hyl phenyl si | anet4 r% #éq‘a t hyl ,

(tert- butytaércl?do)(tetra th err cyclo entadl ené..x

met hyl pheny| <Y | afi@frbubfamide)(dydim: IdimeRylsiiapatitaniumdimethyl,

- I( {/)er fj- but Kl ?m duhnwahmnawmwwomwmmwtmmmm t ani um
| et hy

ert-butylam do) r}gn%}ug{lamhe { Ql'dif' C? o%é'n‘ 43 rsé?fy‘”)e"?PPé"ﬁ%‘Eﬁ""f"a'?ﬂ f'ani um
11) 1,4- diphenyl wdimetbwﬁme@h@luﬂnp kes containing two L groups
ncl udi ng bri dge@eﬁcuwlﬁﬂg)(wg 8¥tfarhéth |$;3,4 ouen 11y & B & esent invention

e g AR Slutanmcimony
{tert-butylamido)(tetramethyl-n’-cyclopentadienyl methylphenyisilanetitanium (IV)
dimethyl,
(tert-butytamido){tetramethyl-n’>-cyciopentadienyl methyiphenyisitanetitanium (/1)
1,4-diphenyi-1,3-butadiene,
30 1-(tert-butylamido)-2-(tetramethyi-n’-cyclopentadienyl)ethanediyltitanium {(IV)
dimethyl, and
1-(tert-butylamido)-z-(tetramethyl-ns-cyclopemadienyl)emanediyl- titanium (1) 1,4-
diphenyl-1,3-butadiene.

(
t
(
[
I

Complexes containing two L groups including bridged complexes suitable for
35 usein the present invention include:

bis(cyciopentadienyi}zirconiumdimethyl,
bis{cyclopentadienyl)zirconium dibenzyl,
-13-
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PCT/ US97/\0é33Asddss (cycl opent adi enyl ) zi rconi um et hyl benzyl pormuserngss
bi s(cycl opent adi enyl ) zi rconi um net hyl phenyl,

bi s(cycl opent adi enyl ) zi rconi undi phenyl ,

bi s( cycl opent adbigteytippentadienyiizitdnjim nisthyl benzyi,

bi s(cycl opent adj !W

bi s(cycl opent adll,lg %’éﬁ%@ﬁ’:‘ r{%w% hﬁ?l)ﬁgeﬁyl

bi s( pent anet hyl & 'ﬂc%/’ BB?R%?‘@W}V?%‘WB@HFMl net hyl ,
bi s( pent anet hyI m;@yaamwmwﬁhmnwwwnm rret hyl

bi s(i ndenyl )gz renyIZ|rcon|und|nEthyI
bi s(i ndenyl ) zi rc%%ﬁ%@z@qw Ef'1zyl ), bis(indenyl)zirconium
met hyl t ri net hyl @isioyclomt tde)zmn}wmthbWo)'we,r coni um et hyl tri nethyl silyl,
bi s(pent anet hy| Gy@eRRRUIRLyRIDEbMALIRAYHS lﬁgﬁﬁgm&ﬁﬂzy' 15

u

bi s( pent anet hyl cycl opent adi enyI %ZI rconi enz
bi s( pent anet hy| & § E@?ﬂ‘ yhiitaniumdimatit hoxi de,

BI SE petnthalrret hy| big@ridepeiticdniemdimethyic oni u%ret h%”hclhl ori de,
i s( et hy i undi me y
bi s(butyl cyct opgﬁmﬂ)&%ﬁ%gﬁ%ﬁnw%enz |,
bi s(t-butyl cycl @%mﬁ»mnwmmﬂmmmwbmm,
BI SE et PKI Itet r anﬁg(mdeﬁygiug}gguhﬁ%; r);éth 1 urgmll met hyl ,
i s(met hyl propy, n z,|rcon z
bi s(trinethylsi? %{ﬂ&% %’ﬁ ')’QW'E %zyl
di et hyl si | yl - bbis{peptaimatininyaidpentatienytizioniumeiemibunizyl, 25
di met hyl si l nium (111) allyl
di met hyl si | ?: E?i@kﬁ% é§¥1°§pen9@§?'?ﬁ§|°§‘%d}€t8h%@ml chl ori de,
di net hyl si | yl - brig@AMISmeIYSY yRzirephismmetimethpxitie.or i de,

(et hyl ene- bi s(aleepematwmmbemateawﬂwhmmwwﬁriubl )
2- (di met hyl am ng

(met hyl ene-bi s(n- @'?WCW%%%”P?&'eﬁQW"EW"BWWI )

2- (di net hyl ami n@;@g&yﬁyﬁopg@a&eny’)zrmonmm dlbenzyl

di met hyt si g - bhigg-bl é’dt&&i ji de,

IRt e sttty TR
bis(methyipropylcyclopentadienyi)zirconium dibenzyl,
bis(trimethylsilylcyclopentadienyl)zirconium dibenzyl,
dimethylsilyl-bis{cyclopentadienyli)zirconiumdimethy,

25  dimethylsilyl-bis(tetramethyicyclopentadienyhtitanium-(ill) aliyl
dimethyisilyl-bis(t-butylcyclopentadienyi)zirconiumdichioride,
dimethylsilyl-bis(n-butylcyclopentadienyl)zirconiumdichloride,
(methylene-bis(tetramethyicyciopentadienyl)titanium(iil) 2-(dimethylamino)benzyl,
(methylene-bis(n-butylcyclopentadienyl)titanium(lil) 2-(dimethylamino)benzyl,

30 dimethyisilyi-bis{indenyl)zirconiumbenzyichloride,
dimethyisilyl-bis(2-methylindenyl)zirconiumdimethyl,
dimethyisilyl-bis(2-methyl-4-phenylindenyl)zirconiumdimethyl,
dimethylsilyl-bis{2-methylindenyl)zirconium-1,4-diphenyi-1,3-butadiene,
dimethylsilyl-bis(2-methyl-4-phenylindenyl)zirconium (il) 1,4-diphenyi-1,3-butadiene,

35 dimethylsilyl-bis(tetrahydroindenyl)zirconium(ll} 1,4-diphenyi-1,3-butadiene,
dimethylsilyl-bis(fluorenyl)zirconiummethyichloride,
dimethyisilyl-bis(tetrahydrofluorenyl)zirconium bis{trimethylsilyl),

-14-



di met hyl si |yl -bis(2-methylindenyl)zirconium1 ,4-di phenyt-1 ,3-butadiene,
di-net hyl si I‘é?-’ﬂ? 3- met hyl - 4- phenyl i ndenyl ) zi rconium (I1) PCTIUSYT4234

1, 4- di phenyl - 1, 3- but adi ene, 35 _ W 4 -

di met hyl si lyl - bi sg | on | ; -

, 3- but adi ene, di ng%ﬁf’gl?ﬂf\ % thgﬂanmlzll rcg%rﬁér"r'r%'ﬁﬁ’y%wg%f’de,

di met hyl si |yl - bi s@ ‘Pﬁﬁﬁ%ﬁﬁ%ﬂ%ﬂ%@ﬁwuﬂwﬁwlﬁmmmgw uslg )7 } 0;1%;1;1
WD 97/ 35893 . -~ ;

(i sopropyl i dene) (cycl o%ﬂ?’ﬁ%’)ﬁ?ﬂﬁ?"e‘r‘mly‘qﬁ F%'?fﬁ'f‘[ﬁ%“??é’rﬁ'?)’? 4 smpals, will, of
di met hyl si | yl (t et ceurselbe apparentdo thaseskifpd irf thaarteny! ) zi r coni um di et hyl .

Q her catalysts, especially catalysts containing other G oup 4 et al s,
will, of cours®, be apghespcatalystsiafthe ipentionmayraisabe usad inSombination wihea

cocatal ysts of thﬁi(hiﬂf@éﬁrbﬁihhﬁfﬁﬁgﬁi édhﬁ&musﬂdm'g frofPIR) ﬂﬁéeLreéhs% tegcﬁl‘%drocarbyl

i h f to 10

hyds ooar byl | of oup STER- 81 PHGHBRISLOT HEATATY: AT EXade SOEBRHER. Gonpound,

di (hydr ocar byl ) ( Eymmmwmmmmylmnmmmwnﬁmﬁdn@vhgmm ?@%anrtbﬂrés in
i h

For 601 ng. compounde” Throsrofor RYBGCaRYRK Bt Rk of e ilelbRo Somparings.

enpl oyed for n{){hei i degirrd-| These alwmninumcamepoupds aregisefully empiayed fertheir beneficial

oxygen, water, andpifitydesrs\Rmgb iapuritiee skich ¥5Bkygen! waler, Endlaidehyded rdmthe
di {%ydr ocarbyl) (h QMW og. al um num corrpg%g;?gs cor respondyt%e% ormul a
T[err] Al OlIferr] V\}é 5’&% n rr] secondary or tertiary al kyl, nobst

f bly 1 5 ' ' ﬂmll{? “%Ei-’@k' X T2l err],
glr Ea(ra;? rzldi cal olr SSP;I?"EW?QS%;a %tﬁ@gﬁvpr e c},ﬁ??%/lunﬁﬁﬂm ozon‘lpsou%dsCLorrerond to
2, 6-di (t-butyl)- aNedoRpuiaHed§PT wherein Tt!swyegwamrmfwam most preferably
i, ?30“ (5 i - 3UE Y‘r? , a@OﬂWPW :ﬂbbﬂm’br, teﬂrbu_t;?; arldi 'l:rls a Ciz.90 alkgi;]yl TadicFa)l (oarI arratrkg(dradical, most

- , -dite 3 - X .  p
al um num corrpoundé@%?&ugbéé?ﬁP’ﬁfghg%mg%#%mw%?,°?3€s%§_'é’i‘(ﬁp‘1“¥')'
oyl 50 ety e e al U um
tyl, entyl, n . | L .
ngpgu%ds cont a!oni né ffﬁgﬁg%ﬂ%@ﬂgﬁﬁgngﬂﬁ% %ﬁdﬁéiﬁiﬁﬁh"?' %THFB"PB“Q@?'
cgr tgo g_s |t nbt he ?r y#pag::anymdsesmmeo binl|they alkyl groups arn;1_e ethyl, pmr?glt. ri1:=-0f:21<>|pyvlr,nr;;(burt]yel, isobutyl,
,5-di (t-bu -4 . 3
o 11 ed ot Fa] bl Q5 AOSEARA acenf il P combofigy B ining rom
al umi num corrEf)un](cﬂ‘tscﬁafmnﬂ in gk group m@ﬁm@dngammo;\;&mpm grmx;g:;lgedaﬂy
f B EQW W1 3 % dii 9&2&}1 . N
ggg:el!or _el_hgr ﬁnl gr gah{;&-of cat alethylg.?colgﬁgdgls St ae‘ﬁﬁpo%e)'d Frg%le‘@ambx%g T ang'g%d
from1:10 to 10: 1™ ?%“'B?’@"@r sphulylaliimoxane. | The Mmolac ratig,of aluminym cpmgaund
1:1.5 to 1:1. M xtoumetai cdmpiex is preferably from 1:10,000 to 1000:1, more preferably from 1:5000
25  to 100:1, most preferably from 1:100 to 100:1.

The molar ratio of catalyst/cocatalyst empioyed preferably ranges from 1:10 to
10:1, more preferably from 1:5 to 1:1, most preferably from 1:1.5 to 1:1. Mixtures of
the activating cocatalysts of the present invention may also be employed if desired.

Suitable addition polymerizable monomers include ethylenically unsaturated
30 monomers, acetylenic compounds, conjugated or non-conjugated dienes, and
polyenes. Preferred monomers include olefins, for examples atpha-olefins having
. from 2 to 20,000, preferably from 2 to 20, more preferably from 2 to 8 carbon atoms
and combinations of two or more of such aipha-olefins. Particularly suitable alpha-
olefins include, for example, ethylene, propylene, 1-butene, 1-pentene, 4-
35 methylpentene-1, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene,

-15-



t he activating cocatal ysts of the present invention may al so be enpl oyed if
desired. WOiNA98 addi ti on pol yneri zabl e nononmers incl ude erdwiisonwoaszdsl v
unsat urated 30 nononer s, acetyl eni ¢ _conpounds, conjugated or

non- conj ugat ed ql nj enge Preferred nononers include ol efins,
for exanples al pﬁ%g grene: A3 ‘Eﬁf\?%‘ﬁ’g f‘r"@ﬂ?‘?"@o‘ Penigdecens; af cambingtions dergof; as
20, nore prefer ubllysiammharmm)&tmmu aligomerie bElpsipABIic Alakfdtsp ﬂﬁu&&’ﬁr 3
for example. o Hﬁ*?‘é“n’“e‘@f'*’% oripBlicn. Gd gl o D8 Soi kel 8ot @ the reaction
met hyl pent ene- 1MP4ungdR QFFLB' qp’ﬁéﬁ!ﬁ%’ﬁ@“"&*ymmm branghes i thelresidtingpolymers.

1- undecene, 5 P@f&ib@ﬁ»ﬂ@%lphameﬂns are ethylene, pro?e e, 6%ur§eene 4-methx %eéxéecnéaﬁ L 1o

PCT/ US97/ 04234 d

conbi nati ons thé@eﬁ?%ji%m&ih %W%i'r‘é' fﬁfﬁ"ﬂ?ﬁ%ﬂf@% WHS’P%’C{"% PPg nmereofor
pol yneric react$ @ asolptinars@theupre edmonpmersiciuiatistyrene, Mafb- 6f 8ikyil
[err]-olefins sm{mﬁa&g%@g]q fﬁ_,gﬁ;aw(_{n% Bﬁl%l%n% 'pl n order to iy

produce rel atlvgggl ’gq hal n_branches I n e’ resu

Preferably, the® digne, gthylidens nehazhane, ﬁﬂ@)rbf?r@faéenﬁadﬂanmes of the above-
4- et hyl - pehx enmeﬂmoriled rhencriers miayQitécifeeempidgled: ONbi nat i ons of et hyl ene
and/ or propene with one or nore of such other al pha-olefins. Oher

preferred nononers i incgansealshe pelymerization-may benadepmplistist dttcohditiorss WéiEKRwn

tetrafl uoroet hyphane priv aﬂWoFZFebié'P ge,‘. Kgmﬁﬂsh ur es&gfp?.ﬂggéﬁg@g%é%gr ene,

et hyl i dene nor bgnene, -octa | ene

nment i oned nmono \“?er‘?ﬁ&‘?“a?@'@%e Ut a3sdhase ar high pressure; whethet gmployedini batchmay
be accorrplkl sgedoreuomnﬂmustfbmarmbi prbmbohﬁmbﬂiﬁnéﬁy't%elﬁﬁlb yéP¥f d ?élFe‘&l er-Natta
or Kam ns | NBydrl ns uspensi Lon,
slurry, ga>slI phase oﬁrlgfﬁ #1%@@&“8%%«%? é‘rﬁf? 3 PW 90nt| nuous
form or other &gﬁo‘Fﬂtﬁ'@ir{‘@s 5094534 1 0%922] 4,5887%90, 5,@32 652 4,583,399 es
of such wel | kmwaa‘r,yﬂszam laaae!bbaﬁeu%sfﬁeﬁ%d%ghfehg&rd r\ﬁ? %%Q%g?
U.S. Patent Nos 3 5922 4 588 790 .

4,564,647, 4,52 'é"’g&gs% ﬁdAP&'gHﬁgBP'@’“eﬁt’%PQﬂ’%ﬁf" oM,aimospheric 8 3080 ur es
are from 0- 250[ atmospher@sef erred pol yneri zati on pressures are from

at mospheri¢ to 3000 at nospheres. 20 However, the advantages of the

i nvention £% parti cpweysy. thewadvantagesof thevoventiopane pamdad)suotmyémltbe used
in a solution p@-byﬁardazam}sn SYsterfiPs Gsddf :ﬁﬁ%ﬂ%ﬂ pél ﬁ\@ﬂiéd&oh&%regﬂe%tfi? | q
ycllc |i ur

G| vent By ¢ ne RS saon IonBreiz A hichrponse: o ine Preshrac ot arvaihatic orallSYelt ne
product s of t heliqyis) wmm ZB&thenem@onmumammeytzatmmbmdeémmthhbasmet|on

rne)z; EH gn 25 ufbiﬁau% of e pRNABNZELAH ard RURGrRoLsH 78h&HY Mm thePRaktid mfurd e

2)§ such as for example by devolatilization of a portion of the reaction mixture.
Preferably one or more reactants are also continuously added to the polymerization
mixture during the polymerization. Examples of suitable aliphatic or alicyclic tiquid
diluents include straight and branched-chain hydrocarbons such as isobutane,
butane, pentane, hexane, heptane, octane, and mixtures thereof: alicyclic

30  hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycioheptane, and mixtures thereof; and perfluorinated hydrocarbons such as
perfiuorinated C4.10 alkanes, and the like. Suitable diluents aiso inciude aromatic
hydrocarbons (particularly for use with aromatic a-olefins such as styrene or ring
alkyl-substituted styrenes) including toluene, ethylbenzene or xylene, as well as liquid

35  olefins (which may act as monomers or comonomers) including ethylene, propylene,
butadiene, cyclopentene, 1-hexene, 3-methyl-1-pentense, 4-methyl-1-pentené. 1.4-
hexadiene, 1-octene, 1-decene, styrene, divinylbenzene, allylbenzene, vinyltotuene

-16-



Preferably_ _one nore reactants are al so continuously added?t(ﬁ.
pol yneri za?v%?fl%?g& ure during the polynerization. Exanples o lljl?%&‘?/gfzglt
aliphatic or alicyclic liquid diluents include straight and branched-chain

hydr ocar bons sucfinchading abisbmiees albné anin, admixtuss) cand ths dike, Mtyrea bEthe dsregoing
and m xtures the cq Q'}'Ja% xclic 30 hydr ocar bons such as cycl ohexane,
cycl ohept ane, h cy exane, methyl cycl oheptane, and mi xtures thereof;

and perfluori nat ed hyﬂmsarmﬁer&uﬁ&x eh%ca&{sftha%dma@doﬂawdtpalykﬁa%ue and
the like. Suitable diluents alsqg i

(particul arly fofPTRUNGSEOMPIPYSCHS f’E"h‘%F%F |t?|§ tﬂc I’f'ég péﬁf?@QWé"QS’r’ 107184 1o

al kyl - subst i t8ut edo8i1yr enes) incl udi ng tol uene, ethyl benzene or xylene, as
well as liquid 35 ol efins (which may act as nononers or CONMDNOMErS)
i ncl udi ng et hyl ene, pitheypatalyst systamof thednvenjion oiayaiserke utilizedhimaompination with

3-methyl -1 -pent %S%st‘bn@édhﬁlbnﬂlnﬂe?fﬁﬁq%ﬂﬁousloﬁiet&@é%oﬁg%oly?rre‘ﬂiétﬁiﬁ%amiyst in

1-decene, styrene I Vi nyl benze benzene uen
97/ 35893 y seéparate reactors connected in series or in parallel t&l pre genoggge;/b@gpgggavmg

(including all idesimbie p\‘bpmernrexanipiwﬂsuel)apmiﬂss isdisdidsad VWO 94429500,

t he foregoi [ & r
rati o of cata ys?“‘%"%&r‘r‘éﬁﬁé%%@"‘ f@urgﬁe;ft npl oy 51%?%%@1 %’J‘K%g ‘Jﬂ%ﬂ&da
10[err]:1, nore mmn&ngyppmmnu ﬁeﬁpmamumbes 08/198§&rfi19d @ﬂlﬂb(a?%ém yst
system of the invention ma}/ be utilized in combinatiqgn with at |east
one additional homogeMoRYES SPRERI Ag8TIS cap Pe Msed neqrohination yyithdhe present
separ at e react or socatdiysts. Edamplesu sach moleculap@eighi cdntrobageneintiade RYdrogen,

i sclosed 1 novo SRKIbBrREshbEdhas et Rof Chain 1aRsy BUGHE A pbfticuir
07/ 904, 770. ¥ nobenefiyottheiusemf hepresent coratalysisdsitherabilit(depending pp reastion on
U S Serial Nu n@&{dnﬁb‘i{s ude heitfow mdIRUlar &S;ghi&%buﬁ&i %lélnﬂrm%b ers

control agents can se c i.nation w resent. co
Eanpl s of | suchabpd 'a?%pm#b Y iRV calabr aiiertioR o RipTRg SoRmers fiaye
al um num conpounhiw/Mn uﬂéssrth&n&ﬁnmkmpmarauma‘ssnhag&m Sucti\npaow maldcutar 15

bk onr gt iUl 5aDner RALAL R figh doBferi bl iR NG on

reaction condjtion uce nar Stripution
[err]-ol efi r?%onﬁwgﬂﬁrﬁf@em copol yners in greatly inproved catal yst

efficiencies. Preferr d Mv Wh .of | ess tha

preferably | ess than "%%ﬁ'ﬁﬁg?g% WF%@W"%PW’%‘%P@%gg?%‘ﬁeﬁfﬁ?‘frer

products are hi gbd:rhpdmn whidhehaiifot been speciically diecicsdde e folldWing Bkiniples are

properties. provided in order to further illustrate the invention and are not to be construed as
limiting. Unless stated to the contraty, all parts and percentages are expressed on a

25 weight basis.

Exampie 1

Preparation of di(octadecyl)methylammonium tetrakis{pentafiuoro-
phenyl)borate {(CysH7).N{Me)H" B(C,Fs)s)

di{octadecylimethylammonium chioride ((CisHs7):NMeH" CI})

30 0.50 g of dioctydecyimethylamine {{C1sHar)2N{Me)) {Aldrich Chemical) was
dissolved in ~50 mL of hexane. HC! in Et;O (1M, Aldrich, 1.17 mL) was added by

syringe, resuiting in the immediate formation of a white precipitate. The mixture was
-17-



It is understood that the present invention is operable in the absence of
any conpoNesr3sasch has not been specifically disclosed. Thaiosdrmesizg
exanpl es are provided in order to further illustrate the i nvention and are

not to be const t he contr arts
and percent agesggfgdgigé%és%!ec?% MZ@E §edst}'%"ﬁ€aﬂ§%4“§m pmﬁec}/ls B fity Jheon
of di (oct adecyl| palid that tamqmdm Rletfmtawass(rmw Mthladdmenallheﬁaﬂe). ktsencdried on the

H
0 (ot ateby! ) et hararnai g AFrbNaE 0,56 Bl blocciana piie peltups |
30 0.50°B dloctydecyl rrethylamne ((derr]Herr])[err] N(M))

(Aldrich Chem cal) was dissolved in -50 nL of hexane. HC in Et[err]O (1M

Al drich, 1.15 nprepmatigfdgd by syringe, resulting in the inmmediate
formation of a white precipitate. The m xture was -17- WD 97/ 35893

PCT/ US97/ 04234 stirred for several then filtered through a nedium
porosity (10-15 [errT’?ﬁ‘efq'YW &/0 %@%Qﬂcﬁﬁhaf\d&@aéﬂ(%ﬁwhﬁ( 'Cﬁ\mre

washed with addm;xew&sdﬁegmuasmhmﬂa #hé R was rétiévdd frdm fard V@w@%

vacuum Appr oxi Ea fﬁﬁ%w egﬁg&@ ﬁ&mq&a white solid talne
Preparation A) Fif" idf 0 )qraeared tedissplye bt the 3@"\3 of
(derr],Herr] ) a;&rbwlblﬁdyi;;g)d & top %Mﬁﬂqtﬂ% ?gﬁgmﬁﬁ tgd§ pia%g?oﬁva rf*‘gﬂ*f“ﬁ' mg
jar was re

LiB(CJerr]F n:Fjelr r T éf%g}%é’if f 4%t e’ﬂlﬂ“’?'ﬁ@ ydroR °¥’&ﬁ8\’!’rﬂ%ﬂﬂﬂ’éﬂmﬂ
Shaker for on podr ré‘:'iln tyhaT s e e i Wally St far?

di sappear ed andh\/\g'ger"?;qf B}yag "éltrmfctﬂé‘e%w'% ﬁﬁ’%ftﬂoﬁaf@% Rlacedpithed t o
thg \tAﬁl | s oI t hehgker agdin fd:rhl@ reimedtest Tdmemhmwwaéﬁlenboﬂfedtzmblﬁéh?arﬁgt ugm ]
an e mxtureg,

t hen poured int o'% égg’g’a&z}t WQ&E%@Z%@%% %ﬁq ?ggébgg%d 9 BYBEVUB G um
carbonat e wHs agepafatediandthe/aqueoue tayen discarderhr Thecorganid ldyeewas washsd willy 20

di ded. Th ver
VS er ) ana 1 el HEEySH i B pilrbdintD e Singf Schlefik b, Tlvefbef'

were t hen rem)vE'@meﬁmmqyeﬁéﬁﬁg‘&cm@bﬁmMedlrmvtscbusifheThe
Schl enk tube waschighiefubeWes thkeh aﬂfo\ihe&rybaiacianhhﬁe Sﬁhusédsmh oh&xane This

cycl ohexane. This solution was nade up usi ng ol anetric fla

By wei ghi ng t heS@LBANWRs pgde upie 199?'-0‘1‘%"%1% M"lH'F‘PKF ﬂFﬁ'Fm%WGM“MG }ﬁcbi?n%t
wi th cycl olgxantubetteforpafd ahtbr :ic¥al of the product with cyclohexane, the product weight

was determined to be 0.80 g. Assuming a molecular weight of 1216.08 g/mol for
(CeHar)zN(Me)H" B{CsFs)s” the solution concentration is calculated to be 0.066 M,
10.3 weight percent.

Preparation B)

25 In the drybox, 0.50 g of LIB(CeFs)s and 0.42 g of {CigHsr):N(Me)H"CI” were
slurried in 25 mL of toluene in a small bottle. The bottle was removed from the
drybox and 20 mL of distilled water was added. The bottle was placed on a shaker
and agitated thoroughly for one hour. At the end of this time, 20 mt of saturated
aqueous sodium carbonate was added and the mixture transferred to a separatory

30 funnel. The layers were separated and the aqueous layer discarded. The organic
layer was washed with 20 mi. of saturated Na.CO; followed by 20 mL. of H,0, dried
over MgSO,, and filtered. The volatile materials were then removed under vacuum to
leave 0.71 g of a paie brown oil. The flask was taken into the drybox, and the oil was

dissolved in 10 mL of mixed alkanes (Isopar™ E, available from Exxon Chemicals
-18-



was det er eéj,#% be 0.80 g. Assunming a nolecul ar wei ght of }2tRis9%0es40!

for. (G[err 3[err]N(I\/E)H[err]B(C[err]F[err])[err] the solution
concentration is calculated to be 0.066 10. 3 wei 3{1'[ percent. Preparation
B) 25 I n ned t@gysmowoa@ogcmram@et? 8075 M; 8,0-weightpercent.avhieh was then

(Jerr]H err])[ efuhdk dirdd 8'dda heai'sbiutibh Bodentraticifof 0lods ML of tol uene in

a'small bottle. The bottle was renoved fromthe drybox and 20 niL of
distilled water pasparai®sic) The bottle was placed on a shaker and agitated
t horoughly for one hour. At the end of this time, 20 nL of saturated

aqueouts SOd'gum ]‘far borm@ﬁmﬁ?@‘]@w Q%Q!B(bfswﬂtﬁdéﬁ%bm(@xiﬁiﬁzﬂmém T were
separatory unne e ers. wer e arated an eoys er

di scarded. T ofiyHieddn 2Qmi,ofgyclol Qﬁ’éﬁ?@dﬁﬁet’ww Wﬁsg? gt“b\%g‘l‘ 30 Na@éﬂ&‘s
foll owed by 20 rr*shorfuyldhefﬁdaﬁhgﬂbgad tﬁb’etﬁluﬁ@ﬁ%anmmleérl At eiecehd dilte vefluRtinleg

o1 < The 11 ack vie aER e EBOPALD 1RFbEe et S Mefed fedan ABPylim Horoahy

mL of mi xed al ka(us1g hmmddﬁunﬂlelﬁsmg\cﬁatbmhbmderMDmdwmw T helsBluuon
WO 97/ 35893 U897/ 0

ey ot e o WBP SEPERTES MR ClnRe BRtYE apd sempyecram the dBo%, SpAmRd Braty
whi ch was t hHh f withinitrogen, ther tetbraed itoy theadryboxa | Arsaliquot was remuved andithen of

0.0075 M Prepra A L err rLal and
0.42 g of ((err %&F@Sﬁé%%&'ﬂé%w ?%%%8? ?"%ﬁ%’ a?‘aﬂeséfﬁrg '%g %4% '#L
cycl ohexane. Thepeicent, was obtairedforthetsolution concentratian.5 hours. Shortly after
heating began, the solution becane clear. At the end of the reflux tineg,
the mixture was Polymerizagionsom t enperature and filtered through a nedium

porosity (10-15 mm fritted funnel using diatonmaceous earth filter aid

(Celite[err]). TRenemalien stirredreacionwas shargad with dsapar & sejventel-petenpcant b
removed fromg henﬂﬁ?t%%%drégg{ b@? %ngl ted 't 4 50°¢ AdPSHilratdd Vaith & @fgwe&'
S renove e

to the drybox. concentratl on neasure

gravi netric anal ¢80 9,’-196(3-\1@“%@ JdheEatalyst npmaosmmgmpreme dryhex tmyanueu

ﬁgéﬁ ; gre %L“EL%P%@%‘Q 2 FMeRE: ¢ Bt d‘?@ﬁ%ﬁ'ﬁ’f‘*ﬁ%‘*ﬂﬁ e:‘*‘&eﬁ‘ﬁﬁ@ﬁ“‘”“
. T 3pentadienehcatalyst, diociaiscymellylammaoniurn tetrakis(nartar
ct Y ene v 430 g Ak bR okl Bpbis RO iy A
? er ’

drybox by syrlngln
(t-butyl am @9 di ee hwnp[qmpqalimthmrnwwﬁ (toisebrtyialumigum madifiedum

(Lerr]-1, potidll A tHetiidiufmBkete (MMAG), (RFSEARRIMIALRT (PBATTBP . 6181 (1-butyl)-4-

methyiphenoxy)di(i-butyl)aluminum (DIBAL-BOT)). This mixture was then transferred
by syringe to an addition loop and injected into the reactor over approximately 4
minutes. The polymerization was aliowed to proceed for 10 minutes while feeding

25 ethylene on demand to maintain a pressure of 450 psig. (3.1 MPa). The polymer
solution was either transferred from the reactor into a glass kettie followed by
thorough drying using a vacuum oven or discarded. In cases where the polymer was
isolated and dried, the catalyst efficiency was caiculated as kilograms polymer per
gram titanium. In cases where the polymer was not saved, the efficiency was

30 calculated as kilograms ethylene consumed during the reaction per gram of titanium.

Details of the polymerizations are shown in Table 1.
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fl uorophenyl ) borate cocatal yst (prepared by one of the foregoing

prepar at iWAS7AF893B) 20 or C), and optionally a third conREELSI04234 -
(triisobutylalum num nodified methyl al unoxane (MVAO), trisiobutylal um num
(TIBA), or (2,6-di(t-butyl)-4- nethyl phenggypdi (i -butyl)al um num

(DI BAL-BQOT)). This mxture was then transferred by syringe to an addition

| oop and i nj ect edun Nt gieagp@cog,\ﬁgﬁe,&ppr%m eloycténdm NUt e The
pol ynmeri zation was allo d)o proceed f aimdr ut es I'le |,_p
et hyl ene on demanl Toamal gBarn MMABSSUT &5

pol ymer solution 2as Ritlarstransferred from tﬂzgareac{gzr [ nt 0 g dgl ass
kettle foll owed by theorowyts dryi nd usi ng 4 vac4ys) overagor di scz@rgjed I n
cases where the pél ynkr wa® isol at"ed and tri ed410he ci@sal yst efifg ci ency was
cal cul ated as kil®grahs pbSyner per gram¥it arfiaBd - | (13Fases whese t he

pol ymer was not s@vedﬂ t Be?%f fi chomey was030 1482l culed as kiolsogr ans

et hyl ene consuned? durf ng the redMAGh perSgrad® ti 118 um DeO&f ['s of the

pol yneri zati ons afe shown jn T -10: gL o7/ 39393 0.7

PCT/ US97/ 04234 Ta}jl e § Run. OF “3id i

Ef f. ([err] nol _ﬁ T~ \‘4_ 11 J IIUIu) \Ig) " A

2.5 MVAO Cs 1426 138 . 78

1423 132 1.03 A 3.15 " " 1415 138

094 A 5.0 " 1410 136 1.05 A 1.5

" " 1 37 0.56 A 3.75 none 0 1432
130 0%&9&&% " MVRO 25 1462 137 0.6

8 A Prepdratién of bis(hydro tan&?o&l methylamiohidim A

DI BAL- BOT Srre ey gofiatbd: ey 50
1427 1395 tetrakistpesmmorommnvl)bome ((c1mHa.«)zN“(Me)H8‘(cm 1420

140 0.9 Exanple 2 Preparation of
bi s( hydr ogenat ed-t alwwpm) flepa of example (npreparation C were substantially repeated

t et raki s( pent af QWF N
(Me)HB[err] ( C[ eeé( ﬁﬁtﬂg r r [err lﬁgﬁ%ﬁg%wg%%@ﬂodf\{rg(?g&mpenapd
preparati on ﬂ"%!ﬁ? {a taliybamige coptaining &y mixture qfﬁmzaﬂhﬂrﬂmssal t
was prepar ed f rdéﬁifé&‘ﬁoﬁl'ﬁl(dw QaAH6H-Witco Corporation or Akzo Nobel).

10 Preparation A

Bis(hydrogenated-tailowalkyl)methylamine (KEMAMINE® T-9701 obtained
from Witco Corporation; the molecular weight of this amine was calculated to be
513.8 from the “Total Amine Value" reported by the supplier) (5.65 g, 11.0 mmol) was
dissoived in 50 mL of hexane. HCl in ether {1 M, 13.75 mL) was added by syringe,

15  resulting in a white precipitate. The mixture was stirred for 30 minutes, then filtered
using a gtass frit having a pore size of 10-5 um. The solid that remained was washed
with hexane and dried under vacuum.

In the drybox, 1.20 g of the amine HCI sait obtained above (2.18 mmol) and
1.57 g of LiB(CsFs)s (2.29 mmol) were mixed in hexane and stirred for 2 hours at
20 25°C. Atthe end of this time, cyclochexane was added (10-15 mi) and the solution
was filtered using a glass frit having a pore size of 10-15 um and topped with a
diatomaceous earth filter aid (Celite™). The concentration of this solution was
measured gravimetrically to be 6.3 wt percent.

-20-



tal | owal ky 35 mne (a triakyl ami ne containing a m Xt ur ecghuser/o4234
Cerr]al ky+‘) gro%%;sﬁderi ved fromtallow available fromWtco Corporation or

Akzo Nobel). 10 Pre ation A Bi s(hydrogenated-tallowal kyl) met hyl am ne

( KEMAM NE[ err ] T&B&ﬁ%ﬂéned fromWtco Corporation; the nol ecul ar wei ght
of this amne was calcul ated to 3. he "T. ' Val ue"
réported by the suppl f%?@y%?%%“g&‘aﬁ%%W?@@ﬁ"%ﬁ%@@%’s@%%@m
hexane. HO in etAlzo Ndbelthd Soiesular weight otitliscinibe wag reparted ahRhe cesifitdte bf) i N
a white precipit : ] r ' ' hen. filter
using a gl ass fr%"%%ﬁ&%%@ gtelﬁli@gﬁéﬁtﬁkgggq.ﬁéfsfgong #Eﬁ%‘? %gpﬁg?wegm%
remai ned was basmal ofinéxaniec HCldn athdr (i Me 0.1 mid wasackied by isyrirgee resulting in a whité
g of the am ne H e ' % .

Li B(CFlerr])4 ( 2%@?&%?) %\/\g ﬁﬁ%@%ﬁ%‘é@ﬂ%ﬁé 19?‘9?‘?'8% theh mf’ﬁ%‘d?"s'g B

20 25[err] C. Atglassdrichaling a phressize ak10-t5 gino Theawhite\salid that raingidéd was washed

and the solution S%%*&'"ﬁ%f'ﬁ%ggé.hﬁ?%ﬂ'g?hﬁs frit having a pore size of

10-15 [err] mand eous earth filter aid (Celite). The

Sgpggm rat izgfl of w)l : fﬁ?ﬁ%@@g&‘% GRR HY dhing HEY LA bbtandb'abold (355 fmoh Ynd

PCT/ US97/ 04238 Pr2p8 gaf LEHC :Bi (3(77yramel) wese sixedas|solids. KGydohexane (36 mk) was
ARVEEN M2HT obt ai | 0f: t
( obt aiduad afnaqga Hﬁ&&re"d?&eiu hér SROGEY afhaW&n.Qi.mB%a RRRRE

was reported on the certificate of analysis provided e suppl_ler to
521.1) (5.00 g, 9was fitered using agilassdrithayinga pwesize af{10d5 He tapped willl Celite™

ether (1 M 10.1 biSWey | &4 | | ; .
preci pitate. The %?W? %‘gsgﬁ’lﬂé By hé#ﬁ?g'r q-*l‘gg?#%gﬁgg% %ﬁteurs]s?iluln?ré?vg
using a gl ass frimeasured grayimairieallyito be JP.3WLPEPECg®rr I m The white solid that
renmai ned was washed wi th hexane and dried under vacuu In the drybox, 2.00
g of the am e HRreparation ¢ {in gitv gepetation ofhvdrochioride salt 2.58 g of
LiB(Clerr]F[err])4 (3.77 muol) were m xed as solids, C%clﬁgexane (30 m_%
was added and the ni xtBistvaERgesterigiowalylimeyigmine (YRMEEN: M2HT: 199,192 ne,
Ehe ]mxture \é\IaS_ frr]shigglrvﬁbﬁﬁdmd?nasaﬁlso{rgemewﬁaﬁe.pfzq@wsmlmi Bﬂ.@:sh&m.)
err] mtopped wt teferr] filter .ai to giv cl ea al e brown
sol uti on. The con¥@@ YOR9ehi 9981%3 Wﬂ%@ﬁ%’%@%‘ﬁﬁ\%ﬁ*ﬂ@&lqy
to be 10.3 w periaB(@eFs)i {1.32 §J t.pantrholp disSolved in 20irhl opwaret was added. The mixture
Py och or | 5653 ks i ¢ LRSIREP il WGS Wioh BoLred A SopraRb Thhedi e
50 mL of saturated aqueous NaCl was added. The layers were separated and the
aqueous iayer discarded. The organic layer was dried over MgSO, overnight. The

mixture was then filtered using a glass frit having a pore size of 10-15 um to give a
clear pale brown solution. The solution was transferred to a bottle, sparged

25  thoroughly with nitrogen, and taken into the drybox. The concentration of this
solution was measured gravimetrically to be 17.5 wt percent.

Preparation D: Large scale

Methyicyciohexane {1200 mL) was placed in a 2L cylindrical flask. While
stirring, bis(hydrogenated-taliowalkyl)methylamine (ARMEEN® M2HT, 104 g, ground
30 1o a granular form) was added o the flask and stirred until completely dissoived.
Aqueous HCI! (1M, 200 mL) was added to the flask, and the mixture was stirred for 30
minutes. A white precipitate formed immediately. At the end of this time, LiB{CgFs}s *
Et;O « 3 LiCl (MW = 887.3; 177.4 g) was added to the flask. The solution began to
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mmol ) was dissolved in 25 nL of nethyl cycl ohexane. Agqueous HO (1 M 1.92
m)- was AMOAW3IEBY3Isyringe. The m xture was stirred for 30 nmrCRess7oaisaT a -
solution of LiB(Cerr]Ferr])[err] (1.32 g, 1.92 mmol) dissolved in 20 nL

of water was addﬁﬁml%:fé Xtral sk Wras odfiibpsd yith 6" VidroaR B4 cifb el £5- 1!

was t hen poure separ at or unne and sat ur at aqu OUS
NaCl. was added.9 ? g pad e wag higated 4140 e extemabyall tegnacaturbid
The organic |ayﬁmlmdrellﬁfiaﬁ&ﬁfetW&6kinéW@§ aisﬁliahfro?ih k.UTRe Ws t hen
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cl ear pale br g\ﬂ%agﬁ @f’%waﬁ' H%“’?BB’ﬁ 98'3’ ey tTPamte'ferw ?'@“@dﬁepwléo room
sparged 25 5t hdempefatyrearidthe chnhgw’tmfémhde&lﬁﬁﬂ 4itNéepatdiSryduntP X Thd H&ueous
concentration qé¥th S r%l ut %/a g%gsur 'g 8rav.| tlcal %éto be 17.
percent. Prepar Eﬁ?dg ne discardgel,and the fiaapic fayes was washeq S’”’%‘S’"’bﬁa@ed
in a 2L cyl i ndrandghe ﬁtmadus layers again discardgd. The product solution was divided into two

30" 15 5 o anuiieer s SR TRbAHGT b ionarkip tipediies  hpsa i) Sitwliach el

di ssol ved. Aquenelbylbﬂiot(&kam s@lationsl wereaneasdrbedo conthind. 48 whpercertdidthylether
m xture was Stl for 30 mnutes. A white precipitate formed i nmedi ately.

At the end of t ’tlme Li B(C[err]F[err])[err] Et20. 3 Lid (MN= 887.3;

177.4 g) was acw@g( j?ﬁg to -21- WO 97/ 35893
PCT/ US97/ 04234 t ur rl{bgﬁ’%%u; gotax c?@ {?bwas eqUipped with a 6" Vigreux

col um topped with msﬂudoh%wﬁwaaeﬁah&ana&'maﬁ L'%askg;p%rﬁ&p W (140

[err]C external wall tenperature) m xture o ther an exane

was distilled fWihhitregery, pad fransfaed inte therriivhoxs Jhetsolstionmes maﬂthgowhlag htly

hazy. The m xt WoRirNREt '-akalnsmd 6t ﬁeuﬁﬁl%oﬁt&nfn@%oleﬁﬂ%éﬁ%“% éﬂﬂcemﬁe
contents 3€§§Bgﬁln a separatory unnel ueous ayer

r enoved a tzoém P-ﬂ@ Y3 RGEGANE tg Q.28 wt mevhs'rﬁ@dnﬁtﬂl@é”ﬂﬁi then Smchnd
the aqueous I ayeiep fragat I ébﬁfé‘{z@ﬁﬁ} foﬂib@r 1Pl UThe EQOYSVePWa¥Bfenthydsifel ioHe?

two equal porti or t val.uati on t wo rku rocedures. These
H err]qO saltourat(gﬂgﬁéf’ﬁ'ﬁ?h'y Hﬁm%wgﬁﬁlm%@d%?@ﬁéww ing fudhArai n 0. 48
wt percen';] di etrb@drl]abherli Ev,ooeveltﬁéprbxuin@)elywb#mpmémﬁdd wwaé)mﬂ&éa?élihgﬁul ar
spar ged ¢ hor oudHIRP SRRDEH P faRes I na W@éé&??&?&ﬁpa‘s&&&%&mﬁi
S9% Tl curs pw"“‘“—?ﬁ““’*“ﬁ"’“ﬁ“ﬁ“5‘%“1““““““‘"**‘ 9 nisioyeithomy

nmol ecul ar eves i.s reduced t ev rr.
percent to 0.28 °°;5‘8P'&'5¥P““Pﬁé“?ﬁ#‘é?f%9%§‘ 4e gava?ueo(hléslwt

percent.
Workup Procedure b Vacuum Technique

The solution (600 mL) was transferred to a 1 L flask and 35 g MgSO, was added.

25 The mixture was stirred for § minutes, then filtered through a funnel equipped with a
glass frit having a pore size of 10-15 um into a second 1 L flask. The clear solution
was sparged thoroughly with N, and transferred into the drybox. The volatile
materials were removed under vacuum to leave a clear, pale yellow oil. This oil was
redissolved in dry, deoxygenated methylcyciohexane and the concentration was

30  measured by gravimetric analysis (23.5 wt percent). Analysis by GC indicated that
the solution contained <20 ppm Et,0.
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over freshﬁg{,,%b ves (20 g) for four hours. The Et[err] O | epghrnyddsniign
neasured t 9 wt percent. The m xture was then stirred overnight,

resulting in a further reduction in Et[err]O |level to approxinately 40 ppm
The ni xture was fRolymerigaliomg a funnel equipped with a glass frit having a
pore size of 10-15 [err]mto give a clear 20 solution (the nol ecul ar
sieves were rinsed w tmaaﬂdytnemmbod icpnitiohs lof frxaoiple 4 were slibstantially

concentrati on was _ne b Vi nal e of, 16.7
wt percent. WorkdJBP a'&gr %&Fq@gﬂﬁl I@@cmfﬁ@ﬁ%ﬁ{@gf’gf’ %gr?cf%%{?rﬁf?dwas
transferred to a@nbu&'tﬁsnmaﬁl%omwcm Qésul_tgbfé Gémhlﬁe@l inas
stirred for 5 mnutes, then filtered through a funnel equipped with a gl ass

frit having a por@@? of 10-15 [err]minto a second 1 L flask. The clear
sol ution was sparged thoroughly with N2, and transferred into the drybox.
The volatile materials were renoved under vaableRto |eave a clear, pal e
yellow oil. This oil was redissol ved ILn dry, deoxygenated net hyI cycl ohexane
and the concentraFP'bncmgl“B(Fm 5 8""9‘?‘aﬁ°ﬂ’ﬂ?‘r‘$’c°&%ﬁﬁ(ﬁm % %ﬂ!‘tvvt
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([err]-t, 3-penta
(pentatluorophenyl)phenyiborate ((Cye.2Hyr4s):N(Me)H" B(CeH;)(CoFs)s)

The synthetic steps of exampie 2 were substantially repeated excepting that
15  the borate salt was the lithium sait of methyitris(pentafiuorophenyi)borate.

Polymerizations

A one gallon stirred reactor was charged with 1440 mL Isopar™ E solvent,

126 g of 1-octene, and hydrogen (about 25 mi at 35 Apsi, 0.24 AMPa). The reactor
was heated to 130°C and saturated with ethylene to 450 psig (3.1 MPa). The catalyst

20  composition was prepared in a drybox by mixing together (t-butylamido)dimethyl{n’-
tetramethyicyclopentadienyl)titanium (n*-1,3-pentadiene) catalyst, dithydrogenated-
tallowalkyl)methylammeonium)tris{pentafluorophenyl)phenylborate and
(triisobutylaluminum modified methylalumoxane (MMAO) to give atomic ratios of B/Ti
of 1.5/1 and of Al/Ti of 10/1. This mixture was then transferred to an addition loop

25 and injected into the reactor. The polymerization was allowed to proceed for 10
minutes while feeding ethylene on demand to maintain a pressure of 450 psig. (3.1
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8 = (isopropyl am do) (di nethyl)([err] -2,3,4,6-tetamethylindenyl)titanium
di et hyl WO27889put yl ami do) (di et hyl )([err] PCT/US97/04234 - -+ -
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1-octene, and hydrogen (about 25 ml at 35 Apsi, 0.24 AMPa). The reactor was
heated to 130CPzeparation mu&dowsvl)mmylammonmuﬂféirqlﬁs(gelﬁﬁﬂﬂm%yw&ate

tal yst 20 d dryb b t th
((:? gu%/fll am do) m{:‘(@&n% ?rtefg;\gt hlylncicl :‘));;e(rjli(ad?/enmyrl) tn?t ag?ﬁm °
-1, 3- t adi

{ai | owal kyl ) ot hyl anchiaAg vERE Bt dy RERREEIC ROHE shmiped ometag ypbe
(triisobutyl al (3BFgnd.S3mrholpwasdissoived imtkmhof hbkdxE) Aquegus BICA(DM, ssr/am)os

f BITi of 1.5 dt
gn add: tloon Ioé’%s °85K§WH éﬂafsugl%lr{ Z&@%ﬁgﬁﬁéﬁvﬂ@%ﬁ%‘ﬁﬁ%ﬁ ’ﬁr‘%ﬁ vvag
al | oned t o19®r owaspldced one mechanical shakee and ebakey wigdngusiyvifor 80 miruas,chéro

t

PCT] U017/ 04234 LGS 40k, BTt e nidire of St 6 RldE 4ng 20 i pthesame, o,
into a glass ké!@ﬁlaé’daﬁdTb@ F@GUTWQ? shaken far @pethen80 oiqutpsr it Wasithen pdwred intd
hours. Effici e%%g%@ﬁﬁ\%@%%&éuﬂa érv@é%ﬁwagxgﬁhl?reﬂ gﬁa OrWAS 1 at

Preparation of di(docoSyl)nethyl anmoni umtetrak |sé ent
(Clerr]H err]) (@asned mf%wﬁ'r SRALoplcabiraiesiaaisgug AT folomest by pcKatp) washes) \-
B(Qerr]Flesr] )rherdr&arﬁéﬁbﬁmsedﬁdd Wﬁg@@‘ame%&tﬁ%&ﬁﬁnmw&mk@gﬁz 9,

5.97 mml) was dissolved in nL of hexane. Aqueous H 5.97°nL) was
added by syri n@@ssrf@s(ﬂlﬂﬂﬁrl’g‘)ltﬂ QtVH@ ?faﬁfrpadq brewnsolution; E"be §¢l§§¢rpwaatrensf¢med

mxture 10 anam(eafm% ?eefonséueia% 30
m nutes, then UangFe gIL '%?] in a mxture of of
wat er and 20 % '9%'83( %"&ﬂ% gs e@%&ﬂ%%ﬁﬂ‘ﬁﬁ&%@ 30
mnutes. |t wagotrheof m«miolyt&ma@awawa@ew Thigselld waslreLdiSsonteiA3s -lpy er
nas rermvego m 8{ @%‘a‘lfe X HHe o6&t concentratlon of this solution was measured gravimetrically

to be 18.0 weight percent.
Polymerization

Substantiaily repeating the polymerization conditions of Example 1 using 1444
g mixed alkanes solvent, 124 g 1-octene comonomer, 1.0 umol of (-

25  butyiamido)dimethy! (ns-tatraméﬂnylcydopentadienyl)titanium (n*-1,3-pentadiene)
catalyst, 1.0 umol di{docosyl)methylammonium tetrakis(pentafluoro-phenyl)borate
cocatalyst and 10umole methylalumoxane scavenger resuited in the formation of
ethylene/1-octene copolymer with an efficiency of 3.2 Kg polymer/ g Ti.
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washed t Wy otiskgd330 nL of saturated aqueous NaCl followed bpcimusonedss
washes. 15 The organic |ayer was dried over MgSO4. The m xture was then
filtered through a glass frit-(10-15 [err]m to give a cl

sol ution. The soMHAFTASAAIMEENIS erred to a bottle, spar géﬂﬂﬂﬁ“ﬂ“ﬂﬂmm‘lk
nitrogen, and taken into the drybox. The hexane was renoved- urrden vacugam+o
give a solid residue. {his | | : A t to
yield a pale brown sol ;{'d. ﬁ%%ﬁ%&%@%ﬁ@gl%wﬁﬁggagﬁoﬁ%wﬂt of
| sopar E, and t heapabieohderatingra protarn, asd apinar, sempatiblesnepgeerdinating, anion,

ravinmetrically t ' : . i i -
?epeati ng the %of@ﬁ%ﬁ'ﬁ? ggﬁc%ﬂmwa%ﬁ‘bfm RQ&M{QE Cydtexdrie gfmﬁ%“a"‘é ne of

] It1ons of Exanple 1 using 1444°g"m xe
al kanes sol vefit, & jeasy5 weight paefbnononer, 1.0 [err]nol of (t- 25
but yl am do) di met hyl ([err]-tetranethyl cycl opentadi enyl)titani um

([err]-1, 3-pent adi ene) ,cat a] yst . Q. [err]nol. di(docosyl) net hyl anmoni um

t et r aki s( pent af | uor o- pfenyl ggtpytséa&y%ﬁg;:%gmgﬁég}gng%%%actlvator is

met hyl al unoxane gepresemted by disaifdllewingrgeneeat farmuiat [LofH]OA", atheydimne/ 1 - oct ene
copolynmer with an effigiency of 3.2 Kg polyner/ g Ti. -24- WO 97/ 35893
PCT/ US97/ 04234 WHAT | 4. ds AnNragenssulfur or phosphows\containing Lewis baseigodi si ng a
cation which is a Brorfsti®angeeeerdinating aniefl. donating a proton, and an inert,
conpati bl e, noncoordi nating, anion, characterized by a solubility at

25[err] C in hexane, cygl ohexaagiysf activattr a6dsrhing X aiafn 2wharein e AdMRSbrdhating
wei ght percent. 2., A catalyst filctlvato according to claim1l wherein the
rw»(%?ma YArPRRA

activator is reprifdQHpdef Att®eral fornul a:

(L*-H [err]Alerr], wherein: L* is a nitrogen, sulfur or phosphorus
cont ai ni ng Lewi s base; 4and Akatatyst activatonascmding itd\alainn @ wherain thellbwis base 3

A catal yst activat | cl gj erein,th C dj bat.ing ani on
I's tetrakis(pent aﬁ‘ﬁ?&?gﬁﬁé yf%n%rgé‘f‘é.%lkga &o.‘i‘% ‘gﬁ gltéﬁfdg%ﬁ P\éf%idbg%ﬂ!%‘g}fr ng

to claim2 wherein the Lewis base conprises from1l to 3 (err] al kyl groups
with a total of from 18 t o Aoatalyst activator accordingdaclainy @ whepein the lawisibaser di ng

to claim?2 V\,ﬁgreidgﬁa?geﬁg\@&owg@ggﬁgﬁmmép&,_gotg{a@%&mﬁg_kyl groups and

from21 to 90 total "carbons. yst activator according to claim1l

whi ch is di (octadecyl)nethyl anmoni um t etraki s(pentafl uorophenyl)borate, or
di (hydr ogenat ed- 6. A catalyst activator according to claim 1which is

di{octadecyl)methylammonium tetrakis(pentafiuorophenyl)borate, or di(hydrogenated-
tallowalkyl)methylammonium tetrakis(pentafluorophenyl)borate.

7. A catalyst system for polymerization of a-olefins comprising a Group 4
20 metal complex and a catalyst activator according to any one of claims 1-6.

8. A polymerization process comprising contacting one or more o-olefins
under polymerization conditions with a catalyst system according to claim 7.

9. A process according to claim 8 which is a solution polymerization.

10. A polymerization process according to claim 9 which is a continuous
25  solution polymerization.
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tal f owal kyl') met hyl anmoni um t et r aki s(pent af | uor ophenyl ) borate. ‘E5%
r pol ynervaib naBu@ETuae bidreily ShEANRZAGRRDT | ST NQ Gk

cat al yst syst
a catal yst acti vat prmagiengl Sprepo

ng to any one of Ny

metal conpl ex™a :
8. A INTERNATIONAL APPDICATON RUBIISHEDUNDER) THE PATENT'COOPERATION TREATY (PCT)
[ er ‘ ngn gl Zarronm pondi rions Wt a_cat al ybt.bybf
accp sgﬁnéin{:%ﬁ% al 21 . 9. A procesp ﬁg &b ttepptions! RubligatigndNufpherr |y WO 97735893 |
sol pt i oq%?o%rlmt ion. 10. A pol yfter I(@Mﬁaﬁpﬁﬁﬁémmg di ngo&&er%@l'(@.zgm)
whi ehh—i-s—a—continuous 25 solutionlpollymerization. - 25 '
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