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preferred c hafeg@cgépmp@ué@s (:@rstslr\waamt@n/ pon paipthet isaapablesf eendering the

pr ot onat ed afgmm f E:ﬁ)m | t
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US- A- 5, 153, 157, as vveﬁéas oxl di zing salts such as carbonium ferrocenium

and . the formulaj | yiliumsalts, disclosed in US-A-5, 350, 723,
US- A-5, 189, 192 and US- A-5, 625(1087
-1- y
A.r::zB F -
/BAr 2
CS,
wherein:

S is hydrogen, alkyl, fluoroalkyl, aryl, or fluoroaryl, Arf is fluoroaryl, and X' is
25  either hydrogen or halide, disclosed in US-A-5,447,895. Additional examples include
carborane compounds such as are disclosed and claimed in US-A-5,407,884.
Examples of preferred charge separated (cation/ anion pair) activators are
protonated ammonium, sulfonium, or phosphonium salts capable of transferring a
hydrogen ion, disclosed in US-A-5,198,401, US-A-5,132,380, US-A-5,470,927, and
30 US-A-5,153,157, as well as oxidizing salts such as carbonium, ferrocenium and
silyilium salts, disclosed in US-A-5,350,723, US-A-5,189,192 and US-A-5,626,087.
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PCT/ US98/ 13504 Further suitable activators for the above
met al conpPVeR¥864dhcl ude strong Lewi s aci ds i ncl udi ng PCT/US98/13504
(trisperfluorophenyl)borane and tris(perfluorobi phenyl)borane. The
former conposition has been previously disclosed for the above stated end

use i n EP- AFbzzferitabletsetieasrstiticthk abbed n@mmbkkwmbmds istrohgr | y
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et al.,.in J. Chem  Soc., 1245 o
(1996) . ils'Shres hgtudng (esenidiortiaraliborpye Ab FIAIHESPRREEOGMEgoi ng
cat al yst act iThatfarmer compositidroieds @eéﬁﬂjrbﬁbusly')ﬁlsslebéﬁ‘ﬂblf theadbove stnedend 0se
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conposi ti on reétion dorfitions. Ik paivlidr, lm?e p"ﬁ%SingP'kﬁoMfl attiatds vemeridihg a_ provi ded
cat al yst vat g@wgat could be e in solution, slurr Qhase

or i g S SbFIRADIS Hdtans f%@pm%%ﬁo hgregoh s Bet © mple

het er Ogeneougeﬂérawyegmultaneous@cﬁ?@ddde@ﬁedh%‘i’ byABrddiiBY SU¢AGsARptAnviak iopn
properti es. to the present invention there is now

provi ded zwi PPRIANNS mepound %&%88%@9”‘3@@!? eleruditiichy to remave frog 18 a:

[err] 20resulting catalyst composmon HAREES Adversel affect the catal*ﬂb ;ieﬁfo@mﬁﬁéé emat ed
derivative of an el enme .15 of the Periodic of

t he
El ement s, admetTESWH”Q ‘E/atﬂ'éfaﬁ"fw BrhEFeraiely it woylskhe feiRpble 'B'Ihefer‘ﬁﬁﬁel to 50

25  cart®ns pamam cafalyst BOBIatdry Shat cﬁﬂa%%inﬂgéd\frﬁfsbmmrﬁ)fshﬁw gheprade &

G oup 14 of %’LQF‘ Periodi c. Table of th enents, said Goup 14 el enent

bei ng subst i DIFEIETHUHPIKEH2ations a”ﬂ&r‘ﬂ??fd’&”&ﬂ”%%?ﬁ"teu%’ﬁg%”‘??ﬁ‘sfpf%‘?ﬁsi to 50

car bons eachgonditions having improvigd acgivalioflipyae@titls. | | nki ng group of from1 to 40
-2-

non- hydr ogen ato
y 9 mi\ccordmg to the present invention there is now provided zwitterionic
compounds, corresponding to the formula:
R1
7N
L+-R1-M1--(Arf)3 R%,M’ M'R?, ,or
N/
ZR?,
20
R‘l
yon N
R%:M M'R?,
N/
YR?
wherein:

L+ is a protonated derivative of an element of Group 15 of the Periodic Table
of the Elements, additionally bearing two hydrocarbyl substituents of from 1 to 50
25  carbons each. or a positively charged derivative of an element of Group 14 of the
Periodic Table of the Elements, said Group 14 element being substituted with three
hydrocarbyl substituents of from 1 to 50 carbons each;

R1is a divalent linking group of from 1 to 40 non-hydrogen atoms;

-2-
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PCT/ US98/ 33809406449 R2 independently each occurrepgspyiss/Assd 9and
group of from1l to 50 nonhydrogen atons with the proviso t%at +n a
sufficient nunber of occurrences to bal ance charge in the compound,

Rlerr] is L+ R ergp;. S brid hydri de or hallde group
or_a divalent i nﬁbﬁade@ﬂé’&ﬁ"‘!%e%@&%‘i"we 'ga "gﬁ%d S%Hpﬁgﬁﬁ’%‘g’eﬁ?

Merr] is bonomhydedgenizioims withghe brovi¥o that in a sufficient nun%érQﬂro}:cmrF&ﬁlégiwent Iy
each occurrence is a nonovalent, fluorinate organic group cont ai ni ng
from6 to loba'ﬁB‘FﬁPBﬁ!l@%gbﬁe&Pmﬁﬁund ReisL*-R'-; Y is a Goup 15 el enent; and
10 Z |s ccordi ng
to the present i nver’ﬁ F%ﬁ‘ggﬂgthgdf'%e% halida greup ‘Efeﬁ‘aﬁ)g‘?tq'"}“”g 9'@%?’39”5 il 3R
capabl e & pébyomhydioggnatores;hyl eni cal |y unsaturated, polynerizable

nononer conpri si nﬁlﬂ I n conbination, a Goup 3-13 net aI conpl ex and the
above descr éﬁlbﬁwmﬁ@m'@m@r@dhmmd or the reaction product
resulting fromsu accordi ng

Lo the plesent | noBiRenenERELRED BRisrnseds a pnsvaelt fiuprnated orbafic group
pol yner i zat i contaihingrifor® 6 to00@ nekmyteges atdnys;unsat urat ed, pol yneri zabl e

nonomer s n ctln he sane, optionally I n the presence
of an inert ali phgp? E%rogpqg iﬁ"i“i’i’c or aromatic hydrocarbon, with the
above deWxri bed cztmhﬁrbupommémon 20 The foregoi ng
zwitterionic boro te .uni quel apabl e of form.ng active

catal yst conposit P‘Sﬁ@%ﬁ@rﬁcﬁgﬁﬂg&f*’ tieg B’i?ﬁg@ IRYpEngeR 31”%5@61"@9{%%3\%@'*?&

generating semapmmdﬁpasldmwmlméwe&hﬁ&h@l@n@&gfaﬂém@b@rﬁéhzab@
resulting act a resu

d
| or oved cas BOyEReLeRmRRTTG i SEmBingtin, adnn St orRelal coraPIa 900 iR SRRy

adapted for desribad aitieviohic@dmpbuid, G thetehciin protiddt rédultingdRIP EEAES ,
especi al 4 .metal conpl exes, under standard and atypi cal

42% Grou
pol yrmeri Zati 8‘?{“ BAYAN i ons. All references herein to el enents
beI onging to a Cell\HaatlﬂnéHyCad:Eoﬂ’dﬁfg% tﬁ@pﬁe@ént mventloﬁ’ﬁfelr@@'&oﬁééﬂQp?’cfcefsb‘?or

El enent s publ |lshed ag.n 08 Réo ht ed E/ CRC Press, Inc., 1995 Al so any
ref erence t oPYHECEHFBIP DL 68}959 ethxienicglly wrsatyrated pRIYMEHZaklempaOmErs3Q
reflected i ncctrhpﬁsu@mrﬁdmmgm@b@rn@foﬂti&ﬂa@ aﬂﬁ@é‘bésé‘ﬁde"kﬁ ahhiRert hlipNatisy st em f or
nunbering gro anpounds of the |nvent|on are further

char act er i zeﬁ"q?’ﬁ"ct ke '%quacarg"” wittethf @povegessrPe caply gt comaasitign-
zwi tterigi c bor omhetm‘pguﬁd&watéﬂﬁmd ibBebri ébigtinds are umclil!eﬁ!ﬁ&ﬂ:fabldwaimlﬁﬁ

cgr respond t gct%vgeca{a?yst composnl’ fons fr\gm neLtr‘E Cgroull% 1rO]r%Lta chrﬁplexes thhout
generating separate Lewis base byproducts able to coordinate to the resulting active
.metal species. As a result the compounds possess improved catalyst activation
properties. They are also uniquely adapted for use in activation of a variety of metal
25 complexes, especially Group 4 metal complexes, under standard and atypical
polymerization conditions.
All references herein to elements belonging to a certain Group refer to the
Periodic Table of the Elements published and copyrighted by CRC Press, Inc., 1995.
Also any reference to the Group or Groups shall be to the Group or Groups as
30 reflected in this Periodic Table of the Elements using the IUPAC system for
numbering groups.
The compounds of the invention are further characterized in the following

manner. Examples of preferred zwitterionic boron compounds according to the

present invention correspond to the formula: HL’+-R1-B'(Arf)3, wherein:
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PCT/ US98/ R1 is a hydrocarbyl ene group or _a hal o-,
al koxy-, hgﬁg%?ﬁ%rocar byl ami no-, silyl-, or gernyl-PSHHS¥1BMed
hydr ocar byl ene group, said R err] having from2 to 40 atonms not
counting hydrogen ajons; L' is dihydrocarbyl substituted

ni trogen or phospHdrisa ydsegarbyiend arpup oomhalocalkdiy-, Nsl-difaydoanasbyilaminac h ,
hydr ocar byl i ndepe each occurrence

r.oup;. and , - Arlerr nt |
is a monoval %HY‘,"q’lgﬁ'gwt'rlﬁ‘fbéat”&?qg%"&‘:%?)&w &m“p' Sa(‘fbﬁtqj g?ﬂﬂ FomsR & to 100
atons not coundmsgohgolintgg Rydrb§érk atoms; Highly preferred are
zwi tterionic conmpqunds, corresponding to the forpul a: .
HNH(R[err]) 2-R er ﬁ'] 55@?%?@6?)%8?4@@%@9@[‘ @F phagphorus group, hapingfigm i1 do 5
Clerr] al Byl esoccagsanspn eacthydrocdrbylajraib AT Oup; Rierr]

| ndependent |y each gpcurrence is a (Jerr] hydrocarbyl group; and
Ar[err] each occurArtindepéndeptly eachooenuitenge is omphdvatend, faaotindted ocganic group

érBonarL L{oyn&(.)f t he conpounds of

per fl uor obi pheAWining ?t!_ | ¥i
t he i nvention ﬁn"g?q 6?1’2teltg 1c°8r%%un&§{ ng §9| ncreased by incorporation of

one or nore ol eophiighly prEeyedareszvetierfonisscdrpaynds abmespondingad ke fognaaps;
| ong chain al . 0 s, +,0r hal o-, al koxy-, amno-, silyl-, or gernyl-
substi t ut ed I'ﬁﬁ‘gﬁg%ﬁﬁ:}@f&@& WReSER or 1 ong chain al kenyl groups. By the

| roups having from 10 to 50 non-hydrogen

term"lo I n"_are nt
atons i nqguch groﬁf?’sa C1-40&'W§’?eéﬁe£?lﬂp M §6rAYPAREI™ME form It is
under st ood that t catal yst activator may. 20 onprise a m xture of
Rlerr] groups of gﬁ‘f@?? er@ﬁ5?%9“#8?”%%‘3@@‘&,50%Mg'%gﬁ"?‘y%%p? and
activator (wherein } is nitrogen. be derived fromthe commercially
avai |l abl e | ong hr e%cﬁ‘a?‘?fugﬁﬁ?fe?s@%f%qhﬁﬁy'ap %?rBP%p'B'PﬁP\V\D Clerr], derr]
or (Jerr] al lpgifluprabigheenghd one net hyl group. Such am nes are
avai l able fromWtco ... upder the trade nane. . Kemamine[err] T9701,
and from Akzo- Nobe#eqf%&? S?IH%'EW%H@ WU@%@@WE&WWWWW@'C é"mpdunds
Most hi ghby B¢ MbRIasEd by Mdohsrhttil & oRRHP MRS SIebBhilidRE RSS! dicREE long il |
alkyl groups; long chain alkenyl groups; or halo-, alkoxy-, amino-, silyl-, or germyl-
substituted long chain alkyl groups or long chain alkenyl groups. By the term “long
chain” are meant groups having from 10 to 50 non-hydrogen atoms in such group,

preferably in a non-branched form. It is understood that the catalyst activator may

20 comprise a mixture of RS groups of differing lengths. For example, one suitable
activator (wherein L is nitrogen) may be derived from the commercially available long
- chain amine comprising a mixture of two Ci4, C1 OF C1g alkyl groups and one methyl
group. Such amines are available from Witco Corp., under the trade name
Kemamine™ T9701, and from Akzo-Nobel under the trade name Armeen™ M2HT,

25 Most highly preferred zwitterionic compounds for use herein are:

) + -
H(R )ZN @B (C5F5)3. H(Rs)zN +—©>— B.(C12F9)3 ,
(CeHs),C” '“@"B-(Csl:s)s, H(R5)2N+© B'(CyoF7)3
(CoHs), ST ——@- B(CsFs)s, H(C6H5)2P+—‘@'_ B'(CeFs)3



-4- WD 99/ 06449

PCT/ US98/ Iwef¥dso6449[ €r I ] wherein Rierr] is methyl, pphangkis @

m xture of Clerr] alkyl. The present zwitterionic conmpounds are
readily synthesized by treatnent of a triaryl or trialkyl boron
conpound with anopetal | i¢c _conpound such as a suitably 5

substi t ut ed G}?(gh&lﬁ Tagfdnr—8 (Cafgimol i t H(B?r)eNeagéaHd-oBl Envelohy *

pr ot onati on. SU| tabl e catalysts for use in conbination with the
f oregoi ng cocat al ysts incl ude any conpound or conplex of a nmetal of

G oups 3-10 of the Periodic Table of the El ements capabl e of being
activated to ygNar-l (B2 Ha) Ry BEOisEg)al v, dﬂnsaHiFﬂ%)EHﬁ—-CwH sCBTOYsF¢ls by t he
present activators. Exanples include G oup 10 diimne derivatives’10

corr espondi ngwiidreinlRd EQﬁéﬁH i2phenyi or a mi alkyl.

[err] yI\F(I Iy) or P):jtl(xrec;fCMJ\é Yy Kis halo,

hydr ocar byl , or hyﬁrm&sblytlm@enomc compounds arkrreadily synthesized dydxgaiment of a

T57 et hanad o 2L RIABEER ERbodc A o) BB RIC Fompopng suph e SLiddly

It Qet L \é\DaIlsgL Icﬁé{@gt(l)mmg!eﬁmwarar&amn?pr?ergarpdmtmmedagdnt g:mowpd bam:dotonatuon0 A
Simlar catal yst s%&? [%éc#%ly&etgz?rn%ej‘r?gb@lgné\§P%gggh %‘We%érﬁ‘go%%é{ra@kelb élgfig,
in J. - Aany Oimpoundoe comple® of 2aTetaicd (irib@;%;i -1ardl thie PevindicChabte ofthe. |

117, 6414 - 641@!e3’8pts c(agaggl‘é)df bgﬁwgg%klyﬁe@ ? \1 rlé%l?%ﬂgrung%@l&%e St S

especially for zat
conbi nati on vmrﬂrpq@oﬁaby tenpresertrasticatots. &‘scampmslmdbdienemim,m diimine dbk\ydtlves

acryl at esgan Addi ti onal catal ysts
I ncl ude er| Scao?lleé %'at%%@lﬁ% or Lanthani de netals which are in
the +2, +3, or +4 for oxi dation state. erred cQ@FpGlinds include 25

lmet al conpl exes corg rTPFl%[ fr}r%/{n § e& onded | on}qg or neutral
i gand groups, whi be HPEIH (%J%y?’é'r @87 i zed
[err]-bonded ani oni Nl gand groups.
M* is Ni(ll} or Pd(ll);
K is halo, hydrocarbyl, or hydrocarbyloxy;
Ar* is an aryl group, especially 2,6-diisopropyiphenyl or aniline group;
15 CT-CT is 1,2-ethanediyl, 2,3-butanediyl, or form a fused ring system wherein
' the two T groups together are a 1,8-naphthanediyl group; and
A’ is the anionic component of the foregoing charge separated activators.
Similar catalysts to the foregoing are disclosed by M. Brookhart, et al., in J.
Am. Chem. Soc., 118, 267-268 (1996) and J. Am. Chem. Soc., 117, 6414 -6415

20  (1995), as being active polymerization catalysts especially for polymerization of a-

olefins, either alone or in combination with polar comomoners such as vinyl chioride,
alky! acrylates and alkyl methacrylates.
Additional catalysts include derivatives of Group 3, 4, or Lanthanide metals
which are in the +2, +3, or +4 formal oxidation state. Preferred compounds include
25 metal complexes containing from 1 to 3 n-bonded anionic or neutral ligand groups,
which may be cyclic or non-cyclic delocalized n-bonded anionic ligand groups.
Exemplary of such n-bonded anionic ligand groups are conjugated or nonconjugated,

cyclic or non-cyclic dieny! groups, allyl groups, boratabenzene groups, and arene
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2
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ubstlt ted r gerr | -substituted. si/l
derivati ves tit?@ @?@r“ﬂé’(?“g%q’ H%t“e héi%'ioﬁ oyt graP pelerthe B)S‘?f&g%fbﬂr oups are
cycl opent adi mbtltuﬁenﬁmlhybﬁmmlmag@dl enyl, tetranethyl cycl opent adi enyl
30 tetranethyIS|IyIcycIo pent adi enyl , |ndenyl 2, 3- dlnethyllndenyl

fluorenyl, 2- Examley pf svitahiplanioigdelegalized sHanded geripg include
tet rahydr of | @B&l\tadlgﬁ‘t./lal?\)ﬂgﬁﬂfﬁdb% dXét Va]r@reﬁ)mdenyl 1dehjdrayedrehpdenyl .

The bor at abenZzenes are ani oni boron” cont ai ni ng

anal ogue#5t o MEHYEmUCTENYY P&Wédﬁﬂé'vFmeya%ﬂ%ﬂ‘hwr@aﬁéhraf:@"%av| ng been

descri bed hexahydroanthracenyl, decahydroanthracenyl groups, and boratabenzene groups, as
well as Cs.1 hydrocarbyl-substituted or Cy.1 hydrocarbyi-substituted silyl substituted
derivatives thereof. Preferred anionic delocalized n-bonded groups are
cyclopentadienyi, pentamethyicyclopentadienyl, tetramethylcyclopentadienyl,

30 tetramethyisilylcyclo-pentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyl, 2-
methylindenyl, 2-methyl-4-phenylindenyl, tetrahydroftuorenyl, octahydrofluorenyl, and
tetrahydroindenyl.

The boratabenzenes are anionic ligands which are boron containing
analogues to benzene. They are previously known in the art having been described

-6-
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PCT/ US98/ 1o¥/06449 by G Herberich, et al., in O ganomnet gclrhusss/i3sés 1,
471-480(1995). Preferred bor at abenzenes correspond to the forml a:
[err] wherein R' is selected fromthe group consisting of
hydrocar byl , pgid. )Herbéﬁchgélrm(ﬁn OfcRindmeallicsii 4,1 2¥7 11480101 986). 2referrechy dr ogen
atons. In corrpl exes | nvol vi ng di val ent derivatives of such del ocali zed
[ ef r ] - bonded PGFrAsRRADZERRS CRTSSPERRILBE- @Y Rnded by neans of a coval ent
bond or a coval ently bondgd di vl ent group to another atom of the conpl ex

m A suitabl e class of
conplexes corresponding to 10 the formula:
wher ei n: Lp is
an anionic, delocalized, ed group that-is bound to M containing up
to 50 non- hydr ogen atons, pally two Lp groups nmay be joined together
formng a 15 brldged structure, and further optionally one Lp may be
bound to X wherem R” is seledted from thetgadupcﬁonéismmoﬂiydfocalw| rdyli otgermyhisall of

t he El ene r
Xis an o abjﬁg P ?5#%09 fB:d{og(en & %f ﬂ%’nt’pgé{?g%tr‘\dc? n- t@%‘r@%lggtndea{ltvg%est hat
t oget her V\A t h>f lstwch‘ d!aflmliaedmibahﬂed:gtdues ohé atdvh tl'%@eof IS bonded byXheans ofra

optional neutral and havin to 20 non h X"
each occurref0¥d IF%t bg’"prﬁﬁé\ﬁﬁv@%f‘wg t@i{ \ﬂ“ﬁ eﬁgp"{“o°‘4‘89r?8'r?p'e"
hydr ogen atonﬁerebptdnamldyndgmyz&engr oups may be coval ently bound toget her

form ng e i ani,oni ¢ noi et aV| n ot h aI e

or, optionally 2 *.suntag}e gﬁsb?fﬂ’?t peE ﬁPaﬁ‘?ﬁ@ ed‘GP g&@?fﬁ&%ﬂ% t%)or m a
neutral , 100onjiygasr@diadr 25 nonconjugated diene that is [err]-bonded to M
(whereupon Mis int 12 Hxi dation state), or further optionally one
or nore X' and ongrpd#ﬁm)f'ﬁgw o B thatgolhe bonded toget her thereby
formng a noiety t eihS both covalently bound to M and coor di nat ed
thereto by neans of Lew s base functionality; | is 0, 1 or 2;
30 m s O-pds am:anionic, delocalized, ndpongechgmouptiwt isfhayinddo b cgntammg up

to 50 non-hydrogen atoms, optionally two Lp groups may be joined together forming a

thereby form ng a bridged
catal ysts are transition
Lp| MKnX' nX"p, or a di mer

n-

15  bridged structure, and further optionally one Lp may be bound to X;
M is a metal of Group 4 of the Periodic Table of the Elements in the +2, +3 or
+4 formal oxidation state;
X is an optional, divalent substituent of up to 50 non-hydrogen atoms that
together with Lp forms a metallocycle with M;
20 X' is an optional neutral ligand having up to 20 non-hydrogen atoms;
X" each occurrence is a monovalent, anionic moiety having up to 40 non-
hydrogen atoms, optionally, two X” groups may be covaiently bound together forming
é divalent dianionic moiety having both valences bound to M, or, optionally 2 X"
groups may be covalently bound together to form a neutral, conjugated or
25 nonconjugated diene that is n-bonded to M (whereupon M is in the +2 oxidation
state), or further optionally one or more X" and one or more X' groups may be
bonded together thereby forming a moiety that is both covalently bound to M and
coordinated thereto by means of Lewis base functionality;
lis 0, 1or2;
30 mis Qor 1;
n is a number from 0 to 3;



-7- WD 99/ 06449

PCT/ US98/ %&pé¥hsaqe pis an integer fromO to 3; %Eqﬂ;?&( 3504 .
the sum |+mtp, is equal to the formal oxidation state of e b when 2
X" groups together forma neutral conjugated or non-conjugated di ene

that is 7r-bondeq. , i lich case the suml+mis equal to the
formal oxidationPst&l %“%‘%%”M’”‘ (gto"%] an Preferred conpl exes include those

cont ai ni ng ei t hethecxuen, b+rmpyds bqual totheSormal oxidatien statet afrM,caxepptestesn 2 X¢| ude

those containing,a bridgin r,0 |.i nki the two L : roups. Preferred
br' doi ng.or Ba46% iteMer s LactiE Banibgaiad Bononeon stk depeihids Fpppecd)
wherein E i M| ihivamnh c(:jmrtnaad:mm;mug BquaPlo tlhérf&@r(fjtl F:Raaiimpélmiemi%né Iy eaghI
occurrence is ogen or .a group sel ected from si : rocar byl ,
hydr oca%r:)yl oxy aﬁE?f?L%PJ C%B‘ir‘lﬁ’fq?d??' ‘i’\esthf’ﬁ%F@'("}P',""‘Qa?‘@e@“%%%wﬁd-‘{/@f"t‘ﬁsﬁ0
carbon or sThé p@er esmplexesAnélude trvsd cbﬁlaﬁvingba briddfi¢ §RUB Mhiking Re twadgpendent | y
each occurrence i thyl, et hgll, propyl, benzyl, tert- bzééj phenyl ,
met hoxy, et WGWS'OEWE?ET&?%WQ'“Q roups are those=qIFRFPRECIRY 1a the fermmia (5Re)x

cont ai ni ng n ' r.ogul a:
lerr] \FvﬂQrkaE & Sion, Bérﬁwa%ﬁlemr,géﬁ " glscarbon, FF‘%&e%%ﬁﬁ%ly{%c&%c&%er{Zc%ngg i um
or haf ni um hysireges eiid gromp iselented troor sty fhydoearbyh hydvecarByloxy andr +4 f or nal

oxi dat i S g : ' C curJt: | n t i's

el cot & ' oot ipations theret, sac £ Ring e} A a L SR BIAE BIEYIEN b,
gernyl , cyahreferablyoRaindependentineacneccuirenemis methyldetRylepropyl, benzyhdentng up to

20 non- hydr n 3@, | roups together forma dival ent
derivative ?L?(ﬁlaPﬁ%n . ae*ﬁéﬂfgﬁ‘g’?ggé?ﬁo iladiyl or germadiyl group) thereby
formng a f tsardples ptheyempigxeardntaining two Lp groifis aredmpegoseds | y each
occurrence | Lol &l group of up to 40 non- 25 hydrogen atons,
or two X' gef%ﬁ%goﬁ@}déﬁlg‘refbgﬁ%ga di val ent anionic |ligand group of up

to 40 non- hydrogen atons gr to}gaet her are a conjugated di gne hgving from4

to 30 non- hydrogen atons, formng a [err]-conplex with wher eupon M
isinthe +2 formal x* irdn state, and ?
B3 (I) g . (1T}
R3 MX"2 (R 2 )’( MX"Z
3 3 3
. @ e/
3
R3 R or 3
RZ
15
wherein:

M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the +2
or +4 formal oxidation state;
R®in each occurrence independently is selected from the group consisting of
20 hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R3
having up to 20 non-hydrogen atoms, or adjacent R® groups together form a divalent
derivative (that is, a hydrocarbadiyl, siladiyl or germadiy! group) thereby forming a
fused ring system, and
X" independently each occurrence is an anionic ligand group of up to 40 non-
25 hydrogen atoms, or two X" groups together form a divalent anionic ligand group of up
to 40 non-hydrogen atoms or together are a conjugated diene having from 4 to 30 non-
hydrogen atoms forming a n-complex with M, whereupon M is in the +2 formal

oxidation state, and



43252A R*, E and x are as previously defined.

The foregowegeswmsssl conpl exes are especially suited for the garepsgasidogn of
pol ymers havi ng stereoregul ar nol ecul ar structure. In such capacity it is
preferred that the conpl ex possesses Cerr] symetry or
possesses a chir &+, Eshaxefe iagipevidusiCdefined. 5 Exanpl es .of t he
first type are corrﬁpgfunds_ 0SSsessi n% different delocaljzed [err]-bonded
systens, such as O %W'&)B\%aéﬁp'é‘ \pxes; R PSPRAE N Bigted FALINERIEPRIRIRNLC
Simlar polymers havingsstéresragula sfledilar BtiutiMbe. Oin sdeh tPaciwiites greterased for
preparation of syndiotactic olefin polhyrrers i n Epen, et al.,
J. Am Chem thabltie complexaessesesd s sygurgtry or possesses a chiral, E?é?ﬁﬂgél\gt()‘fcnﬂ'ﬁi ral
structur [ e nfpﬁﬂlﬂ h& n-bonded 10
based onefI'i (F%rh‘@?s %ﬁ??%@yeﬁgﬁﬁgc oseg§F§%egr§ggglrf§ﬁrgﬁgrg? Qi?s?gt actic

ol efi n pol yn@fstems, such as one cyclopentagipny! group and qQne fluogenybawup. Sielar, 232,
233-47, (198&)etems based on Ti(IV) or Zr(V) were GiEBBBbE Tof phépatath drisgAdBmcAOikf N NO
two [err]-bo edngrou s are:

di net hyl bi S(WEmatséné(ﬁfbﬁwl).sL&m&bﬁm-_Sg& 110, 6255-6256 (1980). Examples of

di met hyl bi s( VG ' - :

di met hyl bi s(é’ﬁ'faatr’ ﬁ*y”r“‘*é@*’éF %&%P?ﬁsd'ba% 'éléﬂ"gﬁ"ggs Similar systems based on Ti(IV)

di met hy |8 s (o Zr(INhwere distiopechtos repardtion of isotactic olefip polymers in Wild et al., J.
2,2-bis(tetr e J0NH ) ane, di nmet hyl bi s(i nden-1-yl)silane,
di met hyl bi s(é %%égg%%ﬁ]ﬁl(gé\@ di met hyl bi s(fl uoren-1-yl)sil ane,

di net hyl bi s(t et r aByempiehubridgedligghdscdraaieing two n-bonded groups are:

g: g: E;: E: :Eéiﬁ@@%@ﬁ%@ﬁ%@}%@%F%rﬁe_é}gméthylbis(tetramethylcyclopseinkmyl)silane,

di met hyl ( cy ctioptmfiGisiRestiyyigydidpentazient 1-yl)silane, dimethylbis(Zy-Ib)Jslildyalnpentadien-1-

di ot nyl Coy oY ant e Syie) eE e PG RPa s diptaRst; Wiriitois(npens-yigfidne,

2- t et r amet hydlimisthylbis(tetrahydroinden-1-yl)dilaa¢ odime thyibis( fadiremy ty))dilagiel ane, (1,

2 1ot orel oPal AR S BASpHE face. g ybligmeny--shenincen-1 -
Preferred X' sigmeyugisetindbis@ methgiindenetvyljgjidne,diimethyideysbpebtadiengi)fiyorender nyl
o o o A B L 2

Iva derivative of a
conj ugatzdl ddierethy{cyelbpentadigeyij{tatrahydrofluoren-1-yl)silarteh €V, 1f, @r 2-tatrameatby)al, 2-
[err]-bonded,. conj u | s referre ’ e Cerr]
20 hydrocar bg'FgcaF{?Bg@%SQnglhcqg‘%he’lvﬁ’ E'b?s(cyc‘?o‘)en%ﬂéf"t\f%tﬁ%ﬁé@lﬂgss of netal
conpl exes ut dimetieyd(cyclop &retagiesdeni(fluareren tyl)omethane. corresponds to

t he preceding for a ' nXx" ar di mer, the ey

30 is a dival en r%ﬁ%%&%@l&tog@f gﬁﬁlef%gér(?"hwﬂﬁf/d'ﬁﬁ(;géecna r%&{l‘,gsr#gl, gﬁ@yl‘t oget her
with Lp for mealohydrocarbyi, halosilyl sitghydrbearpyllaedwintibotyidrocarbyl groups, or two X"
Preferr di val ent X suhstitugnts.incluyde groups t Al ni n-
hydr oge‘ra]éjsat 0%0*1@8@%9%*2? rﬁéméta |vea§iesqt d8 H%aL{%(F (9%\3,[%5;?9%%88@ f % edr}%@séﬁf)éﬁp ,ép%]gyo n
or a form a neutratnbbonddd, Conjupated divinet IMosPerdferded X Tarolps afe Thep

El ements directly attached to the WO 99/ 06449
PCT/ US98/ 135bydrocarbyl groups.

A further class of metal complexes utilized in the present invention

corresponds to the preceding formuia Lp;MXmX’nX”p, or a dimer thereof, wherein X

30 s a divalent substituent of up to 50 non-hydrogen atoms that together with Lp forms a
metallocycle with M.
Preferred divalent X substituents include groups containing up to 30 non-
hydrogen atoms comprising at least one atom that is oxygen, sulfur, boron or a
member of Group 14 of the Periodic Table of the Elements directly attached to the

“his Sheet Hag Been Replaced
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del ocal i zed [err]-bonded group, and a different atom selected fromthe
group cons{tdofesqo of nitrogen, phosphorus, oxygen or sulfur that is
coval ently bon}ge&‘ to M A preferred ciass of sBENUEHIIYU
nmet al coordi nati on conpl exes used according to the present invention
corresponds

[err] 5 ée?oéaﬂ?eJ ﬁEgHV\#egdr Jroup. and a different atom,selected;fiom the, gipup FoRERtNGm
pR{ ef e]r abl'y tc‘»f:]rﬁrdgem lblmsbheljmgoxygam ooélrlm_tﬁ&ﬁér?ivalengy ]pomi@diﬁthh.on state,

err] in each ocgurrence independent is selected fromthe group
consi sting of 10 RBH%’F%‘%%’E? fd‘Fgg{;{P‘ﬂif",m"st?'lWPfdﬁ'Eé‘PPrfP’,"inéﬁg',se%al o and
conbi nat i onsacchedireptb,the pregeRSnvention cba:ai(:fzmdy@oir@ féfn@n- hydrogen atons, or
adj acent R err] groups together form a dival ent derivative (that is,
a hydrocarbadiyl, siladiyl or gernadi ﬁg group) thereby formng a
fused ring system each is a halo, hydrocarbyl,
hydr ocar byl oxy or silyl group, said gfoup
atons, or two X' groups togethagy forggune

di ene or a divalent derivative thyfg \
-PR*-; and Zis SiRe IR
CR*2CR*2, CR*=CR*, CR*[err]Si R*[err}—==

~having up to 20 non-hydrogen
fal derr] conj ugat ed

, Yis -O, -S, -NR*-,
MXI; SiR[err]SIiR[err],
R* 2, wherein R* is as

previ ously defined. 20 | [l ustr ti'nve Goup 4 netal conpl exes that
may be enployed in the practice ofR Rhe present invention include:
cycl opengadi enyl titani untrinmethyl, cycl opentadi enyltitaniuntriethyl,
cycl opentadi enyl titaniuntriisopropyl, 25

cycl opent adi enyl M’Ieé?ﬂ‘um ri phenyl, cycl opent adi enyltitaniuntri benzyl,

cycl opent adi eny| tMtsatitanioror/idomietnl) W refpstab @ dit=2iLth . in the +2, +3, or +4 formal
cycl opent adlogn IitAt%ﬂ%_um 2, 4- di et hyl pent adi enyl . tri et hyl phosphi ne,
cycl opent adi Héf?i PEM um 2, 4- di net hyl pent adi enyl . t ri net hyl phosphi ne,
-10- WO FYif64d® occurrence independently is selected from the group consisting of

PCT/ USQ?()lB%?lérogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R®
having up to 20 non-hydrogen atoms, or adjacent R® groups together form a divalent
derivative (that is, a hydrocarbadiyl, siladiyl or germadiy! group) thereby forming a
fused ring system,

each X" is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group
15 having up to 20 non-hydrogen atoms, or two X" groups together form a neutral Cs.30
conjugated diene or a divalent derivative thereof;
Y is -O-. -8-, -NR*-, -PR*-; and
Zis SiR™z, CR*;, SiR*;SiR*;, CR*,CR*;, CR*=CR*, CR*:SiR*,, or GeR*,,
wherein R* is as previously defined.
20 Hustrative Group 4 metal complexes that may be employed in the practice of
the present invention include:
cyclopentadienyititaniumtrimethyl,
cyclopentadienyltitaniumtriethyl,
cyclopentadienyltitaniumtriisopropyl,
25  cyclopentadienyititaniumtriphenyt,
cyclopentadienyititaniumtribenzyi,
cyclopentadienyltitanium-2,4-dimethylpentadienyl,
cyclopentadienyltitanium-2,4-dimethyipentadienyletriethylphosphine,
cyclopentadienyititanium-2,4-dimethyipentadienyletrimethylphosphine,

-10-



cycl opent adi enyl titani undi net hyl net hoxi de,

cycl opent agkb e9ydats t ani undi net hyl chl ori de, PCT/US98/13504
pent anet hyl cycl opent adi enyl titani untri nethyl,

i ndenyltitaniuntrinethyl, 5 i ndenyl titaniuntriethyl,

i ndenyl titarg gdlﬂs‘péhtﬁﬂ:@ﬁwnamumdnmeﬂwwﬁ%wdﬁdet ani untri phenyl,
t et rahydroin | titani yntri
pent anet hyl ﬁ&%ﬁ%‘ﬁ?‘&ﬂv{' mﬁ“m‘ﬁaﬁ%wﬁ{“f’f'?‘%opr opyl, 10

pent amet hyl Cp&haﬁanynaﬁbiwkédré@nummtrmﬁw,l :
pent anet hyl c, g ent adj enyl| t| t ani undi net hyl met hoxi de,
pent aret hyl dé ?’B@@R'%ﬁ"@?@jlh t ani undi met hyl chl ori de,

bi s([ err - 2,iAdéhyimarivth@ietiyadi enyi ) titani um
bis([err]-2, 4 di rrethylg@ntadl enyl)titaniumtrimethyl phosphine, 1 5

bis([err]-2, ind deMHEANYPIRAPYEI enyl ) ti tani um tri et hyl phosphi ne,

oct ahydr of | qgﬁ@ﬂmlﬁmgrﬁ HERy] et hyI
t et r ahydr oi ndenyl ti tan?ﬁm r)lnme

t et r ahydr of |%H?W'B¢WHF%WFV%B¥W| (tert-butylanmido) (1,1

- di met hyl - 2, shrdarfethyiBydigientadlerfititar rﬁtﬁs
hexahydrona ht hal e r: 94| tlwrret;l{ rﬂ: anhét |rt gnl%l}rrdl nmet hyl ,
9

(tert-bdlyl aﬁﬁ%ﬁ@}"ﬂ@m ra/ﬂ%é@mymtr@eezsd. 9,1 0-[err]-1,4,5,6,7, 8-
hexahydr onaphrah&n E\)(Si'éﬁé?ﬁﬁ(éﬁﬂdt@fﬂ%ﬁh@%%ﬁﬂthﬁﬁhgy'

(tert-butylam do)(tetrarre yl-['err]-cycl opent adi enyl )
di et hyl si | a;,':ﬁ;yttqrvf\gltﬁylgyﬁlc()ﬁqﬂgaﬁjzg,rpyltltanlumdtmethylchlcnde

(tert-butyl %ﬂg-)z@-&HeﬁWJhYédi&rﬁf tifanfure | opent adi enyl ) di met hyl si | anetitani um
di met hyl ,

(tert- but yI abrs(chcr?(‘t dmethyinemjadi¢nyl tilansymsitripethylabdspiyie) - 1, 2- et hanedi yl ti t ani u
di net
Entelr 'ETE b[}%gyl a?r?(&]o)z(dt %‘F}eé%@%y?d'?@’ ]anf%érrlﬁ}wa%ﬁgp lﬁ'yl silanetitani um

di net hyl , octahydrofiuorenyititaniumtrimethyl,

(tert- but yl atn} ﬁ)))o(romctiér%/ﬁ %@f’k@ thbl cycl opent adi gnyl ) di net hyl si | ane

titanium (I |'f am no) benzyl ;
(tert-butyl aetrdbydrofatoremptitinilmirenethylcycl opent adi enyl ) di et hyl si | aneti t ani um

(111) allyl

e . ,
(tert-butyl a%?'gBYY/P&"F%?ﬁ’eE}‘F!W?‘{‘é'r'?'?u“c%z&?‘&ﬂeﬁ?a?d?%’ny| ) di met hyl si | aneti t ani um
E{I I% b2t0 I heEaHydd)t t'mhmﬁlmnﬂimﬁthlnetltamtjmg;meth)ifl)d vl i .
ert-butyl a e err]-cycl opent adi en i me si |l aneti tani um
Gy oY AR BT a B e e g Sad A e T Y
(tert-butyl am d@kéﬁ@}d@ﬁﬁm&yéwb@ﬁﬁ&hﬂé{ﬁh@ﬁ}gﬂh@d]nﬁlm}g) di met hyl si | anetitani um

(rr)y 35 1, 3- pent adi ene,
-11- (tebytylamrdo)tetramethyl-n®-cyciopentadienyl) dimethyisilanetitanium dibenzyl,

PCT/ US98/ 135 -butylamido)(t th thyisilanetitanium dimethyl
(tert-butyl aﬁmé’éoﬁ"("z”‘ mr're?)lge it r¥yf‘ d¥cn1£teﬁ§/e}d§€ﬂy%crj\{gtel tyasrluau?n 1) 1 v

, 4- di phéddy| - (Iembquamldo)(tetramtfalﬂn%nmlopentadlenyl) 1,2-ethanediyltitanium dimethyl,

(tert-butyl agg,?%%;ﬂ%f@é G L TR h S| RN AR Bhldibyh,

2, 4- hexadi en
(tert-butylamido)(tetramethyl-n>-cyclopentadienyt)dimethylsilane titanium (1)

2-(dimethylamino)benzyl;
(tert-butylamido)(tetramethyl-ns-cyc!opentadienyl)dimethylsiianetitanium (1) allyl,
30 (tert-butylamido)(tetramethyl-ns-cyclopentadienyl)dimethylsilanetitanium (1)
2,4-dimethylpentadienyl,
(tert-butylamido)(tetramethyl-n°-cyclopentadienyl)dimethylsilanetitanium (il)
1,4-diphenyi-1,3-butadiene,
{tert-butylamido)(tetramethyi-n>-cyclopentadienyl)dimethyisilanetitanium (1)
35 1,3-pentadiene,
-11-



(tert-butyl am do) (2- et hyl i ndenyl ) di net hyl si |l anetitani um (1V)

2, 3-di net - - but adi ene,

(tert-butyl a"r??"ég‘?( 2- met hyl i ndenyl ) di net hyl sil anetitani um (FW’US &%t 3r58?1e
(tert-butylam do) (2- net hyl i ndenyl ) di net hyl sil anetitanium (1V)

1, 3- but adi ene,

(tert-butyl Qﬁn@y}véazn'90H?mtwmmm9tavlﬁum¢§na§|urraﬂ'ét1.%%{Hh%rm' dEVN

2, 3-di met hyl - lblﬁad}éﬁ@dl ene, 10

(tert but yl am -di met hyl i ndenyl ) di net hyl sil anetitani um (1V)

i soprene (Ten‘%’f“%lﬁ?ﬂ%ﬁ“ﬂ@ﬂ‘@dgﬂ%ﬁh%‘! }/iaﬁtﬂléhg’ll) driReAEnei | aneti t ani um
(I'V) di met hykp. butylamado)é2-methyhnden l)dlmethylsnanetltamum (IV) 2,3-dimethyl-1,3-

(tert-butylam do(& i met hyl i ndenyl) di nmet hyIS|Ianet|tan| um(I\/) di benzyl
(tert-bwRyl aniBaqienss. di net hyl i ndenyl ) di net hyl si | anetitani um (1V)

1,3-butadie bjaallamtdo 2-meth llnden ldtmeth ls&lanetltamum IV) isoprene,
(tert butylz'(}mdog g y ay) y IS|Ia(ne)t|t%n|um(II)
1, 3- pent adi &R8- buty amldo)(2-methyhndenyl) methylsﬂane itanium (IV) 1,3-butadiene,

(1 tert: Eﬁte %;?}%%Magmﬁoﬂh@?&m Hylh%(’f?'bgh& ifHeWR/idh4hatiadgd vy ani um (11)

(tert but yI am 2igp{reethelt hjibutagiengl ) di net hyl si l anetitani um (11)

1, 3- penjgdi
(tertepigyl SR sumaido)2 admetryindenyidmetisipnetieantn (V) (1 v) i methyl, 20

(tert-butyl anmiigeprene met hyl i ndenyl ) di met hyI silanetitanium (1V) dibenzyl,

(vert-buty! aghdRhidnBib. adobiyffdaR i HarBrLA (ofhéhgni um (11)

(tert-butyl étﬁrtdeamnlei(Hg&dimemvbm@enyhamwwwnﬁttwv@u(lVa\ﬁttteiﬂMm um (11) 1

, 3-pent adi eng IV) 1,3-butadi
(tert but yl am %Wzmxdo%(ﬁ il dlmetrn/hndeinyr%glmeth)Slsdlanetxtary}ngl(l z%net i ?gnllelrjﬁq (rn)

2, 4- hexai efflen-ngylamido)(2, 3 dlmethyhndenyl)dlmethylsnlanetltamum () 1,3-pentadiene,

(tert butyl ?t@h%xﬁ?d&?(ﬁ%t &We{t{f‘ﬂgé%ndﬁﬁ‘glé?@?&hﬁgﬁt%biﬁo(ﬁj {TRIdpHeny-

sil anetitaniium
(tert-butyl an tdqutastienaret hyl -[err] -cycl opent adi enyl ) di net hyl si | anetitani um

(1V) P%S“ﬁ

(t ert-butyl étert %eltng(tzf}M%th?ri "F{ nwcﬁrgla@pggaennﬁhéa&meﬂUi/id? Free?tﬁg'lers‘?l anetitani um
(1v) 30 (tert-Husyipmisiod(2- methylmdenyl)dlmethylsxlanetltamum (I dimethyl,

Ent?” byy! %@hd&)&léﬁidro?(gﬁ’g&}ﬂgrr{d%{d déﬁgﬁ{y%gﬁr%%n&ﬁ'mw dibeRiyny! - sil anetitaniu
(tert-butyl éﬁeﬂoh»h(l@f@td%(ﬂﬂﬂﬁﬁwl-‘{ ehenylingenybgimatasianstitaeiimedthy | si | aneti t ani um
(rn) H@‘?@ i

(tert-butylam do)(?‘t) et a?re'?ﬁ'ﬁ?-%%rr] cycl opent adi enyl ) di net hyl -

si | anet i t ani(@mrigutylamido)(2-methyl-4-phenylindenyi)dimethylsilanetitanium (i) 1,3-pentadiene, _ 1o_
WO 99/ 06449&% butylamido)(2- meté\yl -4- Pnenylmde&pyp)dlmet dy{suanetltamum (1) 2,4-hexadiene,

PCT/ US98/ 13 ent a
(tert-badyl ammwlammddtetawhweﬁmdﬁoeantadnyhylmlmemwyw@ne%tnemm @i umdi et hyl

(tert but yl am doa)?"g % et hyl cycl ohexadi enyl ) di net hyl si | aneti t ani undi net hy
| ( t dtert-utylpinidd) tetygriethi-n ciyaiepaytadian@)dimethylsilanetitanium (IV)

10[err] 1,4,5 ht hal en-4- 5
yl ) di met hyl si | ag;é(;WMﬁg{i&?ﬂ%?ﬁ@?
(tert-butyl gErdeliamidc}(tdrdreéthairetdyzlopentddigni)diBethgisiidnetitatiutn VY, 8- hexahydr
onapht hgben- 4-yl) di met hyl si |l aneti t ani undi et hyl
isoprene,
(tert-butylamldo)(tetramethyl-ns-cyc!opentadienyl)dimethy!- silanetitanium (11)
1,4-dibenzyi-1,3-butadiene,
(tert-butylamido)(tetramethyi-n°-cyclopentadienyl)dimethylsilanetitanium (1)
2,4-hexadiene,

35  (tert-butylamido)(tetramethyl-n*-cyclopentadienyl)dimethyl- silanetitanium (i)
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(tert-butylam do) (tetranethyl-[err]-cycl opentadi enyl

et hy| pherﬂyb%:‘ﬂmet| t ani um (| V) di net hy| , 10 PCT/US98/13504
(tert-butylam do) (tetranmethyl-[err]-cycl opentadi enyl

met hyl phenyl sil anetitanium (I1) 1 ,4-di phenyl -1 , 3-butadi ene,
1-(tert-butyl aglnqtgay|.q gbg,t,tgg,@ﬁg hyl - [er r]- cycl opent adi enyl )et hanedl yltitaniu

{
T §er) - but y ey el ek dmaiRentasion Sy dmataiians EagHpEimeigdi y | -
titani um (1 lgenlydylarhiio)( Bﬁ-ﬁhﬁzﬂylc\/&oﬁé%ﬁ@ﬂi)&uﬂ%mylsnanetntamumdlm&ﬁﬂp' exes

cont ai ni ng two Lp" groups i ncl |'exes suitable tor use
in the presdtert- l:iled@lmd - dlmaﬂMfZ 3.4,9, 10-n -1,4;5, 6 7.8-hexahydronaphthalen-4-

bi s(cycl gpent a |,
bi s(cycl gpent a@ﬁﬁ&z!é@%‘%%@ﬁﬁw
l;! sg cyc: oper(teaéﬁmﬂgr:n‘)%mwcbﬁﬁttwm;?yll-z bﬁr&ytll)-n-1,4,5,G,7.8-hexahydronaph’tha!en-
| s( cycl opert AEITRYYSTANeXERITRIREL, D
bi s(cycl open BV AT i |5 X yl,
bi s( cycl opentenchiaylzinido) tetrdmethyaiyyclopentadien Imethylphenylsnlanetltanlum (Iv)
bi s(cycl opent aa ﬂ}/l ) zi rconi unmet hyl nmet hoxi o?,
bi s(cycl opent al )zirconiunnethylchloride
E' SE pe n:l 9”‘3: %‘ﬂ:—&)fﬁllaﬂ é\gdrﬁéiﬁ*l)rflc?%ﬁér?{rdmbﬁE?trﬁBﬂl'sylphenylsnanetltamum (m
i s(pent anet hyl cyc open adi en ani undi e
bi s(i ndenyl ) zi # éofirhet-her alene, " indenyl fluorenyl zi rconi undi methyl, 30
bi s(i ndenyl) t Vv
bi s(i ndenyl )gitéfg%ﬁ%)@% l??@gfthgﬁﬁWc%bﬂ@b%ﬁ?ﬁé{hinedlym anium (V)
bi s(t et rahydr oFimedmIang r coni unmet hyI trimethylsilyl,
bi s( pent ameth [ C0 I Sl ik i}
bi s( pent anet h %@é@*’%ﬁﬁﬁ{’?w%’}“} Hﬁgﬁkh&@gﬁ%@ﬁgﬁ%ﬁ%@edlyl titanium (If) 1,4
bi s( penflanetdipenylel,3ibeechetieeny| ) zi r coni unmet hyl met hoxi de,
;Dg’_; US98/ 1350 4V\D (,gc%agéégcontaining two Lp groups including bridged complexes suitable for
EI SE pe?';]alrrezusylilmm ropesTitanliestign neiudeoni unn’gpt h%/lhclhl ori de,
i s(nethyle ner undi et hyl ,
bi s(butyl cyclo p’g&nﬁgg%%@??%yﬁddnéﬁ%nzyl ,

bi s(t - but yl dys(bygenentatiieny)kiyconiwmdibenadil,net hyl , 5
bi th bt et mdi met h |,
b: ZE (raret yl Sr%%gﬁ%no@é’g%@gg'?%ﬁy ZI r%%%&g: lt;enlz;/TF y
it

I et hy' Sl |s($c§ eﬁﬁ@ n Henyf; O UMt y

dinmethylsily cyclopen adl enyl)titanium (I11) allyl 10
di net hyl si | yis(bycigpentadignytititahisprealtyhdi enyl ) zi r coni undi chl ori de,

di ot hy) i | i Bl St or R RS A, coni umsi chl or i de

25  bis(cyclopentadienyl)zirconiummethyichioride,

bis(pentamethyicyclopentadienyl)zirconiumdimethyt,
bis(pentamethyicyclopentadienyl)titaniumdimethyl,
bis(indenyf)zirconiumdimethyl,
indenylflucrenylzirconiumdimethyl,

30  bis(indenyl)zirconiummethyl(2-(dimethylamino)benzyi),
bis(indenyl)zirconiummethyltrimethylsilyl,
bis(tetrahydroindenyl)zirconiummethyltrimethyisilyl,
bis(pentamethyicyclopentadienyl)zirconiummethylbenzyl,
bis(pentamethylcyclopentadienyl)zirconiumdibenzyi,

35  bis(pentamethyicyclopentadienyl)zirconiummethylmethoxide,

-13-



(et hyl ene-bi s(tetranet hyl cycl opentadi enyl )titaniun(lI1)
2- (di nmeth j enzyl,
(Zm(e'él_hyl teﬂ)ear(g?as/(?gjééut yl I(:ycl opent adi enyl )titanium(111) PCT/US8/3504

- (di net hyl am no) benzyl ,
di met hyl si | Jo ] j j\ M j 15
di net h§| Si | és‘%”%&ﬂ@?#}‘%‘féﬁg%ﬁéﬂyv%@%’ﬁ%%@?ﬁﬁ :
di net hyl si | pis{metbyipthylsybippentagipei)zircerdemdimetivi,coni undi net hyl ,
di met hyl si | ' ' ) Z1F jaum 1 ,4-di phenyl -1 , 3-but adi ene,
di mot hyl < | ésl‘ﬁ!’@‘%‘é“{%bwé"ﬂ%ﬁ%h%‘{hﬁ% Yairconium(11)
1, 4- di pheny bistt:Bityicyciopiestadjenyl)zirconiumdimethyt, '
di met hyl gi | }éls &éﬁ%&r‘gH @%&Bég&ﬁ&%h}lﬂi&SQUH\HIE‘E(AM
1, 4- di pheny i Suradi &n , ' ’
di net hyl si | pis(etyiprapytoydlppgntadienyijziroordumdibendybr i de,
di met hyl si | yl_4,bi r : i i bi s(trimethylsilyl),
(i sopropyli §%ﬁ‘§5"?@§5ﬁ'gﬁ%n%g‘lue“%@%&&@f@%‘?ﬁ{nr coni undi benzyl , and
di met hyl si | dinfetbyisitylveis{oyciopemtagienyl ifceniyiniipidtndr enyl ) zi r coni um di et hyl .
O her cat al ' t Ml t G oup 4 netal s,
Wity of osimanySEREE|Bhaefdh R TR UB T Coar
The cocHd al dsnethyi$ilyt-bis(tibuhdeyclopenteadiengl) zobiemdiobibride, conbi nati on with an
ol i goneric qf L yerd I c nd, . L (hydrocar byl ) al um num
co rrg ound, agﬁ?%ﬁvgjﬁ@gﬁ%‘[yIﬁé@?%é%‘ﬁ%&%&%”ﬁ%#ﬂé%c onpou n)é , ) a
di ( hydr ocar kmbthi/idnbypit(etrameshyleyoiogeptatienyiitiamicro (R (dimethylaimitiaberyayt. ocar by -
30 am do) (hydr pcar b ] J d. a : ;
ai (nydr ocar B9E TG SEPS SR EE AR RS R 2 imenyiamineibenzy,
gl (héq[}ocar ldjrhethlwsiiy_ﬂb(sﬁydtgnyﬁlairdmlyﬂu)w_ﬁtzénlzylbmaﬁm num conpound, a Con
oregoi 1 ametky Bl B8l A B T RS ENBE8 hon hyar ogen atoms i1 each
h?/dr ocar byl ,dimethylsilylhpiskl(mnm:ctriyly-rephyenylmdea}?l{zj/rborgmr?dimethyﬂ,_ desir e]g_. _Thleseb_ -
al um num conpounds. are usef.ul. e ed for icial abili
to scavgange?’Hﬁwﬁﬁﬂyﬁi‘ég(%mﬁhyggg%ﬁgé'éﬁn%ﬁg '(?i'pheny"tl Bgdr.]d’éa (g? ehydes fromt hg
pol yner i zat idimethylsilyl-bis(2-methyi-4-phenylindenyl)zirconium (i) 1,4-diphenyl-1,3-butadiene,
-14- . 9 4 . . . . .
pCT usos/ 13 SIS B anycroipgenyzcopun (i AARISTHELIRAEINS L o err]
t ri al kyR0Oal wimetbpisiyd-triséiuedenyl)zirconiummesihgichialily, t hose wherei n the al kyl

j n- i | |,
neopontyi - iy sl Borah i BRI bistABMISHL 4 conc ai i g from
1-6 car bons (isoptopglidehk)(tyappentadenyl) fluorengi)tiwofi@maiehayisand the aryl group
ot hy! a umeSREY BT e AR BRRIE AU RN 1 ol uowane.
(rom o 30, 000 bo 2000 T e 0 e (0 100: 1. ot

£y FPRPEgp et Radt SRLAR NG A O -

prefera The nol ar ratio of
cat al yst/ cocat al yBte cacptatystiofihe freeatidnymanaige pefusediricanibinationOvith &0: 1, nore

preferably fg. " 1 efer I ; : M xt ures of
t he activat |°?1'§m€é%§ %@éﬂ%g‘aﬁ%gﬁ é@ﬁ@“‘?&néé’ﬁw %%Ja&gv}agfr@ga%we enpl oyed if
desired. compound, a difujidredalrzy!)dudirddachyigy)aureinumadompoupdorer s i ncl ude

et hyl eni cal | y, unsat ur d _on rs, acetyl enic onj ugat ed
or non-conj ﬂ&%’%’&%ﬁéﬁ@?‘,ydéﬂ?&’by' am“’%ﬁ\‘%}‘ﬂ&@ oewgr?ggwn%gn%rrgﬁi ncl ude

ol ef i ns 30f orareida)tiidescaaby)aturoiherhi cosnpeand, g diliydrdcadiyl)2mido(dSiiy)8idminunef er abl y
fromz2 to Zodomr{)%rugd.par 8|f(r$yr rc?r!a¥b)}cl)r-gnqjsdcza(r{[ygroscaf':n%[)Psﬂ{/])a%n?i%m compound, a

bis(dihydrocarbylamido)(silyl)aluminum compound, or a mixture of the foregoing

compounds, having from 1 to 20 non-hydrogen atoms in each hydrocarbyl,
hydrocarbyloxy, or silyl group, if desired. These aluminum compounds are usefully
35 employed for their beneficial ability to scavenge impurities such as oxygen, water,

and aldehydes from the polymerization mixture.
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and conbi nations of two or nore of such al pha-olefins. Particularly

sui t abl e awohB®w6449 ol efins include, for exanple, ethylengpcrRisopyisgpe, 1
-but ene, 1 -pentene, 4- nmet hyl pent ene-1, 1-hexene, 1-heptene,

1- octene, 1l-nonene, 1-decene, 1-undecene, 1- dodecene, 1-tridecene,

1-tetradecene, 1-fefetradaneniaumaonpothismcivas T elatgf alummud® compedndsas | ong
chain vinyl term nated oligoneric or polyneric reaction products forned

during the ®spsgialivithess wherehxihe efiyt grpupeare etbylapropy, ispRIOPYli oty isaidd. t o
th o . ) . L | e
br anches. | n e peobiriyh bFisbrbrtiGhid arloRAUEMITE Borrbiirkis RRBIARGYPm

et hyl ene, priopearbons iniihe alieyl groupand Jromp@ ta thearboens in the aryl gepupr{especiallyt ene,

d conbknaty thyl . W) h
ther al Bha-SPen SlRheifreRda bR, (R LrERafs Hodfed ¢
al kyl athgalumoxane ang disobutylalwnoxaneu dheandig ratie of alumjnusy compatnche,

1, 4- hexadi ' ' A&
1 4-hoxac S meg complltt AREB R T5o G0  1GESAS DAY HRIDENG ol isopn |
enpl oyed.  to100:1, most preferaynéoml 1:100to 100:Y.neri zati on may be acconpli shed

at conditions wel i LiQr ' = ry.
Kam nsky- Si nn typ?ltgl egﬁﬁépn{eaﬁgzozfitc I&ghﬁ?g%g#aﬁ%sﬁgﬁplgy% pzﬁg'g‘%g{é :r}lgng ﬁ_%’ﬁﬂu (l)%)n,
sl urry, 19as 1pttaswre prefegblyfras 4tf t, 1: Wmbdsterefergblyofyed 1i 15 bat:dh Mixtures afr

conti nuous f . _ ndi tion | i I,red.
Examl o of G EHVRUR CRE ST irapbeent IRy 45 SRR ubiRd o
88/ 02009, US- A- 5,SutdbisatditioS-paiymetizablg 23ondateré\ing|usé &thénicdlip-uAstutéd 652,
35 US A4y 843,390 087l oSBRe il obSidiids SAR8oudhish Shssuhirte:

99/ 06449 polyenes. Preterred monomers include olefins, for examples alpha-olefins having

PCT/ US98L13 | i i t -250 C.
bref err di palme 2aPPRrEsITRY FR 21 26 TREE Blefh By Mo pHE R it 4Bl
at nospher es.and combinations of twer @freoneed speloalphs-olgfins.oRditiculariy suiteblaialpha-ol ut i on
I i zati f I ti | uti I i zati

P oroesen . cnmsdRaRe, fororaior Bhifent. SBVisREHBuBRE b fleRR 4T 2 O
[ qlui d dil lﬁemethylggntehen} th 5 énwlrlt-fhefmmes_ t1fnﬂtgn@en4rmamit@n"-décselne, 1-undeceme! t hat

t least t roduct s e rizatjon are contjnuqu [ rom
The +oseti on-HRGRAERE - Biekde RPaiESceAE! | PRy BhECA R (M Sedon b SHREE oL [ 0T
of t_he 20 I weruﬁdgh?)nhaithr?ﬁmﬁatﬁ‘wigbi_nwi?ptapmymefxr eacﬁmcpradu?ﬁm@wﬂ SO

t ... the merization.r ur, urjn e

ol ymor | ot 1aRR8 B neymerizaion fLE ok SoieiRs sPecy Sifedid e BacdSr; 4ui o
di | gent S i nahittlee Bimrdéxgtbtprawbebéamélﬁ(bnt@fmhm thm;itrms@am bmgﬁsmﬂrmglpaymfrs. f
i sobut ane, t an ent ane, .hexane, ane, octan a X1 ur es er eof ;
L oyer e PR GRS RS A D BRbess, d Bliond BrrmBtihaerend-171-
met P?/I cycl otmegaﬂag -octen% aneltdoyribivyationd epétapiene fall‘mi’oﬂ]::mbfmﬁwitb bae eofrforand

erfl uorinat e rogcarbqgns s as erfluorin rr] al kanes.
gui t abl élsdi |%H&RP\é‘eéFg‘%arﬁ%frsﬂﬁdﬁgﬁbﬂ’&fﬁf@dﬂp&%‘&%ﬁH&II@% {fxger%,?ml—tqr Yarly

f f)rk Iuse \l/)vi t sudBNORYi styrbRes, etadflabrotthysanel viagicgdiotiLedre, 0[4-fidxadiene,
al kyl - subst i

ut ed . _styrenes) including.,tql uen et hyl benzene or
Xyl oo, ae. ibicERenEipReq ey B Ryt ete. 30 1 -fe0ns. MER Gh Rty
conononer s) rhéitlondd Atbridiniars &1y, algty BP¥npRYed.bUt adi ene, ~ cyclopentene, 1
-hexene, 3-methyl In 1g_eRgnnatI,Eing boé'l;nréﬁg%ln_rrliéyp gen ggcno?ﬁpﬁ%héd_ Qec)é%gftigrqse WeI]( known

30 in the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions.

)

Suspension, solution, slurry, gas phase or high pressure, whether employed in batch
or continuous form or other process conditions, may be employed if desired.
Examples of such well known polymerization processes are depicted in WO
88/02008, US-A-5,084,534, US-A-5,405,922, US-A-4,588,790, US-A-5,032,652,

35 US-A-4,543,399, US-A-4,564,647, US-A-4,522,987, and elsewhere. Preferred
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octene, 1-decene, styrene, divinylbenzene, allylbenzene, and vinyltoluene

(i ncl udi n%ég &&I | soners alone or in adm xture). M xtures _of the

foregoi ng a M48Y suitable. I n nmost pol yner i GV Pt i ons
the nolar ratio of cat al yst pol ymeri zabl e corrpounds enpl oyed is from
10[err]:1 to }rL f’L Ee%mf rablﬁfromlg% J

10[err]: 1. POY Sidekior empﬁg%tu tBLF {FOM EerP Ssi e OHWéerlZﬁv%Pieaﬁ“fﬁﬁy al so

be utilized 4r8 f;@ﬁfmnmphm tafgooommdsspa;@féseast one addi ti onal honpbgeneous or
het er ogeneous polpé( rizati on cat al arate.react ors connect ed

in series or in par "98|P’?‘&€SB&“8;98P@§% PRiyde Sglgmgpolymenz 1201 Gedesi r abl e
" properties. p%femwrmrmnoéwsmhuoa pﬁiﬁ@ﬁt‘z&tnbﬁp:@béﬁe@S&ﬂwdhﬁteM the preséhbe00500.

A nore specific process i.s d|n co endlr) | i cation .

041 171155 509! an AIDREE S appucte R i e "chyBRbous By Beizaten p.
conbi nati on medrdt thdret %@St@l@tproducts of%%t@hﬁﬁiémn@*@a@hmo@ély sermbvatitaaul ar
wei ght contr ol al um num conpounds

??(F:;Fints I.ncl ude hydroge r¥
or ot her kndf reFeHPR Mixtyes pUsh %ﬁg@h??mﬂeﬁaﬂ%’%‘m“ﬁ@m °fap%ﬂ'éf’ theof the use

of the pr eserebcmqmwryspsefé@brymeaﬁmdré YedctiaRead 16 Edhtihaassly dded to
condi ti ons) to produce, naryow nol ecul ar wei ght distribution, ;glrgfra} olefin

honopol ymer &P QQO'V"‘&HEF‘“(%HBP‘MF’E"’Pgwth@rpémegf‘zﬁm dreRies &f PRAtCHC es.

Preferrad inr)H\!/%Vdﬁc h%me diluents include straight and branched-chain hydrocarbons such as
- 16- 99/ 06449

PCT/ US98/ 1358ebutane, butangy,paiians, hexane, hratane, ostangy aad progures pgrgol alyclitian

2. 3. Such naydeoeafByne GutRas cycfohexanelc%roheptahéIrﬁéthyleybnmxaﬁar products are
hi ghly desirable due to inproved tensil gth properties.

The cat al ystMebiisydphanians and W‘H@éé@?ﬂ*oﬂ ﬁO@ﬁ?ﬁ'&ﬁ”’(‘f"éﬁd RYdrecHRORHEHBAY t o

5 advant ag;eeﬁzmbrtnafédw 152AaReNOLYIMEYd diffehRMisHAcitae alamaic Fakdcarbdis
ol efins. Gas phase processes for the polynerization of ol efins,

especi aliby t Ipartinuhaﬂy)tdryusem»mammatnc a-olefmalsdcrcwgt}ygemrdrzlag iabay!- sﬂbsﬁtd’n@d ene
and propyl eng e,.C Ter ti r al pha
ol efins such gne§ Cl%@él&%&? etlh @Fgﬁa@e onyIﬁg;ea},? wgyas |IQUI(¥MO|ePnSd Eﬁ

met hyl - 1- penheylactaa’senumdrhel‘smmmmbnombl&) &fctudm%tmﬂwlme)mmeabmadnsed

comer ci al | Yo 1

e scal for t he

pol yet hyl ene™{ e”e ?qr\ 3 tﬁﬂen%?r{t?/"ep a\/ - @e?ﬁ;\ﬁpﬁﬁex?&near | ow
density pol ycmténd eFtBecéhdLDlﬁE)an@,mMnylbenzep@Ianplbemdrﬂnend vinyltoluene (includiftge gas
phase prces ca for.e the t ' enpl oys

machanéla cal %Vgé}}]ﬁf eo%@ %ﬁmgt‘dfgg pf@ %@‘eB%rggglggtaﬁeexgé%glﬁaebrkfzat ion 15
r eact ion zone. Pr mfremst@dlynwrnzhmrpneacm's tindn ervoter matichef qatﬂlgetrpolymtuzabier eaction
Is carried out in a vertical | i ndri,cal polynerization r actor
cont ai ni ng aCIMRAUMES empiy@dds from 10'%1)!%/?1%? panore éTeé%’aglMﬁMﬂ%a doBve a
per f or at ed p{@ge‘ the fluidisation grid, by a flow of fluidisation
gas. The gas enpl oyed to fIU|d|ze the bed conprises the
nmonomer or nononeTise 2dlalysiocdmepasitioy ok thezeekntian thayl s seutilized dscanbivation

exchangcism%%na{ 18adiohe% %d&l ﬁalmomogeneous or heterogeneous polymerization catalyst
in separate reactors connected in series or in parallel to prepare polymer blends
having desirable properties. An example of such a process is disclosed in WO
94/00500. A more specific process is disclosed in copending application WO
94/17112.

30 Molecular weight control agents can be used in combination with the present
cocatalysts. Examples of such molecular weight control agents include hydrogen,
trialkyl aluminum compounds or other known chain transfer agents. A particular
benefit of the use of the present cocatalysts is the ability (depending on reaction
conditions) to produce narrow molecular weight distribution a-olefin homopolymers

35  and copolymers in greatly improved catalyst efficiencies. Preferred polymers have
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of reaction fromthe bed. The hot gases energe fromthe top of the reactor,

normal |y woo9nedigd @ tranquilization zone, also known as a pet06dsii%504
reducti on zone, having a w der di aneter than the fluidized bed and

wherein fine particles entrained in the gas stream have an

Opport Uuni't ViR loPiest fah 23CHol e%@fegmgeegmari §2%,8h BB iU ageous Lo

25 use a cyclone to renove u tra art From t hot gas stream
The gas is whight d'stnbutrqmpdwneypmdugteaeajhngblytdleetrai:éddwtqmevedfterasﬂsl ower or
conpr essor Qt?éh g eﬂ{esrmre heat exchangers to strip the gas of the
heat of pol ymerizat A preferred nmethod of cooling of the
bed, in additi onTh@catablstmmﬂqu@rqmmejmsem invention caR atse decinplexdicdiPe gas,

is to feed Qd\%’a(?'t esh\‘ihc% ggé":!‘?a%e%oﬁ}hﬁer%q?% Qnd)&@d’dlﬂﬁe%ﬂ&%f ole(r%p%é’% ive

cool ing eff 0 enp case can be
exanpl e, a phdsetproesssasfar the qdyd&entat«oneﬁalqﬁhe, esaedaﬂwhhatf@mdn?wﬂ‘@daam

having 3 to I r ho hag. e that the

nononer or %@%?Pood‘gn e%@é’ﬁ? ?Q%}fleﬁe %Rd ?‘W&%&? ! T““?{hg Pglbn.'gbg%gﬁ e condensed

to provi de sthglena wmmngrtértalipha ctlefms@cs ab}fabkyample, 1—bbtené,edhexanehé- bed to

provi de an ev at| e co ffec L es rs

whi ch can b@egﬁ@ geqe arg enggWHéﬁ‘ Ehgra?a#%h 9{88‘;588% glﬁéntlmsne:é %a’g&

ei ght, t0efen abérnefsmlmfar the nsanufaciureah highatemsityl bayetbylane (@IPEH meglium

%agg; ggizgdgnstitg%OQ%{herne (MDPE), linear low density polyethylene (LLDPE) and

]I:’|CT/ (LjJSQS/ 13b6¢propylene. f 1l ui di zed bed to formgas which m xes with the .
ui di zi ng gas o atil u |s a orer,

wi | | undergo soné{‘ﬁ(gﬁ ??3185008?13 ?'ﬂphﬁ% be 'fﬂr exar;%?é)%g\}"a &Pg%g:ﬂl I qui d

2 Ete gr grrer geggi‘pw??satsr’inﬁ%ﬁafmm stlmﬁdaﬁ@d br 2?&;5 f(l)l];ﬁdnhezﬂ be@agﬁea:c:jmsenmnm Jol o

gas 15 15° FBpRgome, pristacls o eRangy e he pobfEieaibeuBaRiond® FaBEY i,

the gas is eothedvdrical cyhndnb&l|pbwmd1ﬁaﬁtﬂ'v\telaﬁﬂoﬂtonthmmglajﬂuﬁditéd pecefi pit at e

fromthe gas., This d r abl cycl It | Y t he

f1uidized bBB‘Y"P{ pia@c%&sgPB?%eqe%bdvga%er@r?tﬁg p[ﬁ?%éﬁ%ﬁ&giggdd SHEYY aﬂohn?d to

]'Ehe bed as bf&ul?xdatt&mg;ﬂ;;tz ggrrgl ed in tzg ggggcl e gas stream as descrl bed,

or exanp in
US- A-5352749. A 15°92 Baﬁ’?R'%Xﬂqu]f‘VdﬁF 8PP 8°W8f'ﬁe\ols\§“§r"4°r%‘g’§%2|°?ﬁ‘%”?ﬁ'§'? i qui d
to the b@d tsbé golsmp&zed eantihaasd seruedias a heat dxchandevaedianytolremgessthethe@dm and

et hod i ¢ (RERUPA P tnF RS Bl ek Svator gl eor m e rrae oy S
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type ®fa mfr@mﬁl&atnsn derse; ralsoeidhoivn 28R BlécFO8Action zone, having a Wider
polynerizatlon re ceurr n the S fI Ldize d by
5 ¥ The concrtumeahan e e bPR abd uhami fronerr et BiGn(E] v dn 636 ¥R
can be haeelpp@pb@@.xmtv tayravitatedsitk tnto thedb e Nit Carsatppbetadm’utagecajs tof

desired,.The catal yst can | so bet dtoa r. | on
op 125 ousRmaobEs 6 o s B Radies et et oda SrBi RO ORI kM °0
in a |iquidnorealty deydiento thb(meﬂrbqvhmsa)feaﬂcahe}f&ir comppaEsht amdaone ocowpe i si ng
catal yst particle rti Ies The

pol yner is 6’?88 Z’Bn%‘?rﬁg‘éffiw tF'?lgf’ﬁB V’F% ayérfe&f“g@ orlzat aI yzed
(co) pol yneri zat i mpmfertétemWrmbéslmgmi thenised, I:ruadﬁﬂzc&dtopbe toaling profided

o thepol y ERES &fert recyateidsorstd fecd a R IATR P Heiahya PRSI oretor med
pol ymer 3par tevapeativebddling effeet élﬂ'ﬁb}o}'atlle fiquid einbiyed i this case trbedoget
pol yolefin, e%ggnp e0 rz;d\.llo‘an enfngg hqun(ca] }%r exarXplng sgt%rated nydrgga{rgorgﬁ Svn(\)gr 3 % g’r ogen
preferably 4 to 6, carbon atoms. In the case that the monomer or comonomer itselt
is a volatile liquid, or can be condensed to provide such a liquid this can be suitably
be fed to the bed to provide an evaporative cooling effect. Examples of olefin

35 monomers which can be employed in this manner are olefins containing from 3 to

eight, preferably from 3 to six carbon atoms. The volatile liquid evaporates in the hot
-17-



25 prior to introducing the catalyst, the nononer(s) and any other gases
which it i\§09/06 desired to have in the recycle gas streag such as a

di | uent gas, ?I drogen chai n transfer agent, or an in CTHHr&abl e
gas when operating in gas phase condensing node. The produced pol yner

i s dischar d conti o sly di sconti nuousl dj zed bed
as desired, " B‘HFP@&?'&B% é’ﬂ"‘lffbméf‘eéé{f' |t5§ﬂf¥'mzmg Q%?d?fotBFl"BﬁéHeliﬁﬂlu s

pel I etized. nifhomer or comondrﬁeﬂ f WiNGRIF§®6é bawmbhﬁatmrneﬁm%emvam ion is
operable in the ab S, not been

speci fical | fVEﬁngqeailnC(ei then emerg%oggﬁ@g'ga@or as pant op the %ot recycle gas, and

PCT/ US98/ 13%ftkrs the com idiieat exchange part ot the refydididope Mherteéycfgasignd
correspogldl ng to, the fornula R4
[err] cooled in the heat exchanger and, if the temperature to whigiytbe gas is cooleg is

wher ei n: below the dew deTht' ffquid Wﬂlfﬁr@ﬁﬁia%ifr&ﬂrthé’ gad. Venifiqan ied&siaply of G oup
15 of the Periodic Tab El enents, additionally bearing two

hydr ocar byl '%‘EYS?Fl"PD@H{%‘SUf“’ fb%ﬁ'ﬁ'qu%b% Itis P“é‘ﬁ%ﬁﬁ%"y@%ﬁe PERCIRtatEL | ti vel y

charged der iiy@hity fhleedadb lﬂiuﬂﬁ@r@bleﬁg ca(?ﬁ&}‘iﬁ tﬂé’frébﬁjclbfb%s streampﬁé U@Q‘.‘ri&ea et e of
t he El enents, said a&u bstitute

t hr 10
hydr ocar byl ex@pRle; Plﬁpﬁﬁsss%ﬁmf P§rﬁ‘ 15‘9%'39?@ Pﬂ/@ﬁég%%‘l’mus ASas2745. A Rlerr]

is a diygl eﬂhrtichlahy Bﬁhfélr'?é?dlﬁheﬂ'fodfdf%@y%hﬁ@théﬂgiﬁ@rﬁo e eRpis o 8&piTate the liquid
R2 |ndependent each occurrence is’a roup of from1l to 50

nonhydr ogen TRIMLHS refYcle 9arStinany pabia teije H“%“%F’r wre;qﬂ&mfo Hifmrsth patferably
occurrences ysfg a metho?WW%eﬁ&%f&%de'Er& @cs“o?m’éQMUFd withif® tHe bdc® Fhits el '] ;
15 R4“is a bri rid e group or a divalent Tinking
group of fr@hPTPCESs is desc’%@?ﬁﬁrﬁ@ %ﬁj’@ﬁ atoms Merr] is
boron, al um num gheGlymétFation reaction occurring in the gas fluidized bed is catalyzed by

15 the continuous or semi-continuous addition of catalyst. Such catalyst can be
supported on an inorganic or organic support material if desired. The catalyst can
also be subjected to a prepolymerization step, for example, by polymerizing a small
quantity of olefin monomer in a liquid inent diluent, to provide a catalyst composite
comprising catalyst particles embedded in olefin polymer patticies.

20 The polymer is produced directly in the fluidized bed by catalyzed
(co)polymerization of the monomer(s) on the fluidized particles of catalyst, supported
catalyst or prepolymer within the bed. Start-up of the polymerization reaction is
achieved using a bed of preformed polymer particles, which, preferably, is similar to
the target polyolefin, and conditioning the bed by drying with inert gas or nitrogen

25  prior to introducing the catalyst, the monomer(s) and any other gases which it is
desired to have in the recycie gas stream, such as a diluent gas, hydrogen chain
transter agent, or an inert condensable gas when operating in gas phase condensing
mode. The produced polymer is discharged continuously or discontinuously from the
fluidized bed as desired, optionally exposed to a catalyst kill and optionally pelietized.

30 It is understood that the present invention is operable in the absence ot any
component which has not been specifically disclosed.
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Ar[err] independently each occurrence is a nonovalent, fluorinated organic

5 1o ot ot TUINRDNY ioess oo, ey
G oup 15 elenent; and G oup 14 el enent. 2.
A zwitterionic corrpound accor ding"to® claim 1 corresponding to the

formul a: Higpaltigrr]-B-(Arferr])[err], wherein: R[err] s a
hydr ocar bylé'ma"'ér_oup or a hal o-, al kox y-, N, N-di hydr ocar bl\all am no-‘ 25 '
silyl-, or gernyl- suﬁﬂ'?ﬂ@@WﬂPBV?%dﬁ\%ﬂﬂ‘e W[ err] havi ng
from1l to 40 atons not counting tﬁdrogen at ons;

-19- - WD 99/ 06449

PCT/ US98/ 13504 1 aaloradf thstlﬁydro 4 substituted nitrogen or
phosphorus group, A r‘iM T(N))ﬁ 1 50 é8ns® n each hydrocar byl
group; and Arferr] |nde Zd Iy each occurrence is a

nonoval ent, fluorinated organic group 2 cont aining from6 to 100 atons
not counting hydrogen atons. 5 . A conpound according to
claim1 corresponding to tR& fornula:

HN+(Rerr])[err]-Rerr]- B/(N\[\err])[err] wherein: | _ Rlerr] is a
Cerr] al kyl ene grda?glw’r a C[erlvl R4 yl ene group; R err]

| ndependently each occur\l\ence #s a (err] hydrocarbyl group; and
Ar[err] each occurrence isyperfluorophenyl, perfluoronaphthyl or 1 0
per f 1 uor obi phenyl . 4, A corrpound according to claim1l
correspogdl ng tthh %."I,orrrul a: [err]
L+ is a protonated derivative of an element of Group 15 of the Periodic Table
of the Elements, additionally bearing two hydrocarbyl substituents of from 1 to 50
carbons each, or a positively charged derivative of an element of Group 14 of the
Periodic Table of the Elements, said Group 14 element being substituted with three

10  hydrocarbyl substituents of from 1 to 50 carbons each;
R1is a divalent linking group of from 1 to 40 non-hydrogen atoms;

R2 independently each occurrence is a ligand group of from 1 to 50
nonhydrogen atoms with the proviso that in a sufficient number of occurrences to

balance charge in the compound, R2 is L*+-R1-;

15 R4 is a bridging hydride or halide group or a divalent linking group of from 1 to
40 non-hydrogen atoms;
M1 is boron, aluminum or gallium;
Arf independently each occurrence is a monovaient, fluorinated organic group
containing from 6 to 100 non-hydrogen atoms;
20 Y is a Group 15 element; and
Zis a Group 14 element.
2. A zwitterionic compound according to claim 1 corresponding to the

formula: HL+-R1-B-(Arf)q, wherein:

R1is a hydrocarbylene group or a halo-, alkoxy-, N,N-dihydrocarbylamino-,

25  silyl-, or germyl- substituted hydrocarbylene group, said R1 having from 1 to 40
atoms not counting hydrogen atoms;
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wherein R err] is nethyl h m xture of CJerr] alkyl. 15
5. A cabg) y St Hitﬁi&bﬁl!ﬂtion of [err]-olefins risj.ng, in
conbi nat i on,%@oupfwm HL I and a conpound accordil’%g.%gglg#g‘gone“ofj
claims 1 to 4, or the reaction product thereof. 6. A
supported cat al ygti, §; ; L e} f fi

conprising, in c%ﬁ%?%zfeﬁg]rafbggs@g%p@{ AA '@é&l &c‘%r‘%ﬁ‘?@niﬂ@bg 'l(':EE)Wh oflﬁ% 1to

accor di ng t% cgbensgin@ashdydiicatbybgroupianti, or the reaction product ther eof
and a support material . 7 . A polynerizatjon process
conprising conta qi"ﬁ%pﬁﬂ‘ée’ﬂ'ﬁ 836h Qopwrance & %f’{)"r‘l‘gga*e”t’ uqringed PERIEEFAUPat i on
condi tions gyritdiniag¢irab Y& 1 0 BhRAA e6GHtHg MY dicyehlatdris.5 or 6.

8. A %rocess according to claim7 which is a solutjon polynerization.
-20- VO 99/ %6 449A compound according to claim 1 corresponding to grefformudla; 13504

9. A pol yirRG} I=gn e .ording to claim8 which is a continuous
sol ution po'lqe Fﬁ)ézﬁxi %ﬂﬁﬁf ; Whefbir: 10. A pol yneri zati on process

according to cl akm i ch i r ri don. 5 11.
A pol yneri zati onhpr'%acggég%%ﬂc(g?% ﬁ'&“@ﬁglcﬁfﬁgwﬁg{al S a gas phase
pol ymerization. Rgsindependently each occurrence is a C4-50 hydrocarbyl group; and

Arf each occurrence is perfluorophenyl, perfluoronaphthyl or
10  perfluorobiphenyl.
A compound according to claim 1 corresponding to the formula:

H(R5)2N+ —@~ B-(C6FS)3, H(R5)2N+—©—— B-(C i 2F9)3 .
(CeHs),C* —@- B(CeFs), HR*)N +——©>— B'(CyoF7)3:
—@ B(C¢Fs)s, H(C6H5)2P+_@— B(CFs)s -

) + - o+ -
H(R®)2N" —C,Hy —B(CFs)a H(R*)2N"— C,oH,— B (C12Fg)as

(CoHs),Si

H(R%)2N"— (CoHg) — B'(CeFs)a ,or  H(R%)oN*—CigHas B (C12Fa)s ,
wherein RS is methyl, phenyl or a mixture of C44-1g alkyl.

15 5. A catalyst system for polymerization of a-olefins comprising, in
combination, a Group 4 metal complex and a compound according to any one of
claims 1 to 4, or the reaction product thereof.

6. A supported catalyst system for polymerization of aipha olefins
comprising, in combination, a Group 4 metal complex and a compound according to

20  any one of claims 1 to 4, or the reaction product thereof and a support material.

7 A polymerization process comprising contacting one or more a-olefins
under polymerization conditions with a catalyst system according to claim 5 or 6.
8. A process according to claim 7 which is a solution polymerization.
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9. A polymerizaﬁon process according to claim B which is a contingous
solution polymerization. _

10. A polymerization process according to claim 7 which is a slurry
polymerization. |

11. A polymerization process according to claim 7 w'hich is a gas phase
polymerization. |
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