WD 99/ 29739

PCT/ US98/ 23519 ° ' " TITLE: REDUCED OXI DATI ON STATE TRANSI TI ON
METAL COVPOUNDS USEFUL AS COLEFI N POLYMERI ZATI ON CATALYSTS 5
TECHNI CAL FI #0[99/29739 This invention rel ates t BCHESPERARt al | i C
conpounds conprising a Goup 10 4-6 transition netal conmpound in
which the netal is in a reduced oxidation state and whi ch when

activated by cocatal yst cqomounds, are suitable olefin
pol yneri zation c&l g DUCED OXIDATION STATE TRANSI

ts. UNMETAD oF THE
| NVENTI ON 15 COMPOUNDS USEFUL AS QLEFIN PQMYMRIZAFJQ GATALXBTSi cal | y

unsat urated nononers is well known and has led to the gr eat
proliferation of thernoplastic conpositions of matter from

ol efins, such as pol yethyl ene, polypropyl ene, and et hyl ene propyl ene
rubber. Early pioneers utilized the early transition netal conpounds,
particularly 20 those of the Goup4 netals, with such activators as
al um num al kyl conpounds. Lat er devel opnents extended this work
to bulky ancillary |igand-contai niE&HRICAL FIELD

[err]5-cycl opentadi enyl) transition metal conpounds ("netall ocenes”) with
activators such as al kyl al unbxanes. Representative wor k

addr essi ng pol yrer e ff ﬁH ut ed nono-
and bis-netall ocenqulgrﬁﬁ)%gnaé"srﬁlgﬁdtgsocgi § 5@’!—? c%mp‘SS&d% c8 E@S% élﬁ’ép 368 and
i ts counver par t4-&irmsitpatmail compavhddn@vhidiethe metahisdma reduced oxidativarstade ni ng
nonocycl opent adi ny . retal | ocene cqnpounds are des ibed in U S

patent 5,057, 478 Wh‘cg?WﬁE‘br?"Bthﬂjgg’éf %"E‘\j’tsf o‘f%fﬂ"‘é Serft SwiERle | Jefime

catal ysts pO]ymerégtﬁmc&g@g,gﬂsbed in US patent 5,017,714. Recent

devel opments have shown t effectiveness of ionic catalysts
conpri sed of activated rret aI | ocene cations 30 stabilized by

conpat i bl e noncoordi nati ng ﬁﬂ%om f)%r'rﬁﬁﬁ%ﬁﬁoﬁ pat ents
15

Coordination polymerization of olefinically unsaturated monomers is well
known and has led to the great proliferation of thermoplastic compositions of
matter from olefins, such as polyethylene, polypropylene, and ethylene propylene
rubber. Early pioneers utilized the early transition metal compounds, particularly

20 those of the Group 4 metals, with such activators as aluminum alkyl compounds.
Later developments extended this work to bulky ancillary ligand-containing (e.g.,
n5-cyclopentadienyl) transition metal compounds ("metallocenes") with activators
such as alkyl alumoxanes. Representative work addressing polymer molecular
weight effects of substituted mono- and bis-metallocene compounds is described

25 in EP-A 0 129 368 and its counterpart U.S. patent 5,324,800. Hetero-atom
containing monocyclopentadienyl metallocene compounds are described in U.S.
patent 5,057,475 and silicon bridged biscyclopentadienyl metallocene catalysts
are described in U.S. patent 5,017,714. Recent developments have shown the
effectiveness of ionic catalysts comprised of activated metallocene cations

30 stabilized by compatible noncoordinating anions, see for example U.S. patents



- 2- 5,278,119 and 5, 384,299 and WD 92/ 00333, each of which is.

I ncor porated by reference for purposes of U. S’ patent practice.
Transition nmetal polynerization catalyst systems from G oup 5-10 netals 5
wherein t Lye transition nmetal center is in a high ' ' state and _
stabi li zerd]&(ﬁ%h%gy | ow coordi nati on nt#ber pol yanionic a“r?gimlgla%altirs;%ﬂ_l i gand i
systens are described in US patent 5,502,124 and its divisional US
patent 5,504,049. Suitable | ow coordi nati on nunber pol yanionic.
ancillary |i ga1dd19 aed 5,084,195t dndoWDky2/003838le achnst which isCiatdipdrhedlog. Such are
said to be suitable alone or _in conbination with conventional 10

monoani oni ¢ ArfereneedPrPuRogex i LS. atept BIRUCS ¢ | opent adi enyl deri vati ves.
Exanmple 1 illustrates tris(pyrazolyl)borato vanadi um oxi de dichl oride,
a d[err] vanadi um conmpound, and ethyl ene pol ynerization with it.
Reduced G oup 4- 6Transitier metahpakymerization catatystrgyistems Sroms 6favp 5ak pethlgneri zat i on

catal ysts are,descri bed. i 6/ 13529, These . .compl.exes conprise a

mul ti dgnt at ewr‘Pgrnebnartlllleoﬁcl qe ﬂfa\é%%fl e%%%t%teﬁﬁ%dﬁnﬁ 8?%hc°’i{§auqni 53%{‘%&‘3, optionally
with extra |isgbitded bEiehcodrdiigtion nubis polgdnishid hirillageligindtsyétand b

conpl exes having a 'Cﬁgr opent adi enyl | i gar_ld. )

Hydr ot ri s( pyd8$8Psd MLy Rategt 9,805 4and its dpavonal U Prieea3P% 0P Bigblonet al 1i ¢
conmpounds ang, ; | C have been
doseri bed. 207 vErRaicn Nl en LS B AR ReASUETAR) Ak, ¢
tris(pyrazol phd lserballides. Syendee said to be suigblal alorfer omirGrompimatibn] @itised f or | ow
nol ecylar wei ght pol yners.. and . 97/,17379 descti bi specifically
subst 1Pt ed Sy sl MishrioR gy gsnes Fjel G ot S ARET, | o

metal s, the &xamplees illbstraes riei§(pnazddylibordts | wingdfes rdxideodpRhlerds #1d°G oup 4
metals. U S. patent 5,321, 794 describes ring openi ng netathesis

pol ymeri zat | FAnagumy gompound; (an cBwiens RelymenFor 3t 1 s Redugpd Frapp 4-6 o
hydr ot ri s(pytas@ion hBQr edrSplSRE Y@l ¥€pQimerization TRhYRIGALRBMLatiHngst en in
the +4 or +5 oxidation states. Wth few exceptions, the use of

tri s(pyrazol YW9945b1530 e Thesg pomyplexsppomapriss agmultidantats morpanionisiligend adfler r] net al
centers, T ' t:: Laf Yy . d[err] netal
conpl &% vio 547 Fn0Ri G sk, St bk Bt HaT R MR BT TS
extrenel y | othease pfiitaniurandmplexds dadfg @ syotopentadibny! ligetlf ect i ve.

Hydrotris(pyrazolyl)borate is an art recognized ligand for organometallic
compounds and its use for d° compounds suitable as catalysts have been

20 described. See, for example, WO 97/23492 describing bidentate

tris(pyrazolyl)borate ligands on metals from Groups 8-10 used for low molecular
weight polymers, and WO 97/17379 describing specifically substituted pyrazolyl
containing ligand systems for transition metals, the examples illustrating primarily
d° compounds of Group 4 metals. U.S. patent 5,321,794 describes ring opening
25 metathesis polymerization of cyclic olefins using catalysts with a
hydrotris(pyrazolyl)borate derivative of molybdenum and tungsten in the +4 or +5
oxidation states. With few exceptions, the use of tris(pyrazolyl) borate (“Tp”)
complexes as catalysts involves d° metal centers, as noted. The only prior art
exemplifying a non-d° metal complex, WO 97/17379 in comparative example 12,

30 shows such to have extremely low activity and to be essentially ineffective.



- 3- . Addi ti onal catal ysts would be desirable to supplenent the
above descri bed "technol ogy, particularly those suitable for use as

i nsertion polynerization catal ysts for ol efins. 5 s19

| NVENTI ON DivBGhBBEIRE Thi ssinvention is direBfEUS®E*¥2duced
oxidation state G oup 4-6 netal conpounds, (those having d[err]-d[err]
el ectron configurations) preferably the first row netals in those

groups, suitable for activation as | yneri.zation cat al .
characterized by coﬁ“ﬂﬂti°§Flr1°§“a§ayS§%°§4W%¥eéﬁab}er sst]%@/?%%né?}ﬁy%%‘?ﬁ%{g%%ﬁci Il ary
ligand and tectholRlgy! hrtitWadf thds8Ohfitable forl tidedantindestidanipolgatization| i gands,

excl udi ng cycl opent adi enyl | i gands. The invention includes a

pol yneri zat i oncatalystse s olefias-act eri zed by conpri sing contacting one or
nore nononers pol yneri zabl e by coordination or i nsertion

pol yneri zati on under suitable polynerization conditions with these 15

cat al ysts conposi ti ons. INVENTION DISCLOSURE DESCRI PTI ON OF

DRAW NGS 20 Figures 1-3 are GPC (gel perneation

chr omat ogr aphy) traces of pol yet hyl ene honopol ynmer products prepared

with the invention B3 alwshon {IBfifecRd to reduced/RkRiafidrPgthieeGrohp MGk [neetal] (t hf ) .

Fig. 1 is the trace for the product prepared in Exa

| . nple 9 at a
pol ymeri zat i oncaregavadsa(thess heving ' Heeleqton qopfigurstions) preferably e fifrgh oW ne
product prepar (et : 0, i i t re of 60
Gials ﬁeth?ﬁfea%g@g?&lﬁﬁ% ffgtact‘i"vgaele 355“5)[)1 FilA3n t GORELsAnd

[err]C. Fig. 377st roduc repared in’Exanple 11 at
a pol ymeg i zat i olmricestiged &y usomprifing 15 splestituke@. hydrotris(pyrazolyl)borate anciBEST MODE
AND EXAMPLES OF THE | NVENTL.ON . . . The. i nyenti on, net al,. conpounds
descri bed abo%gf'gna"ﬂea g‘é‘ﬁh}'ﬁ ehipgle 55 mulflgﬂ’r'aégé’ﬂ?lg%?\{lﬂ?/ BRndsy S’fcﬁlg\l/ﬁgng_
chem cal fornulgiopentadienyl ligands. The invention includes a polymerization prodcgéss is the
repl acenent sheet . .

characterized by comprising contacting one or more monomers polymerizable by

coordination or insertion polymerization under suitable polymerization conditions

15 with these catalyst compositions.

DESCRIPTION OF DRAWINGS

Figures 1-3 are GPC (gel permeation chromatography) traces of

20 polyethylene homopolymer products prepared with the invention catalyst
[HB(3,5-Me,Pz),]VCl,(thf). Fig. 1 is the trace for the product prepared in

Example 9 at a polymerization temperature of 30 °C. Fig. 2 is the trace for the

product prepared in Example 10 at a polymerization temperature of 60 °C. Fig. 3

is the trace for the product prepared in Example 11 at a polymerization

25 temperature of 115 °C.

BEST MODE AND EXAMPLES OF THE INVENTION

The invention metal compounds described above can be generically

30 represented by the following chemical formula:



-4- 1sShe err]L[err] where Tp is a-
substltutedtrls(py B c‘legand Mi's aGroup46tranS|t|on '
nmetal; Xis i ndepen , al koxi de, aryl oxi de, am de, phosphi de,

hydri de 0 9972973 bst i tuted hydrocarbylpcralisdasar byl ,
substitute al ocar byI hy'd”rocar byl - or hal ocarbyl -substituted
organonetal l oid, or two groups are joined and bound to the

primary ligand or transition netal to forma ring structure, or one or

nmore groups can contain a n&MXdl, donor group; L is a neutral donor group
whi ch stabilizes the conplex; n is a nunber which is determ ned
by counterbal anci ng the 10 charge on the netal such that the netal

remai ns in awheduged pmﬁabﬂe@my&bﬁis@yﬁhaslygﬁ&ate ligand; Mlsoé/Grr&slpM gharge on
t he precursor conplex is_neutral ng i's a nunber from 1-3,

necessary t otragsition| metalit e iv oD Hﬂisdlﬂ&gie@,utalkeﬂd@namldpp ﬂmlg%md can be

and ar® pr of BRAEYE dyliaq Rundlibih SemgfEmtfockhl LY SARLERAC" 01 O™

preferably C[mima}'byl, l@[imlcar]:yl Efﬂmldcmbylesmbngutgémgamhneimbmubﬁwb@roups
represents these. c

[err] are SoinEd TR BOR 10 the primary; figand or dapsitiogy mebtq f58 2% ubst i tuent s
are as defi neghchg)\of one &zafidte Sfoups ean'%ontai%(h neutral doffor g’i‘&ﬂ) B'lg aﬁélﬁral

i ndependent |y defined as X above, so | ong as one of , R
donor group which stabilizes the complex; n is a number whnch is determmed by

10 counterbalancing the charge on the metal such that the metal remains in a reduced
oxidation state and the overall charge on the precursor complex is neutral; p is a
number from 1-3, as necessary to stabilize the compound. Substitution on the Tp
ligand can be any member of the group defined by X in the foregoing definition,
and are preferably C, - C,, hydrocarbyl moieties, most preferably C, - C,. The

15 following general formula represents these compounds:

Rl"

RII"

Rll

wherein each of the labeled substituents are as defined above. Each of R’, R)”

20 R’’and R’*”” are independently defined as X above.




is not hydride. Sour ce conpounds for the L
neutral donor groups i ncl ude any neutral Lew s base conpounds
capabl e of donating an electron pair to the nmetal center.

Non- | i mi t i n§OeX2 A es i ncl ude di et hyl etber, trinethyl ani nBCT/USI823SI
tetrahydrofuran, 5 di met hyl aniline, aniline, trinethylphosphine,

n- butyl am ne, and the |iKke. An illustrative, suitable
catal yst precursor of this invention is [HB(3, 5-

Me[err]CJerr]Nerr]H [err]]Md[err](Clerr]Herr]O, where M=Ti, V, Cr.
The catal yst conpo@ogise @dmpdimds for the L neutray éadidrogrouByintledpampaeed! i n hi gh

yi el ds using standard organqmet synthetic 10 outes as
i|lustrated i i-sPfgb aéﬁﬁ%‘ﬁg‘%‘g gd‘"}l ating an electron pair to the mpppi CERtero |
conpounds accafghi Mfithg &Rk leE“’xﬁaﬁdep'&éﬁEXetfP& %btﬁ?ltaﬁ%ef Q&trahydrofuran,

insertion polynerizatrion cata ysi s Known net hods for either of

Zi egl er SNat t a dimethylaniline, @mhmttramtbﬂelmphmamshmylanlnmndkhedMOunds sui tabl e
for coordination 15 pol ymeri zation. This activation is achieved for
coordi nati on polynerization by the inclusion of at |east one
reactive metal - | i gandilkistgstie,itablé icgalyst prochrRt of @kis tinvention is [HB(36Re singl e
vacant orbital a acent (’t(l %#! to the SI me_bound ligand, as i.s achi eved

by activation.M ﬁ)elm P abereMio 'SV(apfch‘T’ﬁﬁt W CORPRBAS NS zat i on
art are uch as

Zi egl er or ganol%%ngfﬁwggggbépa&@ﬂi]g aylgﬁglg%lgggﬁg&?gﬁnxanéﬁgg%g%tﬁgs and
ioni zi Ng, ani owues adlingnred gwihp eppedded examples. t hat abstract one |ligand so
as to ionize the netal center into a cationic conpl ex and

provi de a counter-bal anci ng weakly or noncoordi nati ng ani on.

The Zi egl er cocat alThetmethll donippprdsadctording tanhe igemiviemay bk achwugdofsnd of a 25
nmetal of Goups 1, 2, 12 or 13 of the eriodic table of elenents. Preferred

are _ inggrippRRIYMFHZALAR calysi bicknosvn metheds for sither 198 ZiselaNa®ansi st i ng
of alumnum o metauoce@é Kithosfidd Ghetdll NdbmpRLias! é&&kﬂl@leforTh@o%?dm be
represented by the formul ae: (R[err])[err]X'[err]

15 polymerization. This activation is achieved for coordination polymerization by

the inclusion of at least one reactive metal-ligand sigma bond ligand and at least
one single vacant orbital adjacent (cis) to the sigma bound ligand, as is achieved
by activation. The traditional activators of coordination polymerization art are
suitable, those typically include Lewis acids such as Ziegler organometallic
20 cocatalysts and alumoxane compounds, and ionizing, anion precursor compounds
that abstract one ligand so as to ionize the metal center into a cationic complex

and provide a counter-balancing weakly or noncoordinating anion.

The Ziegler cocatalyst will typically be an organometallic compound of a
25 metal of Groups 1, 2, 12 or 13 of the Periodic table of elements. Preferred are
organoaluminum compounds selected from the group consisting of aluminum

alkyl and aluminum alkyl halide. These can be represented by the formulae:

A] (Rz)sx’3-s:
30



30 wherein Rlerr] is independently a hydride or
Clerr] to Cferr] hydrocarbyl radicals including al i phati c,
alicyclic or aromatic hydrocarbon radicals, X is a halogen and s is an

i nt eger frqg% Ao303; and, 5 Al [err] R epefassdsessiy, which
are hydrocar y% al'um num sesqui - hal i des.6- Exanpl es
include triethylalumnum triisobutyl-alum num diethyl

al um nunchloride, Al[err]Et[err]C[err] and Al[err](i-Bu)[err]C[err]. 10
Al kyl al urmxane&eraindl’rmhhﬂé]jeedbnﬂy Iayxlydrliclcrmﬁmegmdwéosubylatdialsaisclmiingl yst

activators, pay for the entlon unds conpri sing

nal | de ahionai. il o et bR TRS® Gafimen e LEUPER 48 G Eh yo,
activator typifeet fforh 3 t@8; and, oI i goneric al um num conpound
represented by the general fornul a (R"-Al-Oferr], which is a
cyclic compound, or R'(R'-Al-Oferr]AIR[err], which is a Iinear conpound.

15 In the dent | t
5 geﬁf‘kﬂk 3,%1&15@3&@9?? l{i‘lﬂé%npxﬁlm s W&iﬂﬁ%ﬁﬁ&n ently a (Jerr] to

Cerr] alkyl radica et hyl, propyl, butyl
or pentyl and "n" is an |nteger froml to about 50 Most

preferably, R is anes ca
prepared by vari ou]g"eaﬁl‘pxeée g%e kﬁﬁa}ﬁf?aﬁ‘ﬁnlf‘% a Psoﬁlﬁt@fral%?% e, legfﬁal umi num
al kyl may be tngatuathiohitid Mo, i a30lBegl.n an inert organic solvent, or

it my be 20 contacted with azhydrat ed salt, such as hydrated copper
sul fate suspended in an inert organic solvent to yield an
al unoxgpe. Gener al f an
ik
IR o Nl PRURAES SRR fuporsny e suS8EL RN

the |inear andctwymirsl, pasipalerly forofhet heermbmmdnmmpwndsbepnmgahakdand

nodi fi ed al unpxanes . ar ref furt.her

descri ptions 4&wds. UTgE aB‘ﬁP&ﬁ‘F CORPOneY use Pas gait@/g T YREDY 3y 8

5,041, 584, 5, Qfidon®pid alubniréh cdfound réfdckedkd by %e&%ﬁerﬂ%xmula (R”-Al-0),,
4,924,018, 4,908, 463, 4, 968, 827, 5,”32”9 032, 5,248, 801, 5,235, 081,

5.157 137,  Wwhich is'a cydjc gpmpayad, of RICEPABORAIR 4 ehiol is agiseqropmpeups. g1 EP 0

516 4765 A, EPDeWneral alumoxane fofrhBla R 1§"'ﬂle¥@d%fy1@é8{3 Cg@ﬁ;@l RgicAgY
i ncorporated by reference for purposes of pat ent practice.
30 for example, methyl, ethyl propyl, butyl or pentyl and "n" is an integer from 1 to

about 50. Most preferably, R” is methyl and "n" is at least 4. Alumoxanes can be
prepared by various procedures known in the art. For example, an aluminum
alkyl may be treated with water dissolved in an inert organic solvent, or it may be

20 contacted with a hydrated salt,. such as hydrated copper sulfate suspended in an
inert organic solvent, to yield an alumoxane. Generally, however prepared, the
reaction of an aluminum alkyl with a limited amount of water yields a mixture of
the linear and cyclic species of the alumoxane. Methylalumoxane and modified
methylalumoxanes are preferred. For further descriptions see, U.S. patents No.

25 4,665,208, 4,952,540, 5,041,584, 5,091,352, 5,206,199, 5,204,419, 4,874,734,
4,924,018, 4,908,463, 4,968,827, 5,329,032, 5,248,801, 5,235,081, 5,157,137,
5,103,031 and EP 0 561 476 Al, EP 0 279 586 B1, EP 0 516 476 A, EP 0 594
218 Al and WO 94/10180, each being incorporated by referénce for purposes of
U.S. patent practice.

30



When the -activator is an alunoxane, the preferred transition netal
conpound to activator nolar ratio is from1:2000 to 10:1, nore preferably
from about 1:500 to 10:1, even nore preferably from aboug 1: 250
to 1:1 and WO99r29739 preferably frgm about 1:100 to FCTYS982351

The term "noncoordi nating anion” is recognized to nean an ani on whi €h

ei ther does not coordi nate to the netal cation or which is only weakly
coor di nat ed Wier! e borhBBF IPVan' GTRIORAAY (BTG EN Waeb AP 1 0 D
di spl aced by a neutra as an o ni ceﬁly or
acetyl eni cal | ycouﬂﬁaﬁdjtoaetcﬂchtmnmtarauo i0from 12000 to 10:1, more prefsably[fidnons of

i oni c catal yst th rising a transijt tal cationic

conpl ex and a %’8 bgﬁﬁi%gg?nﬁveadg?fﬁ p'%ffﬁa?lé(tflf putclofnlgtonbid j agd most

pol ymeri zat i ONyreferably from abHRAPER0 I - he early work in U S. patents

5, 064, 802, 5,132, 388/ 5,198, 401, 5,278, 119, 5,321,106, 5,347,024,
5,408,087, 5,599,671, and international 15 publ i cations WD 92/ 00333
and WO 93/14132. T e f er red, met . pr ration
wherein netal | ocenre)lg1 %’g?&en %‘%g O%ﬁg aglag fﬁlm%ﬂoﬁ 8%%817‘&21{9 MG ?)’Hono whith'

precur sors sucgithehddes ast c&bﬂdklht’eho’dfelnﬁhhl@&tﬁbm}ibrlvﬂuﬂhs biilgGeakly RijorBiingde@nat i on
froma transition netal to make it both cationi c and

char ge- bal ancel@ ihpereppremaining sufficigagy labee tn bradisiered hy @ peutgyl hewisthaee,
abstraction a”éiixchQ§£{6l'=ﬁiﬁcah&g@éﬁlﬁﬁrléﬁfcaﬁ%ﬁﬁba&?ﬁedmonomeﬁmt al l ocenes al so nmay
be |ligands of the netal conpounds e 1 nvention simlar

met hodslOof preparation as active pol yneri zati on catal yst conponents nay
be fol | oned. Descripfions of1o ic qgei us ?h ionizi | ianic co unds not
cont ai ni ng an acti ve proton alysts, those GOmPIISInG B Aoy Hay I 18{5‘f3h an
active nmetal ceainmpdex mdcomoeﬂrdnﬁﬁﬁg anion, sultab]e for%ﬁﬁﬁl&hﬂh 'ﬂ@lyhﬁﬁzailﬂhon is

al so useful. See, EP-A-0 426 637, EP-A-0 U S. patent
5,387,568 for RS Hctheveariyop Hbﬂ{)%uﬁé@nts R%%We 56&?1359»556?8 #He

i oni zi ng i oni cs Qmpn@uné@zl jehes 3406, t DRodH NSt 86 oAl dsng | RfekditlEnal

ferroceni um i 'ver, ‘tropylium tri Ehenyl car beni um and
triethylsilyl |mhlnc@wnam92/00iiéﬁand 9114132, Thesgltdagh a prefereed miethndiofl cat i ons

such as .SOd' UNMyre, gc{b?ls Wﬂ@eﬁr nlekaﬁlg«’:elﬂ@[ Cagﬁt é’?‘ﬂ?‘n chp( daoncgordlnflﬁi:l{gt P%g{on(:l ass of

noncoordi natin nl on precursors Sul nc
precursors such that an alkyl/hydride group is abstracted by protonation from a

transition metal to make it both cationic and charge-balanced by the
noncoordinating anion. Since the abstraction and insertion ligands of such
20 metallocenes also may be ligands of the metal compounds of the invention,

similar methods of preparation as active polymerization catalyst components may
be followed.

The use of ionizing ionic compounds not containing an active proton but

25 capable of producing both an active metal cationic complex and a
noncoordinating anion is also useful. See, EP-A-0 426 637, EP-A-0 573 403 and

U.S. patent 5,387,568 for instructive ionic compounds. Reactive cations of the

ionizing ionic compounds, other than the Bronsted acids, include ferrocenium,

silver, tropylium, triphenylcarbenium and triethylsilylium, or alkali metal or

30 alkaline earth metal cations such as sodium, magnesium or lithium cations. A

further class of noncoordinating anion precursors suitable in accordance with this



invention are hydrated salts conprising the alkali netal or alkaline.earth

net al cations and a non-coordi nati ng ani oh as descri bed above.
The hydrated salts can be prepared by reaction of the netal
cation- nonmgg'ﬁ@ti ng anion salt with water, POTULS235 e, by

hydrol ysis of the comrercially availabfe or readily synthesized 5
LiB(pfp)[err] which yields [Li[err]xHerr]Q [B(pfp)[err]], where (pfp) is
pent af | uor ophenyl or per f |l uorophenyl . An

met al or met adhvention empaidratedofalts comprisipgathe @bakbl inmedetl i corlkabmgp kazth metkc h

is resistant tQ degradation . by.water r ather, Bronst r,Lewi s Acids) may
be 10 oSt 0 SRR Pt A eRha BheR: F S ARGk 201 ¢

met al s i ncl udg, prépdted @iy @eaction of the methllCdatidri-HaricestdinBtingPdntoi sal WithGated, pl ati num
and the like. Suitable netall oids i ngclude, but are not limted

to, boron, pHosprples by dyfrolisk oAty comumersigly, avpighle or readily synghesized pt i on of
noncooridi nat ﬂgg@@é ?Jggﬁ?ﬁ@dﬂiﬁ%ﬁégﬂg?%@gg rvg%fér(gép) i enRRSBRIRhT &

the foregoing p are 1 ncor erence for” purposes of U. S
15 pat perfluopophetyl.ce. An addi tional nethod of
maki ng the active polynerization catalysts of this i nvention

uses ionizing anion pre-cursors which are initially neutral Lewi s acids

but forma metal galyiBéhlGreRmlbR)capabit diTemiiAN e estrdinManl ddehpiexi wiiichipon
i oni zing 20 reaction with the invention conpounds, for exanple

tris(pentaf | usressirahiq Jegradation by watep(gr gfheg diransted ol eiisaeidy Mbocar byl
hydridg or S'\%sg%loﬂl LAba bR ﬂﬁé'rﬁhg)io?d?ndﬁﬂ @fibh.OBuitable metals inc(l)ﬁ%,él%lt afAationic

conpl ex and s I 'zl ng noncoordi nati ng anion, see EP-A-

697 and EP- A-fbt 3Rfited3®, fabiminyrh,ugdld,aplatmunutand ithe hifje.anSuiteblounetadlladsp 4

net al | ocene . conpoupds,. oee al.so.the t hods, and..conpounds of
EP-A-0 495 378cludq,bubare “°W‘m1€fgs‘8rr ?%P?’o‘??°%‘%h°ﬂ‘8n§§8‘i"di"ﬁ’a f'ﬂlgkea%ns and
precursors t h@s@iptiod bf AdiResdEaEg MR NG and precursors theréfoeof sheddeamebnts oficor por at ed
by reference for purposes of U S. patent pracfice. When
the cation poteiferseeips é?ﬁraB'@Prl?Sca’ﬁdﬁ%EﬂrﬁfF%gﬁ’irﬁ renrs & preeset bU-Ps a
Bronstgd aci dpagéﬁgp,a@&eprotons or protonated Lewi s bases (excluding water),
or a 30 reduci ble Lewis acid such as ferroceniumor silver cations,

or al kaline netal or al kaline earth nmetal cations such as those

of sodium magnes im&aftiomltnmﬂw of making the active polymerization catalysts of this

invention uses ionizing anion pre-cursors which are initially neutral Lewis acids
but form a metal cationic complex and the noncoordinating anion upon ionizing
20 reaction with the invention compounds, for example tris(pentafluorophenyl)
boron acts to abstract a hydrocarbyl, hydride or silyl ligand to yield an invention
metal cationic complex and stabilizing noncoordinating anion, see EP-A-0 427
697 and EP-A-0 520 732 for illustration utilizing analogous Group 4 metallocene
compounds. See also the methods and compounds of EP-A-0 495 375. The
25 description of noncoordinating anions and precursors thereto of these documents

are similarly incorporated by reference for purposes of U.S. patent practice.

When the cation portion of an ionic noncoordinating anion precursor is a
Bronsted acid such as protons or protonated Lewis bases (excluding water), or a
30 reducible Lewis acid such as ferrocenium or silver cations, or alkaline metal or

alkaline earth metal cations such as those of sodium, magnesium or lithium



cations, .the transition netal to activator nolar ratio may be any rati o,
but preferably fromabout 10:1 to 1:10, nore preferably from
about 5:1 to 1:5, even nore preferably fromabout 2:1 tg 1:2 and
most pref eraldogémom about 1.2:1 to  _g. 1:1.2 with PREYVPEEY’of about
1:1 being the nost preferred. 5 The catal yst conpl exes of
the invention are useful in polynerization of unsat ur at ed

nmononers conventionally known to,he | yer i zabl ung,e .
ST R Tateds ke v gl

coor di nation pEAtgRerthS ZEPHHOL BIFEH! (P i B§ el enés.” Stch condi ti ons
are WefekablsnRuR 288 10MCh UdED, Soke prefsrabbpfrymedbbwat 1 anl:5séven ry

pol yneri zat i on, gas-ghase 10 pol ynmeri zati gn, a?d hi gh ££ ssure

pol ymeri zat i onmomRgseierbly from abputiZyktg k¢ &nd gt preferably ’°mn’§’§“tb sUPported

and as such w ||, Jhe j W8 Uknd fost BRfdRQWN operating
nodes enpl oyi ng'l |xlé@@%gdgﬁ%ﬁ/[%%w%e@gmIlﬂu? d?ﬁeed, or slurry processes
conductesl in single, series or parallel reactors. 15 When

using the catal ysts_of the invention,, particul arl en_ i nodbi liz
on a support, the tbi%f? ésf§P?§Fx§j£tdé%wl?tf°ngaéﬁg¥e£fvm§} pé)lcliydrlletnlz%)tll’loéll(fqg
cConpri se one Ofpsaturated mond¥REE RAMMEDHIIFY kESWPOINAR. pdlytetiedbla "mdavengi ng

conpounds"” as used in this = _application and its clainms is nmeant to
i ncl ude those conpioatinaspalymesizetiapecongitions using metallpesngs, iSugh SAHONS &uri ti es

fromthe reactiQ 18 ‘51‘\‘1/41 &fuﬂgag%ei s;/)lu%h' ?Q&jﬂ%ﬁza%ﬂ’ slﬂﬁ'gﬁ&lymerizationi E@g};ﬁgget ently

i ntroduced witR". ny o mer | Ion reactl conponent s,

particullarly wpblymefitatient andritglo pressusenpblyra¢ridatiot. The edtalyanef thelvievestedny af f ect
cat al yst activity and stability. 1t cap.resul.t in decreasing or
even el im nati GHYSE SBW&F@F%%“ ok Wil be pmﬁgflprs,\{ 1’537?“1 b‘éﬁ}eikgﬂ%r‘)??ml en

i oni zi ng ani on yRy4es CaMFGHifg 2fkddREE heneEBéR NEl-tRl St@Mslurry processes  The
polar inpurities, or catalyst poisons include water, oxygen, netal

i mpurities, 25 conducted intingle,perissoF prlel 526l are t aken before provision of
such into the reaction vessel, for exanple by chem cal treatnent
or careful separation techniques after or during the synthesis
or prepdbation of t Kéhenasingtie tiystmfibsinvéntionspaniculdrlyovhearimmebiized

g: Oigg\slengl ng Co%rgps%gé](g‘bmel_ tloggéaltzll)l(st Q)ps errrrlallvil?/ge?leé\raﬂ)sr ggldi{k?nah)r(] %orgglji% THL heation
more scavenging compounds. The term "scavenging compounds" as used in this
application and its claims is meant to include those compounds effective for
removing polar impurities from the reaction environment. Impurities can be

20 inadvertently introduced with any of the polymerization reaction components,
particularly with solvent, monomer and catalyst feed, and adversely affect catalyst
activity and stability. It can result in decreasing or even elimination of catalytic
activity, particularly when ionizing anion pre-cursors activate the catalyst system.
The polar impurities, or catalyst poisons include water, oxygen, metal impurities,

25 etc. Preferably steps are taken before provision of such into the reaction vessel,
for example by chemical treatment or careful separation techniques after or during
the synthesis or preparation of the various components, but some minor amounts
of scavenging compound will still normally be used in the polymerization process
itself.

30



Typically the scavengi ng conpound will be an organonetal lic conpound
such as the G oup-13 organonetal lic conpounds of U’S. patents '5, 153, 157,
5,241,025 and WO A-91/09882, WD A-94/ 03506, WO A-93/14132, and that of
WO 95/ 07941. Exgsrrpl ary conpounds include triethyl alum g sbkﬁ%hyl

borane, SYO®% ¢ i sobutyl al umi nudp-net hyl al umoxane, 1 sobutyl
al unoxane, and n-octyl al um num Those scavengi ng conmpounds
havi ng bul ky or Cferr]-Cerr] Ilinear hydr ocar byl substituents

coval ently bound tgpicilR; e takerRingBnpblndi vili®RRh AFgadbBetallic compound Pr ef erred
to mnimze adverse interaction wth the active catal yst. Exangal es

include triestapl a8l thei Gonp-1BrrearemetaPicerasinaprds, ofo i SeypatesimpbuAtiEsuch as 10
triisobutyl alsyny G34mMng $0-hIGRIOEE WROINT ﬂgﬁ@%a%-ﬁl_-%ri'ﬂﬂ?f%ﬂ.thalt pear al kyl -

substituted “al um num conpounds, suc s tri- exyldl um num tri-n-
oct yl al um nuWO 85/07%4i1- Exetoplerycompormidsinciude¥iizthybélumibmar eiethy! bovewk, as

activat or, i any excess over the .anpunt needed to .,activate the
cat al yét s pr BEshpod; T‘Fmﬁlt‘:lfn’ ag‘et?’ylalummane’ y %’é’ﬂg%ﬂm@ﬁ?ﬂ%uﬂ’&s “éﬁ‘fﬁ'?addi ti onal

scavengi ng CoRRAIALS THoseNavéiRinkS compounds NAGRS SRIlYy o Eexangsral so may be
used in scave;lfg_l ng amounts w th ot her means of activation, e.g.,
net hyl al unoxaydsoegrryl isabsEivests cavalenty Deund ththe fpgsalar metalloid centergre scavengi ng

agent 10 be YRR b inHRUP avdhd HdaiSh MBTBRUASe Uual/BE Examples

invention is mnimz ng pol ynerization reactions anmount
effective include triethglabinhimmae,e beaic triove tpyefembly avhmilkye dompaumdetsnelr asf t he f eeds
can bgqsufficlentl free o .adventitious i npuyities

, f 20
The c& al yst THPEPRNRDYE: « HUSOPrRygAlminpm g A o l%‘ﬂ‘ég‘tpe or k¥ in gas

[ Bit6@ted b Whitmingth U dodhpP@dy,Meduck atak ORriRLHREAREMSnun)! tAlnher wi se as
needed. Nunerous . . methods of su &ort are known in the art for
copol yner i zapftpialugtines 9§ sénfdgdecypluminum. Whensgluraexang isruspd eg 2etivaion or

catal ysts actiyaled S ﬁl'%gﬂ'ﬁ‘e%d PidVactivats He! @Rl Reseht il

i nvention pr%ﬁeglgsc élgn irtsebr oadest E'i:copaec.1 aéee,e "?‘orﬁtesgrrﬁbe, ' U?cé.as pat ents
5,057,475  scavenger camgowdg25hd44dditignal escavepgiag ofomsneppdsr et hetnibe cat al yst s

appea in WD 3056 b C e |V od is that

descr :i%ed u. §?cef)sa 'enélum&%eg aqSSO gx?%ﬁgs:g%}n gér?g&{%%%é%lgﬁh%& k, or

slurry, proceranswfiattivatiorg e mpeoytlehiinoxafe and isobutyil4aloddoicaren The anigund- 6 net al

conpounds actjvated w th alungoxane cq-catal ysts %en dge utilized

as descri bed®f 8F3VERERA égf'@Eﬁ?ggyll‘sé v 9 gatadyst samenends £f3Ee | 205
invention is minimized during polymerization reactions to that amount effective

to enhance activity and avoided altogether if the feeds can be sufficiently free of

20 adventitious impurities.

The catalyst according to the invention may be supported for use in gas
phase, bulk, slurry polymerization processes, or otherwise as needed. Numerous
methods of support are known in the art for copolymerization processes for

25 olefins, particularly for catalysts activated by alumoxanes, any is suitable for the
invention process in its broadest scope. See, for example, U.S. patents 5,057,475
and 5,227,440. An example of supported ionic catalysts appears in WO
04/03056. A particula'rly efféctive method is that described U.S. patent
5,643,847, and WO 96/04319. A bulk, or slurry, process utilizing supported,

30 invention Group 4-6 metal compounds activated with alumoxane co-catalysts can

be utilized as described for ethylene-propylene rubber in U.S. Patents 5,001,205




and 5, 229,478. These processes will additionally be suitable with the

cat al yst systens of this application. Both i nor gani ¢ oxi de and
pol ymeric supports may be utilized in accordance with the
know edge i nwidwnbizel d. See U.S. patents 5,422, 3235/05@@?? 991,

5,498,582, 5,466, 649, copending U. S. pat elnt applications 5
08/ 265, 532 and 08/ 265, 533, both filed 6/24/95, and |nternat|onal

publ i cati ons WO 93/ 11172 and, WO 94/ 0 t he foreg0| ng
docunents is i rA8rp@dft’8d Hipse processes will, additiong ?awtag }38 dbe eatalygt s

patent practi Céuygstems of this ap hcatlon Bothllﬂbrgefn‘?tf ShdEhdPIRAUETRApor19 maly BE Process
for this inventi'on, the ca?a | yst systemi s enpl oyed in"liquid

phase (sol uti orytiliged,rin yacC%d@pen@ﬂblﬁhe bmvlde@@ameﬂ@r field See U.Scpateitmati ons
ereol). i 0l SBcPLRSSusFobl Qo 5 SHRSLS! LAGALE U ¢! N8 Sicalfnl

gas phase. Each™ eSe procéesses Tay oye I i st ngu Gl parallel or
series 5 08/166@5312%@08/%&5331mmﬁlqarme%samlﬁmnomepmmmam olefin
nononers with t ve described catal yst systemin a sui tabl e

di l uent or sol v%%“%éndawcb%/%?z%aﬁ@hﬁ the foregoing dorymsps 1s igcoracated pyr a
sufficient ti e{-eger;g% ﬁ@ogeggfursv?&gﬁstgﬁcgggmpol ynmers or

copol yners. Hydrocar | vents a abl e, both aliphatic and aromati c,
hexane and tol uene are preferred. Hal ocarbon sol vents, e. g , et hyl ene

hl ori d ddj t b
gr eoilypi60al |y done \l% profdS dembora?rg?#safff}%gf’r{)%és g’ét@? %%egp% 34‘: té}’ ;(r)flegfses

l'iquid nmnoner, sysie Badindlosel 15 Yighia Phbel (eluidéh, slurry, suspension) bl phaseass phase
processes typically use a supported catal ﬁSt and are conduct ed
in any manner KFRSHDatigng thereq t’&'blluéh pessust HgHid qe syrsrsibien fivdd shas, or in

Copol Yer's pr ePgisGladdy FacdhaiehioBls AR Held ?cér‘e@ﬂlmdéglaﬁ"%?aﬁkl‘ fSerfexanpl es
may found I n patents "4, 54 99, 4 g, 790, 5,028, 670,

5, 382, 638, 5352;67&913 The llquld pr00§ssr$3@m@m$e B hgoldfin md015§r46>8ﬂ9’@© and WO
95/ 07942. Each [.s._| r erence for JPME of U S.
patent practice above QEREPY & a?y%t st%tem 1néesu1tabl? fi?uen{ Of, ﬁ?vent a&io& ? r?%lrdl zati on
reacti onis enper ﬁ:bﬂdirﬁerﬁﬁfrequt afsufficient time to producafh@uﬁventﬁﬁ{ Mmd;ﬁlyhﬁarﬁhout

250[err]C. Prefera eac n tenperature c ns W

be from - 20[ errf‘@°&5‘¥ Fﬂcars’ﬁgﬁ%l" ngf“@r %qal}le’bgq"gvﬁt-hﬁg @W’H%
pressure can Vapdkai@and toluene hreQRfeRQL HalodoliGovente 200, rﬁé‘th lek¥ &fiGiRPI Y from
0.1 bar to 1600 bar, nost referably fromi.0 to 500 bar. Were
ower ol ecul ar wibpdgitoralip e yissbls, Bulk and shumy processes are typically done by

contacting the catalysts with a slurry of liquid monomer, the catalyst system being
20 supported. Gas phase processes typically use a supported catalyst and are
conducted in any manner known to be suitable for ethylene homopolymers or
copolymers prepared by coordination polymerization, Illustrative examples may
be found in U.S. patents 4,543,399, 4,588,790, 5,028,670, 5,382,638, 5352,749,
5,436,304, 5,453,471, and 5,463,999, and WO 95/07942. Each is incorporated by

25 reference for purposes of U.S. patent practice.

Generally speaking the polymerization reaction temperature can vary from
about -50°C to about 250°C. Preferably the reaction temperature conditions will
be from -20°C to 220°, more preferably below 200°C. The pressure can vary

30 from about 1 mm Hg to 2500 bar, preferably from 0.1 bar to 1600 bar, most

preferably from 1.0 to 500 bar. Where lower molecular weight copolymers, e.g.,



Mh < 10,000, are sought it will be suitable to conduct the reaction-

processes at t enper at ures above about O[err] C 'and pressures under
500 bar. The rmultiboron activators of U S. patent 5,278,119 can
additionally be enployed to facilitate the pr i of the | ow
nol ecul ar ‘Mé?’lﬁ'??”copol yners of the inyention. 5 PR3l

Advant ageousl y, the |igand behavior in the coordination environnent

around the metal center pernmts the ready preparation of mxed polymer _
bl ends Ma < 10\0doh 2 sSighd |i@wi?ﬁ$e3§uit9@gﬁpbmuﬁctﬁ9{:éigtﬂﬁ Prfeeldagad Nvention in
a single pol yneri zation reactor. One nethod of tailoring the
properties ofmperpoiey pbever ghouh 03¢ and presgusest wndet 6011 bar. s&he afuldbdrérer ent

pol ymers, eag i I.Std Gt | nat i f .Qroperties, into
a homgeneou%cnﬁir?%éﬁgg .%p?t:gr?tai?n@v\lllgg%%ﬁr@ c’lngl??’ g‘? epigyd tp if%CéIRate e

di sti ngui shafrbmrdtion of the twemolecilirevdighll copolimidrs fahpimpanios. These products can
be useful for applications such as film bottle, and pipe resins
in cor§j unction with ~ blow nol di ng processes. H gh Mv conponents
add strength to thgQakhRBes1yht Qightd behavidr O MW LORRANG efvitfithent
processibility. ) The ability to control the relative

rati o of comsomdrthe metal copéer ipenmits the edady preparation of mixedwolymepblendses such as

tear strength..to ti iz h 0 tiqon of these . . bl ended
pol yners can Be ¢ I}gge\?e elx%%?’?%n?h;cguﬁ?gng%h%ﬁi glgflﬁﬂ'er‘f’di%&"@}e in situ 20
_throgtgh t he m)en@fzatfomrggcmﬂ. Oat akthed oﬁtﬁﬂél&@tﬂé prob@‘ti&&j]‘@rp@lyﬁféér Ebteilni E\éEd| It hat
in situ ) endi provi des a nor onogeneous product and al |l ows
the bi%nd tdSHR b]e“‘? a set °P%S€e@8h€‘gﬂn?rﬁ ?i‘ﬁ]é?‘é‘f‘% 2 pEngicombmatien ey cat al yst

systems for drhpestics Uink) 8M@hBgeneous product withVP hMf TomBRiidH BOpidPéchest han one
catal yst inthe sane reactor to sinultaneously f)r duce multiple

di stinct poldistimguighable feans thosehefsherindhvidbal eamponends. adlkise produdts o be

catal yst sy | . | I ent s_.nusit mat ched f or
therr - - UsHEPLE Rl 6B U, SR 54 pine PRARAR oSylEbe MCE" CCC, £
condi ti ons, tewd mdiding processes. High Mg peomysomeits addhstregetd to thepslendneliilez at i on

condi tions. An alternative to using catalyst mxtures is
to use a si gV spmpanents agd processivilifye ecur sor that can generate more than
one active formin the reactor. This would

The ability to control the relative ratio of components in the blend would
allow properties such as tear strength to be optimized. The formation of these
blended polymers can be achieved ex sitz through mechanical blending or in situ

20 through the use of a mixed catalyst system. It is generally believed that in situ
blending provides a more homogeneous product and allows the blend to be
produced in one step. The use of mixed catalyst systems for in situ blending
involves combining more than one catalyst in the same reactor to simultaneously
produce multiple distinct polymer products. This method requires additional

25 catalyst synthesis and the various catalyst components must be matched for their

. activities, the polymer products they generate at specific conditions, and their

response to changes in polymerization conditions.

An altemative to using catalyst mixtures is to use a single catalyst

30 precursor that can generate more than one active form in the reactor. This would




all ow the generation .of in situ blends w thout requiring the synthesis of

mul tiple catal ysts. The catalysts of the invention contain
conponents that can show lability. Variable tenperature NWVR
studi es carweewish3p the lability of Iiggpd - conpoifEisgsz3itet al
conpl exes, and neutral donor ligands, asS exist in the 5 catal ysts

of the invention, generally show the greatest degree of |abili ty I n

addi tion, conpoungds cont ai ni zol bor and e known in
whi ch RO seresaihn e ik Aot Yeohiph b wptiir ALPRBR S mdon w ¢ h
bi dent ate andcatalysts The éatdlA@NbAHR HOdh r&hmﬁﬂ c&ﬁ*y&ﬂn& hgathBst sve@Mmon.

There is al so evidence in Carr ano, I norg. Chem, 1989,

28, 4392) thaiabilite |Yagiahle te@nerb@rttbiwﬂ?ers@léws ]9@11 venfy thebl@bhhéenf tigender ent
coordi nation C r i

possi bl e for elrgﬁefcgtg lﬁe% ral &-ﬂ%@(eg #(ggﬁ%ggrn%égé?} m{g%fen olft fnhéhe

mul ti defit at e catalysts of thd nrgam&nsgeﬁmﬂyofhouzhmecgéaésystbgeofof tidbélity. nviant i on to

show | ability ypder reacti tio Wth

: 15 . .
thi s behavior 2 1?’&[5?@%‘?““9%1?%‘%}%‘{‘3 HF@&W&&B{’%‘P‘eg%“qsr?&%mqv‘@d" Pidhs an
active catal yse FpRAi @8 adagpwroatsbmalté&rdlﬁﬁbh%s&m&?rhﬁdewecshacan
di ssoci ate or be abstracted during polynerization to form
addi ti onal actridestateaeenrdinatiosplaitg the most common THkhefd fsablspaividemee Bl end i s
then determn t i p Vi dual
cat al yst spec:adeggg)ﬂyoh CP%}E (@g%tég%m ?"r%% 2%?1? gg?l) at &léeteléga"? g 8% 8°c”iv§‘?ei dbon or

abstradoi on obetisken ldiffrirdne coadipatiendesacn laesmgmtrﬂidlédu&d Thérefagh it ker mal |
phot ochem cal , ot el ectrochemtaig rret hoda or through the addition of
addi ti onal possible”for gither o peutggh dgpor ligapd o acompogent |l the Faulpdentts  or ent

identity to thgaldd&sted of the catalysts CITRO A0 ﬁavel'éﬂﬁ{ Rifdef MaQonSPECI €s

that can abstract the |abile conponent fromt he netal center.
Exanpl es 9- 11 cprdiigansi | | ustrate broad pol ydi spersity 25 pol yet hyl ene
bl ends achieved with a single invention netal conpound utilized at
different tenperatures of polynerization. Li near

pol yet Ayl ene, i ncl Wdihnyistbehdvianal typical eatzhjrsg Iprambﬁmﬂthé xmmit@htforms an

pol yet hyl enes, i ncl ug/ hot.h hono- %{B Bgz?% rs t.h ot al pha-ol efin
30 ron GFFE CatlyS{3hectes eARetng 169 IoPiis Gomenipt RS RSP ee R 1 or

exanpl e, ( er k-abltedctell during polymerlﬁit%ﬁltBSI‘omd'a@Jhﬁéﬂa'l‘%cWe Gardiyst Gp&lef i ns, are
produced by addlqg et hyl ene, optionally one or

nmore of the otlher q#bn@w@ﬁrsble%ISathpreéet@mne%‘ssla rehﬁaeponnéw@ons of the

individual catalyst species in the reactor. The extent or rate of dissociation or
20 abstraction of the labile components can be controlled through thermal,
photochemical, or electrochemical methods or through the addition of additional
external donor species having the same or different identity to the labile
components or external acceptor species that can abstract the labile component
from the metal center. Examples 9-11 below illustrate broad polydispersity
25 polyethylene blends achieved with a single invention metal compound utilized at

different temperatures of polymerization.

Linear polyethylene, including high and ultra-high molecular weight
polyethylenes, including both homo- and copolymers with other alpha-olefin
30 monomers, alpha-olefinic and/or non-conjugated diolefins, for example, C;-C,,

olefins, diolefins or cyclic olefins, are produced by adding ethylene, and



pressure (typically < 50 bar), at a typical tenperature of 20-250 [err]C

with the i nvention catal yst that has beern slurried with a

sol vent, such as hexane or tol uene. Heat of polynerization is
typi cal I y by cooli ng. Gas phase 5 pol yl;@r,ﬁsggbggn can be
conduct ed, {v?)q?'ygggarrpl e, in a continuodé-fluid bed gas- phase

reactor operated at 2000-3000 kPa and 60-160 [err]C, using hydrogen as a
reaction nodifier (100-200 ppm), Cerr]-Cerr] conmononer feedstream
(0.5-1. 2 nol Yptionally one or mognof Gk ethel nfonemiek) ®aardadtion3esyed ufijer ISee, U. S.

patents 4,543,399, 4,5 5,028, 670 5, and

5, 462, 999, WRISH (RbiFA BT pﬁgr%f%at By YRER diaacr RS %8 3bt2nﬂposes of
U.S. patent prRgddnC@talyst that has been slurried w1tha§:tl\t'h\‘1{ Qi ds Hexane of f%ideﬂe (' ncl udi ng
et hyl ene-cyclic olefin and ethy Ienea&err] ol ef i n- di ol efin)

el ast oners oiHehﬁ o polymendation wsi drpicallyidramewed r Yt edoling:i t yGasamhise

prepared ULl LSRR R b8 oRkes rof Wk ' A8 nid 86 bhona

sol ution Ion dh0|ng et hyl ene gas
into a sl ur r !&hattelrbacwr rwe:htee at 2000-3000 kPa[ ardrc}o-moefm nustng lepdedges aplaef i n or

m xture thereof wth_gQth noner nmeri zabl e nd not, as a
pol yneri zat i &#<EM ’B%‘H?‘er @BQ/\%)Q:HP’P + ﬁ\? ?‘?oé‘f?r?%ﬁdgf‘i?g‘t 551-2 rolehded.

Typi cal et hy|a§J‘Q:zpf‘e°e§s‘ﬁ'éﬁxﬁ5(2‘613|5| mBRs dbese\ee@rs 1pméng 415&9@99 1 gg€ 6sb; 6895 kPa)

and e polyneri zation | uent tenp erature will typically be
bet ween - 10- §6’GS P%Q adQ3,406LR22 20d 5,462,999, bichsase mmb@teé@rrpféwnmﬁoﬂ n a
stirr tank react o r an one operated in series or
par al ?Gell Se@u’[% seesagtr{'esggeftg |p§a€f€sure of U S. patent 5,001,205 for general

process conditions. See al so co pending U. S. patent applications ser. nos.
08/ 426,363, filed_4/21/95 /545,973 filed 10/ 20Q/ cunents are
i ncor por ated by r Efglengiee! B‘r(“ﬁ 08 et B ctlic ply V’rﬁ?g a’ﬂef"f)ﬁ %g-g’cesses

ionic 25 diole¥mn) | e¥aRtoRers 8 thighS MloltkulaC MRMOIaNG 16WNRPHAMSiIty can be
Pre-pol yneri zation of the supported catalyst of the invention may al so be

used for fur PHepredonilizise Be tgwmrofﬁm tlntqnéowprom@yow LOSIoB 3 | s|t urr yI
or ga nventi ona
golymen ?ﬁ Er??%gs@& dr8y 1&foﬁﬁ&§§§§ylbrﬁe Af ﬁﬂf Slﬂ.gg u}’)ﬂ;{nﬁg e

teach|ngs exanpl e such canh be acconpl i
pre- pol yneri o migﬁraox@[yelirr dlefdh er mixtark MMl athef gronamedsnpalpderizable

t f th |
termer atur o SR iz PR op SRANAR bRy e BB ZRRRGH SHpRALY L. “Ds0
psig (1724  Typical ethykdda prdssires Abillrberbetwean ADtaAd MOGD Pty (69E580E kPo)adndng on t he

support of pal yet hyl ene of
PP P theypolyn)llenzatlon diluent temperature will typically be between -10-160 °C. The

20 process can be carried out in a stirred tank reactor, or more than one operated in
series or parallel. See the general disclosure of U.S. patent 5,001,205 for general

~ process conditions. See also, co-pending U.S. patent applications ser. nos.
08/426,363, filed 4/21/95 and 08/545,973 filed 10/20/95. All documents are
incorporated by reference for description of polymerization processes, ionic

25 activators and useful scavenging compounds.

Pre-polymerization of the supported catalyst of the invention may also be
used for further control of polymer particle morphology in typical slurry or gas
phase reaction processes in accordance with conventional teachings. For example

30 such can be accomplished by pre-polymerizing a C,-C; alpha-olefin for a limited

time, for example, ethylene is contacted with the supported catalyst at a



30, 000- 150, 000 .nol ecul ar wei ght. The pre-pol ynerized catalyst is then

avai |l abl e for use in the polynerization processes referred to
above. The use of polyneric 5 resins as a support coating nmay
addi tional | wRpetsb | i zed, typically by] uspendi ng a- PCT/USSSOB$18 support

in dissolved resin of such material a3'polystyrene with subsequent
separation and drying. All docunents are incorporated by reference for
description of metall ocene conpounds, ionic activators and useful
scavengi ng  temperature efoid tdtC. and ethylene pressure of up to abyu @60 psig(1Rfcal | y

unsat ur at ed rrenﬁ]ag ge I nql?l.sio?%%iﬁ Q?g gl%ﬁg g&ftllng r%b :ﬂnegsupgor% ﬂ% po]yéﬁﬁﬁ&lreio? ed above

may be poly asing e ca S acc
i nvention, f 030,600a150,090 niilecurnecight. Ak precgadymdrized datsliystriethen aedilylei dene

nor bor nene, . nor bor nadi ene, dic cl(g) eq%adi ﬂe, Z&d t her
ol ef i ni cal | y- fPr&sg rthe BRIYMBHAIHRR Brocesses referre E’c‘? H?'ng oYY POYAFE ol efins,
such as; cycl OFAES{I}E Eﬁfsugp% B&¥RE Ry a@diforlIl BE utilized, typically BHduShdntinkad

nor bor nenes. Ition , al pha-ol efinic nacronononers of up to

100 mer uni t ssolursupporein dissplvad sesinbef suph ovapsoiakbascrplysyyrenspwitly sehsequgrt on.

The catal yst conpositigns of the,inv .on_can righed above
20 i ndFWn%B?ﬂ Ia\?gf %’P’mg‘oor }n%tcﬁr(%%\mspo r?/ﬁ%?ol °§§i.§§ﬂl’yg?efg‘§§‘%b'£&m xed to
prepare pol ymagscription of metalidceiel Sontpduidntitugic aktinvirsrs ahé fusefulpsdayengingzat i on
catal yst compounds. By sel ection of nononers, bl ends of

coordi nati on &¥MEAYEY conmpounds, pol yner bl ends can be pr epar ed
under pelymerization conditions anal ogous to those using individual

catal yst conpositions. Polyners having increased MAD for inproved
processing 25 Othenlefuti¢ally umsatiiratédo rradnopwerse fbiesidesatkase akpecificlym pol yrer s

made wi th m xed catal yst t n th b ieye
The fol | owi ng%'é%‘fg & °v§r%’a}brb§sg%lylélﬁg %gg ?ﬁﬁ%s i g%tég?tﬁegcfgrﬁagéolyonghe
di scussi on. Aldvefidn| for epirajlestiramns alayidupaitated biggas, akyideye nebghdineunl ess

ot herwi se 30 i ndicat ed. %I

L1 ex es re carried out in dry,
oxygen-free eRgipBRftiens dicyrigpentadiene, a“%r?té‘ﬁl R}éeﬁ‘t“?.uyﬂf‘?%ﬁtﬁ‘ﬁ MREMERanmpl es nmay

be dirggted t g aRidPbihe TRAIR! SNBSS s@éh hd1Q®yclopentene, norbomene, and alky esent
invention, they are not to be viewed as |imting the invention in any

speci fi c respeuhstituted ndrberpensx.afvfididenalinr alphaolefiie andceamayamerr & usEd to
facilitate th . It ' efib@ggard chem cal
abbrevi ati onsellp % Pt H%tse?remn%gft%g)}aaﬁ% b%ri'ncom?zﬁgd ﬁyn&)k’&% A8

The catalyst compositions of the invention can be used as described above

20 individually for coordination polymerization or can be mixed to prepare polymer

‘blends with other known olefin polymerization catalyst compounds. By selection

of monomers, blends of coordination catalyst compounds, polymer blends can be

prepared under polymerization conditions analogous to those using individual

catalyst compositions. Polymers having increased MWD for improved processing

25 and other traditional benefits available from polymers made with mixed catalyst

systems can thus be achieved.

The following examples are presented to illustrate the foregoing
discussion. All parts, proportions and percentages are by weight unless otherwise
30 indicated. All examples were carried out in dry, oxygen-free environments and

solvents. Although the examples may be directed to certain embodiments of the



certain conmmonly accepted abbreviations, such as Me = nethyl, Pz =
pyrazolyl, 5 and THF, or thf, = tetrahydrofuran. ’

Al'l nol ecul ar wei ghts are wei ght average nol ecul ar wei ght unl ess

ot herwi se noted. Ml ecul ar wei ghts (weight average nol ecyl L ght
(Merr]) anyp 99729735 nunber aver ageléwl ecul ar wei ght ?Rﬁ?%&gé}ere
measured by Gel Perneation 10 Chr omat ogr aphy, unl ess ot herw se
noted, using a Waters 150 Gel Perneation Chr omat ogr aph equi pped
with a differpatitaihvéntbi atty Y& Ao1d6 beORERG & 1i@Rlg the invention inCaly! DI at ed
using polystyrene standards. Sanples were run in either THF (45f’err] C or
in 1,2, 4-tri chedficolenese frethesessspaples cyrtaieghdrayiatignsugse nsedte fasilitae dies
solubility using..: . I - cqglums_i.n series.
Thi s general %eg;glﬁﬁ?lﬁu’rehﬁs%mfg‘tdp ol |§féﬁa§®déi-[ant%gi?%§ed8 &?n(t)sn%’tdogr aphy of
Pol yners and degiiatenmbly aciepled ablirbviatiods, such as : Me = mefla?, & -Eplyrazolfir cel
Decker, 1981, 207, which is incorporated by reference for

pur pos@s of &“@&%a?@%'ﬁ?@&‘#ﬁé‘rﬂerei n. No corrections for colum

spr eadi ng wer e enpl oyed; however, data on generally accepted
standards, e.g. National i Bureau of Standards Pol yet hyl ene 1475,
denonstrated a pr &dli siodasular tweights| agmiweighp (average mol¢aytar Mveight] iuplessrr]  whi ch

was cal cul at t{ ' . ical .anal yse wer e
per f or med usieo(r?lfbe Qg}e'% &!Ete{fsaemc‘hyﬁ ?1&1&;—@3 %&gﬁé%eem?lf%%r@ef%’ g"@oﬂ’“ﬁor ation.
Exanpl es  25mumber averdgeanipleeuldr weight (M,) wefy gﬁebﬁﬁ&d(s b@fGel Penne'r]ztion)[ .
[HB(3,5-Me[err]Pz)[err]]Tidd[err](thf). Solid K[HB(3,5-Me[err]Pz)[err
(1.82d9 5. 41 Chromatography, yplsss) 0‘&%@"5& Rsidy uaa%lédw{a@maliou?ple{%mﬁwaf
Tid[err] (thfod&hdtderbosh @ . 4%%h iFeteRtidi ive i . During
addition, t hed col c#grqﬁﬁlane‘gld).?%r g?tn rﬁgg’ffefﬁf}'&% {egac ‘éép‘“é‘?"ee"r?&’gﬁ&m

then to bl ue-cglibrated usidg polysturenersiandards. Sapwpies twereren it aither THF (438C) arhe
volatiles were 30,

. ) o he d bl i .£. Th lid
resi due was extr ac?lé:}clilo{/abf%%ﬂp{ﬁg ¢ 84 Iggr‘rlﬁ%&ll&t'%F#’]?pl%]§§lﬁ%§tyaq§3%f isf)t Ier ed.

The sol uti on thvas ShodezeGPC A BE0 tIM/SScdlim@nih §2fiBd. aMhis general technique is (40
m.) slowy added to precipitate th roduct. The saolid . ¢ol lected on
a gl Z@S frit dXt‘ﬁ sﬁ?hé‘é“%ﬁﬁ“’ﬁ?ﬁﬂgg’ﬁgy(’gp Ely'?ﬁrs__r?ﬂsl .Regéegislﬁﬁﬁli‘al\é\ﬁ? vent was
renoved Cazes EdI M@ tel DRekis 6108 PrpRgS207ewhiRR W iR ridiftedyPlEtedncdfora bl ue
powder (2.15g, 4.40 nmol, 82% . The elenental analysis, IR

spectrum and@ureassefi ¥ Snp#eFPragiiee herein. " No corrections for column spreading
were employed; however, data on generally accepted standards, e.g. National

Bureau of Standards Polyethylene 1475, demonstrated a precision with 0.1 units
20 for M,,/M,, which was calculated from elution times. The numerical analyses

were performed using Expert Ease‘ software available from Waters Corporation.

Examples

25 Example 1
Synthesis of [HB(3,5-Me,Pz),]TiCl,(thf). Solid K[HB(3,5-Me,Pz),] (1.82g, 5.41
mmol) was slowly added to a suspension of TiCl,(thf), (2.00g, 5.40 mmol) in thf

(30 mL). During addition, the color changed from light blue to deep green and
then to blue-green. After stirring at room temperature for 3d, the volatiles were
30 removed from the dark blue mixture. The solid residue was extracted with

CH.CIL, (30 mL) and filtered. The solution was concentrated to 5 mL and pentane




5 ‘consi stent with the title conpound. Exampl e 2
Synt hesi s of [HB(3, 5- I\/e2Pz)[err]]VCI[err](thf) The title conpound was

synt hesi zed simlarly to the Ti anal ogue from K[ HB( 3, 5- Me2Pz) 3]
(1.80g, 5.3wawabB9and 10 VC [erpl(thf)[err] (2. 00FCTESER ol )
except that the reaction m xture was stlrred for 18 h. Wor kup

gave the product as a yell ow green povvder (1.22g, 2.48 mmol, 46%.

\T“hfhel enent al (ﬁ]ﬁ’y?’a? flgwg %B%CE{QB’%%PIGI he pl%raut IE&Q?‘rf) gn‘tgasm‘/% 1gctecdonm st ent

Synt hesi s of [algﬁstrﬁ-anesHeBR&t}x[peﬁtraﬁd @4 aiL)] Redidival sditéht Wad tehovedpound was
synt hesi zed mlarly to the Ti anal ogue from K[ HB( 3, 5- I\/e2Pz) 3]

(0.90g, 2.7 mysfer r%dvaed pressure leaving the proguqt @s Rbjyecpavidey . gg4-49 ngmolpmol )
except that thgenea St f rkup gave
t he product agﬂé)l i gh% %:%@gﬁatl SE[CI)X(21 = E%éé’f%‘ﬁ‘q'i %{dm#oalg?etgz%omeﬁgweyp The
el enent al analcymxsse;ntWRhﬂmpebtcpmpoundagnetic nonent, and X-ray

crystal |l ographic data were consistent with the title conmpound.

General pol yrreri zation nmethod (Exanples 4 - 17). Polynmerizations were
perfornmed in eE @blerzi t rogen purged 500 nlL Zi pperclave reactor (Autoclave 25

Engi neers) in exane (250 Mﬁ as the polynerization solvent/diluent.
The Hﬂéﬂh&&@_&sﬂ .a/Thaditlarrempmng) wes, senthiesized % t ol uene
sol uti on. sxmllarlﬁ/ 1 @l]-ll Xnal@gu@ fP&mcﬁ }@g;f,g-i?éﬂggo@gr ,Sil_ﬁg ! r%glg V\A th fresh

toluene prior to 1njectl he™réedc ; e hexafe in the
react oldwas t H&L(shﬂ; @. @ﬂgad 36 mﬂnoleteim;pb'ethet thé retahibn mixture was stiteedifgmes ed

pressure and t erature om)no s _added. The 3%
catal yst sol uth °’§)§B%g?)"reé€ea?r8 PP"HS °&'r%75"6‘xp é‘&?‘ #iﬁzﬁgz % ;mad. 465°)50 my of
catal yst prec W&Qlem&]ﬁhaﬂa(ysmeﬂeiffe%rﬂ}ahd midpRetfcAthdth¥it bwel! &MERAwidP! ut i on

was punped to the reactor, and conbined with the
previ ously addb?jm@d@a’l?a!‘%ﬂst solution, until the ethyl ene nake-up
fl ow becane constant during the pol ymeri zation. The reactor
tenperature was controlled by a steanf cooling water m xture

f | owi nd5t hr oudixatple 3r eact or j acket. The pol ynerizations were run for 30
Synthesis of [HB(3,5-Me,Pz),]CrCl,(thf). The title compound was synthesized
similarly to the Ti analogue from K[HB(3,5-Me,Pz);] (0.90g, 2.7 mmol) and
CrCl;(thf), (1.00g, 2.67 mmol) except that the reaction mixture was stirred for 1

d. Workup gave the product as a light green powder (0.81g, 1.6 mmol, 62%).
20 The elemental analysis, IR spectrum, magnetic moment, and X-ray

crystallographic data were consistent with the title compound.

General polymerization method (Examples 4 - 17). Polymerizations were

performed in a hot nitrogen purged 500 mL Zipperclave reactor (Autoclave
25 Engineers) in dry hexane (250 mL) as the polymerization solvent/diluent. The
cocatalyst used was methylalumoxane (MAOQ) in a 10 wit% toluene solution.
Usually, 2.5 mL of the solution was diluted with fresh toluene prior to injection
into the reactor. The hexane in the reactor was then saturated with ethylene at the
designated pressure and temperature and comonomer, if any, was added. The
30 catalyst solution was prepared in the drybox by mixing from 5 to 50 mg of

catalyst precursor with toluene (50 mL). The catalyst precursor solution was



5 mn. At the end, the ethylene was vented and the reactor was

cool ed down. The reactor contents were poured into a 1 L beaker
and treated with isopropyl alcohol or acetone. The pol yner

sol vent m Xt ur s bl own down with nitrogen or rerushdsgiged to
recover th‘gaﬁ%?%f/%ﬁr. The final product8was dried under vgcuum at 60

to 90 [err]C for about 12 h. The sanples were anal yzed by GPC for nol ecul ar
10 wei ght and pol ydi spersity and by [err]H NVR for branching in

copol ynmer i Zgfuhipe§ to the reactor, and coniEifidd vith the _Il)reviously alilddy teaalyst
pol ynmeri zation with (%H%e& 5-Me[err]Pz)[err]]TiC[err](thf) at 30 [err]C. A
total of solution, ungl3 the gihydene] ppkeup- flaye ppjame) capstant THENEethe (thf) in

t ol uene sol 2;% \9%% PY YR EG cloP fefipBrathre trolRA® v st bn@d %S@ steel reactor
cont ai ni ng n{] e>I<]éne, 2.05 rerls% I\/le\aosciOH ° Y eiﬁn(?dto-([ﬂl enaet, and 76 psi

et hyl ene. Theixpot floweing taoighrtbevesctonjacket r THeOpatymerightidns wenerun for 30

react Qr was nai nt.ai ne t 30, [err]C and bsequent wor.k of .t.he pol yner
produgt min. At % e‘ﬁﬁ.eéylﬁl‘%wgp‘bﬁ“%gtaﬂéﬂ@ﬁ%ﬁwms fv‘)’f‘é?‘f%@-e_ 9 x 10[err]
and pol ydi spgickiricynterits #erk-pouredfhto a 1 L bdakerdaki @reted with isopropyl diidfyll ene

pol ynmeri zation with %HB(B 1}]3’ at 60 [err]C. A

5-Me[err] Pz [err]%bTi C [err](tht
total of or acetone. e rowe{)ﬁdyﬂe(@?c MERE h“mz%icm PaTRIEPgERr QT (thf) i n
tol uene sol uh.on tw@&owmqg,w,ﬁ@rp Thg fipal rgiodfat(y?mﬁ%@fi n%a&%&dﬁh?é%ost eel

reactor contalning 250 nmi ‘hexane, t ol uene, and
125 psi et hytb H0e°C Toraabpuat! Y2nker iThatsamplesveere smalyzed bgGRA forwmbleeuldrhe 25

react,qr was nmai,nt ai ned,.at 60 rr subsequent rkup of the pol yner
pr OdL}gt weight and E})j%spfr_sgy 5’[‘@?3’ lmdfﬂwré?fgl it F|°I1V9\?Yél? tong 34 x 10[err]

and pol ydi spersity of 9.2. Exanpl e 6 Et hyl ene
pol ymeri zation with [HB(3,5-Me[err]Pz)[err]]TiC[err](thf) at 115 [err]C A
total of 30 Exampleds 0 ngy of [HB(3,5-Me[err]Pz)[err]]Tid[err](thf) in

t ol uene sol U, Akhe TRHIRES Wit 3,5-Me,Pz !TiCl%@_a%O skai pliggpost eel
'ar%ﬂﬂ%mmﬂ'gﬁ%ﬁ 0

reactor cont 2.
tol uene, and327&gEdi[HB(h§MaRe), | TE&(hD | iy nelngneasolution wees pumped dnto 30 i n whi l e

t he r | ] nt wor kup of
the 81 yrer $9P G itiest ieet Ekcldh 208618250 by AGKIA b ORE DMRBIB . 17" X8 O
x 10[ err] andupw yii Bppsiittylenaf TRO p@lymerization was run for 30 min while the

reactor was maintained at 30 °C and subsequent workup of the polymer product

gave 0.9 g of polyethylene with M,, = 6.99 x 10° and polydispersity of 4.1.

20 Example 5
Ethylene polymerization with [HB(3,5-Me,Pz),]TiCl,(thf) at 60 °C. A total of

12.7 mg of [HB(3,5-Me,Pz);]TiCl(thf) in toluene solution was pumped into a
500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in

toluene, and 125 psi ethylene. The polymerization was run for 30 min while the
25 reactor was maintained at 60 °C and subsequent workup of the polymer product
gave 1.4 gof polyethy]éﬁe with M,, =3.34 x 10° and polydispersity of 9.2,

Example 6

Ethylene polymerization with [HB(3,5-Me,Pz),]TiCl,(thf) at 115 °C. A total of
30 24.0 mg of [HB(3,5-Me,Pz),]TiCl(thf) in toluene solution was pumped into a

500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in




5 ‘Exanple 7 Et hyl ene pol ynerization with
HB(3,5-Me[err]Pz)[err]]Tid[err](thf) at 140 [err]C. A total of
7.0 mg of [HB(3,5-Me2Pz)3]Tid[err](thf) in toluene solution was punped
into a wo99/2973500 mL stainless steelyreactor containi ri’g—'TQ-EFBS’??E *hexane,
m. 10% MAO i n tol uene, and 375 psi ethylene. The
ynmerization was run for 30 mn while the 10 reactor was mai nt ai ned
30 [err]C and subsequent vvorku of thqup ner R gl, gave
3.5 g of pol yelppmérrbe Shetwl«sm he polyyperizades was 10 P OB hilE e sity of
21. 3. &1 at 115 °C and st¥sBytlefN@érkn tﬁB@o fley plotiuctat i on Wit h
[ HB( 3, 5- I\/E[err?lsz) err]]T|CI[err]}l (thf) at 60 t[ierr total of
30.0 my of [ HR¥S23-gvfpelyethpiend with M, Ti £IT 219’)2n IﬁP‘)’diSPFf%IUIQféﬁé sol uti on was
punped into a 500 nL stainless steel reactor containing 250 nL
hexane, 2.5 nmL 10% MAO in toluene, 15 nL 1-hexene, and 61 psi

et hyl ene. Theggpgipteeri zati on was run for 30 mn while the
react or was nmi nt al ned at 60 [err n t he
ation Wi

pol ymer produet piBE ! ;&Eﬁﬁém mtq\/f'leqfr] = 7. 6 X

20 10[ergdq n&OJ,fy%rm;,]lqicﬂa@) mammﬁe lesnaasmﬁg 3084 into a

Exanple 9 nerization wth

[ HB( 3, 5- Me| ersqaam;[seams]s \stebl[xeaqtqr(qoma)mrm zanéxexqr@ 2.Amlpd @Yo MAO in

11.3 f [HB(3 h{

purrpecrzlrg i (rjlto[a Be; QBNE[‘;% ﬁ{yieélg ;}rh? 8%1& Mu F)él%c of%)p!(;:écj)&:‘tqg‘fvﬁ?énﬂ1 Izg(r)] \Anlﬁs

hexanejg 2. 5 NMieadtB4vidRhintained at 30 °C and tsmjsmm waritp 35mpsp|olvatehpfoelna The
pol ymerization was run for 30 mn while tor was

mai nt ai ned at 886 358 ¢ofj rolvstyleas HaB MieTi?- 9%rllguﬁ‘dcﬂohidﬁée’[5‘6‘f ?f??ér” pr oduct
gave 4.2 g of polyethylene with Merr] 6.89 x 10[err] and pol ydi spersity

of 21.2. Exanpl e 10 Et hyl ene

pol yreri zat i oExm'xgth[ HB(3, 5-Me[err] Pz][err]] VO [err](thf) at 60 [err]C A
total of 82 : R dridBlch R BrSES TR )F T, afbd HEL L) T n
react ofs cont akdilg 3B©Qng‘nf H@@E&Me}zﬁ]ﬁClz(tﬂ%Mma solotiarewas purﬁped and

125 psi ethylene. The r| zajion was run f g reactor
was nai nt ai nedttae ¥ Tgrsfa]‘ ﬁEFeLEﬂﬁg@ﬁﬁ‘Eﬁ?n%ggéﬂnslo#‘e’faﬁg’v%E rﬁe}:lr‘relg/“pr oduct
gave 1.9 MAQ in to%eﬂé 1BahY atibRNend$ I fsi Mh§lehd. Fhedpodfmrizhfidrewid and
pol ydi spersity of 29. 2.

run for 30 mm while the reactor was maintained at 60 °C and subsequent workup

of the polymer product gave 0.6 g of ethylene/hexene copolymer with M,, = 7.6 x

20 10*, polydispersity of 7.6, and 8 branches/1000C.

Example 9
Ethylene polymerization with [HB(3,5-Me,Pz),[VCL(thf) at 30 °C. A total of

11.3 mg of [HB(3,5-Me,Pz),]VCL,(thf) in toluene solution was pumped into a 500

25 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in
toluene, and 75 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 30 °C and subsequent workup of the polymer product

gave 4.2 g of polyethylene with M,, = 6.89 x 10° and polydispersity of 21.2.



Example 11 10 Et hyl ene pol ynerization with _
[HB(3,5-IVE[err]Pz)[err]]VCI[err](thf) at 115 [err]C. A total of
21.8 ng of [HB(3,5-Me[err]Pz)[err]]VO[err](thf) in toluene solution was

punped into a 500 nmL. stainless steel reactor Wl 250 nmL
hexane, 2.%a#29%% MAO i n -ol-uene, and 275 psiéi;§%§/'%yg{r})g The
pol yneri zation was run for 30 mn while the reactor was

mai nt ai ned at 115 [err] C and subsequent workup of the polynmer product 15
g?v§21.74 g of_b_gq_hyl ene \IM”IZM err] = 9.3 xh1|0[err] ?nd pol y?i spersit';]y
o] anpl e ene pol ynerization w

[ HB( 3, 5- Me[ erhthyene[pe iymetlxmonmmlﬂﬁfﬁﬁm 2AYC] gﬁm R0 K.t Htatal obB.2

8.8 ng of [H V/ e i on was
pumped 1 nto RS MAFAIYELD bR el Bpped s 50 05,0
hexane, 2.5 rstainlé8a¥i@eadfor containing 250 nﬁlohelﬁﬂe 2.5 HBONDSG) ittdhydngne. The
pol ymerization was run for mn while t ctor was

mai nt aPned atand48s P%reﬂ]y@"&na‘lc")%H‘Pﬂ@ﬁ%?éﬂ?n wet R{?pf%?o FH%W}B‘HF Fafoduct
gave 2.1 g O a@%a‘ﬁﬁ&lmﬁl a?@@ °Waﬁf's1Ms&quﬂt Wor}?urg?tﬂ" the pdlBE proddBCkah@l ydi spersity

of 71.0. | ene/ 1- Hexene pol yneri zation
with [ HB(3, 5 gwﬂaekyefpﬁm)e{wh M}m} 3ex 19° (anﬁpquraspes@ypérzs]ZC A t ot al
of 8.6 ng of [HB(3,5-Me[err]Pz)[err]]VC [err](thf) in toluene solution was
punped into a 500 nL stainless steel reactor containing 250 nL

hexane, 2.5 rHxahp¥11 MAO in toluene, 15 nL 1-hexene, and 60 psi

\(/a\;gylnggﬁi aiTEe E n)é rlzatlpn vvahs go r n fgr gioll d V%ul)talo e reac:)](c)r
the polyner p!l%@H%Bf[@E\(?SM%PQ AV&]ZGH?YH ﬁﬁ@ﬁémﬁfas vﬁ@B@&xﬂéﬂiﬁtoVM%b Merr] =

1.32 err], polydispersity of 2, 6 branches/ 1000C.
Exanple 14 5mL stamlﬁs h;eh]emctpbpmnmga’ASDUnLvheg@e 2. 5 mL 10% MAO in

076 my of | rep) W Db yEl bl bt b i tor Jp b BBl | o1 o

punped into aedxfd was maintained at A15 SC anddubssuait mkkupeﬁcthemolmrtpa)dmtng 250 mL

hexanel’S 2.3 ng15vél'94{g fpolyg{hylene with M,, = 9.3 x 10* and polydispersity of 22.7.

Example 12
Ethylene polymerization with [HB(3,5-Me,Pz),]VCL,(thf) at 140 °C. A total of

8.8 mg of [HB(3,5-Me,Pz),]VCL,(thf) in toluene solution was pumped into a 500
20 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in

toluene, and 350 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 140 °C and subsequent workup of the polymer product

gave 2.1 g of polyethylene with M,, = 3.34 x 10° and polydispersity of 71.0.

25 Example 13
Ethylene/1-Hexene polymerization with [HB(3,5-Me,Pz),]VCl,(thf) at 60 °C. A

total of 8.6 mg of [HB(3,5-Me,Pz);]JVCL,(thf) in toluene solution was pumped

into a 500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10%

MAO in toluene, 15 mL 1-hexene, and 60 psi ethylene. The polymerization was

30 run for 30 min while the reactor was maintained at 60 °C and subsequent workup



tol uene, -and 75 psi ethylene. The polynerization was run for 30 min while
t he reactor was mmintained at 30 [err]C and subsequent vvorkup of
t he pol yner product 10 gave 0.4 g of polyethylene with Merr] 3. 68
x 10[err] aﬂg 9,94 ygli spersity of 60.8. Exanpl ecil/bses23519

Et hyl ene’ pol"yweri zation with [HB(3,5-Mlerr]Pz)[err]]CrCerr](thf) at 60
[err]C. A total of 12.8 ng of
[HB(3,5-Me[err]Pz)[err]]CrC[err](thf) in toluene solution was punped into
a 15 506fmpstmenpre¢w gowed|.2 geﬁgmﬂpnaﬂmxm sopplymeewithiMietdde, 2.5 nl

10% MAO i n yl ene. The pol yneri zati on was
run for 30 mﬁl%P‘Plﬁd‘fH‘FéS’tYO??sz i ot 5915}1086 's mai ntained at 60 [err]C and

subsequent wor kup of the pol yner product gave 1.0 g of

pol yet hyl ene with err] = 2.78 x 10[err] and pol ydi spersity of 34.6. 20
Exanpl e 16  Examplel4 FEt hyl ene pol ynerization with

HB( 3, 5 Me 11.Gr E oot Rliniaf
[28 (2 ng Of [ FLEM YIXICL1Zd loi'l%l{h] fl-tlﬂf‘a)s ﬁgg# rb?tﬁ Qt 36\ bO & toth of

ertTPzyrerr T a ne sol uti on was
punped i nto as$.6 mg of [HB(3,5906PALICsCIxthf) imgsluetessolutipr s pump@nnmanﬁmg 250 nL

hexane, 2.5 nmlL 10% and 274 _ps ne. The

pol yneri zat i oﬁﬂmété‘mimﬁs?arre%ﬁmnfwtww gsﬁﬁgnff”gx , 25 F’Z‘ai? s'mai nt ai ned
at 115 [err] Ct&lﬁ@lesaﬁ%%eeﬂl 1666 KTRe gcflyﬂh@(ﬁ%zaﬁ&i WA FunPfop 30! @din whlle the gave
1.1 g of polyethylene with err 4 x 10[err] and pol ydispersity of

14. 1. reactomgs(mmtaen@wt 30 °C and subseguen{, Warkup 96 R RAYBEAIRNC t h
[HB(3 I\/b[err ‘TZG % { ({1ht) %,)4 1 (o) Pko.80 29.7
ng of B(3 5- ejr'g]ogél err rfegglfj‘é ]G?txh glll(ﬁ)%fq er?g&(s)ol ution was punped
into a stainl ess steel reactor containing 250 nL hexane,
2.5 nmL 10% MA 0ol tol uene, and 350 psi ethylene. The
pol yneri zatio €-dn for 30 nmin V\/nilethe reactor was
mai nt ai ned at erle ol n@rﬁﬁtﬁbnswm thf)het G0CIQY MArtofal efluct
gave 1.6 g of "pol'yethyl ene err| an oI ydrspersrty of
10.1. 5 12.3 g of (HBG, 5-M°zPZ)3] Ol f)‘PABE]Ee‘!I?' s oVateRHIPeE B A i son:

15 500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in

toluene, and 125 psi ethylene. The polymerization was run for 30 min while the
reactor was maintained at 60 °C and subsequent workup of the polymer product

gave 1.0 g of polyethylene with M,, = 2.78 x 10° and polydispersity of 34.6.

20 Example 16
Ethylene polymerization with [HB(3,5-Me,Pz),]JCrCl,(thf) at 115 °C. A total of

28.2 mg of [HB(3,5-Me,Pz),]CrCl,(thf) in toluene solution was pumped info a
500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAOQO in

toluene, and 274 psi ethylene. The polymerization was run for 30 min while the
25 reactor was maintained at 115 °C and subsequent workup of the polymer product

gave 1.1 g of polyethylene with M,, = 2.4 x 10* and polydispersity of 14.1.

Example 17
Ethylene polymerization with [HB(3,5-Me,Pz),JCrCl,(thf) at 140 °C. A total of

30 29.7 mg of [HB(3,5-Me,Pz),]CrCl,(thf) in toluene solution was pumped into a
500 mL stainless steel reactor containing 250 mL hexane, 2.5 mL 10% MAO in




Conmpound Tenp. g PH g PH
([err]O)* Catch mml Cat[err]h : Oorrparatlve Catalysts
A) [HBPz[err]]Crd[err](py) 30 0.97
B) [HBPz[err]l]CrCl[err] (py) 60 0. 06
C) [ HB(5- M2 ST ¥z)[err]]CrC[err] -22- 30 g‘ii’g's”’”m 16. 6
D) [HB(5-Me-3-Ph-Pz)[err]]CrC[err] 60 ) 0.91
| nventi on Catal ysts
E) [ HB(3, 5- Meluexd] LE&st[oe;rsi tthylesd. ['ﬂ{erﬂd)tnlfgnhanon was run fo?@O min whllell{bo 68
F) [HB(3, 5- NE[err errd}Tld err% (thf) 227 111
G [HB(3,5- I\Véfcéqfﬂ’]aPi‘)a[IE‘PF‘] ay i ek ap M’fﬂ)quent workup of ﬂm)polymer prodpglg 363
H> [HB(35 L@i%%? 19thy1bnéQlititirt, L do* and polyd 464
' ]g g g } [elr]ﬁfll’-"z)zf er r?]a(n:r fel?gefs??ﬁr)ml 30

79 39 J) [HB(3,5-Me[err]Pz)[err]]CrC[err](thf) .
60 5 148 73 TABLE 1 : Performance C&{Haﬁg’@lrl zation tenperature, all
exanples run as illustrated in the- - f oregoi ng exanpl es
10 The exanpl es above illustrate SI gni ficant inprovenent
over the WO Qi35 cxanﬂp+-es—l?aa-t-h—w espect—ba—eatfl yst
producti vi tifes (ADVM and Temp; " &BHBi 1 ex es {he
i ncreasing gctivity at higher polymerizate tf enpgsat Wr @finol Cateh
WO 97/ 17379 |also illustrates that the datalyst can beluSed 1o coptrol 15
pol yner MAD,| Gesperativg Catalysls bi nodal praducts, [and-GPC|pl ot s are provi ded
for —Wﬁg—wl Hs—eort-et-eg—by—thangi ng
t he substittt‘% 2]CtCLpy pat t |9n on t epyrazo@e?rin;s. There
is no expl and)EBPaXrCR(pyechani sm  The MWO6o 0.14 9{7 1736 exappl es use
three differlent _structures run under the sanme Tnnl voerivati on
condi tions. |fRHEHBEMBB3-BAdGEluse t he [sad@ stiruéfdre|run er
t hree differW ECLCHpCIdLUI geondrty s TggEforg, the WO 5
97/ 17379 phgn are as&] on®changes| in the structure of the fncillary
| i gand Inventi@eCatalydter eas t hose of [this i npventi on|are based pn the
lability of uﬁ conmpopents -R—r eé-pgnse—u—cba-gg—n-g— eact or
condi ti ons. |Ed 'rsﬁwg),zjﬂmgzw al ysts |of 30pjg 140 i Hvent i Bn do not
speci fically gus L, DUt 1[MStggad [CORgF Ot [TIE 117

G) [HB(3,5-Me,Pz),JVCl,(thf) 30 739 363

H) [HB(3,5-Me,Pz),]VCl,(thf) 60 464 228

I) [HB(3,5-Me,Pz),]CrCl,(thf) 30 79 39

1) [HB(3,5-Me,Pz),]CrCl,(thf) 60 148 73

* polymerization temperature, all examples run as illustrated in the

foregoing examples

10 The examples above illustrate significant improvement over the WO
97/17379 examples both with respect to catalyst productivities (A-D vs. I, J) and
in certain examples the increasing activity at higher polymerization temperatures.

WO 97/17379 also illustrates that the catalyst can be used to control

15 polymer MWD, especially for bimodal products, and GPC plots are provided for

three examples. However, the MWD is controlled by changing the substitution




relative ampunts of polyner conponents in a bl ended product which

I nherently 10 has a broad MAD, see Figures 1-3.

The use of reduced netal centers is significant for the present invention
because t hewo®emee of additional el eciyons on the metal FEESEZSPe| ative
to dlerr] conpl exes, may increase the lability of donor groups in
t he coordinati on sphere. 15 Al so, since six-coordinate,

pseudooct ahedr al. _geonet rj ry. . ition
metals (es pecipélhrg ogﬁ% ’)rr%ﬁleg{e"%ls'\éﬁ’g}r%tlg gg%@&taﬁggng{ttoin(')er?har{lé%nél gﬁ'({m majority
of tris(pyrazdmi73toraampleonpieexiize r diffetend $touctuddsalrysi andeenthet eathave t he
form TpMX[ err] ere e X ligapnds may, be the sane or different
ani oni ¢ | i gand®lymsigation conditions. The gxampl |ﬁ%‘éﬁf&%‘é“n§é@§|§@“ﬁf&6ﬂbﬁ‘@§ft hr ee

coordinati on sjfeeSdiftftentt PSlysetizatiah dASmPGEHRY caifliitions.  ThEB@fRE NaE Wy ee
coordination sites, they form pseudooct ahedral conpl exes w t hout

t he pre§ence 7143 pliepomenaneeibased onichanges|in gwrstiyctutgmighecancillpgyrligandh- d[ err]

be bal anced by*biberr e ghfifbaitoh 8 bl find BB En FRorkiBelFC ' "

coordi nati on sintréspsisel tb chugingabdactor asrditionsls  Fudthérose, the catalysts of thie addi tion
of the neutral, donor ligand L, Therefore, by using non-dferr]netals, 25
conpl exes can iBeentien dg ey sperificallyconl polxmarsMWBY bht ingtepd cotFl | the qonor

| i gands ; | i l; 30
CLAI NG: rlative {3 e TS g ey

acti vatlilon i ntas a bjoad MWDosee Figures 1-3. pol ymeri zati on catal yst

conpl exes conprising a reduced oxidation state 5 G oup 4-6
met al compound having a substituted tris(pyrazolyl)borate

ancillary ligand armheaspbfireduécdymeil hteglie siphifivhnttfod thatprésentlinv-datigmt i ve

| i gands, exc) udi ng cyclopentadienyl group-cont ai pi ng

| i gands, and hecpusg she Efﬁ%"’nFFeB% ?cgytlonal Electrons on the metal| GeRtsr, 5‘?1%5 tod

complexes, may increase the lability of donor groups in the coordination sphere.

15 Also, since six-coordinate, pseudooctahedral geometries are very favorable for
transition metals (especially electron deficient early transition metals) the majority
of tris(pyrazolyl)borate complexes related to catalysis tend to have the form
TpMX, where the X ligands may be the same or different anionic ligands. Since
the Tp ligand generally occupies three coordination sites and the X ligands occupy

20 the other three coordination sites, they form pseudooctahedral complexes without
the presence of additional neutral donor ligands. However, for non-d° complexes
in a +3 oxidation state, the charge on the metal can be balanced by one Tp ligand
and 2 X ligands. This leaves one coordination site still available, and thus, allows
the addition of the neutral donor ligand L. Theréfore, by using non-d’metals,

25 complexes can be isolated that possess excess, potentially labile, donor ligands

that are not available in the d° analogues.

30



10 2. The metal conpounds of claim1l wherein the netal of said
G oup 4-6 netal This heetHasBeené%;?lQQ%ﬁ’und is selected fromthe group
rm

consisting of Ti, Vo 3. The netal conpounds of claim1
wher ei n sai ¢yg@hehe i S HHIHW]‘LHH 4. The et pdr/osspsinds of
claim 1 wherein said s dfe represented by
the structural formula : TpMX[err]L[err]
20 where Tp is a substituted ' k borate |igand; M
is a Goup 4- €LAIMS: transition !m‘lgﬂfﬂﬂm%m&bﬂgen al koxi de,
aryl oxi de, am de, phosphide, * hy , ocar byl ,
substituted hydrocarbyl, hal ocarbyl, substituted

hal ocar byl ; hydr ocAnbylefin quolyheeriestivnbydtal sy hstipbsitier compRgIRNANRIdadedoi d, or

t wo ,%gyjrrooups are joined and bound to the primary |igand or
transition netal tE¥ifgiom stgte Group 4-6 metal compaundshayingype substitutsde or nor e

groups gan contai nhﬂr&@%@ol?ﬁﬁﬁﬁe gﬁclgﬂ"ﬂ'y ligah and aLH%%rglritvao_ﬁ %iﬁgl? Sora neutral

donor group which stabilizes e conmplex; nis an

determ ned by counmultigentatnvhinegativieligands, gecluding dyelopentadiengliidandshat t he net al
remains in a reduced oxidation state and the overall charge on the

pr ecur sor conplex is neutral; pis a nunber from1-3, as

necessary to gt abi Theéatdlyse c@fiposition of claim 1 whefedih@ Wikl of said Group 4-6 5.
The netal conpounds gI cl ai n(l,4 wherein Mis selected fromthe group
consisting of Ti, %e@}coapound is selected from the group consgsting of iy ¥ oz £ .3 yst

conmposhgion of claim5 wherein said netal is vanadi um

3. The catalyst composition of claim 1 wherein said metal is vanadium.

4. The catalyst composition of claim 1 wherein said metal compounds are
represented by the structural formula :
15

TpMX,L,

where Tp is a substituted hydrotris(pyrazolyl)borate ligand; M is a Group
4-6 transition metal; X is halogen, alkoxide, aryloxide, amide, phosphide,
20 hydride, hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl; hydrocarbyl- or halocarbyl-substituted organanometalloid, or
two groups are joined and bound to the primary ligand or transition metal
to form a ring structure, or one or more groups can contain a neutral donor
group; L is a neutral donor group which stabilizes the complex; n is a
25 number which is determined by counterbalancing the charge on the metal
such that the metal remains in a reduced oxidation state and the overall
charge on the precursor complex is neutral; p is a number from 1-3, as

necessary to stabilize the compound.

30 5. The catalyst composition of claim 4 wherein M is selected from the group

consisting of Ti, V or Cr.



7. The catal yst conposition of claim4 wherein said netal conpound is 5
reacted with an al kyl al unbxane or an al um num al kyl cocatal yst activator.

8. The catal yst conposition of claim4 wherein said neta llJJ'Id | S
react ed wit Wa@d2%¥ zi ng noncoor di nat i nggsani on precur sor c%m%%

9. A pol ynerization process characterized by conprising contactlng one
or nore nononers pol yneri zabl e by coordi nation

pol ymeri zati on under sui t abl e coordi nation polynerization
conditions with a catal yst conposition according to any of
clainms 1-8. B5  The catdlgst compospioh pfiglning S wheminseidoesta icymadiomer i zed by
conpri sing contacting one or nore nononers pol yneri zabl e by
coordi nati on pol ynerization under sui t abl e coordination

pol ymeri zati on 7condiThé @agly¥d édmnpdsiish A ¥tdim 4 wherein said metal 6sHifdRAd tid ON
according to claim8.
reacted with an alkylalumoxane or an aluminum alkyl cocatalyst activator.

8. The catalyst composition of claim 4 wherein said metal compound is

reacted with an ionizing noncoordinating anion precursor compound.

10 9. A polymerization process characterized by comprising contacting one or
more monomers polymerizable by coordination polymerization under
suitable coordination polymerization conditions with a catalyst

composition according to any of claims 1-8.

15 10. A polymerization process characterized by comprising contacting one or
more monomers polymerizable by coordination polymerization under
suitable coordination polymerization conditions with a catalyst

composition according to claim 8.
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