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WD 2009/ 061678 PCT/ US2008/ 082066 HALOGEN SUBSTI TUTED
HETEROCYCLI C HETERCATOM CONTAI NI NG LI GANDS- AL UMOXANE
WRDDPNEBIEON OF METALLOCENES | NVENTORS: Mat t heRCT/US2008/082066
Hol t canp and Renuka Ganesh PRICRITY 5 [0001] This
invention clains priority to USSN 11/937,043, filed
Novenber 8, 2007 and EP Appl i cation No. 08154608. 7,
filed ril 16, 2008. FIELD OF THE | NVENTI O\l Og
HALQ ﬁUESﬂ’JEMTFd?]HFeT%R%Y%LFCa RQ&%T NTAINING
cat al YstGANDSyALSMOANEAYSTIX ATIQR OB MESA LERCEHES
these activator conpounds, to polynerization catal yst
s¢ [ compounds, and
po yne%giewoﬁggf%lggsaggé&@%%gﬁﬁegﬁthe same. Mre
speC| fically, the activators of the invention are the
Pmmﬁﬂl\bn product of a hal ogen substituted indole and

(0B s B S o IR RN o007 and

&Ismicat%wbtdgl@%@w if&d Rpril 06, 208% co-catal yst) to
y| el d conpositions havi ng a vacant coordination site

FIELB OW THE JNMENREON, i nsert, and pol yneri ze ol efins.

o5 RSP AT R RSB B 9 3R B ounas,

me@RIIe bahiakmrgl th@@NRAi VR0 COMRVIUNES t& POk RleALADbN catdllsRhysEms containing
subunits, where Ris an al kyl group. A conmon

these et xaipie camppungisornd do prlymgTizatioRoNaAsS¢\VA)izing the same. More
speic}/f%aﬁ? h¥ a?%grﬁ‘%%Em égé/ r%(ﬁﬁ[}oqy%ﬁ%é/ ﬁea%tlog Product of a halosg%en substituted
indote aifdldnlaZleylbﬁm&ﬁﬁﬁel t generally nust be added | n great

excess rel at ive to_t he net al | ocene and because of the

: DLOFTHIE | 2N |y, MAO tends to be
r t t I :

[0({&3804?02%@%1%%?{3 ctgﬁﬂﬂr %@%ﬁo}@s earéi{ tp?é\%glyoérogﬂ)%&ﬂ%ltﬁ allGctivator (or
co-rmﬂakylst)otoe}'le]sl annipcmithms Imivingl #£-vatdne copalinareni d@t thenwill coordinate,
. cat al%{ have bfegn ) er ed in recent years. fo |
Insgita Af PO PP S ‘ﬁ‘ﬁe@?ta OSENSG, INOTRRIFREAY Bty for example, are
ty R a%ﬁ@ﬁe@ ANRAINIBLaRE SyiA QR n@fatllrngfg@nfeﬁ@tc‘%hgﬂoﬁﬂds containing

group have recently gained nuch atténtion
—AHR)-vdd)-or swhungis,ewhere Havs g dkydrgopp.13A wloamd‘m\elemwlxgm activator is

D5 OBEST A L St SIS G gmgttaminn

(TS MA@‘%OJVZ{%@ra{Edexp@nsNeltomﬁlzg ib3edu0Ss & @nerally rnust be added in great
pol yneri zation process and polynerization cataly

exegheradattvigdo ¢y mptpHdeceno apgbrasgesolhe Atahi apst QﬁTMé\npfﬁedetlonally, MAO
tenﬁé‘}’doﬁ‘%%xgs%aﬁdé’ééﬁt ﬂn%mg BB @ggluﬁhn 0§@%m

en- cont ar ni Ry Car ona |c gr oup
[OUMgandAs -d I\é@llﬂ0@9&@6&\6378103@&61@82&0%&812&&665 and other single-site

polymerization catalysts have been discovered in recent years. For example, perfluorophenyl

aluminum and borane complexes containing one anionic nitrogen-containing group have
recently gained much attention.

[0005] Activator complexes having a Group 13 atom have also been suggested as a viable
alternative to the expensive alumoxane activators. For example, U.S. Pat. Nos. 6,147,173 and
6,211,105 disclose a polymerization process and polymerization catalyst where the catalyst
includes an activator complex having a Group 13 element and at least one halogenated,

nitrogen-containing aromatic group ligand.
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[ 0006] Each of these alternatives, including the
formati on of al unoxane, requires nulti- step,
wewphésat ed synt heses. There is a need, ther ePCF/ES2008/082066
provi de a sinpler nethod of cocatalyst synthesis and
catal yst activation. There is also a need to inprove
cat al yst econonics by providing a highly active
co- cat al particularly in_propyl ene
[00&&] ynEch eqf |t]@¢»§§ altF@]@‘qus gghghryg)@lejggnqj}ogl&fﬁ@goxane requires multi-
steEfE&ﬁ&? a%d PO Ic‘? QSS ldcllfbeas tﬁe?é}g%e)to go%%é‘ %dsﬁ‘}fpié? method of
n1or a al 'unbxane an
cocm&tlﬁstl @ntlﬁ:&s&ﬁhch@hﬁal@&t activdioaniihes: s aid ahﬁeedf toUSnprove catalyst
6, 703, 338 di s¢l ose the e of "tetraethyl al um noxane"
ecooﬂqgngs 5t B Provadipg s |auol;11(gk1j§doqlcé1vewcphcata lyst, particularly 1in propylene
po ﬁw%zy§m§uCp)22rNb2 to make pol yet hyl ene at, anong
ther things, high MV s and 10 activities bel ow 1500
[0093b1 y e /ogiat Bl yhsdhoses et coad:, c%@ﬂ:npqiinsls: I(&mshsas a'midla)i gombined with

A g AR TR R e AL BRI Bl

16 @mﬂ ©3633798RAS theRSe Bﬁ%bt@&:tﬁ%ﬁuﬂﬁn&ﬁﬁ@' dh@t@s 8aYielrhfBuoroindole
ompounds (such as indol e/indol’yl) conbined th an

Wlfém Wyd-Me. Bufe muAiMe: ta] makex aplycthylean abcameng other Ugngs high Mw's and
550 dIS Ios o e her
aCtllelg qu W o y%p o}érni:r e%lcataf’flss?i]lg ? i Sé%%?%én()i/lﬁcl in l%alogenated
ind@Bdsadontis edte weth Ny NdluB IR b atlinfdkagé ltd Gacrvdie raenbllfse US 6,930,070
silica has been treated with an organoalun1num
disglosgsoipmposigan hagng W@phmoaff befriogrglicaspanneundt euel jindele/indolyl)
combiiRg ldvqﬁll a(nseﬂﬁﬁ alinfno rGaIJrn{) aafs laH%E ﬂ&llo l[)%)2%0l72)055028 discloses
contrast, nstant 1 nvention prOV| es a nethod t0
a pkcyssetd zrﬁak;er bipphke n\éwmdis:dtacﬁerp(ﬂyprobylgne nadenyla Gsaugend! Group 4
tall ocene catal ysts usin i soal kyl. al unopxane at
megidiotsien CPEPPEY SHRROTSE o1 glica ‘ﬁh%rﬁg%@t ﬂLlFa thah riRgn treated with an

ok TR 23 L P54 TP omoond G

as Ehhoditeeaflwromdolkhe | hventfrash, thec insthat anvalttonvaltowrdeanaj method to

po@g&%lr r?@fl?%‘lit g rl Siﬂ,dgpﬂngiﬁ go{glreefaélgg@e catalysts using an

isoRIk§1 E]l‘ﬁﬁf@))éhnecit%ﬁaﬂl raﬂ@st ﬂﬂa{ PRARRY, aﬁﬁkﬁlgaéth&etﬁﬁfgs Old&er Mw combined
activator. In one aspect, the activator includes

withet eloiag srmmsateemfdiAither mpgands coor di nated to an
BRER URIM B% THREMA AnifENact i vator is a reaction

| unoxanes and one or

[0008] € hEhBsdigyalsi 6f B¢ enoattiom irctutanmi Rgveenpadnds catalyst system
wherein the heterocyclic heteroaton1conta|n|ng l.i.gand
coyprsing op¢ @& apfre pobynarEatien satelyyts (prefargh mo@r/l@@&!damndenyl Group 4

me?a%c%%gﬁ/ 08286 @ne %btivator. - 17 oné%spect, the activator includes heteroatom

containing ligands coordinated to an alkyl alumoxane, wherein the activator is a reaction
product of one or more alkyl alumoxanes and one or more heterocyclic heteroatom
containing compounds, wherein the heterocyclic heteroatom containing ligands are

represented by Formula (I):
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X4 (1) wherein Yis 0, S PHor, in particular, NH
wherei n each substituent X2, X3, X4, X5, X6 and X7 is

w0 peperndent |y a hydrogen, chlorine, fluori nePCT/081008082066
or brom ne, provided at |east one of X2, X3, X4, X5,
X6 and X7 is not 5 hydrogen when Y is NH and wherein
the ratio of the heterocyclic heteroatom containing
ligand to alum numis betvveeQ7 about 0.01:1 and about
10:1 nol ar equivalents, norejparticul arly between
about 0.1:1 to about Aa:1, particularly

4:1 nol ar equival ents.

altering of the ratio of

to al um num provides ke ab

nol ecul ar wei ght of the poly proc%ged froma

pol ynmeri zation reaction. [00%0] The catalm§t system

may be supported or, preferably, non-supported.
wheedn Y]is On SoRE casipeetticutanaNHl unoxane is

i SOb I 5,0012], I h , th .
kTR BT, o 052k s IGH AR e, cioine

flustiRstibdiut &6 Hroslalee pedvideddat- Isad dnetoft @, kBdmle X5The and X7 is not
substituents are hal ogens and in particular can be
hygyoeen wheoY ighEbiandhe. I'n one aspect, the indole is
10+ i i-S i tut it h- ' | :
wHERAP B30, o e Ho@log et Tbpbl! Estyailin: i BhO T Aiidn is botwoen
ab@ndi.Okil adpdout 10Hemohalcqgenlchs, natre fphtteulang. bé2®ecen about 0.1:1 to
[0013] In yet another aspect, the catalgst system
byt oV | -crysn anare tPRBIP ULy hedpieineahosb Dt f abqubw: it e dlif &rto about 4:1
nuwﬁkgﬂgmgggynprs, such as isotactic polypropylene with
nol ecul ar wei ghts, for exanple, between about 10, 000
(00098 abhupridagly OalGermpienaf the Ualie 9§ hotchertanh sensirte digand to aluminum

nmol ecul ar, .\wei ghts are_wei ght aver age lecul ar wei ghts
PV i oot g mson lo ey i B v i PE e Po Repsbaprdiced from
polyRRricato &dtionyst em i ncl udes 5-bronoi ndole in 25
conbi nation with a netall ocene, such as
[0MAE - MeDI®I cagadysrsysrh maydersyppaRd(oCHBY 2rablya aomsasported.
W‘%ﬁéﬂ?h%:% é?Pyel%S’ gfrsa(l@é?jatéleeg% 1sggltlt¥falumoxane.
[0012¢ - MHA Shndtler n@ipbat] tKe MbRFRYdyclid mMdRRydtom Zsdn€dilding, ligind is a mono-
i sobut yl al unoxane. Pol yneri zation of propylene with

sulsHuedsipdplerar aodiowbsieyted indalet A8 isebsysioptsraprlogens and in particular

g, i . av - :
co B SRR o o IR nEr B8 ol ofabba <ol il ARAT o ubstinred
withnieroatimu dnd G0 p &€ Oylaimsr Bbpandindalt ar |Sychd@bineleie. aboadother aspect, the
15, 000 apd about 150,000 and nore particularly
halggerusént HBJiRe- 20, 000 and about 100, 000, nore
(0033 U1 il % laoth & é’sﬁbé‘tpﬂlgo&ta{l@st 300G, 80i0R a b drlpare isotactic
anot her "aspect, this invention'relates to a process o
lovp olojeretar zeeight gpipineanrg such as isotactic polypropylene with molecular weights, for

example, between about 10,000 and about 200,000 g/mol. Unless otherwise stated all
molecular weights are weight average molecular weights in units of g/mol.

[0014] In one particular aspect, the catalyst system includes 5-bromoindole in
combination with a metallocene, such as rac-Me;Si-(2-methyl-indenyl),Zr(CHs), , rac-Me,Si-
(2-methyl-4- 3', 5' di tert-butyl phenyl-indenyl),Zr(CHs), or rac-Me,Si-(2-methyl-4-phenyl-
indenyl),Zr(CHs),, and isobutylalumoxane. Polymerization of propylene with this system

provides an isotactic polypropylene having a weight average molecular weight range of
-3-
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5 conprising: 1) contacting propylene and fromO to 50

wt % conononmer with a catal yst system conprising: a) a
woreaoalobetene represented by the formul a ACp2MECTHIE2068/082066

is Ti, H or Zr and Mis bound to each Cp group, Ais

a bridging group connecting the two Cp groups, each

Cp is, independently an indenyl group or a

substjtuted inden each X is an anionic
betwesly pheyitd 098, and ﬁ@wg%ﬂ%fw PRES Wétlwlarbcbﬁ@e%bb%%éﬁ@% and about
d S
1§ U R UL AR AR 00 98 R e ity
frop*r]s(i@@(mblsy) (l(]@@/mnbt all ocene is conpletely racem zed,
Wﬂ&éﬁve)rl?lc%rgt%ﬁ aég?qt,vébemnveam gﬁéﬁﬁeg%@gﬁgﬁogggymeﬂm propylene
Coﬁﬁﬁﬁﬁgcycl i ¢ heteroatom containing |igands

coordinated to an isoal kyl al unoxane, wherein the
act ily atontactisg gropeyéaneiand fporodutet SQ)fwt% swhaortongn viih efcatalyst system

i soal kyl al
comBRaRbY of et BRSPS Lo ia i G E OB UGV TGt dy i HE or Zr
and BEish®Jul @& ¥ohi Cp Xg«%g(maé 9'!.’6}1@%&1@ %‘r(ﬁip”&)nhécg Bdhd o Cp groups, cach

represented by: 6 Y X2 X4 wherein Y is
Cpos. iINdepoprently, R jindeaylgpropp ocazsubsticyted gmcmpil gieapheagh X an anionic

leavﬂl% %é%gplt%eqé@g%ﬂe% meth‘?l!oggl%r}ﬁﬁlres%%ecﬁ % 1?<3f81qﬁ¥1afr912 HA%MXZ where

"rdady dn@QeBs @liat ahd &h@@l@db@n@nﬁ phRIIQI ¢t ¢digple@tyl BacOmidelie preferably the
het erocyclic het eroatom containing |ligand to al umi num
mejtadlogeionisespraplotelyl ragaenized; 1.cnicamicefiivAl SRt M. qudny arc as defined
ngl | t
oo 2 Ui, B Riong 6 b RuGp BB A dhu s ontaining ligands
coqdingtedrto ah mblalkgl dumberast whbrewt e peidypydras e reagniodprodfict of a solution
5 000 to 200, 0Q0 g/ nol § ferably 10, 000 t 120, 000)
of Qhel o8 MY tFHYK SHSipoBie] B oot e hsiapercs fpterdggem’ containing
coBpolRs SwhRERRE ﬁ&é%c;légcﬁe?éo&éSm%ﬁﬁmnpg ﬁéa%ﬁqp{eérekétﬁgd by:
or nore, preferably 160C or nore, preferably 165C o
nore, as neasured by the DSC,*procedure described in
uUs 7,271,209 colum 9, |ines provi ded that the
melting point is also < o equal to
0. 000143x(Mv in g/ nol)+133 onal %y, an Mwv/ Mh
of 4 or |ess, preferably 2 preferably from
greater than 1 to 2. -40089/ 064678
PCT/ US2008/ 082066  Pr e#er ablylif the\Mv is 40,000
g/nmol or nore then the nelting point s 145C or nore,
or alternately if the Mvis 50 000 g/ nol or nore then

whetpén e INHhgr ok meherasR 150 €1 o Cnmarllé;'l groat gpchppt X2 gad &Byis hydrogen,
ha@%gﬁé? 2&{ %@Lﬁ@ Xllla%nﬁon%rg ?&Cl%gmBSJeS'a?or%}’c Hﬁ%’,e X%j )Mj )9(; and X7 are

hydrogen or a halogen; and wherein the ratio of the heterocyclic heteroatom containing

ligand to aluminum is between 0.01:1 and 10:1 molar equivalents, (and optionally the ratio of
water to aluminum in the alumoxane solution is 0.7:1 or less); and 2) obtaining polymer
having at least 50 wt% propylene, an Mw of 5,000 to 200,000 g/mol (preferably 10,000 to
120,000) and a melting point of 140°C or more (preferably 145°C or more, preferably 150°C
or more, preferably 155°C or more, preferably 160°C or more, preferably 165°C or more, as
measured by the DSC procedure described in US 7,271,209 column 9, lines 1-30), provided
that the melting point is also greater than or equal to 0.000143x(Mw in g/mol)+133, and
optionally, an Mw/Mn of 4 or less, preferably 2.5 or less, preferably from greater than 1 to 2.
-4 -



10

15

20

25

100, 000 g/ mol when the activity of the catal yst system

is 1500 g polyner/g catal yst-hour or 5 nore, or 2)
wheiweern7s8.00, 000 and 200, 000 g/ nol when t he ackCWU$2008/682066

the catalyst systemis 400 g polyner/g catal yst-hour

or nore. DETAILED DESCRI PTI ON [ 0017] A catal yst system

for olefin polynerization is provided. The catal yst
Pﬁgysten1nay be supported or non-supported and includes

Dlyrif sy Mve at 49,099 8/raqlpramonedtagn thsmaeliiagippsntdy 145°{por more, or

BB S AN AR IR Pt 9P e gor
[00d6g OrAlmnﬁely&ttE&‘rth@lrmpylehﬁtmd)dJEbd) heieonmay havegan Mn of 1) more than

106 0BTy hiibr aF iy #hG coySERSBIM R0 Rfemerh catalysi-hour or

md?@GH ﬁ%%é&l%@%d% 080, %/1%51 whtén ﬁ{bdac}gllt& f the catalyst system is
I ndependent |y a’ hydrogen, orine, | uorine, iodine

400 g pohyomirfgecatabysthipdieet raorel east one of X2 X3, X4, X5,

Mﬁ%ﬁgﬁnﬁl@éé}y 1der ogen when Y is NH. [ 0018]

S € ..”g of the heterocyclic conpound
[0017¢! udgga@lyst SRk RAVITIL ﬁ&ﬁﬁ@rlzat@ﬁygﬁﬁ)mcﬁﬂdmé cadlylsti§ystem may
atom and nore preferably includes at |east one
be ﬁurm@fgé 9T apBryippRrige pnd 2uclpdasiont oy more spklysisfang at least one activator.
I 0 n
The %S\éﬁq&y ‘I:s écf%a'%%gg %?(9 uct 16 olﬂg urggr% eh nor}ﬁafi%gghlfek&ably isoalkyl

&S A4 o
alustoxahds) he cbnenstohmer®d hetard@yclfbahétgtbﬁto‘iru lesiitainitige dopslalde . having the
The hal ogen may be chlorine, iodine, brom ne,
gmﬁﬁﬂé?ﬂﬁ@?%a¥ any conbi nation thereof. Preferably, the
hal ogen is chlorine, bromxe, fluorine, or any
conmbi nation thereof. [0019] The al kyl al unoxane is
preferably a Cl to € Dxane, such as nmethyl 25
al unoxane, ethyl al uno -Nsobut yl al unbxane or
nodi fi ed al unoxane. A U pxarkze i s nodified
met hyl al unoxane ( MVAQ : A type 3A
(comrercially avaik&abl e om AkXo Chem cal s, Inc.
under the trade nane Modi f| ed th'ylalunoxane type
3A covered under patent ndnber US 5, 04D, 584. It nay
b se a visually clear -5 WO
6‘8%%%3813]%&%%2008/ 082066 ~met hyl al unoxane. A
Wh@fe@tu ehchaubgRhdre k22 XBmMaNXeS, Xéhndex f isl 1h@é@ﬁdé@lyﬂﬂ@diﬂ@@n chlorine,
a clear solution or clear alunpbxane can be decanted

fluptivgm ipfiae oF JueRpnso PIRVIEH. atAcr gt a] §24 Ké, Erunvxatfeand X7 is not
[ noxane, preferably the isoalkyl is a C3
hy%g%ﬁ%ﬁéﬂ(y is ﬁ'ﬁ“ X P y ' yl i

I soa preferably isopropyl,
[0018] Preferably, the ring of the heterocyclic compound includes at least one nitrogen,

oxygen, and/or sulfur atom, and more preferably includes at least one nitrogen atom. A non-
limiting example of a heterocyclic compound includes indole. In a specific embodiment, the
activator includes a mono-halogen substituted indole or a bi-halogen substituted indole. The
halogen may be chlorine, iodine, bromine, fluorine, or any combination therecof. Preferably,
the halogen is chlorine, bromine, fluorine, or any combination thereof.

[0019] The alkyl alumoxane is preferably a C; to C,, alumoxane, such as methyl
alumoxane, ethyl alumoxane, tri-isobutyl alumoxane or modified alumoxane. A useful
alumoxane is modified methyl alumoxane (MMAO) cocatalyst type 3A (commercially
available from Akzo Chemicals, Inc. under the trade name Modified Methylalumoxane type

3A, covered under patent number US 5,041,584. It may be preferable to use a visually clear
-5-
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i sobutyl, isohexyl, isopentyl or isooctyl. 5 [0020]
The term"activator"” as used herein refers to any

W@ 09poemsd or conmponent, or conbi nati on of conNPOUOA082066
conponents, capable of enhancing the ability of a
catalyst to polynerize olefin nmononmers to form
pol yol efins. The term "catalyst" is used

interchangeablg with the terns "catal yst conmponent”
C

meghydalupgraicy s cugeticd dppoxel aads filgrd ©onpdissa @ear solution
0 0 . or -
or FREPANEBkanc X SUTRCARE Ronfthe EATROUEROR, ARRRAT U ahumoxane i
an Gdvaikyt alumies@and, ippeferablictheasodye ipal Ganer(z datdatkyl,opreferably isopropyl,
rization qf .one or nore olefins. The term

. oligo

“08@¥gé$ tYlseRARH! 058°QS¥Y herein includes at |east one

[00207t @l MRL ter@NohcBlath@aRt uRBGerdf LERAL B any IBBpoiRt & ¥ethponent, or
systent may al so 1 nclude other conponents, such as a

combimptert of cvmpexandploe comMhenangs, ahyedic slysthencinayhd #iglityds a catalyst to

ny .nunmber. of catalysts.in an nbi natj on_as .. by
PoRBIERF bORTAerRIRTRy Qe Pl PANG AL T val By AT angalyst” is used
int&RARIgea 1, A thlthe AGmme SetalyREbrARIRI T and@atiS St &mpPdi@d", and includes
term™ reaction product” with respect to two or nore
any Femperns grecontponpet, peeembingioncohdsimpargds Aecenponsatss that is capable
rdl ess  of t . S hem cal | e oo
o PSR 385y Bty KOS LIRS BUBBFRioh S Sighgorzaion o
oné @radp’ olefinEl enMeNntedm tdagalydiewstemTuap @sddnBersmhaivtude®rat least one

. the Periodic Table Goups as_used as in the CRC ,
catplxphBamR  wrlcastoorHERMSTIRY - ANEN PSRl fsim d TRy plsgenclude other

ress 0) ' I '
corg?%riﬁng’ ,ﬁ%g{ﬁ al%za slugégttrt g i x’a%%%. i"t;hegérec%%%t ??sltt%)(u ni’lagrEvhclhae any number of
cathlysisut ywhy cdubingtidudsydescratred HeBtin,i &8 wal 45 anyyachudtyt in any combination
[0022] I n a preferred enmbodi pent, the activator
as idﬁiqré%%éle@ﬁé Jﬁe o &1 gt SFBCyergtion w@%éw&we&r i figo or more
elehledBNASarkOAE db Nt 86 cdiRbiaTheAhE AR, rgg‘eﬁ'dfé%t 8 QQ¥k} Ghe elements
nitrogen- containing ligand is an indole represented
cheygicBlby reabta (11). X7 H \ 1iX2 X3 25 X4 (11) -6 WD

N
0@PO/ 081678 RCT) US20081082000 . L0023, The b0l £ he “new”
nuﬂn@@@%e@bh@bl@ Ubr tHeePerfd@iceT &Y Clrbdpsrdsn@ed @8 i RWORCTHANDBOOK OF
Formula (11 Each substituent X2 to

. X7 1S
CHEM Epeg e D PHSHICS s ik R olidp pds 6R&nPreps bgech 200@) (I is methyl,
r i : ' | koxi . | i ) )
e e B MG 8 SRR SOy WA b ey o b

(00221 ri tla grufRscd phioiseipiyht, ghowupsvaténéhcbudeh kotle or more heterocyclic
.substituted aryl groups wherein each group_pay be L.
NitFOZRBGaMA IS é]lga%sr ppg}dp&ated to an alumoxane. = The "heterocyclic nitrogen-

containing ligand is an indole represented by Formula (II).

X7
H
X6 N
/ X2
X5
X3
X4 (1)
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hal ogenated. In an alternate enbodi nent, X2 and X3 are
hydr ogen and X4, X5, X6 and X7 are hydrogen or
wh2a0009er78 provi ded that at | east one of X4, X5PCHES20081082066
X7 is halogen. [0024] In preferred enbodi nents, (in
either formula | or Il), X4 is a hal ogen and X2, X3,
X5, and X7 are each hydrogen. |n another aspect X5 is
a hal ogen and X2, X4, X6, and X7 10 are
[00234r ogElis. infpleyineludgsotuhaitugnindds X3x&4 X Xﬁwaa@éﬁ taegted about the

hetX?Uc élr’c ﬁggt %7%@ glawg r(ﬂ9 acﬂ @u‘t?s"t%eét L AROL0 qﬁdependently

asp are ogen al ogen
sclbeed cfi‘dnorhlydmgen obalogens b ey rgeoupﬁ Byt i gn@;psplalkamde groups aryloxide

oGRS L LG L6, B0 000 St roums, n

alky DB tutcl 0821 odpRd %hé}klﬂmé?l‘ﬁp eg?o@ €m& 1O MRIdenated or partially
compounds contafrni hg - R -O or 15 Al (R) 2-

halsldwmdt sn antrdicenaR q:rsb@phmanﬂng andoXip aret lyyoliregehn| apd &X4X %, &6 and X7

areq]:,l'ygf g%:rnlg%lﬂ rglpm.}%Enggrn{Eat( ft usef ?44, Zéé 845 is halogen.

[002a] hy! Iﬁ'ﬁ#ﬂ@ﬁf@d‘ EmbdAHhis, €h Bﬁhé:}'fblﬁiﬁm@m @r II), X4 is a halogen and X2, X3,
triethyl al unbxane, triisobutylal unoxane,

X5; end Xdtang Lerihahdreseandn anethei a&pg@bﬁéw alhalegsmaed XPh¥deX6, and X7

SN, T OS4SR I HTERRE 8P e

hydtofen. Pat still 2& dﬂ@theﬂ abyts, Loth HH dm@b%’l aendd hmgéﬁ:‘: THOBalogen may be
Chem Rev. 1391 (2000). [0026] Preferably
chigriperigdine. Bioen b dlueanggineny essRbingiioadth ﬁ@pﬁr Bee;férlablcf the halogen is

chioBHP %lr'&qﬁleoﬁ%orﬁfy m"l%‘r@l ﬁ(oh}blﬁldtﬁh faCt i vat or

represent ed the oW n ornu as (1V) or (V):
[0([25[ JY)ydefud) a’anﬁ)(Meé Rre bllgc)mérﬂj mn(lpéi()nde rcon@2ming —AIl(R)—O— or —
z ( is alu num JY) .represents the
Alffore; cyé‘llqué‘ltﬁrgi}ﬁm Bofilky! (§pu - tpisifll & {0 Camglkyl group.

Exh@pRESO§t at,gdum timdManand n‘i’crlﬁcﬁeer ey 16QR1dhnat ?MA@) modified
M z is a nunber from1l to 1000 preferably 1to 10

motyldupordner AYMAD)t octb@laluamdaesy etri¢tbylelun®Gapg, eftleusalbltylalumoxane,

tet%etth%l(g egumg;(alms? g%(P ucgg%ﬁaug%aqmm%(?}gl%ol%e erz%gr% raggzlaﬂ/etgf ! 912 Wsthods for
pre%@ﬁl% Qﬁlﬁﬁ)&gné:’gd %aﬁ%/ a@&ﬁ@fa@les )Sub@ ad theZmetho®y dékcribed f1 U.S. Pat.
or 4; d\}ﬁ' 2, 3 or provi ded that x+y
2

No=4 e, 19%?@(%16@%@ rl@npr@bPr&\FaﬂVehé%l @0k 2, where
[()(legje Vaérgﬂgﬁ)lﬁfth&luﬁloxgne%n%ftﬁg %Qllogetgmb%tltu%'ed 1%ter§¢ycﬁc %ompounds of

Formula (I) yield an activator represented by the following Formulas (IV) or (V):
[(Y)RDM-O-MRIV )] (AV)
or
(OMR'x(JY)q): V)
M is aluminum,;
(JY) represents the heterocyclic group of Formula (I) or Formula (II) and is associated with
M, and preferably coordinated to M
z is a number from 1 to 1000 preferably 1 to 100, more preferably 5 to 50, and even more
preferably 5 to 25;
m is a number from 1 to 10, preferably 1, 2, 3,4, 5, 6,7, 8,9 or 10;
x1s0,1,2,3 or4;
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each R is, independently, a substituent group bonded

to M Non-limting exanples of substituent R groups
w0 p@bew7hydr ogen, |inear or branched al kyl raRCTEE208/082066

l'inear or branched al kenyl radicals, |inear or

branched al kynyl radicals, cycloal kyl radicals, aryl

radi cal s, acyl radicals, aroyl radicals, alkoxy

radi cal s, aryl oxy radlcals al kyl t hi o radi cal s,
Yiﬂﬂaiﬁyﬁénlno 10 radicals, alkoxycarbonyl radicals,
k1§6 ?gaabonyl radi cal s, carbanoyl radicals, alkyl

di al kyl radicals, car banoyl radicals,

q¢ﬁ¢y16xy4cad|cals acyl am no radical s, arylanino

ra strai ght al ne radlca S, nched :
progj fﬁﬂtg exma.t%eavﬁenceygm aé‘ﬁll‘gfﬂer‘{é ep%? Where thgyglence of Miis
pﬁggggpqulpqnghg&pof [0027] More specific enbodi nents
I ncl’'ude’a methyl, ethyl, propyl, butyl, pentyl,
cach5 Rhe yihdereydénsiye at wb,stltuymi gtwpylbqndbfé rtszwl oNom&uamymg exarnples of
ncludlnﬁﬁall their.isone

sul%gﬁ{egg}l'yg@ﬂpwnc dg &59%1]1 hngﬁ]aor( ﬁélh?l}eaéwlky%rﬁ(ggals linear or branched

alk8MAOHIXBR! Bndak oRbraIfeﬁéde& digieals by cloaliddirdibsls, Sd#ghradicals, acyl
as fl uoronet hyl, quoroetK dlfluoroethy

rach o praidyidichombREX yidicalp Mrloacngighls. Ayaioamighls. dilkylaming

tituted . or |1 a u
LU S OPRRELR, LBl Sk Sefney i, s
radid¢idh, dbi irkdi¢ald) @hﬂ)@ﬁfobyﬂadﬁﬁb%dyﬂdﬂyaddl@ﬁ]g a%&@lmhﬁd) talichls, arylamino

20 radicals including tris trlfluoronethy ) Si
raq@{quyspra{g]hg @lé(yfqngda@ p-nyeydiedyalkylene radicals, ‘cyclic alkylene radicals, or
an%E&ﬂPﬁL fhylgernyl and the like; disubstituted

oron ra |c s i ncludi ng dinethyl boron for exanple;
[0027$ ub sMbteudpedificr @mhmdilﬁellta@lfdﬁllﬁcludmh unﬁht]ﬁbg ethyl propyl, butyl, pentyl,

he’g}é?ﬁ;ﬁq b 1n g}ﬁﬁglgﬂﬁigﬁ nlg}e,ﬂ 8%%g %rop gglg glrg Ql? their isomers, for

exdrﬂ;?lk Wdii Hﬁggﬁl hR¥¥op @t Wﬁﬁe IiRE Om’en%ﬁﬁﬁé)fﬂs of R' include hydrocarbyl
' hylsu and eth I'sul fide. 25 [0028] Furt her,
radecadh Rlchrrm} |ch©er|@h3clar Booroctiyl,i coffiyorbeahpln, ialoprepyl mbromohexyl,

ch QiR i RSN Lt el g oig il iGligpag rimethysity,
mrﬁahylgbﬂﬁﬁu deetRyl1afctHygsilgU CdhdasheOliRé;] ﬁbl@@drbyl saﬁaahtéaab@dnometanmd
substi tuents including V|nyI-tern1nated ands, suc

rada@hb ut - 3nelging pr opeistirghiprometaxlgElybny | amﬂﬂhsgﬁéS(ﬂiﬂv@romethyl)Sﬂyl
l.east;., t [ oup ef I
%t@ﬁ%ﬁ%@h&lge@m@& gﬁ% s, #i& hkg W%LB bstg %H ]:Q’l%orrﬁr:i a r?clﬁlgé including
dirséthylbbrene fc30 ehﬁﬂplé];g dfstlbmt&eﬁ OG&leatl snmdielsedichdlidg @liinethylamine,
carbon, nitro , oxygen, phosphorous, silicon,

dn@féhﬂam&amnem wﬁﬁm@a omethaslp%an%bﬁﬁpmﬁ otk Harawps 16 radicals
mcﬁg r mBthYP S %pg{agyﬁt R Sfﬁ%{rﬁrlg?sﬁ ﬁd'%/lagpteﬁ'&l%lf'fﬁ%y

a car on S
[0028¢f erFuethes nbaudi I%nma}eainhluﬂ'e carBo\Os12i008/ 6B/ &luminum, nitrogen,

PCT/ US2008/ 082066 s an isoal kyl ,
Ph‘?%’&%ﬁ%l OXjyger, tiggsy %‘r(%zgeﬁ%‘ﬁ}lw Omg?‘lé{ ‘E‘F ing S“P Turther, cach R may
1nc'h§dép bRPMS  sukB Oat%ublélﬁmcall? ofyR%dikated SEBGMNMts FhclhGRL CHiMYI-terminated

[0029] The ratio of the heterocyclic heteroatom

hg@:tuiﬁt giichian dput-B gapld prap-2deuyhi hembicsyl andehetibbl for bemmenAlso, at least
about 0.01 an about 0: ol ar equi val.ent s, re .

@ X ot aprd g o redtEent BRI Ghs S B G008 g Ol g ine structure

haﬂﬁ%Q‘rd@@Bt 10C30 afdnys REEHRE FroaPedtborf). Mirb@naRaiitend phosfhofbus, silicon,

germanium, aluminum, boron, or a combination thercof. Also, a substituent group R' such as

1-butanyl may form a carbon sigma bond to the metal M. In a preferred embodiment each R’

-8 -
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about 4:1 nol ar equivalents. Alternately, the ratio of
the heterocyclic heteroatomcontaining ligand to
w@bwadoensns i s preferably between about 0.01 andP@busz008/082066
0.4: 1 nolar equivalents, nore particularly between
about 0.1 to about 0.3:1 nolar equivalents. Catalyst
Conpositions 10 [0030] The activators described above
. may be utiljized in _conjunction with any suitable )
is :ﬁb}syﬁl{;yh, prafeehlycthe éqo)agqyl 192 LortonCanisgekkiyly @referably isopropyl, isobutyl,
. el | [ | yst system Typically, the nole
mo?§%¥§§%&iﬁ%g?ﬁg§§ laof the activator to the netal of
[0029¢ cdllal ygio ofnthoshdté¢roaydlis hetetohent apgrindfg lipahdveenaluminum is
prefe g@l%’&)ﬁeg\’f’%ﬁ]%’ 8& éebg{aﬁ ftagorug 3@61 %1_90 ér:égtélo e%?@ hlldre %Ql%cularly between
abfR! /18 LB&I PN G&hahYRt sartiUdrHOBMRERLDARENE t¢ @bALYSE, c.g. 0.3 to
conmpositions, Goup 15 15 containing nmetal catal yst
aba pbsiotar gneivaland. PHenmtéldetht ratmsoft tho hetemicatlicktteriogtom containing

iR B ER i el SRy S BRI & PhBs A1 tmoter cauivtens,
mdVEpatib@ea) BeGRERhYS 0CIBRBUINGS3 2 mfolgeR@Naldnk. descr i bed

t hroughout in, for exanple, 1 & 2 METALLOCENE- BASED
CatafysyCpmppsigonsiohn Scheirs & W Kami nsky 20 eds., John

[00 . e)[/)l ﬁc@%ﬁ&%scé@%ﬁ Atﬁ)lgniag%b{' l}ﬂ@@%ﬁ%@ iglﬂcg%lfur:}?ction with any suitable

poRaictizgtidnadatalfPto fi8M dnnictihepslymichiggion cafalypobyednyTgsieally, the mole
in 1 METALLOCENE- BASED POLYCLEFI NS 261 377 (2000)..
ratiprf the fugtal g dhe aethpiarya the wgirb ol Higscatdyy sgmppyition 1s in the range of

be@%%ggghggbch@&)i Lfersb 0 996-¢ Ro ép@étﬁll,;eféﬁygosﬁ%?&waﬁi}"soo:l to 20001

avi ng one Or nore
Ex¢aopkako pelynadizativn canlgsts iigandts nietdloobiel catdyst compositions, Group 15-

Cog%hfgpfggéﬁ%%aj?% l&%)@%gs(lg(?rgs? gt} N egltogldg ?rg{mgane @g@ﬁgﬁagfstt c%rnpositions,
whi¥heire faBled i morlideRfil ldw. @and one or nore | eaving

group(s) bound to the at |east one netal atom
Mdtdlawemaf atelyst Compesitaanspounds wil |l be referred to as
[0

" aI I ocnes" or. "nmetall ocene catal conponent s" .

0 SR TEE Sttty AT e RS oG e Rt o SESTDEDr Bishiepput in. for

ex@nSUPPE b MBTALLACENEUBASHEY POE. YSUPRPINS flohh t9eheifs & W. Kaminsky
W t hout anot her cat alé/st conponent. 30 [0032] The Cp

cdy.i lphnd¥iley & e, bid. ABYQ: K Agsllaky in Al SPOQRAMNATIN CHEM. REV.
e rtion. of '  ncl| ud if- )

244538 G091 LN, OLMLED, ADSLyO5e L BANGSS Y SIEntcne i

MEDNALDQUENE-BASED iRQI(BOLBFING 1S 931 Q). t Pk cakdaflocene catalyst

conprise atons selected fromthe group consisti n(gv,of”
compoynds A5ods a7 BerpinTinclyde 0 8r gondwich Gagd pdull saqdyvigly” compounds

na R8T of Hbaf R LR LGN Teh e I R, EloUAPH Pt opentadiensd

bowid toaut st ormrei Groapg 8rp (Owyg €A mesdl latapo (preedblyua group 4 atom, preferably

phos ous er mani um .boron and al ynmi num and
HED S5t 04 s LR GBI REFE I BaD b Haleed i 585 | gpetal atom.
HerGRAMRE, thBQ (dniDulBIRA! Be r&¥RE MPLERARNICHERTIr Y mcddIRcene catalyst
Cp ligand(s) are selected fromthe 5 group consisting

comporsmbst iThgtreetaliovdne pgalysit domposdntoyay bpeuppadednyla support material,

an(h {11%9 %g Ssuﬁ)nog‘teld I\xg%noqs{)vithout another catalyst component.

[0032] The Cp ligands are one or more rings or ring system(s), at least a portion of which
includes n-bonded systems, such as cycloalkadienyl ligands and heterocyclic analogues. The

ring(s) or ring system(s) typically comprise atoms selected from the group consisting of

-9.-
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i sol obal to cycl opentadienyl, non-limting exanpl es of

whi ch include cycl opentadi enyl, indenyl, fluorenyl
w@e@oetees structures. Further non-limting exBepUex08682066

such ligands include cycl opentadi enyl,

cycl opent aphenant hreneyl, indenyl, benzindenyl,

fluorenyl, octahydrofluorenyl, cycl ooctatetraenyl,

cycl opent ac Iododecene phenanthrlndeng 3,4 10
Groyghsz bY foube abeyrs, and Wﬁﬂaﬁ}oy&r]é(ny}e atoms that make up the Cp ligands are

z 0 I

sel§ctghé ﬁéﬁlﬁg%gﬁll ?lgne Hf E%B&Eél!}]tgl)% 5" f, aiid OS8R, phosphorous,

gefntindyph.eroodil aral a?ltiltyllnunhg/rdj’ @@ﬁiﬂt@ds theraif) o\nheréllnejaﬂmh makes up at least
t etrahydroi nde

soypite oiiecrobes; ghen m@iﬁemm@ﬁ%ﬂsa ke Chobinly) apopeected from the
grdipt @(’)ﬂSlslﬁﬁg oYY su‘t%ﬂglt&?taﬁﬁ AN Ghdifutd® Sk ?éntﬁéﬁ Cﬁoflgands and ligands

Preferred " Cp |igands include substituted an
isolgbslibs t qyplsupentad:lynylo menilauitieg ydxamiprd ey whaehd ifdludsr eygtdpentadienyl,

B |tute 15 | ant th at | east ope .
incldl SBiarSh Ao by HEBOHERal GRYTT TORAERYPE GParR oy Sgteh ligands
incdBidRURcycRop eﬁt@cﬂlk@ﬂedcy@ldﬂ%nﬁ H&ﬁnﬂﬂ&fe?Eennc&hS?m %@ﬁ‘ilﬁ'ddﬂwg fluorenyl,

group, preferably a hydrocarbyl grou&ﬂ(suc

octﬁhydfyﬂuoremﬁyIcbep@tpWaertyllbt ghclopendanyelpdodasensy| ph@@m;hrlndenyl 3,4-

be(?z%glu{)&g}z I(#ﬁﬂetné/i;ﬂélg) 'Qlei e$ %I(a:i%ﬁc@ eﬁﬁ&%l &ﬁ?&h&%{w é{ Ei]ﬁ)enzoﬂuorenyl
1ndeh&$[&)2 9Iaﬁ@18é?zﬂe M‘@Héﬁélﬁhe@ﬂ aftiopMnodfuotdael, ﬂi@ﬁﬁigbﬁkﬁ@meersmns thereof
st conpound descri bed_ 20 throughout th

(e. %pé’eﬁ’ ﬂégtfqhaﬁroamﬁmh aﬂrmﬁ alnehy, wsgf@reélcwﬂon& &ﬁr@qfe(as described in
q% Odtiai %gﬁ)'w% aﬂg ﬁ’&er@é?&fﬁs versioh rtﬂgﬁ%ﬁ% ﬁtZP%gé?%ﬁs gﬂd hgeénéis include

ant hani I n one enbo
subistianed el utgnlmmpltecbcbmlqienmglenﬁll (Frdenylsangd fluoranyfprobfs. (By substituted
ticul ar . enbodi nent.,

is %}e%ﬁ;‘s tplf,ltgatapgsg 'rgrelg g]HéTog?]il R the cg&lopelqta&l%y?n'd 5 lo?f@hleogenyl group is
replébed Mith R8oni§droBth afgen C&Ralnﬁﬁ Ogroﬂlﬂ pré@AbLN a h?d%@&rb?l group (such

nDre particul ar enbodi ment; selected fromth
as grethyp cthorsirepylnbutpl, is2butg, (h@p;d dctyls alah‘dhealka) @m@hepteroy@m containing

a r rticular e r, H atons

ety Thieferb ¥ elsFob s R A oot At E 2 1 et a

[0033] € PR infatdlahtofTOOM Mg the Fhelsbmatha st TodipBud, as described
the netal atom"M may range fromO to +7 in one

threvwdhwut ?héﬁpemﬁmlon ang clwns mayda setagtedirantisdiragneonsisgng of Groups
3 th#’gglézlz aT(?ms d Pr th-'éghgiea@l%]ﬂh %t&f.ﬁst in Odgoérﬁbcg(ﬁlﬁlg%tc %ﬂlc?r%lected from the

gr oups boun

grompt ednsatingn of Mf}roalrpg Sebughad dtb@s cang enstrd Spadicular ernbodlrnent and
descri bed below in the fornmul as and structures ar

selpced fiam thg graupcoppiparawisee: iThdf e feM: Npnka, Mg, R¢, &%Bess)s Co, Rh,
S 5o R G, 1 B i Mo o

Gréeps/ 4J823®683/ Q8RO Ebyct eabakypatticobmpmbodiment hed @1 Zg&tfdsoms in yet a
are dlS ct fromthe | eaving ou s bound 0,the L
o PAT Rl COTBBGR ik o viiey Hare DRBEUHT GrPgAIment.  The oxidation
staRUSC 8RB B afoth SMPShh Wide@ AR [ASY 1iRMnk ee%%dﬁﬂélt and in a more

[0034] In one aspect,” the one or nore netall ocene

pmm@ubty@bowuwpbnemﬂs+%ré5ﬁépnegémnédny@@anuhap@hwgbranomnwntm

+2§E§%%E%t<l yTl%'ggl{aolesn tbz'\}/lu toezl& ngtfed w’o aFa SuC&}lCHlat the compounds

described below in the formulas and structures are neutral, unless otherwise indicated. The

Cp ligand(s) form at least one chemical bond with the metal atom M to form the “metallocene
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chemcally bonded to M and n is O or an integer from
1to 4, and either 1 or 2 in a particular enbodinent.

WO 2®38¢16The | i gands represented by CpA and CpBPETIUS2008/082066
formula (VI) may be the sane or 10 different
cycl opent adi enyl |igands or |igands isolobal to
cycl opent adi enyl, either or both of which nay contain
het er oat oms_and ei ther or both of which may be

cataghypls orapRud by The §poligangs arg disginet @ﬁ@oﬁﬁen@mmg apoywsabpynd to the
cat9§r§ (,%lﬁﬁaoluﬂgi E‘Pﬁlgfg@% L% R h%ﬁéﬁs%lséerpﬁmgttg %Plgsntlﬂﬂﬁn/ abstraction reactions.

nsi st'i ng opent adi
[003d{ r ahyidimei aspentythe ofnbumrrﬁ(nylmetalﬂtﬁeﬁ@ bsthlytstutc&ﬂiponents are represented
deri Eives of each. [0036] I|ndependently, each CpA
ﬁ“ﬁWﬁlé%: of formula (VI) may be unsubstituted or 15
substituted with any one g &qg? nati on of substituent
groups R. Non-Iiniting exé#p substituent groups

sed in str ure ude ro en radi c .
iRy Y 5 G i Toed oty g 2 S By PRt S Rh Tp group s
ch@fithisy b@f(@?ﬂ k& M; @il @Y 9,0r Ah Whte g SFrond 1 Ky I4t ﬁi@élﬁmer 1 or 2 in a particular

di al Kyl am nes, al kyl am dos, alkoxycarbonyls

em@@@ﬁ@ﬁycarbonyls carbanoyls al kyl - and

0B <A RLBATI el €500 PR, PP LAFLBE e s o

dlfﬂ@éhﬂdyﬁlobbﬁt@dleﬁ(}afl@aﬁ@s of hgdnldy |1so$¢lbt$ltd by@@péﬁta‘alenyl either or both of
associated wth fornula (V1) throu%

whigdy gy corgquﬁ)hpterﬁﬁt%@ pnd gjthey pt besh @f yihic ;kx,]oe substltuted by a group R.

In ?%% h&lﬂgﬁleny t K _alb Qﬁg X r?g l? g}agé&%% fraonm dther%roup consisting of
cydlopamtadianyl, urddemgl telfalhydhbﬁldlenylsﬂum‘esyl émisubxt&nmﬂelerivatives of cach.

0581 Beretipy <SP OR it ZBsbl ot ) Pevvah unsubsitued or

su@'ﬁ)ﬂt&i St lindonel RrcobATRLE of fshb‘s@ﬁ&ﬁ?tgrﬁ(#ps R NRL @& THY! exarnples of
5 difluoroéthyl, iodopropyl, bronohex chl or obenzyl

sutanthehy droopaoys usasﬂbmt sttustud (Vor g)ahxdﬁréwdtdggn dadigals.calkgls, alkenyls,

alk%g ;l(g%ﬁ g?lkr | ,rSTFt i aaCIP{ ltai]i%yls’l %ﬁ%tgz%y %1 1”¥ys alkylthiols, dialkylamines,
alkfBin6&Y, Qmox§¢hb§dﬂyﬂélhﬁ%@c%ﬁﬁ?l§t@%dﬂh@1§ afdyt-adndl dialkyl-carbamoyls,
yl)

including tris(trifluoroneth
acylexysy iylagiaps, lademines.Hpdcembypations thereof.

|
[ﬂﬁﬁgubgﬁh{y %%Eﬁ%ﬁ%@%%ﬁ%ﬁ% %Pgnfylgg | lg aalflg}'l Sgl%gltlt%l%nt? & a55001ated with
forbrula eVE)nqhtc&Lgha(mj 1dclad@$ﬁdtﬁy11 euﬂyamoml,lsutyaqjeﬁ@ﬂ she3:®1 cyclopentyl
i ncl udi ng di net am ne, dinethy h03ﬁglne

cycapl}gﬂafé{h)}ap%l d&len}ﬁlﬁfrﬁwyﬁﬂ@ﬁylla b‘%@ﬁi’h"r‘;ﬁé@ vy g@'gpq_@nd the like, including
all &@L{:‘S?’lﬂ%f e an 3? 1iy qg@%lhg&@g%t it Ue%ﬁgs%hble radicals

1ncihnhal mnlﬂtmite}f |arhlsyl$Lm1ki agrlsb stichnads, |fomi d:xedlpteo ﬂuorornethyl fluoroethyl,
.ol efinicall VWO 20 61678 20Q8/ 0820 )
diffioLontlar o Ogmil. tRjeme e%y cl EIPERGeRAY) i’s jange by %‘iaé I substituted

oréahgﬁ@ﬂﬁmdfrg&cﬁ%( ﬂmﬂl(ﬁ‘ﬂggfrﬁhgtﬁﬁylllyl t@lme@ﬁﬂgﬁrﬁ]‘)ﬂll ’me";ll&?h@?éﬁf}ﬂﬂyl and the

. I'n one enbodi nent ["east R '
hkgrmﬂyloqavhyl-adl])s@@ém otgan(gndgb@dwndlque ugq]mbmg mﬁnrlﬂuarmethyl)sﬂyl

RS BT bR AR TR i

bordint fa@RER, m@mmgndmfén@mm @IS ex aphpl1&;CaY, d@u&@lﬁm IGtmlp 15 radicals
al um num boron and conbi nati ons t her eof .

inckyshag | diratylgngp Rmptotiphosphjas afhpllﬂlbilﬁlﬁaﬁfyl mﬁbylpbfmﬂphosphme
Gl‘gulp ol%dlrgcgcaﬁsc‘ %ﬁﬁﬁf oﬁletﬂ?oxtyh eetl%x?an&BpMy, phenoxy, methylsulfide and

cthylsulfide. Other substituents R include olefins such as but not limited to olefinically
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[0038] Each X in the fornmula (VI) above and for the

formul as/structures (I1) through (V) belowis
WO pbeperndent |y sel ected fromthe group consi stPEyUSF008/082066

any | eaving group in one enbodinent; hal ogen ions,

hydrides, Cl to Cl2 alkyls, C to Cl2 al kenyls, C6 to

Cl2 aryls, C7 10 to C20 al kylaryls, Cl to Cl12 alkoxys

C6 to Cl6 aryl oxys, C7 to C18 alkylaryloxys Cl to Cl12
un$a|t1uéﬁeéawbﬂl%wnt@6mphld@gz Viyirderamnaieds ligands, Cor ¢ exagppe 3-butenyl, 2-

prdi) %E%Hgf‘lt Qﬂ&e ‘FHeegPJ%g Y%L %&%BQ%%I ay ?easﬁ%sﬁ' ?c}“{rltepg{jtwo adjacent R

ative InN a nore partlcu ar enbo
grdmy)d fit dﬁe chbodigpeomt,i emagolnéiil. td fbmﬁ rmlgkgtﬂusturéf,ﬂa\tmg @dm 3 to 30 atoms

nyls, C7 to Cl8 al ClL to C6 al koxys, C6 e
Sel?‘ae(glffpr%r‘@F oXQPup (@?Slts%ng @?6 pr| OB yXXY 8RR, ggosgéorous, silicon,

gtz AR R R Pon Sl Ecﬁ‘n‘t@ﬁaﬁdng QRdrBSH eAMIso, a substituent group R group

al kyl car boxyl ates, C6 to C12 aryl car boxyl at es,
suchoasGHButan i yayripine abbodini aswsxatloll tat the €@nfentidt. oal kyl s,

1068860 Ay it e IBaTE L D00 it TP mpleglstusipa ) through (V)

beldwdIsi i‘ﬁ@epen@&ﬂt@r td@ted Fenr thdegrotF tebidistingh&y bny BRSRRXYroup in one

benzoxy, tosyl, fluoronethyls and fluorophenyls in

emi»edlnﬁnﬁdmé)gpmqwmchrdeér@o@u(Fneratkylx;iiztt@ @lk@nyﬂyl% to €22 aryls, C;

to aIZ(ky %lra@lbe@ Jogcsltz%@otxg dqléltoa&}g ﬁ((; 10 lﬁ liyl%rﬁltoxas C;to Cpp

flubatkg1sCL? targh Fluossdpgls,i dndt €dtdCT 4 Bet@%@toaﬂcc&itkiﬁir@rh&&ocarbons and
and Cl1 to Cl2 heteroatomcontaining alkyls, Cl to Cl2
su@@f@@cb@qrgfﬁp&;ﬁhgeﬁf W BeYA Rartigher ex! qd@m@[cghydrlde halogen ions, C, to

NN Sci e
Co MO, EEHE T G TbrCR el B AYEcl T SEMERES g Guugprionys, Cro
1(ahllky]a8y10}(§2 Co t€6 s al Kgdeuybaxy 485, (o tﬁlf(% iﬁldrmh‘@d)dﬂsylcarboxylates Cs to
al d Clto hal
Cwa@ksaﬁ%rﬂgxy YA %ﬁ%gﬁgaﬁéﬁé@% Sal yFOa%I u(?rﬂa%k* € to G
ﬂu@rom:kreﬁ s PRI C £l @ RIBRAALTRYLS: 1nfy|e’f'9 Eﬂdii@ paﬂﬁ%ﬁlﬁb’ Embodiment; hydride,
t hyl, propyl, phenyl met hyl phényl ,
chldrldetmy)lrlphsnyﬂhyl ph@rrpé,tphphqme ﬂmlzoxm tusyloﬂmrhmeély(smﬁdlmmphenyls

i gt AR R Bt BV el sineyr Gy el G © o s, €

to O kyR@k s @Ll—ﬂsﬁfutedeﬂibl@c@lfjf&lkgrls 5udRERTed@ herC nend, simstituded C; to Cy

exanples of X groups in fof mul a (V1) include am nes,
alkyhieglp and €5 o Ehhegteroatonr-eamiainiagadkyldiGrie s 2 hytiosoa-beaining aryls

ant#I Lfo?olalné %Y%Q%P%{:cgor a]rm%g %E gﬁrﬁsb ?11? ye?o %ggpamcular embodiment;

chl()ﬁeﬂtfafdnldel ©phﬁﬂyhlk)zl,s €} woCj niktegs, a¢7ktysl (C@hb@mtylat legogenated C; to
Hﬁ%ﬁ g%ég? Lb hydri des and hal ogen i ons an
Cs @firbs. hatog ﬁe Of alkel@tlﬁépdé%mﬁmé%d 6t 9<Cua adlaﬂa@ls in yet a more

N U P A S S A A

dinh@hylbhertyt,i tdimethpipbedy] fluoedmahgs h@h(ﬁm)e di- and trifluoromethyls) and

ene, nethylldene 0X t hy
BRGNS (DHEMosd B2 (K P uaendb i i dfigee particular
emBbimiday! phosphi de radicals and the Iike. In one
enbodi ment, two or nore X's forma part of a fused

[043%hg o@thcr mgn lglyn@ngmxaﬁlp[l@Odﬁ]XIgroapﬁonmeﬁorra@lpe(:\t’l) inhlade amines,

netal |l o t al onpone c ud
bR ther SR IR R d s e R A s Tegrpid to 20 carbon
atodishefludiattl h@astarbhte hdicalgi (0. 9r00pE; (fehtaffidedphenyl)), fluorinated
alkylcarboxylates (e.g., CF3C(0)0O"), hydrides and halogen ions and combinations thereof.

Other examples of X ligands include alkyl groups such as cyclobutyl, cyclohexyl, methyl,
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that the structure is represented by fornmula (VI1):
CpA(A) CpoBMX" [0041] These bridged conpounds
wo epeeswm ed by formula (VI1) are known as " brPdhyEs2008@B2066
netal | ocenes”. CpA, CpB, M X and n in structure (V1)
are as defined above for formula (VI); and wherein
each Cp ligand is chem caIIy bonded to M and (A) is
chem cally bonded to each . Non-limting exanpl es
hepsyl, btqlsdgutﬁgu@ﬁoa@ﬁlYé,A)tetrthd@le@n Reatapth e o@atfhg@ﬁene, methyoxy,

p al P at .
ot GORIP IR oA G REhe@PRpIEEP dhtodiaric’ AfhcthyIphosphide
raddosyg@nd, thalike. obpesne cnbladaoent, @tousr moem X’ bdorana pae bfiafisadiring or ring

and tin atom and 15 conbi nations thereof; wherein the
SY§{&Per oatom may also be G to Cl12 alkyl or aryl

[0030PSt i hUlnBfher ta%e%@tﬂ'les Bﬁéta@l@k’éﬂeaéata f% Bmponck ?nctfﬁdeg gh&& of formula

group (A) may also contain substituent groups
(Vhethare @ pakod € fave bfidgaritosa¢vbitier byt Laastrrgleﬁmidgg@mgroup, (A), such

thaéﬁﬂgn%m'gtlii%f‘?@#%%ﬁ eggé%gfe%g@ "Kare Tepr e:sckenm} ed by G
. i P ,
oxygen- sul fur, Rsﬁcf“kﬁt%%@ %?ﬁmz%i (R2)-,
[O@Iﬁ 'The m%ndé%&?rﬁﬁ(ﬁnég e r en y se e}g@lflfgl%rﬁ'ftho%vn as “bridged

me@ll@U@les’CowAﬁcpﬁ oMo fX aydhi 1d&;,trubty1€H (NZHI bnel as @dfbﬁﬂlabWGSQDr formula
hydr ocar byl , hal ocarbyl, substituted hal oca
(Vhy ancbwhetsin cashiigt liganddy cheragalbrbenderde M. and ( (A) x chemically bonded

to RO @@ r byha §1{1119ﬁﬁ% %ﬁ%eg ) at?@l%?{gg%sogb guAB HLIRHO ?ﬁ\;a%ﬁt(t) Slgdrocarbon

boron, disubstit oup stituted
gralps abmiammgam dedsad)mg@rouprlddb dal atoranchchvag bei mottlimuitadrto at least one of

oined.to forma ring or ring. stem
a F%{L%eowe m% §r8ntS1icORe APMigHEy WPE% g%@%&l%a%ngi {#g¢ atom and
comBFREARheRbr: fv&l{e@%ﬁ ﬂle(ﬁétérbataﬁsmw@ls@ be TS ClPﬁlk(}ll%rrlﬂyl substituted
groups (A). [0042] her non-limting exanples

to musﬁgmémgagwdgtgpy( Alth brodgingegnosp K5 ene alset doptaen eqbstltuent groups R as

de @ﬁle&hl Ir(?sg Eg)ir I;@rrngﬁ% ({71%? &Ml&g? ﬁ g%‘lh‘i?aen@anf i&)n More particular non-

lmﬂﬂnpéﬁ@mﬂlﬁésmﬂtﬁ glng réu@(@)‘ér@?ép%ﬁ%ﬁﬂéd |b9td’]ycb@8%1kylenes substituted C,
di methyl'silyl, diet - et

’ s
to Cp RikyloPD ma«;n Sty 8 1T KB, L1 SR GG hyR pGoTyR:P— (wherein
= ’dl o&‘y@ cfl%lnz:ald (gI{EfS \9!?%1"% )RQ”I ylind%g% &Entl sel?ct?d from the group

) Si
coﬁhlsmhgny)lf S Ihbl&‘ﬂlde C}ﬁ?dit@hz&byll ph@j’mhﬁd:d ylhydr@earbyl halocarbyl substituted
but cI ohexyl si l yl, (t- but@il phenﬁ/? sily
halgp é y@tpyegpy]yqubgtﬁatefiwéga@@me lﬁgin da @arhﬁ], %{bﬁtggted organometalloid,

dis}%%tl%&g? ?éféu@%%@&ﬁf ps gt%ﬁg JYMEE ‘?édlnGH?lg 19 atgltng’ Mnd halogen

IS replace or aCatom
radildadt dngl whérgin, twodommbivy R eramtic janctddo oty Iagmg’ryﬂ ring system. In one

embpdgies hs Efeen BEANRCCP RADLRom e eroambls 4D Tt tgo or more

brlaglhgrggoﬁgr@)ers in a nore particular enbodi nent. The
nbers 5 nmay be selected fromthe el enents

[Oﬂﬂﬁht i dﬁ‘@dr abolimitify orangies @ﬁ'bmigug gfoup (A€ inide @ethyMne, cthylene,

oS, BBy R SRR PP AR5 e et 12-

diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsilyl, dlethylsﬂyl methyl-ethylsilyl,

trifluoromethylbutylsilyl, bis(trifluoromethyl)silyl, di(n-butyl)silyl, di(n-propyl)silyl, di(i-

propyl)silyl, di(n-hexyl)silyl, dicyclohexylsilyl, diphenylsilyl, cyclohexylphenylsilyl, t-

butylcyclohexylsilyl, di(t-butylphenyl)silyl, di(p-tolyl)silyl and the corresponding moiecties
-13-
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as or part of the bridging noiety are cycl obutylidene,

cycl opentylidene, cycl ohexylidene, cycloheptylidene,
weywhoers/| i dene and the correspondi ng rings WhEr/ESWN&082066

or two carbon atons are replaced by at |east one of

Si, G, Nand O, in particular, Si and Ge. The bondi ng

10 arrangenment between the ring and the Cp groups nay

be either cis-, trans-, or a conbination. OIi004
whetein i the pYii gipinhgs gicaligad () anfip B a4t uiame dligethy sﬂyl © dicthylsilyl,

ry one or nore substituents
dlﬂf&gﬁgwlgﬁuseg‘{y‘?%m%gfe or nore other ring structures.
[0048] pr elsembthet Rmbodienengrbridirg stobs t(h) weayt asabe cse]hcg ccbmqbnsmg, for
ex%ﬁ@guttgel O?ré?tﬁ & 1%1?%%8 ng%ga g%n?éd@%?g&gyeét)o%pﬁergn 2[‘he ring members
ma?'ﬁé%gle%ﬂtﬁom-rﬁl% RGN mBR R FRbNOHBH WMo ndrB8f BOC, Si, Ge, N and

above cyclic bridging noieties may optional ly be fused
O ina pretycube csatodmagne dNor-liomise ereatpée of amg stinefuss vdutheay be present

o Bt HR T MBI B TP penbun 30t saclohenylidene
cyélél%ﬁtﬂﬂi%n@réy‘é[bo% b bh@ tﬁg cbrredNon@n@Nshg® Wher@ one or two carbon

particul ar ‘enbodi nent) such as, for exanmple,
atogyscire praaoptl by @y lfﬁlaéﬁr@b@yqf Srfde, %@ﬂ@/p mvmréewlérn Si apd6e. The bonding
arrguil(gl}gneln? B&W%él? {1]1%% ¥1d Eliée(gg %0\{%? Hly g lrégtﬁgr ¢ tlilq\r}%r eocr) a%omblnatlon

[0(14141388 Tiepdyictio @hkiglng Lg&@(iis () igaySbd Swﬁtufedsormyatﬁrafddyarﬂlftﬁ carry one
or nore substituents. Illustrative nonllmtlngI
or BEMTHBEEIUSHLS PRFSE DS fitssd (e prsPsmaredthgdintscdrusires. If present, the one

o AR ADSBRL Kb s B LA St P8 s

methyfif @rdentodendmge dtc Klohher enibodonmt.eithe dherentmorea@p gtdups which the
sane |.n.anot her enbodi nent.. 25 [0046] |In anot her

bR lﬁéﬁﬂgmgﬁgmﬁfé?sam% egﬁ@@téﬂ €§ d £ togshEpturated, or unsaturated

an®PhicdgRGed Bioph ﬂl@%@%&éan%ﬁnﬁombﬁ hRERNE ﬁﬂﬁg PEI%@uIQMy 5,60r7

the fornula: A where " Mis a Goup v .
rlngpme]fnbmab(sylem]ed fﬂﬁmo‘rheZgroupr gfn@tsabg },ofl—ﬁ d¥, @r pnd A iis @ particular

enﬁggdlnﬁ%ﬁﬁgﬂg% ﬁ?rlceg);(grqlg) t | n lecayc %%}4%“%?‘8@66@1% 1, these ring

stri;AIGHRE Y ayOth! @M@elb&bfﬂ%‘jfusb@ sMh 2AGHr kanfpl@Nnahé @MeCof a naphthyl group.
| eavin group (preferably the metal | ocene is

Maregyress %(ﬂOM}Dn@H)é fgeedd gine ISﬁUQtn@SA@)SZIVNZYVMr er 'mage "substituents.
Illusﬂrglﬁ n%ﬁ lfn@ﬂ?ﬁl ngglgg %pr ee?sg QS%%tl%ue%ﬁsr &r Ehtygf/chrrbé/l épartlcularly alkyl)

era
grdi@ﬁahcehzﬂbgenraa@rﬁsn zed, i.e. racenmic, and A Cp M and
are as defined aboveg Ln some_embod

Wb‘ébc r i Hsdigesds €8r and &p( of formufag (VIvanoiy 5 1@@@@%@1@ grom cach other

nh&%?g O?gpt e A is represented

mgy t he : a ?gﬁﬁtﬁé{z}{%&%gg‘?%ﬁgﬁt-& R *z- , where

[0046] i s 1@, aflotber 2mbadohedc thdR*ictaldgcena depdysd eodrhyoneht as a bridged
a Cl rou

R * f _
blSHWPYIt(%QPB @et@@p‘g? %F?G%Eg by g}/el-{omnﬁ’é]@h@ppgﬁ%z &%gg & is a Group 4
rneltaﬂ @&%ﬂa@l& ”ﬁnﬁPgﬂ Zie @?eferﬁbly'ﬁfcﬁf Z}b qﬁ{ i‘sya{ l§ﬂ1dg¥1|1g %"OQH Bonnecting the two

(preferably the al is methyl, ethyl, propy
Cplaroyps, e@nhe(flersablldypemdmsﬂ}s adiuh%ttltrtydi sndeyyl) growmy ef @y mldblyyl group bound

to ﬁ@l egﬁé I}# is %}p %?1 I?lg ?a;)ui %rﬁw) J(prgfeﬁ%ﬁy tlEJelr g%kﬁﬂlgé%ﬁ% |represented by the
foréfill DFdNRCHIMEL QAL raBY indSdabstthituhe ehckNbes is PagisPly or completely
racemized, preferably the metallocene is completely racemized, i.e. racemic, and A, Cp, M,

and X are as defined above). In some embodiments, A is as described for Formula (VII). In
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is nmeant that at |east one hydrogen on the indenyl

group is replaced wwth a hydrocarbyl group (such as
woreaobpble7et hyl , propyl, butyl, hexyl, octyl, oPCT/E82088/882066

thereof)) or a heteroatom containing group (preferred

heteroatons include N, P, Br, O, and the |like). The

bridging 10 group Ais not counted as a substltutlon

Further, in a preferred enbodi nent, the substitut
othieh R imgpBuf if &eprgeniad bmlefr@ﬁwlagfl&*pz-(@lﬁ* Dp rOérEﬁf* et » Where n

t Qxl I Py ups * %

is @nlbgrdi r%\'a efclgﬁd Qggds’él%te?%%@y H qz a € R) égcar b%r@.g)r, Lhe agy two R
ma(yrfurﬂj) ardynkic @&gpns?refbrabtyhk*’b[sl Idgm}thyProefe&fyt eth another ernbodlrnent A

. hydroca ro nc Clto near clic, )
is & Hiapdy Eé&ou @gfieﬁfﬁglt}’etg alky i cmatoy a?t@zaf Ry ea%aty' preferably A is
dlrﬂétg%lgﬁyl) S Pedre @By RIAYX His %({E’}Sbndeﬁﬂ Ry t(pglg(y bikyP §%¥l or 2 halogen,

enzyl, substituted phenyl, stl benzyl , " and
praférebllyithethyll nthal, pregfyérbusyl, eitbouk mebntormhm By r‘isidlsgltut@irmdglyl group"

is A Qb bl e Lherd STk ndipaT oip i ferBbedpitay hvdrocarbyl grou

(sucRBf RE@D], Yetlsd, HRPFE ol K ex @l QYR Sor 150{11Q£§4tﬂerdoﬁ)) %r a heteroatom

preferred embodi nent the activity of the cataly
CORYIGIENSLOYP iEl@fﬁl’@dphﬂt%fﬂ%t@mg ingdadalNy £t BioGt a0d th@ rhée) The bndgmg

o8 5 A0d0B: PELNIRF oL B1 SEpBf Sy s

1ndéﬁ$21f gxroaplls/ ndb@Fh@ragl )gmﬂ ghc atprbfgatd RebodidicniOthe . 1ndenyl group is
[ 0048 et anot her aspect, the netall ocene cataly

|
sultsa% @ﬁtrll%guora &t thae %r?‘dlqslt@&ﬁ &ithrashyadroseks @rwrfﬁbﬁlha%ng begins at
G TPRSRUCRRGIAT 00 FRLLI o OIPRRSR, A6 bruchod

satemtmidommaturathé hatirdceﬁ)yt ganes, rmtchldsanehgl ctyd) popyl, butyl, phenyl
i,S. a If san

[ 1
bel} E"sa@éﬁ{l@a PHEIY h%u Bfﬂl%ﬁa*i nexh @P? Vﬂez@k (5 %ﬁnde embodiment the
1n r elp CRAsIR AR Re@ abrve, @nd3 i 5 ?0'69% th?ndaM ok Ssubstituted

r|d |n group bonded to Q and’ CpA; and wherei h an
hy@logatbfflrgmup(h)e(p@f@ablwrﬁu te (honléigleroep(M). and n is 0 or an

003 otk el O 5 B0 B ™ Bgerm 1290 & potymere

catiB¥t-hdtr Br @noré,Usefrablyn 976y S beRmel/B @ ath 3 E-BoRSorafiske npr@ferably 1900 g
formul a §VIII) are as defined above in fornmula 30 (V)

polyarpr/g\wptalyst-heurgn enaspiveficradh 25 (@@pcﬂgmg@g edtelyat-aus o e
[0(?{8qu HYLP 'aﬁ%ljh ?s%fe?t %Cﬁlgﬁﬁgée%gl g{y%st 06@8&{% s 1nclude mono-ligand

rahydroin I uor eny sub Ver si ons

metdiReanf congotndL( Qlﬂ)lrﬁ@td @Rti:‘op%hﬁdfbﬁfrl cataly'z_st V@nﬁ@%ﬁs@@ﬂcﬁﬂe& described
PCT/ US2008/ 082066 = [ 0049] In farnul a
in JRO F3%2am fob sEamplenglny thg%ﬁlab?%mﬁm éhe @h éeabtow&ﬁ W@taélpe«?ﬁe catalyst

co??&%m@ﬁ%‘%ﬁ%ﬁ& “hAf- pﬂﬂ@&&l”‘%&%@l&c@ﬁe FE?ge%lentw nglﬂ‘%?lta SQIH)

om the grdup consisting o oup ato
16 atoms in one enbodi meng,A\@ndnpel ected fromthe
group consisting of nitro en phosphorus, oxygen or

whetdid @ 3l Q8midd HoVOLEd Raﬁddnﬁtfb% E0PRA SR Hing Q{%ﬁp bonded to Q and
nitrogen 5 and oxygen in yet a nmbre particular

Cpentrulwhenin, anl\mml fram tthen@ %mamslb@sd@f toMgradipss 0 joneh udeger from 1
to g,otl% 0% MS&@;{;@ a ali)mé{? nt. Th S ula (&ﬁﬂ%%gxr)ed %pAe AI‘)O)% Q may form a
fused ring system. The X groups and n of formula (VIII) are as defined above in formula
(V) and (VII). In one embodiment, Cp” is selected from the group consisting of
cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl, substituted versions thereof, and
combinations thereof.
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(e.g., pivalate), carbamates, azenyl, azul ene,

pent al ene, phosphoyl, phosphini m ne, pyrrolyl,
w@opeleyd , car bazol yl, borabenzene ot her conpPCFtiS2008/082066

conprising Goup 15 and Group 16 atons capabl e of

bonding wwth M 10 [0050] In yet another aspect, the

at | east one net al | ocene catal yst conponent is an

unbrlg%ed "hal f _sandwi ch" netall ocene represented b

[0048 £ dnrformavle (XD, @JlA(aA)eth“wmm@Fa@mg bgand @ aeh thseponding atom

v
ORSABI DR b Y A 30 o G 15
atoinss a.’dds@rdmpulﬁ:latbms@p/hmerbminﬂuﬂﬂbpdmdrm%qte@(ﬁbm alelgawp pensisting of
as descri bed ove in (Vl); ges from

.15 graqup
mtfqgeg.» ﬁﬂgﬁahqus PXPPEN0T; Y1 hétoahﬁba m?éﬁapamau SWB%‘%IHF% @#pd nitrogen
an® 0&9%511 uﬁggt hsmé <Oarficllfk SRBoEIRAAT TR timltheOB&mples of Q groups

I men is selected fromthe group consisting
incd;fdecylkykapmmsadrﬁmymem nﬁmayﬂo cerepowaidy,d ethbxy eayipounds, carboxylates

N S O e e
t 7

y&(@bl)@f?’&@té% bgyylm @&@?@éggiwo&@mm s %C@%&@@u I15 ’and Group 16

atOHFSF@PathOfbmmh@méhM uted and unsubst ituted aryl

[O@é))ﬁgipzlpi %ge ﬁlﬂ% F%Jggc&ﬁleeﬁt egls 51?%] nietaﬁ]e%éts) UEatﬁlglst arn]t)onent IS an

unksfd gt kythla Béﬂd@&ch”@ﬁetﬁl@ocﬁﬁ@re@ké@&ﬂlt@d $i &e foasula @X)t o C6
al koxys, C6 to Cl2 aryloxys, and the like.
Non-limting exanpl es of Q)‘?(AC)QMQI G to Cl2
carbamates, Cl to Cl2 carboxylates (e.g., pivalate),
wheRein Gp‘t?@daﬂnlegi ls forath@%r(bLQ)s(ﬁQOV I)eﬂné Ii&)aligzyﬂd thmt istboeded to M; each

Q ﬁé{l@ﬁm 50 %@B@q@ E?OI Rodsini o zyg%?%es ?%eat X is a leaving

gr &u%s)as &H&{bea%bgﬁéﬁf &\g%dn irarﬁgeg ffBrneO(%Tpl dnd 15J l%r Pat oncdNnbodiment; q
T(CoAM Q2GZ) X' ) m wher el n
ranlgles ﬁpm 0 Xo an e!nchlsalr er dsn @ae |ené>ddmmm‘t/eln @szbodmna Cp™ is selected

fof .t “Bh orerbRanG G supbberditio Bl vathiha heEifiadiy fuoreny

substindef vdrgen ﬁié@ébftaﬁﬁtcoﬁﬂ)@ﬁhtl@aé ﬁlefeedependent Iy sel ect ed
fromthe group conmshg{g -0-, -NR-, -CRz-
[0058) - dniferneyle KSP), Qs belacted frem the group-aeasistingsof R@@ \®—, R(O)—,

340 SRAEES, P SEQR SE3050 518 G g Wb

unafbdtltuftyidifylcg&oum[ Q/‘hbﬂ:lmg i$ hagctowh@omGhé groupilonsisthgrofdits Cs alkyls,
sel ected fromthe ?r Qup consi sti

ng of OR -NR2, -SR
Co tas{CrparylspRp to Qn alkyFaunere & th &2 ﬂhgl@%@mmﬁ &nidg Gogikayys, Cs to Ci2
ar3)l a@aﬁﬂ(ﬁﬁlk? ol%qlmgggf ? orr?f‘eh gf g?ﬁﬁhﬁe'éﬁ to Cip carba?atéi, Cito Ci2

endent 'y sel ect oup consisting o
carﬂmxﬂ:ht@; &.hepiealo@d,din to hg aiys,agd @rzaxuﬁgo he@roaltyl Gloixties.

0@ roenyongiger S e P31 PRy SmHPERES pots da bg described

as RAOHhEM!(RY, BEPRdidERted ﬁ%r example, U.S. Pat. No. 6,069,213:
Cp*M(Q.GZ)X, or T(Cp*M(Q2GZ)Xo)m

wherein M, CpA, X and n are as defined above;
Q2GZ forms a polydentate ligand unit (e.g., pivalate), wherein at least one of the Q groups
form a bond with M, and is defined such that each Q is independently selected from the group

consisting of —O—, —NR—, —CR,— and —S—; G is cither carbon or silicon; and Z is
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T is a bridging group selected fromthe group

consisting of Cl1 to ClO al kylenes, C6 to Cl2 aryl enes
w@e@adier® Cl O het er oat om cont ai ni ng groups, aPcI/U8200$/082066

Cl12 heterocyclic groups; 10 wherein each T group

bri dges adjacent "CpAM QRGZ) X'" groups, and is

chem cally bonded to the CPA groups. [0053] in is an

irne%erfronllto 7. inis an integer from2 to 6 in a

selpgipc Troar theatipep consihpgidreht —QRo541Ra mGRot ek, aspéet —PR,, and
hy§uife, Bovi S naPRAATD @1 L QRENGNGRY &) Xe?éct&aoﬂ&mﬁ@g{log?@o&%ﬁng of —

SCr nmore partic y I'n structures (
OR, XHDIR,,, SR )-SR4l e} PR Xlaed peovadddXhit)neufR3l ¥ere9yofoiRQ is satisfied by Z;

anduy o, 6 6 o Pesds o) trstish oS s RAPRECRSE HC1 to Cu
het&rd%toﬁ?%ﬂt%iﬁg%%rg&, 8$t0 6072111&)@,, 2)s 1o B4, %15%6 fc,, %ﬁ(ylﬁlrylM Cy to Cyo
alkoxys, and Cg to Cy; aryloxys;

nis 1 or 2 in a particular embodiment; and

T is a bridging group selected from the group consisting of C; to Cyo alkylenes, Cs to Ci2
arylenes and C; to Cjo heteroatom containing groups, and C¢ to Ci, heterocyclic groups;
wherein each T group bridges adjacent “Cp*M(Q,GZ)X,” groups, and is chemically bonded
to the CpA groups.

[0053] m is an integer from 1 to 7; m is an integer from 2 to 6 in a more particular
embodiment.

[0054] In another aspect, the at least one metallocene catalyst component can be

described more particularly in structures (Xla), (XIb), (XIc), (XId) (XIe) and (XIf):

RS R*

/

o

R;
1
Mx)y R (XTa-i)
R® R*
/ R
R;
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R R8 RI2 RO RI1 RL (X c) -18 WD 2009/ 061678
PCT/ US2008/ 082066 Ra RS R R6 R2 R MXn RAR7 | ~
WORIRB6RI® RO (XId) A*R7 R R :X,' RR6IBCROSI008AB2066
aRs RRa (X)n (Xle) RI2RI3 R13' *RR* R7. R, R

RRI1 RS *3R RIO MO, R9 RRRL Ra(X)n (XIf) -19
WD 2009/ 061678 PCT/ US2008/ 082066

RS R*
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wherein in structures (Xla) to (XIf) Mis selected
fromthe group consisting of Goup 3 to Goup 12
wat@awe16zd sel ected fromthe group consi sti ngP@F/US008§82066
3 to Goup 10 atonms in a nore particular enbodi nent,
and selected fromthe group consisting of Goup 3 to
Goup 6 atons in yet a nore particular enbodi nent,
and sel ected gron1the group consisting of Goup 5 4
at&fs in yet, R nore particul ar embodi ment, and
seledied fpOmthe group consisting of Zr and Hf in
particul ar enbodi nent; and is Zr in yet a
,hore M ar _eg¢bodi nent; wherein Qin (Xla) to
X fromthe group consisting of
aryls, arylenes, alkoxys, aryloxys,
| am nes (e.g., pyridyl) alkylam nes,
al kyl phosphi nes, substituted al kyl s,
Qryls, substituted al koxys, substituted 10
ktuted am nes, substituted al kyl am nes,
phi nes, substituted al kyl phosphi nes,
@s, hetgroallyls, carboxylates (non-limting
| esRof suitgble “carbamates and carboxyl at es
de tR7nethy;écetate, trimethyl acet at e,

R

nmet hyNacel{ate, p-| toluate, benzoate, diethylcarbamate,
t pyl carbamate), fluorinated al kyl s,
s, and fluorinated al kyl car boxyl at es;
eret aturated groups defining Q conprise 15
o\20 fcarbon atons in one enbodi nent; and
omati c groups conprise from5 to 20
ons iX_gne enbodi nent; wherein each R* is
i ndepe ntly: Bel ected fromthe group consi sting of
hydr ocdr byl enes dﬁgdheteroaton+containing
hydr ocar byl enes in one enbodi nent; and sel ected from
the group congiasting of al kyl enes, substituted
al kyl enes a hefé&Q?i?n}containing hydr ocar byl enes in
20 anot enbodi nmen ,ignd selgtted fromthe group
FQﬂ:onsist'ng of G to Cl
ubstifuted al kyl enes, o
=TORt oM cont ai ni ng hy T B iR a nore

car bon

odi pent ; & he group
G > ;. ' nor e
, / enbodi ne o h groups are
r'¢ dentijcal imMNanotker [ fn xtructures (X f);

25 A ilg as des®ri bed abdve for A Rﬁtructure (vi),
and mbYe parti ch\l arly, Rel ei*éd f ¢ e group

consi sting of a @hem cal bond, -0-, -S-, %g%i’ -NR-,
=Si R2, =GeR2, =SnR2, -R2Si SiR2-, RP=, Cl to 2

al kyl enes, substituted Cl1 to Cl2 al kyl enes, dival ent

C4 to Cl12 cyclic hydrocarbens and substituted and
unsubstit uted arylg/gfﬁﬁgsggh\Qge enbodi nent; and
sel gct ed fR3M t hergr oup consi st™rg of CR'to Cg cyclic

R8Q hydk oodr bons, /- CH2CH2-, =CR2 an¥=Si R2 i 1\ a JRdre

(XIf)
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consisting of C1 to C6 al kyls, substituted phenyls,

phenyl, and Cl1 to C6 al koxys in a nore particular
wepiodérsent ; and R is selected fromthe group PCT/US2008/082066

consi sting of nmethoxy, nethyl, phenoxy, and phenyl in

yet a nore particul ar enbodi nent; wherein A may be

absent in yet another enbodinent i n which case each

R* is defined as for R13 each X is as descri bed
whaksdy & ptructuyey (X ite (%H) |Mlt15e grdected amothe graup egiyistipg ef {5roup 3 to

Grzé%ﬁ LidnR! Qlti(h ?J e {@?ﬁ%gﬁ% 0@%&%18@15%5% pen enﬂaﬁ%llﬂelro atoms in a

odi ment ;
mase paciceldr éllnbﬁralrt'ﬂ‘eﬁt @ho yplcctodh $iosit thegerodp bytdisogg of Group 3 to Group 6

ato%}alsglll%%lk% Hgﬂ%gpyrgsu genrﬁg%gllé]g&: én @!}ectt%i %2 l k%)/qlug}cy%stgn% of Group
4 agrns qrpy&]aznﬁré(ﬁﬁrﬁéularcémﬁéhrﬁégt bhd QEeabk Ylom thS%rb® Edisting of Zr

[ uoroaryl s, Cl to C12 t eroatom contai ni ng
anchirldmmfa raloors partntubtu bmboctllmeatj adé 1§ Z1aniyees nmh@paafotularrﬁmbodlment

i BOBRRMTER baye SRR ot e RN RET IS arvienes
1 | k ,
alkgf;?dt“orb%yllso&al L"?*;Peﬁ zirglaﬁtﬁ%@ r/éfg?suor il il) Ofauésh!ﬁﬁﬁ%k S phosphines,

alkyphpppivrasal Skléwll@d dkytso @bstlﬁutqdo reds, kyulsﬁtlwtgd i adk@xys substituted
ary;l]?xalo,r Bl%sttrku%éa %Eﬂn,?e@b %dll)sm?u%d Al Ca%,gg’ ?rsgrt%nt)r/tfa{ea ef[)lﬁosa?sbl}mes, substituted

Ine ra orlne ra

alk@[phbyﬂhmdﬁ§ @@:bsmyﬂe% lléﬂﬂéﬂbhl;l}iqls ls@blbtixyla,tes {mentlingitivig sthbles of suitable
eny i - et
cargugies iR bR PSS TGS TNy Bectase nﬁ%ethﬁa?qta}t%umﬁﬂlylacetate p-

tol&zﬂp o@éng&ﬁé dlmgggrbgrél?@r gﬁf Qim&n. ?Irc%%é@yﬂlf&ﬁlme tllé{f% fluorinated

el t’her saf’ur at urate or co
ary$gtand dtuedinat20 aﬂlQﬂ)%l}ox’ﬂEﬂéessMheomm tie sfturhted gmmlﬁl dodmérneQ comprise

cat al yst conponent. represented by (Xl a). t ake on
frofgy )}Ofyz rGREDOL Ay dn g 81@9@&@5 ayn#d%ﬁ‘é%&ﬁﬁ? arongylig groups comprise
froRP% to M@arboﬁl 298&8 198he errng&i%n%rﬁ7 and 5, 747, 406,

including a dinmer or oligonmeric structure, such as
whdicsit kodel* iih independerdyrplselected) fOm Fat grodp s:onﬁstﬁg@ﬁ]@ﬁirocarbylenes

ol RGP gt SR BB G e vy

coil st & FGAR]I 1Rt RUBsBuia e/ &fds Gad BeRrdatdte-coNaieiB hitBbcarbylenes in
may or may not be substituted. [0057] Non-limting

anethergmbeslinent rendaiclastedrieore scagroup C@tsrﬁpt@a ehfs te 6msqllss151@rms Cito Cp
su‘t\)lgln{l}%({ q 3\%2,0 5+d3 td on, I&ﬁr qlﬁ{ér(gaqg tarnm hydroc%rbylenes in a more
n nrum X,

yl zit'coni eny Zi'r

par(tr]:ulﬁﬁbﬂh&)bdhﬁféﬁf})&hd atleaedifom ﬂie gt@p consisting of C; to Cy4 alkylenes in yet a
nethyllndenyl)2|rcon|un1x ropyllndenyl)2|rcon|um
moge R&Ztl‘f}’rl%fpfm ﬁé’é‘?‘mt) Apd CYYh‘?rﬁWI bgér )R groups ‘are identical in another

e @&m?g%yL #ﬁﬁ%%%&%d conium X, (2-butylindenyl)zirconium

open adienyl)zirconiun1x,
A tsetsrdeiagritredi abdemfcbrz(tﬁr)dnrsitmnﬂure (VID), and more particularly, selected from the

ent anet h | opent adi eny rco
Oé@cl EPEhT'a Ie | 31 r Bt jbg11:21 00975061678302— —NR—,
—SHGPG@M{RQ,SZQQQ&&RZ—, RP=, C,; to Cy; alkylenes, substituted C; to Ci;

alkylenes, divalent C4 to Cj, cyclic hydrocarbons and substituted and unsubstituted aryl
groups in one embodiment; and selected from the group consisting of Cs to Cg cyclic
hydrocarbons, —CH,CH,—,=CR;, and=SiR; in a more particular embodiment; wherein and
R is selected from the group consisting of alkyls, cycloalkyls, aryls, alkoxys, fluoroalkyls and

heteroatom-containing hydrocarbons in one embodiment; and R is selected from the group

-20 -



10

15

20

25

30

pent anet hyl cycl opent adi enyl titani um X

tetranet hyl cycl opentyl titanium X, 1, 2, 4-
wo eooaweteysd cycl opent adi enyl zi rconi um X, PCT/US2008/082066

di met hyl silyl (1, 2, 3, 4-

t et ramet hyl cycl opent adi enyl ) (cycl opent adi enyl ) zi rconi u

m X, dinmethylsilyl (1,2, 3, 4-

t et ramet hyl cycl opent adi enyl ) (1, 2, 3- tlnetolc¥clopentad
coms&ﬁlyg)ozﬂ(;lc‘@nﬁy,@ Akkxls, gubstltuted phenyls, phenyl, and C; to Cs alkoxys in a more

paﬁl'aﬂﬁfre b3k e{n@ Lok B & Eeﬂnfr&lﬂy 8{@8@’ %Qﬁs?sq{ngné@ Q{l@&logy methyl,

I met hyl cycl opent adi enyl’) zirconiu
phetiong} dngl shichyll it Ye2s Bipde fieeticdarenibpldayaltopent adi enyl ) (2-m

et hyl c cI entadlen ir um X, . )
Whalfeﬁ%er% %@S@B&ﬂ&ﬁ&fé@}ﬂ%ﬁi gﬁvawﬁdgmsfmse&?ﬁw 3¢ defined as for
R}@pﬂethyIS|IyI(2 nmet hyl i ndenyl ) (f1 uorenyl ) zi rconi um X,

di phenyl silyl (1,2, 3, 4-tetramnet hyl -
ewﬂth$®Eh$admémyDW{®(bﬁbpylcyclopentadienyl)zirconium

di.nmet hyl sj |yl 'y 2,.3,.4 10. . .

n it iy it E{? 0o ép%#t fﬁcavéntyf%lesaﬁpthﬁmw%%ewp and A@r @rifj et another
em)aééhhfeﬁf"aﬁﬂ‘ X,

di met hyl g 3,4-dinmeth Icyclopentadlenyl)ss-iso
R phiopgh i{ycpr@pgdemgd@ﬁly[ )splqc@eglnﬂ‘ rim thek group consisting of hydrogen radical,

halg)I %ﬁ}ap}/ca?s b %hzélkey §f|(§ ;ng%%z%{ls,s%y %0 (tplze Q}y?s‘?te?g b)zo( aelkylaryls, C

cro

to di,p h&@)d’m htd Cdﬁﬂ&(ﬁt@ylkblmp €ntedC gNYlordyls| ued &nyilo) €i,r Beteroatom-
onj u

Coﬁﬁlﬁﬁ@nwcﬁﬁ?%qud@}ﬁje%Wﬁtuéﬁﬂeﬁ?%‘@iﬂe?ﬁ/ Mheggoh derire) smpedmrept: selected

)

fro@’ %f}es%r_%gp gcgillﬁgtg‘%xbf ﬂg&ﬂﬁgé T ny ;n%gll_aﬁ{&ﬂ, cﬂd'rﬁlgrya&ﬁl&l, bromine

radi¢aﬂj,dﬁletnﬂ6)aﬂ{y‘ls;®h|tm®6Xlkenyls C;to Clg alkylaryls, C; to Ce ﬂuoroalkyls C, to Cs
i so-propyl.ide cycl.opent adi en orenyl)

flugsoalksAylant-” 36 el@?'Hg}Iioaﬂ%(L%r}élé gn %Feeﬂ%frlﬁlﬁrﬁ g@ﬁ?ﬁme% and hydrogen

radi®$ Ofl §drihe! ﬁﬁféQl Shisrinademhl) %ﬁétﬁﬁnlefh‘ﬂ %ropyl, isopropyl, butyl, isobutyl,
et hyl enebi s(1- i ndenyl) zi rconi um X

ter‘e@mﬂ)luarh,elmxsk Phenstl| h’zy6-dl meﬁ@dp@em znd édmtnarhu)@lpheyl groups in yet a more
7- tetrah roI

pa% aneelﬁ o%m%g}‘i gvﬁlg{ﬁY% ?é a(benggﬁro% ma orrn a rlng eﬁ.ﬂé{r s)atzurated partially

satfhiaBod® or’cdn@lE@RysdtRated.i ndenyl ) zi rconi um X,
et hyl enebi s(2-isopropyl -4,5,6, 7-tetrahydr o-

[0053t e nyThezstrusont win the metallocene catalyst component represented by (XIa) may
takgito%llgg(‘f%r%é%u&uéé’hlscﬁlo?e’d n,/ ok GLEAPMAUSs pat NEG%l0b8 176§ 05 703,187,

an@ bW goe bﬂnsl(uamlgswﬁmtey lor 4liRoraeric steictabydich-ak disssay in), Zor example,
[con di_ne I silyl(4,5,6,7-

U$ B gt 920 TR 9 05924 boni um x |

[0(%'6 heryl e{)? r?ﬁ@;g] G@B&lﬁ{e}ﬁj LPt QaﬁBé’én)eZﬂegir%QéHtéHﬂrP(%(gq), R' and R?

ylen tetrahy ro I ndenyl) zirconiu
for%a cbmmahqd & nleyrlbotesl(cayhoinaperdystdmethytl hay 0ma1y pohb¥,substituted.

[0(%7&2: l% E)ga%l;; lﬁsgg en%azlfolegtgeﬁ&glﬁlg&] components consistent with the

deﬁk@@&ﬁM&%huﬂ&ﬁﬁé(Z met hyl i ndenyl ') zi rconi um X,
di met hyl si | yl bi s(2-propyl i ndenyl) zi rconi um X,

cydopratduiydnyidisgbbiugy R, mdeylylzrrd@nym)% f cowthytindeqyl)zirconium X, (2-

meglpglﬂg ll)?rlF llgl ?%Iz(ge ylﬁl(ﬂ élr%oil:w:rﬁ g{g; (émrépylindenyl)zirconium
Xa dﬂlmﬂﬂ&h&lﬁ@oﬁ{u& K}Ht(ylﬂufﬂﬁﬁ&ﬂﬁl)ﬁ&&ﬁﬁm@m X, 30

di met hyl ger nyl bi s(2- et hyli ndenyl ) zi r coni um X"

(maﬁhm@myp@tmrbflg(r@@tlwaﬁw rediaRaE ApIdysy L zisERi U,
ARGk B 5 BRED ool RREM RS E Y rhn &
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di met hyl silyl (cycl opent adi enyl ) (9-fl uorenyl)zirconi um

X, di phenylsilyl (cyclopentadienyl)
w@ 20bloeisrenyl ) zi rconi um X, PCT/US2008/082066

di phenyl si |l yl bi s(i ndenyl ) zirconi um X,

cyclotrinethyl enesilyl (tetramethyl cycl opentadi enyl ) (cy

cl opent adi enyl ) zi rconi um X,

cycl otetraneth IeneS|Iyléjetranethylcyclopentadlenyygi
pe@?@pt@pj@ﬁ@lgg@gﬁi)/pt)}%qlqa@]@m mtstramgthylCyclopentyltitanium X,

t I t adi I 2-
LA SRR kS AR by shopent ac en ) (
tetxamlttgﬂcr}ict@bmﬂmnﬁs(cpgdbﬁdrmmm)tzhwrﬁmI)Qpéimawlﬁ'rm1)2(,314-

t I fa i i X, .. } )
te@@%&f@@ eﬁl@ﬂg@ﬁ% Hfré%t gﬁ%a?mq%w%zy%m%a&um X,

dll’ﬁé‘[ﬁ%l@ﬂ}ﬂ(l@g Iaytleﬁélrﬁ@thilbéklclopentadlen l):gl ,2- dlrnethylc clopentadlenyl)z1rcon1um
T et ranmet iyl cycl opent ad enyl ) (2, tri et Ryl oycl opént

naci{n@ﬁwlls)lzzi(ﬂ Qgﬁq%-mtramethylcyclopentadlenyl)(2 -methylcyclopentadieny-
I)lee/{(?nl&%h,)ﬁgg 6¥ng Fy? cyé/llol?eln ég({l )?ﬁﬁ%@f zZ1 grlmcl) %?t alrne ﬂ%sﬂyl@
me@iﬂﬁaawlﬁﬂhy&ﬁﬁﬁfcaﬁahfm CyHeapeiad? syl ihbthert - but'y

| am do)titanium X,  bi s(cycl opent adi enyl ) chrom um X
cy@p iy pEhpEy tiglopetrdiomilizroniubi g dlmethylsﬂyl (1,2,3,4-

R TE R A ——
dlrbétﬁﬁlgéﬂmdl@yz}ﬁ QRﬁﬂﬁ%ﬂh@ﬂc@ﬁlﬁbétitﬁdl@t@ﬂ)(Bl-nsoﬁropylcyclopentadwnyl)mrcomum
bi s(i so- butylc¥clopent adi enyl ) zi.rcon

X ﬁlgﬁ%y@]gi(éﬁéq W}ﬁlzcypl@mﬂt@q;ﬁgyl)ﬁ metﬁ;lcytélop(entadlenyl)21rcon1um

TR LA RSP SOV RO dbn 6, 1
diﬂhen;;(lmeﬂgrhﬂyﬂec%&lappmaﬂadyle(mgdem])zlmmum@(}g isd s(n-

pr%@%}'ﬁ%& glitlt?@ﬁ%% 1392' oo épﬁybcteaﬁﬁcuﬁlpwntadlenyl)<9
ﬂqueﬁ 1}21&09111%{ %/(r '1§@-bmbbrﬁﬂédé [3-AeHyRRR At &R DBL Py WArconium

X, brs(1-et | cycl opéntadi enyl )2| rconi um
X E‘Qﬁ’mn@hll‘@+ﬂ®rﬂ3’ﬂ)zyb@ymhdﬁemeam@mch§ﬂzs(ﬂ siodényhiXgonium X,,

ety | SRS AR Y B et Rl B2z ER UM b agconium X,

eth 1&6%(9%9&% B5mEL- &yﬂaﬁ?/&bqpﬁa&@d)zﬁeuﬁlhmanr SR BB 2-propyl-
i s(1-n-but - met hyl cycl opent adi enyl ) zi rconi um

4,3, %(tqrahgén@u{wdesylb@tcnmuay& @ﬁéfrhwbis%sﬁpp@py%ﬁ46u7rﬁet17<hydr0 1-
A GPIRY ko UK EYEL DO S301 SO RO onium X,

ethiglenCWis(2-idb ey 15, |6r7dteﬁy1h3)dz¢41 daddnytziXconium X,, dimethylsilyl(4,5,6,7-
bi s(;tgndenyl ).zi.rconi um X EZ net h%/l [ ndenyl ) zi rconi um

tetlxthy le p@ﬂgmca@pwli 'dﬁ&l@ﬁx} 4,560l almdxo I=indenyl)zirconium X,
I
eth?beﬁ% C@rso@y 1er¥dh g?@ﬁgﬁ@%bﬁﬁﬂ&oﬁ@ﬁwm X, bis(n-

cl openta I um
dlrhnthjlmlﬁbns(qyblopelitaxbeu}tl)zdnmnyin)XIh dfrmétbyisik; bis (- fluapyy)zirconium X,,

ding Gy S BD s A G A P Koy e R R LSk e o X..

dlrﬁ%thﬁbl%(ﬁ)frs(Z%Pylllrﬁiehyl:)mﬁ)bﬁhﬂpgnt(ﬁfﬂbﬁg}}éh}lb1§@ﬁfbﬁ!y‘1{mi3ﬁyl)21rcomum

n- propy I nd eny
nbdlpkl@-yisllwnwz-mmjlby'lyjd):mdfzmcgmum X3@iphenylsilylbis(2-

i R DB gh S BB Y CRE R A Sl X
dni@étﬁ&lgeﬂmm@(r:zyrh&lhypﬁ@ﬁyl)ilmmnwmnX bi s(9- n-

fl uorenyl)hafnium X, (9-n-propylfluorenyl)
dlmqhﬂswlbw@trmé deREDAr@m W Xpi s(1-n - 23 WO

dirf AR RABR (B S HRAITRALIRNE zirconium X,
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propyl - 2- met hyl cycl opent adi enyl ) haf ni um X,
(n-propyl cycl opent adi enyl ) (1- n- propyl - 3- n-
wheaogloentd opent adi enyl ) haf ni um X, PCT/US2008/082066
di met hyl si |l yl (tetranethyl cycl opent adi enyl ) (cycl opr opyl
am do) titani um X,
di met hyl si |yl (tetramethyl cycl opent adi enyl)
(cycl obutyl am do)titanium X

dirggt ﬁl#bgl(cgplowﬁ@?m}{%tﬂwrwb%mraaine@liyhsnylsﬂyl (cyclopentadienyl)

RS R R R

cyc(lﬁtymhemﬂiydetr)bbﬂﬂ(td‘maﬁlethﬁlnydnp@ﬁ,tadlenyl)(cyclopentadlenyl)zirconiurn Xy

cycglgggg{alg%tg%@%s&lﬁi AL am?harlll%lﬁﬁap%teol 1%1%1?(cglSggeln)tadienyl)zirconium X,
cyﬁbﬁﬂéﬁi@l@delsﬂill(t%@&rﬁ@tﬁ?ltcpé/lbﬁéﬁ@a{(f?@ﬁ/mﬂ?ﬁ{eﬁﬂbﬁlnliétﬁbfﬁire&ﬁﬁﬂll)@

do)titani um X
cy<dommlwlglebwl(ttmmahﬂmmlbwmmwtﬁhme&mw(prnﬂacblnoyiyituacomum
t.i tanj um. 1 . . . . .

Xofith tﬂw@v eyﬁs(l@zlﬁ@rm?thw@ﬁaﬂaﬂ@ﬁw&f SmfPFieLyRrBYeRsH !
(teffhlﬂ@t\h lc @B éHtﬁcPfen y1)(2,3,5- trlrnethylcyclopentadlenyl[)zurcomurn Xa

di nmet E;t et r'amet hyl cycl opent adi eny )&cycl oundecy
cy¢lgtmnm§t}§{lmegﬁyl W txtramethylcyclopentadienyl)zirconium

il T &p{tge{alrx&f%&g@ﬁ{aﬁﬂny}s%& 9ReRtAMLaY I LYghedodecy
blsddyldﬁfpblyﬂa&lehylbcﬁﬁ@hfuﬁﬂﬁl; hyd(eypetdpRaeidicad)gifaonuns oG tisthy | am

ido)titani um

bwanl%myméthwlz@r@pmaﬁ»e% Viseyrdpdgseplcrdrranpadiqylaesisnida,
blsgéltfrgr%l%ﬁc;(% ngr@%l}rcaor% t blS sgpbeurwlc%clloe%en]ta)dtenyl ZIrC muma( bis(iso-
prap)ytdybbpemaldléﬁayl)mcomum X bls(rnethylcyclopgntadlenyl)zurcomurn X, bis(n-
ox‘ré(:lﬁyagp?l!ﬂtg(lg:’:%x} til;torrn%m )tih% 1¥ %lelg‘.gl%%lggénetgy !c12 Q)glrggélgr%%gyl)is(n
prdﬁté%ioﬁE&ﬁﬁldﬁk@l}z){ﬂcéﬁlﬁﬁm MBS QRS R RAN N LIFH b IR X,

Fam do) ti t'ani um X

bls(ﬂeﬁM(@mwsmlmﬂélbmm@dmtyth)ﬁwum@énbaﬁh ethyl-3{ cycl obu
e A R BT e Py it eyl gmey e gRn ey P ispanium X..

bist¥exitaamstigiadfdldratadng) z#8onium X, bls(pentarnethylcyclopentadlen%l)mrcomum
net hyl phenyl si |l yl (tetranet h{l cycl opent adi enyl ) (cycl o

Xnx8ib@E eyt 3-matiy prentadlenyl zirconium X,, bis(1-n-butyl-3-

rne l{% o%g%;a%{ ﬁ}élh%‘ %C%%&tﬂ{ ﬁnao &¥|1§0\6%15y?-%e1ﬂ5t%9 c?&&agn(tgé{&ly?)h ftconium

nmﬁlsmprgpﬁrwbaylcyblbp@twcamﬂ)‘mfo@nﬁﬂnoﬁg igdj3enyl ) (cycl ooc
am 0 titan

buipdayg aﬁéﬁym?mrypwa%M%%@%ﬁ%b@%’d@éﬁﬁvm &ycl ono

1 ﬂ-{}}lq ﬂ u thyli
blsﬁeh ﬁze(?& Bf Pq(séertnrea ot e 3Z/15 OélrlJuemnt adi enyl ) (cycl ode
cydyﬂmutaddmﬁytmdiemylzumpnl)im x5 bls(n propylcyclopentadienyl)hafnium X, bis(n-

bu&g&g%lg%l %%rll}fcl hg}fn ﬁ%%ge %n? lt}gl%gcltlglge%gd?e%lyﬁ%ﬁ?l&m%g ?n propyl
cyﬂ%éweidmgwﬂ ﬁhﬂyyw@ﬂehﬁaﬁhwwﬁhpxe H@dienyl ) (cycl odo

o)titaniu

tnmethhlyﬂplhémabysqlmdn(atdmwamm Ky dlisipancthylsiéylyyylosedadiatyl)
ha%mm&fﬁ% AR BloPYlinteay Disfaiv Key i GreslindsnyR Bty

dirdéth @il 1bis @préPy¥yclopentadienyl)hafhium X, dimethylsilylbis(n-
pheny1J ﬁ?] ?,(t et ramet hyl cycl opent adi enyl;{(n decyl

butg}ﬁyg%})pmtg@ﬁnx}}dlqﬁnugg)( bis(9-n-propylfluorenyl)hafnium X,, bis(9-n-
bu lP% ﬂ@%?%‘ll% {J{%t liwo%gﬁﬁw&n%’f(lzqp}?ﬁb?ﬁﬁ&%ﬂ%ﬂ)ﬁe&ﬂlu&cka%ls(1 -n-

d| phenyl silyl (tetramet hyl cycl ogpent adi enyl ) (cycl opr opyl
am do)titani um X, -

di phenyl si Iyl (tetramet hyl cycl opent adi enyl ) (cycl obutyl a
m do)titanium X, -24 WD 2009/061678 PCT/ US2008/ 082066
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di phenyl silyl (tetramet hyl cycl opent adi enyl ) (cycl opent yl
am do)titani um X,
walephesnisi | yl (tetramet hyl cycl opent adi enyl ) ( cyRrdDH82008/682066
m do)titani um X
di phenyl silyl (tetranethyl cycl opent adi enyl ) (cycl oheptyl
an1do)t|tan|un1x
henyl si |l yl (tetranet hyl cycl opent adi enyl ) (cycl ooctyl a
prqwgtg)mqthjélﬁyq}%e;qtadg:nyl)ha um X, (n-propylcyclopentadienyl)(1-n-propyl-3-n-

bu%%@@@g&ga&%{}é@%{ﬁ@t hyl cycl opent adi enyl ) (cycl ononyl a

tani
diréthyieiyi{tstrdnydthyley ¢l apoatdaydng 1) cdyo loprdpgting dyltitdniyra Dadecyl a

dlrafftgnﬁié'ﬁvgl tgﬁ%ﬁ%ﬁe}z%@F@f%ﬁ%w&%@w&a@gﬁ%ﬂwweundecy

dith@R ¢ ltéﬁreﬁfﬁ‘ét lopentadienyl lopentylamido)tit X,
i@ SRk AR i delopentadicny ) (cyclopentylamidoyitgnim Xo,

dimeihyldld)glftﬁtm;{mtuyipy@lopentadlenyl) (cyclohexylamido)titanium X,
dime&%}]‘sﬁ%éy | tggrlgtcggprge%a% eny C(lcy%foehep? rliarmlg%ﬂ ?t&%ﬁr%’)? utylam
dnﬂétﬂmwttéﬂrérﬁétﬁ&1%&@15@&.4@11@11915@y@%atywﬁ@mka)nﬁlﬁn oGt yl am d

o)titani um X

diragthylsifl(teframethyleydlenratadinaiayslsanrdamideytitrisnddey | ani d

a0 Sy e SRR TSRS A agecy!
dll’ﬂéﬂlﬂ@l}ﬂ(tét@dih&tﬂ@'l&yclop G'ihﬂidllﬁﬁll@[) (dyatolubi@&ylatrﬁieé)ﬁﬁfmur{l Q58]
erivatives thereof' or "derivatives of', |t is

dl%hﬂﬁlbdﬁ?trmgﬂpwwe@ﬁﬁdeﬁny})mglod%ew@ﬁﬁﬁwl&m% n

dngﬁﬁflgl('lﬁ gtm@ﬁ%%fﬁc%&o% dfémﬁﬁﬁg?gyla@ﬁg)t{}%lﬁﬁr I;:ul/\n'atrh
d1rm1h5d&d5rt(t_s@mﬁhﬁdydl@p}aﬂitddl&&1y@(reuq:tylamd;o)stamngnKfn Cr, Zr,
O T I O O
dirhd tH@Li A et?a[m&%l@?dl@%ﬁd&én%rl) oda@®cyBmif GaRlunh &1 S

cont enp at ed met al’'l ocene cat al ysts conponents
medeéﬁmnbbdylétbtrmethmyc1np¢nn@thettyth)é¢yclcglrmmdamlda)tltamum X,

me R Ey s RN RET bR AT R LG AR bty “Ae
medSeshnrsay gteterSth‘E!y@lop@ftdt(ﬁ&@ﬁﬂ)(cﬁ%ﬁ%ﬁ@ﬂdnhlﬁajtitéhlum Xn,

substituted nmetal |l ocene cat al onponent having a

mqtl&dléWElsﬁﬁlﬂtﬁﬁﬁmﬁ@SEYﬁJ1§D¢Fé¢dl@tb’é)ﬁcmhexylp@edq‘)tltamum
lg'felng glét%{ra\%gtﬁgfcyél ?T%%drllée %%%%%F%g%ﬁ?o%amum X,

methmplwnpksﬂyamtetrmétawstlopﬁmmxcydmtﬂmﬁb)tﬁmmw(n,
conbi nati on of any nbodj nent"” descrj bed herein,

meﬁ%lg}twléayléét%m%vlcsgﬂgp@mdlw@é%]c orweylaalqiq)ataawnam or
me‘ilﬂﬁ%lfé‘ﬂg e?r%btﬂg)lc gédé&exﬁ@ﬂa%moﬂﬁ%}i&raﬁnﬁ&m, Red

r rmres t materi-a iers using
me&rﬂplmnglsﬂfl(&hemsﬂhmcwlbpmad]ﬁd&)(k}mmdeaylaﬂmdo)tﬁﬁmmt)(no r
escribed bel In one,.e t, the activator_is
RS st OV sy oSN & e Eag iR x..
mcBBIPIRAY ﬁg%ll‘(‘ﬂeﬁﬁ‘met‘i’lﬂ%%lbﬁﬁﬁiad% ey‘é‘)(se‘@%@ﬁﬁ’mkﬁ)tlt%lum X,

I ncorporate , adsorb or absorbed in or on,
methydphsppisilylgetramethy ey clopentatictyhién-oetyboeidesitanium e,

me Cytlpﬁ/e%glfgllyl?t%g’amétﬁglcyc ogeon a? 1eny:|') %GCF;I%FAIIL({%QQI%{IO%%H?66

methylphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium X,,
diphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
diphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,
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a catal yst compound may be deposited on, contacted

W th, vaporized with, bonded to, or incorporated
wowrabiosre7eadsor bed or absorbed in, or on, a sSupPGF/US2908/082066

carrier. [0063] The terns "support” or "carrier"” for

purposes of this patent specification are used

i nterchangeably and are any support material,

pref erably atgylr ous support material, .includin 5

diphgwylgihnitetrasme %%@I@ngaémk)fcyﬁlﬁp@wl@ng ONSALUN Mt | ng

R Sl e B BB S HE R e
diphanyli;@ﬂ@et’ramétmyieydi@mnmdmys@pbhéptyhﬂﬁ@f)tlmhmns]Xg,_h as
R R R ol
dlﬂﬂgﬁMﬁ!ﬁ(tétpﬁmet%ﬂcm&ﬁéﬁﬁam&yB%@Bﬂ&%ﬁamﬁi%ﬂ thhigH xt al c,

cl ays, her organi’'¢c”or | Horgani c support
dlplnamdmbd{tetmnbthﬁeydlmpeatadmyh{oycl@decsflatﬂméphmémumo(ng 0064]

dint B AT b Bl P s PRI MR SR o1
dlﬁﬁgﬁ}ﬂsﬂw@&@irﬁetlmﬁﬁld)@nﬁld%?lg%Elo@ﬁ@ecylaﬁu@@ﬁiaﬂﬁfm X,

ment the heterocyclic conpound is conmbined with

dlpéle@xlﬁibd@@trmt@rlcw10peptaéfe@ryafswbgtyllarl@ldO)tm@aﬁé@ with

o PP SRR D SRS e o
dmhaﬁﬁhly;zmtetsatﬁdtleytsydﬂ@ﬁe@faldmgﬂ)hﬁd@iy[anﬁay)nbaempﬁ eqpar ed,

eneral |y, reactjon of the heterocyclic
%@}bﬂ@ewr@%hxdﬁY%¢W% ) padsqiT Rt BRMReXs, and dorivatives
the?&}fal yst precursor, followed by addition of a support
material such as silica or alum na. [ 0065] The support
[0058] er i By Sdertvativasethereay’ be"denyatdfestdt® it onwendti oryadubstitution or ring

fOI‘?Igl 151(1) rﬁ% Figsgglgéct S ietin EJré?e fg*?l[)%(f n%ép‘% I'Iguel%;g Qlcréltl Srg L§ atlceegnleg‘i of the metal

“MN@LIANTE or O] HER 2Rk BALEED FEnCib %fd@%nmglﬂk%f Cr, Zr, Hf and Ti;
support materials 1nclude resinous Support materials

an@® Depé:;wctmeatsofﬁbd: y¥T erampewith amcof on&d Cz eldtylsr Ce niydss IGo itk €do alkylaryls,

ani ports,, such as polystyrene divinyl benzene
ﬂuB% @?‘H@ Brs %& V%ri c conpounds, zeolites, clays,
[0059] anyit G kehteMpUAGH ehallthe INRQLIGRBAE cBURRAT donifinefits adescribed above
and the like, or mxtures thereof. [0066] The
inopydsftheir stuefuish oF Ppieal oF |ea¢@loamélc|lmngarﬁra@er@m gedurchand may be a
4, 5, 13 or 14 netal
pmt)e%?lalgtg&nél[qg%ge %gérj@gl support s include silica, funed

[00%6i0] | caAs a:iek:lrheﬁﬁm, a bgls] bridpad ad syintedri @ig s[IbStIttﬂfe&metallocene catalyst
t hereof. O her useful supports include ma%
COMPPNERE élaw?g ri BAFERIC ﬁﬁ(&ﬂ@g}eé%l%qmeérqqué not, self constltute at least two

[ zeolites, talc, clays
dlﬁ&gﬁ%ﬁ%&? gﬁgél%wyauég%lbﬁgﬁe%ﬁss of these support
[00611] er i Hies “matyllbent sethlyst aonmpracp! enayscompase adyr oombimyation of any
GTAJB%A[ alumna, silica-titania and the |iKke.

lmﬁ’%zﬁilescgﬂi’ﬁﬁg?ﬁm%terl als may include those porous

Supsdredi GG Bk /s Ot her support materials include
nanoconposi tes, 30 aerogels, spherulites, and ' '
[0(}5@1 y meFliccachiwatdsandéprdhi eolywpp@rqn qasllsfsm n@ﬁp@mdl rgay be combined with
al | abl e under ade nane

.t he
on iR Brp R ST ot RS PIBFGRY R EHCSHPRELTEQ0ds bown in the

art WP 200860 B680RCTIHIDAO RBIHIBRAGE thd vpiadr ¥ id Hikhppgodted form, for
with particles 7 to 30 nanoneters in size that has
ex3raplpg c{gp@%‘{eécpnmcpﬁtacted with, vaporized with, bonded to, or incorporated within,

adsorbed or absorbed in, or on, a support or carrier. In another embodiment, the activator and
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di met hyl silyl di chl oride such that a majority of the
surface hydroxyl groups are capped. [0067] In another
wepiotersent , any of the conventionally known iPOF/{se08082066
oxi des, such as silica, support materials that retain
hydr oxyl groups after dehydration treatnment nethods 5
will be suitable in accordance with the invention.
Because of availability, both of silica and silica
C@&ﬂ%ﬁf%mmgu%fw Reclenosieds ag cubgsdic wit f@@p%@ﬁ%ﬂl&h bonded to, or
d [ es, gels
1nc§|r‘]d(¥'r&?da @zlltﬁ Sorlgeﬁdgor%%gt{rﬁ%c{/ 1%1 or ?ns a[sgﬁ%gﬁ)&{r(%ggéé ot al
[0(16)3] de Tir‘tmfpnﬁs tsuppet’ ey cacthrt famalkposccoithis patar ispesfi@fion are used
. er t al such as those offAI K, N%, Na, Si, Ti. . :
int G e 4nd s SHPRITERAIT YL pEeeieblyrbRpBYS tuRRpTEiaterih including
indARHi O6r GPEML S@lpofBANSHAI0 NEARVS MR &ImABGL 1581%2119%%%1%& materials
ypically such'treatnent is in a vacuumin a heate
inchweninoigans dredeseehd Inoigiinechledtsor Otlict Ivatehy thehtdic rmgsinous support

e ts uch a rgano,. si.l anes SI|0X s, al kyl
mafgh EORSDRIENS. ot Clio il ZRt o8| CTEITRREH, OREAC SHRRATG: Such as
po%y%ﬁ@hdlvtmmeﬁ&nwya@ﬁ@ r@e%ow&fcw&@ﬂﬂd@w&% aslc, clays, or
i's p055|ble 'S reaned but t hat chemcally
any PGAT $rigeRiA T DPBEANC %mphlyfma@qaﬂ amdﬁhl@tlnk@maﬂ muig{urgssthereof.
[0 6%5 al n[%d n[eT%ocﬁr%lfng n@etgrtoc 1c co (ﬁou{lﬁ Md %‘hS Hof:n%xaﬂpes described
0'a point prior econpos e sup
abd¥Rl £6 ic@mbink® Wiy & mBRWIPpd1S rna@fam @Sdabﬂl@s ﬁ’ﬂdndtﬁer embodiment

@%her Ioadlng of supported anionic activator is
thegberogyelic] eapanound | igicamiyed t‘é%@r%’ﬁ’ﬁ?léémft%fﬁall aecd@pbly silica, treated

I r

with [ hltorcatoh 88! Sich M8 B Fp{TELE o) o groups bonded
thdrcr:lo 3 The supportad tchtabitso sys@nfs d)ﬁcralveel heyqan cadyl he sapdrad generally, by the

and c e achi eved, for by vary |n
rea@téwb@? JhareSrog chompﬁgnql SR B SpORPERaCo ST dagion pinthe catalys
pre’iirshf, ?@ﬂo’%}m&f QAN Cof aASQBISE)rE ﬁlagglgpsucﬁ QOGIik# 018519&1na6ooc

to 825C, 700 800C, anhd any combi nation of any
[0065ki t THict $upaony nhamwmls ifilizict. m§0068hy Fhthet ca)mivcntlongl glpport materials.

T e I SR IR I NERLE A
oxidE€ ahd QREFEIM cMbfiflesd OBRS stippaft Hh@RtigliifEBdd FEindIP¥iport materials
of a chem cal dehydrating agent. If calcining
suqhentb@pbmyr@@ encsana o qir erosshipkesy edzanios seipPLifc suchnas polystyrene
dlvgrgg %ﬁ o%gﬁr%ge‘cﬁné %olggferlg o?h%'o I%a "4 esbglagml 91%32 gth%ro orgamc or

1nq®g£&1$@$1ipptjﬂ(ﬂ1ﬁﬁerldh@ndl grdiksporan&tgad therofg cond| ti ons
mlarly, use of the Lewis acid in excess of th

W%ﬁb. chisnrseterred aprnert e e arcrigprepig Oidsn th awntcwdﬁ fepse Group 2, 3,
4, 5r ?@%ﬁr tl49ﬁeatﬁ§fn@1|de§0ﬂ9\lk‘?§ﬁ 33 glll ?tg\{ clﬁ& QaLl rfﬂlﬂeé esﬂlca alumina,

" excess s gr oups out gnl |cant détrinenta
Sllleﬁ-fahmtlnﬁ amdcatiethyest thpreepar &thapnusefuls sippersientlude magne51a titania,

nerizatio [0070] In another .enbodi
cieBihid Orreca PO pen SRR Es T OPiIRe HiRes S Clays and the
liké.UN&lsbORBMHAAGE 6P AL NuPBo® ThMBEALL n8 Bt EdY Lfor Blnple, silica-
functional groups may be any of the primary alkyl

chla)mlums silsectmian.y smlcmatanmmfés‘,he dikd. ot\ddrtmnalkenpertt heterials may

WO 2009 67 . .
B BT ARt iRelor QUG PRPAR! JORS DY el pocomposites.

aex@@@i(sj CspRatlites OinPpd¢inBri® BERIs! eath® rsumdrhlst fagcl &M available under

lTM

the trade name Cabosi TS-610, available from Cabot Corporation. Fumed silica is
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such that a ligand filling one coordination site of

the alum numis protonated and replaced by the
w@loymers78 ncor porated functionality. See, for BXEIP108§/082066

the functional group containing polynmers of U S. Pat.

No. 5,288,677. 5 [0071] It is preferred that the

support material, nost preferably an inorganic oxide,

has a surface area in the range of fromabout 10 to

tyrigsdlyt @ Aeranity, pagraﬁlés VdPudR MRROMBETS hgcothat hpg been treated with
SRR R SBR LB . SURLOISARRIELGY, % et
[0067¢f erlabingthet bmbsdinfeat engrofahotortvieatianafip dmbwneiherghaik oxides, such
in the range of fram aQout 50to 00 nR/
as &i% PBPLHEn Ay Bt EEDYEroxyt 8roxpd erséj@iﬂyg@ﬁan Sisaimeyt mothods
Wlﬁ%@ SRRICH 4dcbldandd ¢8h Ue v OMAP W cad 5f°av§ﬁ@dﬂ1ty299th"8f silica and
he average pore size of the carrier is typically in
sﬂnch e:on‘atngeg ahetilr ondd asal $QPOrtan st exampls, pherdnaiiay a6 preferred.

to about 500 st.rons nost preferably 75 to

Siligg 94 i 08 %ﬁ&‘é‘?&gweaf%gﬁos B'%4upport materials may

[0088] t ' eRic88l nfelhe Bk &Rl dovnp oﬁﬁbnﬁﬁﬁ?ﬁhﬁltl‘ﬁhilg orftdiH Vxidds of other metals,
conpound as described in WO 00/ 12565 her su%porte

suchicas thascoelsAbrle, Mgs &lai B dlii andfZrandidhoaldaprgfosablypbe treated by thermal

anc98{ g‘l??r?gal dﬂ&}ns t? frgrl;lgTeog.?%]p BF% rﬁlgggoxg%%o dITP[rg E%l?y Flﬁggtreatment s in a

va@mnpmrd hermstdameﬁl inhihtaRg fRuldiad Ligaxa et Qg atineg b@ﬁdemch as organo
thereto may be prepared by conbinin t he al umn

silangpt Alomney. elsHhlumenum camppendsyptsor the eyl taqatmwtashould be such

thasc; Yi ‘nﬁ%%ﬁfﬂeﬁ qﬂc;lstu}enatfan&e?%gp Qg '1§T§5Hsrblé & EBUPd Hul Shak % chemically

carried out at an sure and nper at ur

sigdifideit @found e;fﬁlyaﬁosrpsmneﬁ@ahar @f@faﬁ&ldy THhs o@tm’ﬁn@ lan@p It(S 800 °C or
at 20 at nospheric pressure, anbient tenperature _under

MoK PoiPet PONBI QY 6f dscamppsitipg ofi the Bpqrs materilefprissveral hours is

h ¥
155 LA e 00 gL TR S MRS i
tentipenEufes rfmebe&mpltmesfvmﬂ lat slimbket WWhoret tht metaludade is silica, loadings to

r ef e to about 1 ours,
achic ey ?%@Fi}/ fn@ #ﬁr&m@ %C&Vatsgat%é ﬁf&dwglcalﬁsow@]ﬂe and can
be laBhidkQf, B&¢ eﬁﬂﬁﬂ@@e% in' @r’[h@'ﬂéﬂl ﬁhfecofa&@ﬁﬁmgrfrosfﬂ rf()@“@ to 1,000°C,
nmodi fi1 ér that IS used|nt e preparation of

sucshu@spfnoméd)%@tt@l%@‘tc Koteto §§5°@e§@6%b§d850‘iCP€(TO°C to 825°C 700°C to
Ii on WD 96/ 11960 .may. be used W|th cat al yst
S0 cpbh M it iy ATaey Bev e 5 BB AMS descr bed
[00%9] ei NTheltBRoripad ey MEdxys ¥uB iy aiallc f&ls §@adh@neﬁf grafiethid Mvention can
the presence of an ol éfin, for exanple 1-hexene.

alsp g7 8gcopplighgsk h}érth@rm@;@iewéwpt withe adess (han oitoighigmetric amount of a
ch& 10%1I hd%Xt?I{gi@ n}?t ?ﬁn%lr%eqenelﬁéraﬁre% % r&"’%bf‘é are employed,

um nu

dlfﬁﬂd’tfb@xb/d:caﬁ)ﬁﬁg agetts asg. SQHL)QSECM)I i YOO emﬁloyedil‘ttd c&ﬂ hydrogen bonded
st ear ates, alum num octoates, ol eates and
paigy Of cRIBRYI IBIRUPS avBish argspigarit r yusisH th% lgpsssevprg calgigng conditions.

SRt oRBo 8 FBelaes il Tarer A FRET GG Fmaunt pgsdpdfor rescion

withstha trapsibionl nfieval qmnqﬂmndmgnla sewp po meetthalive texkdss s@aoel groups without

sigtg' c?t@c etg,r?rlr%%é]cq%{ rﬁ%t‘a :st::]ll)qlreﬁ ({)ﬂe(gus% geqhgnt%%f) oerrltzattlohne

[0070] In another embodiment, the support is a polymeric support, including hydroxyl-
functional-group-containing polymeric substrates, but functional groups may be any of the

primary alkyl amines, secondary alkyl amines, and others, where the groups are structurally
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nmet hod, the catal yst conpound is slurried in a liquid

to forma catal yst solution or enmulsion. A separate
waiaveem i s fornmed containing the activator. AEEUS2008/082066

liquid may be any conpatible 5 solvent or other liquid

capable of formng a solution or the like with the

catal yst conpounds and/or activator. In the nost
. preferred enbodinment the liquid is a cyclic aliphatic ) )
incgpposgtetritt p POy Cotiband casble of & peiddlps reastione ath thpd.cwis acid
s e B P R B RO A0 R onled B replaced by
theopolgmbe atcerhopacd timcsioppy.t Scs, foadsedpleo tHchfunstbnal igenp containing

such t he to | ume of the netall ocene-type
POkyHIeE Sgl?gcéﬁpgﬂn%}%g%g%ol ution and the activator
[063Q) UL 119y ﬁ%fehlgﬁ tHRYR LIPHEASAHRE, ﬁ@§t%r¥i§¥abﬁpﬂp%%n?@&ide, has a

activator solution is fess than four tines t he pore
surfazieLaren of the rengeoofoliemsabppotQ fo atmue 700 erfi'ég, givky vbles® in the range of

t han three tines,.even re preferabl.y | ess than
frop Aot Oy BB 5 E dul BBt PrERle 1 TRt ok iBm about 5 o
abdut 908 RN Eor@ e feRBly, REEETRB aYed 6F thB8uppott fteBial isBShe range of
range. %8077] In one enbodi nent, a nmethod of formng a

frogy phest t ¥eitoc abautt 9P tsy/et pare ohemeusbUfram abgutof.S| tocaboyt 3.5 ce/g and
averige a{rﬁpe tspz% P FlohY Bl 18?(? g@ul? %60 I?,L%{ e QV%% %rpo? size of the carrier
Cat ys Corrpoun(rjnl S present, is in’ an amount’t hatc Os

is t@scllyhan tiouingti o Srobha 0Py @00®|ang®rodhs.t PEASHPIPOSH to about 500
material, nore preferably |less than three tines, even
angpio@sp aad B1oabgTerads 73 fradborind>q #1s80mpyr ef erred ranges

{ ng 0 j t I, Bs . .
032429, 1P b, BT P49 AR AAEE RS, BB with 5 Mo
compoerdnas daseribrbod Wi 00/12668 dtbemsuppbrtéd getivdtdrs awhileshribed in for

t he i vat i.s present is fromone to.20 |.ess. than
exwes’?ﬁ&ﬁéﬁ@&@% f%mwpaftec{ ﬁ%mgaﬁ%wnaqw [fig) complex.

(0048} | | ZRGnk RnftBHAARY thDSupHORRRLERH hadflel Al @hoxdn@QéRIound bonded
In" one enbodi nent, the anount of heterocyclic

theneso enaydicopnepared by epmyindegihe wheminnangesifing kp@po@Ss! with the support

e amrhe BT AE ol TR PEHE g RPYERE  carried out at any

suitlEepiesed hrd REtpefBat QURHEQUM iab iafifospRETO PREFcFaBROME combining is at
fromO0.05 25 grans to 1.0 grans per gram of al unoxane '

atnpgsphgredPspiur G aambient yiemperalyrhenrdes mseliche nlore preferalhy g mixture is

r i tai ni 0

re b BESIRGY Gy 2600, AP PSESRPRAT 93802 FAOMGRT e comaccd

forsa Isuedble BbbytnaY fimatfoobxdiigleefs 4t 0080hbditel aghitéapefgably about 1
.and cat al )[st s descri bed above, whether supported or

mipe to ahaut 18 o mas nsctebly s abopt d iyingedp Pt iorst i on

[omﬁ‘gormp&%bh%? Eﬁlgé‘&ih{%ﬂt %%ﬁsﬁ%%@%{ nt Br Yfife rrﬁ‘&gﬁeln%at is used in the
tenperatures and pressures. e tenperatures may be I n

praphetiva g ehcofupboed eBaAEstt systaboast des2@R6@, iR EF enblidayiofi Madh 96/11960

5QC to,about 200C. I n one enbodi nent, the ) )
SR 158 PO (e S PO BHGTORS 675 Hste oDy by eyl herein. The
catgl_gfg%%l%@hﬂ Myl s AROMBpAEd iﬁﬁ@ggegé%of 2R UEInSRIEcx ARPE -hexene.

above "150C, or above 200C. In one enbodi nent, '
[067%¢ prissawthes corholdoyed, theyachmaton andver catalyst fystam nay be combined

wi%t a@:gl%lgg{lﬁc acid salt of a metal ester, for example aluminum carboxylates such as

aluminum mono, di- and tri- stearates, aluminum octoates, oleates and cyclohexylbutyrates,

as described in U.S. Pat. Nos. 6,300,436 and 6,306,984.
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to about 500 atnospheres (approx 101 kPa to 50650 kPa)
or higher. [0080] Polynerization processes include
wa0aveemns gas phase, slurry phase, and a hi ghPCBUS2008/082066
pressure process, or a conbination thereof.
Particularly preferred is a gas phase or slurry phase
pol ymeri zation of one or nore olefin(s) at |east one
of which is ethylene or propylene. [0081] In one
[00%hodi lnewpther pabpytipasBciesis & gethod fasrprodicyie pruywited metallocene-
I s I f
Rl s B Ay RO WIS SRpLEELARART RorrPRR fRhin. I this
me}ﬂ’[cﬁlf dreatatajy 2 compdithdciarshotiedainaniquid e foror @cﬂ&l@ﬁt&bhﬁioyl o2 emulsion.
8 carbon atons. The jnvention is 1 rthuIaH
A SRS SN aRR PodpEd FoRtREG haracHkAeR ﬁl o Ngiidi be-any compatible
sol%rﬁfdr I tHER T nlﬂﬁﬁir %le SF Mﬁ?a solBﬁQrﬁ)Xr ARQikely i IR WGtalyst compounds
1- pent ene, y -1 - pent ene, hexene, 1-octene an
and/odation®r. [rorhs Z}osq:ﬂe&rrredmdmérrsermslmfquurd » a dyeliprlogass or aromatic

by A Ao ST e LY Bhse8y PRTEA na heRVEEE Bhutions are
mikQNERBIhOAEREH BhERGRd toROhESIESoroNd BPpoiOTRESed Shous support is
cyclic olefins. Non-limting nonomers useful int

addaqvterih¢ émutl@lsmyh thi¢ thedtetad ypisroneinibe metillssenraitpe ﬁétal§’5t compound
soluﬁgriJ glﬁ% Sheenae 1V5t?)9 REIf H(?I} Pﬁ tﬂ’eeydxlngt?géceeﬁé %llpgetbﬁattaﬁ}lsg cornpound and activator
solnﬁﬁrbrsrlramm (ﬂd)Lﬁr)’cﬁh@pﬂhBtpafH aslema ths:y@x’o@p Quifpeftemore preferably less
[0083].In anot her enbodi ment, a copol yner of ethyl ene
thanghise §imase BveniReieePRIcrably ishihaareo tinese pisterest rapggs pring from 1.1
(o) f car bon
tifly 1 83 hm @R BT P alIg V] 0 17 B8 b onede ' o
[0076t pPnefe reaﬂuloyllnﬁemmm dhethod 8 éanthona abgrosted icstalyst system, the amount
olynerized in a a roces [ 0084] | n anot her
of Bipfommich lretwrv d%ﬁﬂ%?doﬁvr:@r?@ jog a;f@t%é FPBRRpNg 1§ present, is in
an %mdﬁ@stﬁatt 1‘§’Olessd 'tﬁafnef&@ttlrﬁ&nﬁﬁoﬂﬁ'ésvolﬁrﬂk'&ﬂﬁll | 3 g&% Rfterial, more
whi ch may diene, to forma terpolyne 8
precfereblefdbisctham titree tilmes,i avoe mqro praferabliyrlesst téa!n tw;o ames,; preferred ranges
pol.yneri.zat i A ocess artic ) ase
e3P 0 B PEEE Bee PR BRI DLy e PoTp PRES range. man
alt@&h Qe &ﬁbd@lﬁl@ﬁtoﬂ@ an®unfiBf Bqa8 RetvhiBANBERE S atdrGd P& is from one to
et hyl ene, and/ or other ol efins having from4 to 12
lesg trapome timasiibe Pero0BBIMeTYinthe anpneri Matgrigagilizad geforming the supported
adg%h%nerlzatlon process, a continuous cycle is enployed
where in one part of the cycle of a reactor system a
[0078¢ | | Ng o@<ntHodadnt, the A/ovhisel hanravey ciis hateradforh eemaineng compound

streamar_ fluidizing nedium is heated in the react
ranggs {1081 RPRP HRMPAP yrk BFABY PONShPs 2ligpxans tewadodisa I another

embb 'ilg &hd %X tFGRIPAS/chit AbtetddtdtR 96&%&@%&@%%& l?a’e,‘nges from 0.05
cycle By

I ng system exter nal actor.
gragener h_[)lgrarns; peragrgmsoif hlumdkzredtrieel pitioc e $1s yetoanother embodiment, the

produci ng -30 WD .2009/ 061678 PCT/ 08/.082066
amﬁBﬁ“;ﬂEjFiiP?gocé’cg‘ég%%}gln&cP@é’ﬁP’& WP&%’IH 50 &/é My &8 grams per gram
of MRRRNEStrdafed@da. NUOUSIy cycl ed through a fluidized

bed in the presence of a catal yst under reactive

PolyorediizafiemBrocye gaseous streami s
[0079] The activators and catalysts described above, whether supported or not, are

suitable for use in any prepolymerization and/or polymerization process over a wide range of
temperatures and pressures. The temperatures may be in the range of from -60°C to about

280°C, preferably from 50°C to about 200°C. In one embodiment, the polymerization
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wi thdrawn fromthe fluidized bed and recycl ed back

into the reactor. Sinultaneously, polyner product is
woribgem® from the reactor and fresh nononer PGI/HSHE21082066

to replace the 5 polynerized nononmer. [0087] The

reactor pressure in a gas phase process may vary from

about 100 psig (690 kPa) to about 500 psig (3448

kPa), pr efer ablé in the range of from about 200 5%0
tengPesgtarekisaapove §°Gh#haye 48C pataye (W5 0ahars) 10036y above 150°C, or above

20! R BERRE, AETM R IS FA o

to athmcﬁ(c)ﬂ athreRplesrest (leﬁok n0akBas a9 &Ppy mdﬁglserrmy vary

from ut 30C to about pr.ef er abl r ab
100592 ¢ 3’03158%%11%@0%% 153@8% rsalwrlg?n,. #ASt a?l(i  ghise, and a high
prefs&g@npr@&%'tor 06 BndiiRCiheABH Wﬁfcu%r@fﬁéﬁpﬂe){ is 'a éalé‘ ®hase or slurry
range of from about 7/0C to about anot h
phw‘@ownmrzatlott ¢1feoneeaat¢mcwe otedinfre aalteam @ne nf ‘a’hg:hss f;jha]see or propylene.

IS a 60C,, [ 0089 hase esses
(ORAET o o PRI el kb Spb e Tl B SRECTERE ST ees phase
pollnofiz SRS AP 3% Bnd bP RS BRI NSRITRrdh@dn P YrohD® to 30 carbon atoms,
invention include those described in U S. Pat. Nos.

prefergbly 2wl 2 gurggratgms, fgmidngrea)mfe@'bgl 2404 cghog@é(gns. The invention is
parg]%lgll glc 3t élf)gﬁ‘rgg%%’&%%ag %9&%%6)55?'{] t\')gv%)n alﬁg o%gf%n HE') oi%'egs of ethylene,
c@j?'lb@dl Irﬁmfene ,Hhgenpone Ce & tHYRY -sh@su CE hgcpat Bbctbﬂft%hd5ﬂﬂecene
mer per hour (227 Kg/hr) to about 200,000
[OQ&%/ hrOf(hgb @emrkgﬁ hFl§ef6]r 1H| &}?erPTBGFeSE)O}IVH@P cpwiamigaliy| ynsaturated

rno%g e S glgtﬁéﬁﬁépgg\{%g dqg/l 'f‘tb Oé']% 7hr %53515% EI}Oﬁcgnjugated dienes,

pob"em mmybmpncﬁflas abd yycgrceﬂdffﬁrs NuarlirdBin@@fordasrhuseful in the invention
ma(gél %| g ét}gffze(ligtnlg%ﬂpr%i;q%p;) rISG(QJ(%F‘.ﬁbl Y i rreﬁlgqt., E{Imtyl%enzocyclobutane

erapj1y ahp t 0, hdSh ge,’ O ]
stygé}rlﬁ m)s{gy pr%;b gr g%lay SES? gnaetsereggﬁlgﬁ %5 J(;)&lét))co)ﬁnl%b%/ hcgc{%é a(()hene and

cyMgpdmtonet o greater than 100, 000 | bs/ hr (45,500 Kg/hr)

0091 I .pol [ i l ]
0630 dretalind PSR, SRarsBh R ofh BT R Pkl where with
eth@fbn@t ATOSRBRIRS HavBfpbatkBa} oA dIpRY e RaHRS fidMd4 to 15 carbon atoms,
eé rr{))er atures in the range of 0C to about 120C. In
pr

lbreﬁrorérfbml?rmquont Hems) ¥ ;oplr prsésably digsertatoud garben atoms, is
pO%?qe\{lg?déO rp:hase rg%elslgry pol ymeri zation, a suspension

e polynmer is forned ina liquid

[008d]| y nHhi azlathee ol kg, enhyziblwmt propilcal iebbliyheniecdndth at least two
cononomers and often 30 drogen along wt h cat al yst
diffgrent SeAEBOMITH ORLiPE pBNAT Wlﬂehl 0wy 2§ adiigngete; forn a terpolymer.

[ods'?sLef Mt @teln%o‘a{metﬁo@ﬁé nﬁ’s%ﬂﬁbﬁ( 5 CPyed fg om B!}ﬁneriéation process,
arate

ctor ere the vol atile conponents are se
parfticolarly laegas ph)dsy e sluag@hamyoéessi foopdlymuatihy pafplyne alone or with one

distillation, to the re TheI di. | uent
or (ierophe; BETPES ek s S B8 0ER ol ol isd hepngyfEem 3 fo 12 carbon

atopR! ynmeri zation nmediumis typically an al kane havi ng
from3 to 7 carbon atons, preferably a branched '
[0086k anelypitadly e di ganpdagsl polpaickatioh draesss, iagueintd nungeryclehie employed

where in one part of the cycle of a reactor system, a cycling gas stream, otherwise known as a
recycle stream or fluidizing medium, is heated in the reactor by the heat of polymerization.
This heat is removed from the recycle composition in another part of the cycle by a cooling

system external to the reactor. Generally, in a gas fluidized bed process for producing
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conditions of polynerization and relatively inert.

When a propane nediumis used the process nust be
wWop@ratwd above the reaction diluent critical PCT/US2008/082066

tenperature and pressure. 5 Preferably, a hexane or an

i sobutane medi umis enployed. [0092] In another

enbodi nent, the polynerization technique is referred

to as a partl cle formpolynerization, or a s| urr){
polypisese §§ameﬁ BTN CQTEHPIBE NG O MOES REPRMEIE [ipepniEously cycled through

0

fg&ﬁg tec %ﬁlaeuglfelsésmé\gfF%Etﬁlaf@ﬁt?’r%?ﬁgg@\ge?cdnﬁhﬁ)g§ ITHE @Qs%ous stream is

withesaern lﬁech the flaidizadsbahaed WeGclddabackNmto 3h@4&clof9 Simultancously,

mhrch full ncorporated herein _by 10 reference.
polgpeé predih rsyWéh%e\éesfggn s toatier eROdet RANBYhG Adedap replace the
polyBRELA! mBRGmENose utilizing a plurality of stirred

reactors in series, parallel, or conbinations thereof.

[00§Gh- | i Fict ieagior elscam¢ @5 a @hs sh@ﬂergrocpﬁsso@srsxeasy ifrood alptet 100 psig (690

KPERR AbPUS DS B 1Bl ety By uRBSE TR PG 2e8 bOE 1379 kpa)
to &ttut 40@p 51? (ﬁﬂa’@ 8% moB ipfdfer Bl ghﬁ iR Angdlbf fYom about 250 psig (1724 kPa)

i ncor por a reference [0093] I n anot her
to ey 8P g 3(24tll4é<Pp}ocess may produce greater t han 2000

038 2 RSB oB L3S Ay G PS80 o o

120Cefpesfalably goeaiiut thah td @b&aA0! 15k6/ ﬂﬂbre( ﬁi‘éf&aﬁ‘{g/lﬁl rthe rdnige of from
anot her enbodi nent the slurry react

abept gtCefo { Hafh- amsl mogs nrefsragty wohy mnge ﬁé ffoﬁb%hou{ é@ §4t0 about 95°C. In

i BRI P 0 B i
[0([89094] Othxappl @msoprewodsas iwhidersonessesukisagd gobymdredtiom processes.

A1) 5 5ERRG eGP Db i SR nfydo s desiribed in ULS. Pat

No8H@8ly BNts sdrer & M ¥,697,398S5nBNAREp AL QABBatlohs QHEABG 804 200 EP-
In the presence of the cat’al yst syst em describ

BlHeo4) 9022 kd-AH) §2€202bwd diPeBef34d2lessential |y fr ee of

h triethylal
(0] e RS RBREIEP: Ss%rblﬁﬁesrjrn};ﬁ AU er than 300 Ibs of polymer
periRtY |(ﬁi7UKg BP0 aBeutdi08tdng! 1bathi(I0 PODKLhQ b BEshedbtis] ther, preferably

zinc and the like. This grocess is described in
grogtes| themt1086 o 61 9sEz0irhnaorg. prefally guoafer thapy 0, @@2 lbs/hr (4540

Kg?lﬂr 61%?/% ?n?’o’ré éféferal%rg%?%]ter tﬂanaffb(gﬁ fbs%?%’f)ldﬁ dER /‘hlr)t st?ll more preferably

areac

grqa&rf tthau Bawoby lbs/masl SEﬂ(E)SKgIheﬁCStlﬂreveh rrn@ﬂaeprefdmhﬂy @Bemter than 50,000
cat al yst_syst i S, use unsu&)port ed

leGrré%? UK/ hrhand mwd @rﬁeﬁablmar%eﬁh%%%% BHEE QPOLK@M) to greater
thaﬁal"()o 008 Sos/1( é‘é g@g@égg and 5, 693,727 and European

publication 083. The pol yneri zation
[0(19&] al yAtslhirry pblyqeridaticor process gpmcfadlgt wsict praysuractin vist amge of from

and/or .a s or and/ rted activator -
abSBoPReTH BErUIB0E6s 8B bR BYBH e T < EpRP AR Ry R the range
of 0°C 8o @86t P20°CThE hiB&t dRFbdRERO AR Qﬁﬁﬂ}rﬁrg@&s ltnp&dture is above

publication WO 97/46599 may be utilized. [0097] ere

10%3 ulimsmipn"r' tped'rmaitzallqtsta systneion; of saiédartialato pelyner ioformed in a
11qu1d pol?r eI‘IZE?'[lOIl dlluen% medium to which ethylene and comonomers and often
hydrogen along with catalyst are added. The suspension including diluent is intermittently or
continuously removed from the reactor where the volatile components are separated from the

polymer and recycled, optionally after a distillation, to the reactor. The liquid diluent
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activator conponent to the netal of the catalyst
conpound is in the range of between 0.3:1 to 5
waoooee1s preferably 100:1 to 5000: 1, and npsPCT/US2008/082066
preferably 500:1 to 2000:1. Polyner Products [0098]
The pol yners produced can be used in a wi de variety of
products and end-use applications. The polyners
produced include linear |ow density polyethyl ene
empjoysd dpnshes polypicHattwemsdiun §HYBIEHET £y afiony derpedFug 3 to 7 carbon
di i e : d i Lo
atogigsr ?%@ﬁ@ﬁ% go’yangg%% gfrklg%%/l gﬁl‘g %%@mﬁlo%glro %(%/ Iseneld be liquid under the
corcipaisy ofe pslynicOi@@in dink r@atiwaie fiscrt. t Wohaah | progdnkyinedieamois used the
propyl ene based polyners, have a,.density in the ran
RGeSy o b 8@e§9ti‘£ a%veo ey rgictien flusrlepaiira) tempetaiire and pressure.
Prdf&98K, Phefne )k On BBLGALCmESuE: 19C8mpld/LgCc, nore
preférably in the range of fron)gx 00 g/cc to 0.96 '
[0092tc, lewenthepcmbpdiafeat,dht polymerizhtgorn walyaqef isfreGamed. OGS a particle
/cc t0.0.95 g/c et even nore preferably in the
forph PR GIHOE, G0 Y BIOsE Y o10c Skg CHPUANIS kRO RYIOW the temperature
at RhedhefRbholy e ab&" intd188luflo® 1S udh GEchndiRl Br @Bl knBWBahethe art, and
than 0.920° g/cc, and nost preferably greater than

degrigod iy/for insbuisi ¥p. iPet. Miast?Hdl T waedhoisdBrlyeingpiprated herein by

refﬁg\%\e@ 3)%1%13 %1&1#’ ggojc\%gs}esg ﬁltlgﬁuétle gl%&r/s:g%{]]?)il& :i{?gdé; Fo\?\)g ir%a%c?olr%%h Itﬁ/ose utilizing a

pliaMet agle st aedctdrs Wai ¢ites! panUsbhesr avrabiagor¥DiReddfar Non-limiting
wei ght (M/M') of greater than 1.5 20 to about 15,

cxaaples ef) plary yoregesses dpclpde gorntinugus lowtor sirrede#nk processes. Also, other

<2 e . :
o AALELAALY BHSBL aAy 7 PENERDILIRD ShOHE hrin
indogpoeated bardafenancarol ecul ar wei ght di stri bution and a
ition . distribution or vice-versa

lﬂﬂgréfa? Hgs%ggf%gw YREUmARts HeinsReess ay Py dupg greaigy ?hag%og?bys of polymer
pe? hd@8(oH2 K o PO ML ARG REcaRR! HIRTSB0D UBY/ER k1223568 tb"lsﬁ/%r)? and most

narrow conposition distribution as neasured 2
pre@omblygredtorthdi £0,00blbsiho (4 Bbdeght. lmdexth¢reDBiodimenithgnrry reactor

detail s of detern.nj th | of,ac r.are
ma S e el Moot A gy o wB ORE KB ippinEorebly sreater
thaRGH (0t BYIkr %fl\gnb KGAtr) &Naboe 90,0083 hr psdoosherr)Feb.

18, 1993. The pol yners in one enbodi nent have CDBI'Ss
[009dher dfxapnnles OResofrRgepivreyeearedestited 500dtd Papokos. 4,271,060,

r 0% (YA e of 55%to
5")@@%556153%6:4%9%2“9& rsgﬁé;d;ﬁsf‘%dé)&f %(5 g%"}qﬁ %en nor e
[0095¢f erTlakdny epibdirednt 3k §1@N 06 Q%6 plsdst Ipkoc@MeER dperaged in the presence of
referably greater than 65% |n_anaqther epbodi ment

theg 6t SYSterp odnseraledy Bl an¢ di alhg stbserest eimoneassqnitiglly free of any
i . Y )/ . . .
S5 G5 EBCh o, MM RS, RSBy and i
he A 2OOAMND 66 dectRCTIWUSR0GB8 LIIBAAE 6dib|tPD 102 Jand ke ik y righis process is
dessahSl i §UtE e BRES6DER) b5 Pay Nob ShE IR 763,54

[009%6P™M NA SRASY &Rb&IikbAW the AhROR A9Lt@InN mafOBE injected into a reactor,
preferably fromabout 0.01 dg/mn’to about 100 dg/m n,

pargigelarlpror gappbdserzbétyr. f lomngbaoboddmgnt the catalyst system is used in the
unsupported form, preferably in a liquid form such as described in U.S. Pat. Nos. 5,317,036
and 5,693,727 and European publication EP-A-0 593 083. The polymerization catalyst in

liquid form can be fed with an activator, and/or a support, and/or a supported activator
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dg/mn to about 50 dg/mn, and nost preferably from
about 0.1 dg/mn to about 10 dg/mn. 5 [00103] In one
wepiotersent , the pol yners have a nelt index raR@DUS2008/082066
(121/12) (121 is measured by ASTM D 1238-F)
(190/21.6) of from10 to Iess than 25, nore preferably
fromabout 15 to Iless than 25. The polyners, in a
preferred enbodi nent, have a nelt index ratio (121/1

toggther pF sRnagieln iR P TeaniT. Be IW@nﬁp@h@wsw@ﬁéatP&T phtéwatlon WO
97@%59931\{1@2#%{@%6% eferably greater that 40, still even

nore prefera greater than 50 and nost preferably
[0097¢at eWhtieaam ﬁfsup]ﬁﬂ“redeoaaﬂjzﬁt 8ystd israbdd thndeode ratid of the metal of the
(121/12 eh 5 to 300, 10 to .200, 20 t
actm@r °g ppae%é%t ettt deatslsy coiros R e obwaen 0311 to

10 @@U@' &%Fér@cﬂy 9021y SGW?ranld'n'iBsE ?Mér'&bﬁ%o.'l%\@boé.ﬂ mt.

100 I'n preferred embodi men propyl ene based
_kzmQURMre produced. These poI ynmers include atactic

[U@mj yp r'ﬁ%}/pgylgglis: %8% aq%ic} Ipqcz:la 9RY. | %gcf ‘baqur%& Pt ﬁgot(ﬁ‘lcc:ttsi acI:ld end-use

apPlRMOBY. SThO pbiaRrP pRIMERNRICRIdE Qi‘heﬁ?rf ldwTBassity Jlyethylene, elastomers,
copol yners. Propyl ene polymers of these types are vel |

plagiesers. i highhaeasity gebyetiyenssampideumudgnsitpapolyrbiylenes, low  density

pofferffindyoivproniiiaf 3 o PREAL pali i 0, S0t ene

[0(199! ymEI'h:‘e ﬁtﬂy&e@nty]@ﬁdaw eﬂfyfldﬂércﬁ ﬁr@@ﬂeﬁb Ba@ed’rpol@ﬁﬁfﬁ haw ¥ density in
re rom1.

theprraaefw%ﬁemp%ﬁwéqcsto &%p%/ﬁecprﬁ%@hhlm rh%gﬁeofaﬂﬁomn%&)g/cc to 0.965
oPREr DR 901000 AbTEbr poReb el BB LR ARttty in

thepiaﬂgeeoﬁﬁbm (hﬁﬁﬁeg/bhmWOBG@/@i)Qetgévmfnlmoré\lpir@feﬂahlyeih)thdz k‘emge from 0.910

g/c& /tﬁé%réﬁ oY eg&%{rnlgpg/pr?%éa%&ggvﬁ‘g% gvpé)n‘gl ?Egi?“e}pg fg@gb’ greater than 0.920

g/c}aaé(ﬂd"ﬂlostaﬁrefew RA M6 9Py @%@e DR % ﬁféhéﬁr&f inl £38kdance with
wt % proopyl ene,” preferably at | east

ASrTer@flléife) may have an M of 10 000 to 50 OOO g/ nol

o0} 5B R B e 5557 b ot WEIE R AR BrSuton. o weight
avék @lcclBE eJe2g'iat t hehpéradleyagt 4BsTcQllarRESht me? ablsyeater than 1.5

150C or nore, preferably 155C or nore, preferab
to alBRIC] &rpareruarlypgrstier tieh Y 0EBEIIGH, ﬁweprefctr@m%qatqrﬁh@ about 2.2 to

QAP ISR TR 08 BB 2< 984, 15 PRGHE g v o o

mdl¢canr 3@ £ Aistidbutida,a00@ tps Rl @hedolsitioh rdymithricd? vid@-versa, and may be
75,000 preferahly from 15,000 to 50,000 g/nol) and a
thase PRIYA T ASSERIDeAHB eS 1%@% éﬂé’@&%m y 145C 30 or nore,

O(Fﬂ)fi er g {),zth%ggg K1 Ec%il @15% s ah?@yc]o%g)gg bn Wtfbytion as measured

prefera re pre or nore
by p]m\podmdnﬂ)lmlbuthm ]Bmladinhrlgdqm(GDB]])s Faitlsay d@taﬁ&bédeteﬂnmning the CDBI

000143x( Mw i 133, f bl
of 1 S0 et Bieabigrh faaj ok Bpt Fort 1. Sher T5aS@PIE, PCT Paten
Ap%ﬁ@ﬁfogﬁﬂ’@7@3/m3 Uﬁ?cﬁ@ﬁéc@ﬁ@@ 68, IW M‘hecﬂolfm&ﬁ it 88Sembodiment have

pre erably 2.5 or less, preferably fromgreater than 1 '
cORyY’ SdeIﬁraélfyematbe yarige of tgeatonshivs SAY, ©O0gh notfcoablyrB9%, preferably in

t hen t [ 4 r pref er abl
tne, e Bl S5 eioet "5 BRPhe oy 0ot S DrEanR: eferably ercater
thah 660, 0dti INBFeR, m@lreeﬁr@feﬁeiﬂly’ glARE thdn 83%€)InOdnother embodiment, polymers
produced using a catalyst system described herein have a CDBI less than 50%, more

preferably less than 40%, and most preferably less than 30%.
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alternately if the Mvis 50,000 g/nol or nore then the
melting point is 150C or nore 5 (preferably 155C or
worere/oepref erably 160C or nore, preferably 1658CDES2008/082066
nore). [00106] In sonme enbodi ments the pol ypropyl ene
may be isotactic, highly isotactic, syndiotactic, or
h|ghly syndi otactic. As used herein, "isotactic" is
defined as having at | east 10@6|sotact|c ent ads and

lﬂﬂlﬂzbm The pdymensiie onp smberlimrad hae wadltigdat (YByt(lggggmeasured by
Agﬁ\@tﬁ“ﬁ% 3@96]/?61%§ iRGEOL A QQrM ngnrﬂ%%ﬁfa%lebﬂoé%g M}‘g dg/min, more

where are dIS ol ved
prafetblgdiino nomit nanmmm ol ostpEIdt dggmar, everemorededfcaiblyl 64 about 0.1

sing a NVR spectroneter of 0 . Pol yner. :
e & gl Ngégﬁe r@m%%r%%é’a ff%yr;r%% mgn fobout 10 dg/min.
[0@@'3)]3 ul Iﬁtdne %ﬁlbokiﬁf{é%ﬂt Migd pbl}rﬂe‘i’sehé%%aar I%Itt %{de%%ﬂl& {1, sz) (I51 is measured
pol ymers by NWVR follow the work A. Bovey

by "ABAI M1 2866 ()lr%é&ll orof drodn Cdtef he@ﬂ,than RﬁzrmorA@aezfemtbb' from about 15 to

lessififions o TAB PBPFT oSt KRRt heve A N gex ratio (T of
frobl @%ater MRW 2\50 fifore 91%?&%@:%1&@@& tRe 6 @VG@%&@F}W&I@H@ reater that 40,

sequences of two In % CH2) 2, are calcul até
stilif gv¢nomere praksrabily g@giearha@fSthmé mest mwfer@blfykgﬁeﬁé,erﬁbm\é%nFor example,

Jnd& RRB r(f sz') %hyel A LorGfith $3h 80, L 2013 %b o £160, 40 to 120,

e nu enes 1 n seqUences

50 |t(€ m@n f@) t6100, el doynblifigios wiha®y uppee linfit Wk ahy Q)fwer tihgt.
hyl ene sequences of one in length between 45- 49(§pm
IO(HHGI t He prsfatpdarmgedipratspgirogylencee Rpssdnpolypcikedrs predpged.  These

1 n a f
B RS R b S oM RoRb R e leltactic and
symﬁothm pxlilypmpﬁleﬁe n(ﬁ&ha:reptbpjrlem@psqumﬁnhﬁhldefprolgsrletai klock or impact
an t have been exc Veged. Assi nepﬁs are ?gsed on
cop_q yerrs\&DPéﬂgy Sl POy mars @u B¢ tYRESKGLE Ll gigt sec for example
U.99Pat. 2314 104QbR7 1 K4RNBHOABF 6| '851 pS@ﬁ@b@@laYldpf gsepf7 | rln preferred
the polymers {such as’ the propylene Ppolyners) at Ot

emBOle@% th¢ pepyine Ipplymarsnhava an 20wiM s/ of alare thrat blt(y 4f pl@fnrably less

thagr#d /p(g%Tg@ X/ rplald]e%qgnﬁ?sﬂjg%gle%tgﬂ% gggglyﬁr%%ls Ik))r%B%leg hereln may have an

Mi bftinokdhafX 80D $/1R61, PEiEELIPGhIERAS 2OTCH0O0E NI, qﬁeirera{b@ywnore than
density pol yeth I'enes, el astoners, Iastoners hi gh

356P0E elmel, [pssiciablys moye ﬁ@pyﬂlﬂkﬂﬂoeg{@dhl@hﬂ’ﬂ@ﬁ@ thy polypropylene may
ha\?ehiuy hgfl 65000 to %%@&g() %ﬁ%&]ﬁ lngﬁ C@ tﬂg Pyg?ogyﬁe%g%gﬁgeker%bly having

yners produ ere
at &umﬁofm%npﬁg)yMemtef@my aBRaas0f wt"/mpr@yeﬁfe pr&t‘dﬂalﬂy eteast 90 wt%
ext rusi on and co-extrusion as as bl ow nol di

PrapyjeBet ity hagt dnndtaed b yo n%l %ﬂohg/m@. (%fmaﬁ‘éy u%%m 15,000 to
45{62@ o ralt%ﬁﬁ&el# IrofB24 Q?I(ﬂ%gi(p?oq:% raH& ' qffi'elﬁ%% Béﬁnt of 140°C or more

nat’i on use as s cl I Ng stretc
(prefekably 4300 mtgmﬁreL peeferably elSi08d of imManrs, prefiecabky 1586 dnore, preferably

/061678 P 08/ 082066 packagi ng, heavy duty
16 gggﬂnﬂﬁoee qﬂ%iﬁ%%j -and frozen food packagi ng,
[omq Cah 2 PREJAY é?lgoodhrﬁé’rﬁsﬂ{e ﬁlyﬂrbm&?@ proBIRUAESE 18 Gn Mw from
in food-contact and non-f oo ontdct applications.

5,080 er K20.0091 (efermblt fiopi r1Ai089, tos B10A000 nre§pibii figmakikio00 to 75,000
prer}gra%)lyquon\{\QS IOB % 58 60 a rn&pgnd a melting point above 140°C (preferably 145°C
or more, preferably 150°C or more, preferably 155°C or more, preferably 160°C or more,
preferably 165°C or more), provided that the melting point is also greater than or equal to

0.000143x(Mw in g/mol)+133, (preferably +134, preferably +135) and optionally, an
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for use in woven or non-woven formto nake filters,

di aper fabrics, nedical garnents, 5 geotextiles, etc.
WEGPeed arti cl es i nclude nedi cal tubing, w reCEOS2008/082066

cabl e coatings, pipe, geonenbranes, and pond |iners.

Mol ded articles include single and nulti-I|ayered

constructions in the formof bottles, tanks, Iarge

hollow articles, rigid food containers and toys,

M\y@éq ob oriss nrefgeabhy A of lgssreeferablafrem greater thed 1 1o /& Proferably if
I@l‘ix?ll Y16t006 ?o SR HRIR tHQmeﬁl i OFEPE; qr @bre (preferably 150°C or

ac i vator nprising one or eterocycl i
mdiet prdatbly LOAC airmhag, bﬂemﬂdg 160% di mirecbreiteﬁaba;n 165%Kybr more) or

I wh h t t t
TGO Pl GO SATrRA ARG A1 DhcmGRngPEt i 130°C or more
(pr’éf"e?aﬁﬁy?) ‘P%ﬁ’b' & nitgk eﬂr@ﬁ%a‘%‘l? FEUAE B IR, FAERBHNEESC P ﬁ{o?é)n

heterocyclic heteroatomcontaining ligand is _
[0(}169} eslanmmle tﬁynborlﬁnetm thre XRlypxgpk@ic XahyYbe sis@act®, Hghly isotactic,

syr}ﬁ;](gagtif h]}léﬂ I@HH)E i s)gsb%é&g%% %%Fﬁcﬁ(i;l’ ﬁ%‘éﬁné? as ﬁ(a?ving at least
1094 wetachi€ pehadi Rgd mhlgh fﬁ@o‘%ﬂc’%@‘déﬂﬁ&i al hheia V\Etat aB&t Yo% isotactic
X2, X3, X4, X5, X6 and X7 is not hydrogen en Yis

peerartis mdrdwﬁgemanalym&)yr Bi-oMEt vithe: fhetsempley atd cnssolved 1n d-1, 1, 2, 2-
het eroatom containing ligand to alum numis_ bet

tetrgplilgtoctnagg aga dh ea%‘&tra P %P%edéadzw yppg 2 WPQ Spersﬁemeter of 100

t fadd r [l
Mﬁgc %Mg}éﬁe{o ?}rét?@%y lcgeny ; Qc% & e[;lfﬁ%rﬁ ogen Ffophls Calculations

invoaed Ma 286 cb@rantetlmtion%fqbtéymbr-smdeMR Yalfow @ri3)2rk 8f FTie Bovey in

"PETEF bEY T e GR BT RO AR T gaNEv, Lok 1960 Snd 1. Randall
in DSOS b 18BN 2OORORKAA PITLALSROBRLORRAS ok, 1977

catal yst of paragraph 3, wherein the
The ubtyﬁmttqfemthylgneaselqnwmf tve), inTereetle.dto 6T 91t, anf cad¢ulated apfollows: the

1nt%ﬁf%r tﬁ? ngtk%ylor 8h§ }é\q&/eg% Eﬁgg?ﬂ@fg@ O%Xreﬁgiuvggetng Irmo a(%n%rer}ltratlon to
theQfunftaf agmRlyldnes Wb ednted HerweLibSégietivided@bgthe sum of the integral of
thecr?llet?lglllegee iequences of one in length between 45-49 ppm and the integral of the methyl
carbons between 14-18 ppm, times 100. This is a minimum calculation for the amount of
methylene groups contained in a sequence of two or more since methylene sequences of
greater than two have been excluded. Assignments are based on H. N. Cheng and J. A. Ewen,
Makromol. Chem. 1989, 190, 1931.

[00107] Comonomer is preferably present in the polymers (such as the propylene
polymers) at 0 to 50 wt%, alternately from 1 to 20 wt%, alternately from 2 to 10 wt%.

[00108] The polymers may be blended and/or coextruded with any other polymer. Non-
limiting examples of other polymers include linear low density polyethylenes, clastomers,
plastomers, high pressure low density polyethylene, high density polyethylenes,
polypropylenes and the like.

[00109] The polymers produced and blends thereof are useful in such forming operations
as film, sheet, and fiber extrusion and co-extrusion as well as blow molding, injection
molding and rotary molding. Films include blown or cast films formed by coextrusion or by

lamination useful as shrink film, cling film, stretch film, sealing films, oriented films, snack
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5 7. The catal yst of any of paragraphs 1 through 6,

wherein the ratio of heterocyclic heteroatom
w@owaswisig | igand to alum numis between abourCDU20881682066

about 5. 8. The catal yst of any of paragraphs 1

through 7, wherein Y is NH 9. A process to polynerize

one or nore olefins conprising the step of contacting

one.or nore olefins with a catal yst system of any of )
pac‘écgglé]@r élﬁﬁ@’ ﬂu&yhbwg@r@em@aci@,_ balegd B]p(bé@gn dpod packaging, medical

ra . [ efi n gl I .

ol LAY Rl i MRS, OPRET Sheerny S RRARY EF jobood contac
appleiagbiis. dfibdrk éncheleymet spedng, pohpiph 8pi@ning dnd tvedelsioab diber operations

5, 000 and about 200, 000. 12. The process of_paragraph
fory4se {hn&io¥Fth Of HenAYPEEutog. %WGE? flfers gl fyras) Pisgical garments,
gec%’%%g%{_i &HE '@(tﬁﬁ&d"’ﬁﬁf&lé@bﬁb’ﬁldé%&@&l Qﬁlﬁnéﬁwggomdléble coatings, pipe,

11 I'n anot her enbodi nent, this invention relates
gegroembranes, Aapt goed s lings.pol Mokled zertiplespyichide  siogler iasd ngulti-layered

co%%rggtgqrﬁsﬁ%g Q ?ﬁ%ﬁ \%g?élaﬁ es’o a&lgﬁ, rla{rg%%?g r%t?ﬁ\é\ge ?@i(? E?Don({) goenrtainers and

toydl ter nately from1 to 25 wt % conononer, alternately 2

to 10 wt% conmononer with a (optionally supported)
[0Md Pk yEhis Bysnteon lughprickiasde: 20 a) a netal | ocene

repr.aesent by the formula ACpzMXz where Mis Ti, Hf
l'é¥&§$y§§V§%3f§gP?%ngﬁ or Zr) and is bound to each Cp
an@tgflRend i S a bridging group connecting the two Cp

groups; each Cp is, independently, an indenyl group or )
an eIt GOMPISHE) G R yNoTg §terocychis g?télioétﬂn%/ canipigingt ligagds coordinated

 t r \ r :

to Y ol ican orehy e adlvafhe Y RABAR breifct of ope or more alky
alugRoamd kyd oge curpfisie) hetpoefadicalndtgrodtom cordaninlg gmopgunids wherein the

substituted at 25 the osition or at the 2 and 4
hetﬁ%wli%h?é?roaa@rfﬂoxtaﬂ@n%ﬁg%ﬁf i ﬁ?péeﬁegfgf}{%ﬁg gr oup;

(preferably the netall ocene represented by the

formul a rac- ACpzMXz where "rac" indicates that the

netal l ocene is partially or cpnpletely racem zed,

preferably the netal |l ocene is|conpletely racemn zed,

i.e. racenic, and A CFoN\_amd X are as defined

above); b) an activator cofip g ohe or nore

het erocyclic heteroatom co 'ganés 30

coordi nated to an isoalg. & (preferably where

the alkyl is a C3 to Cf kyl, Nreferably

i sopropyl, isobutyl, isohexylj, isopentdyl, or

i sooctyl), wherein the activator is a reaction

product of a solution of one or nore isoal kyl

I preferably where the -37 WD 2009/061678
v B R 4B 066 i soa kyl is aC3to Cl2 isoal kyl
whifetrd edcAlbupstitGap XYW 3, Xids aisu Xyl andixsDRaRddenddmigheisydrogen, chlorine,

or. isooctyl), and one or npre heterocyclic heteroatom
flugng. dpding §T ABAHBGH AEOVidadedteiest tame ofEEeXdcyfét X@: X6 and X7 is not

hy®SLE! QALPP SR ahei ng 11 gand is represented by: X7

wherein the ratio of the heterocyclic heteroatom containing ligand to aluminum is between

about 0.01 and about 10 molar equivalents.

2. The catalyst of paragraph 1, wherein the metallocene is rac-Me;,Si-(2-methyl-
indenyl),Zr(CHz); or rac-Me;Si-(2-methyl-4-phenyl-indenyl),Zr(CHs),.

3. The catalyst of ecither of paragraphs 1 or 2, wherein the heterocyclic heteroatom
containing ligand is mono-substituted.

-36 -



10

15

20

25

30

X6Y X2 X5 X3 5 X4 Yis NHor NRwhere Ris a G to
Cl12 al kyl group; wherein each of X2 and X3 is

whyweogens hal ogen or X2 and X3 may form a si XPCEDRMO&EB2066
aromatic ring (preferably X2 and X3 are H); 10 X4, X5,
X6 and X7 are, independently, hydrogen or a hal ogen,
provi ded at | east one of X2, X3, X4, X5, X6 and X7 is
not hydrogen, (preferably X4, X5, X6 and X7 are all

4. hal d§esatalyal afareraihg, srisrein ths subsiteant e BIPMRE. X5, X6

5. andTﬁg dal oﬁ; f{lﬁﬂh&g 5p é)glﬁag?apﬁgt 1 8P @l lvyhe'ir%l&’ S‘tﬁe cheter&%ﬂchc heteroatom

t ar Iogen are
comalef@rlr@ﬂdemdlemibmmﬁed X5 is brom ne and X4 X6 and X7

th t f th
6. het QPSE%‘E’%O]?H’@? T DR e Tatae: Bisapunt num
7. 1S TREtURG Qrf Oy lo@pgtadQpis 'imtlh?ffugﬁo@' \Vﬁér@fﬂt fhe @AY A heterocyclic

obt ai ni ng ‘pol yner having at | east 50 w % propyl ene, an
hetitoatsfm soroa@mgdlgze@ {8 0mggump{s beawmetnabmed @.2 agd gwiunb. of

140 ded t th I ti i [ I
5. gt edberu iRy SEhEER P bASOe BRI R AR ) +133,
9. and Aol&bbé&@% b¥lynRFz&BhVE: ﬁﬁredolé)ﬂiné &?ﬁprlsﬁfgeth@ kRPloy cor?t@ctlng one or

2.5 or less, preferably fromgreater than to 2.
moThelefnpwithe cefalysasvsgaaphanynf narrgranhs 1tth1@uﬁléf3al | ocene

10, 3 TR R RE I e AR Rl BB efey 2. o

11 The The qe6&8s Aff magi@p}apb Iquenﬁn 2he mhemarnwbigat lofitth® polymerized
of heterocyclic heteroatom containing ligand to
progyigne Aubatyecr ghort 090 and gpogt 240,000 t ernately 0.2:1 to

125 ?The:d ﬁ@é's%%fgéA a% ﬂth‘? WA tged' %lolgaﬁarp%%ﬁgz)f gcgle polymerized

par agr iwherei n iS represe
prdﬂyh:némbnn'bvaen abiddt W;()(ZDQEV a8 PCT/ U82008/ 082066
- *2-(CR* *2)r]. where nis 0, 1 or 2,
W‘Hﬁ éﬂgﬂp@ﬂ PRt vvewoarrglétea 0t C12 al kyl
lAgr@PR)céﬁrig @l}he}ﬂﬁ@p%pyleﬁ@¥oﬁlﬁﬁﬂh§ cyclic group),
erably H” nethyl, or ethyl);™ ™ and/or each X is
)i mwengi@mpyﬂem @l fren@tw 30 IW% cproenpnor (hasedlupgerthe weight of all

BT TEuR T B3R ok RS e 10 v

cobfbrAér wlﬂpb fondl gusi%am@) cBlysThiRtepi @agsssigl: any of
paragraphs A to erein the activity of the

a) camefpijeqens ymr@ﬁwtqdéoyltggtﬁor@%%% weharaM gt Tinbliror g (preferably
Hfm%rfr) and is bound to each Cp group; A is a bridging group connecting the two Cp

groups; each Cp is, independently, an indenyl group or a substituted indenyl group
(preferably substituted with from 1, 2, 3, 4, 5, or 6 hydrocarbyl or substituted hydrocarbyl
group(s) (preferably C; to Cy alkyl group(s)), preferably the indenyl group is substituted at
the 2 position or at the 2 and 4 positions; each X is an anionic leaving group; (preferably the
metallocene represented by the formula rac-ACp,MX, where "rac” indicates that the
metallocene is partially or completely racemized, preferably the metallocene is completely
racemized, i.e. racemic, and A, Cp, M, and X are as defined above);

b) an activator comprising one or more heterocyclic heteroatom containing ligands
coordinated to an isoalkyl alumoxane (preferably where the alkyl is a C; to Ci, isoalkyl,
preferably isopropyl, isobutyl, isohexyl, isopentyl, or isooctyl), wherein the activator is a

reaction product of a solution of one or more isoalkyl alumoxanes (preferably where the
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7A. The process of any of paragraphs 1A to 6A, wherein

the conononer is selected from the group consisting
wo@R00ve6teyd ene, butene, pentene, hexene, hept enBCT/US2008/082066

oct ene, nonene, decene, 10 undecene and dodecene. 8A.

The process of any of paragraphs 1A to 7A wherein the

polyner obt ai ned has at |east 80 wt % propyl ene

ef erably at | east 90 wt % propyl ene, preferably at

1sop€cag tis g5 Gat oy, C Y éﬁ??lk@]ﬁ eprefﬂegfljé rlgmrgpﬂo @soRpy. 1sopéntyl, isohexyl, or

I 0 it

oG B8 e, A mof CRERRATERS 18lort LorR 20" Iy ofperein he
hetgfdmd:liwltetefmatemtdmﬁmmhg lipmld is ngpregentetl bys 145C or nore,

or if the Mvis 50,000 g/nol or nore then the nelting

point is 150C or nore. 10A. The process of any of

paragraphs I A to 9A wherein i%7 pol yner obtained has an

Mv of 10,000 to 120,000 g/rmol. 1 I A The catal yst

system descri bed in anys agrapps IA to 10A. 20

[00112] I n another enbodi ng nvention rel ates

to: I B. A catal yst system | oppor t ed)

conprising: a) a netall oce ¢ght ed by the

formul a ACp2MX2 where WMP1s TiT Hf or\Zr and is bound

to each Cp group, Ais a bridging group connecting the

two Cp groups, each Cp is, iffdependently, an indenyl

group or a substituted indenyl group (preferably

substituted with 25 from1 to 6 Cl1 to C2o al kyl
Y ig™Ngd psN-Ip méice B fth toeclzraﬂ@hgtougr oup is substit ut ed at
whepeln eachp&sjdl o@ i is d%orr,]g(e?n 2haéfnd 4?r 611('1 93[} 1)nay orrn a 51x membered

ani oni c T eavi n rerera

armﬁlri@qpﬁ&rampmamxﬁa&mx he fornula rac- ACpzMXz
"rac" indicates that the netallocene is

X4p a<r55 P%l ang 267 agge me@m@yﬂy attyélrﬁgf@ @r agiagespalypyidedat least one of X2,
X3m3$4a }?g@ﬁﬁ §<7°1 '@'t %&81‘0% ?e?%?ggl?g)ééé V)é? Xg ga%gg&g arc all halogen,
altaﬁhtlekyatm t\e@rqwrthﬁlemj X)ﬁhé(i) rX 6vexice Xfas/ercoeyedeindand optionally those of

g; ?i%yt %;3423@2%625‘%]%? ‘!?E%i?l;%? ):,:\)f%g%{ gllfﬁ{il al ed tbaqcﬁlypnt §5ds bromine

anc@&4t X6%§X7S£@Hl§>’dn’d prefer abl y isopr 0py| i sobutyl,
| sopentyl, isohexyl, or isooctyl), mhereln t he

prd@abl\ya)tflmrelnshfaratww tmwogm@mmomwom 082066 aluminum is
rea u f a solution of one or nore isoal kyl

ety Ere PRy kb e he alkyl 5 a C3to iz

2) |&Qﬁhiﬁg|p01ﬁﬁ&f1ﬁiﬁzﬁ@ 3t 18050 9RY] probsRReItanl Mwi §0P000 Yd 200,000 g/mol
I sohexyl, or isooctyl), and one or nore heterocycllc

andh o maaltoRg mm‘@@ﬁ]ldé]"@iom @@g@g@d@@; :[hayy\,t{@rre¢lﬁng melnt is also greater than or
eqlba?t § r()%?h%&lt\)/lﬁ ?@E@cﬂﬁﬂ?&ig&{ S%tri]dngﬁy,l étgﬁ/f]vg/l\}lﬁs of 4 or less, preferably

r'epr esent e
2.5 or less, preferably from greater than 1 to 2.

2A.  The process of paragraph 1A, wherein the metallocene is rac-(CHsz),Si-(2-methyl-
indenyl),Zr(CHz); or rac-(CHz),Si-(2-methyl-4-phenyl-indenyl),Zr(CH3),.

3A. The process of paragraph 1A or 2A, wherein the ratio of heterocyclic heteroatom
containing ligand to aluminum is from 0.1:1 to 5:1, (alternately 0.2:1 to 5:1, alternately 0.1 to
3).

4A.  The process of paragraph 1A, 2A, or 3A wherein A is represented by the formula
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X2 X5 X3 X4 Yis NHor NFNR where Ris a Cl to Cl12

al kyl group; wherein each of X2 and X3 i s hydrogen,
whadoogern7or X2 and X3 may form a six nenbered PADUS2008/082066

aromatic ring (preferably X2 and X3 are H); X4, X5, X6

and X7 are hydrogen or a hal ogen, provided that at

| east one of X$% X5, X6, or X7 is a hal ogen

leferably X5 |s brom ne and X4, X6 and X7 are ;
h - (e eln of hYRF Ari(where ntind, h@fér%w i ds,né(ée@ﬁ@%an&mHoraCIto

Clﬁ_%ﬁgla%m*qp ?and' a8 QQPtK)‘ *%m %ﬁtlhg%[rqﬁﬁﬁ npre%r% 11'1 ﬂﬁo 1, or ethyl);

equf val ent s, e ratro
andiat @ich DOisahdopiendomtliy a (tlhe Cz(lﬁkgll gromxanehdogant i on | s
| ess yst syst em of.

0.7;
SAB Tibﬁ@FOéFW qfﬁ@wép%r@grae@h@ QA pathckpip e i %ﬂﬁ HRokane comprises

1soH%thdo§Md)O¥¥§0@1%)a&n%xane
rac- MezSi - ( 2- net hyl phenyl -1 ndenyl ) 2Zr (CH3) 2. 3B.

6AThe Tbaipmcyﬁ ofeypg o€ prioprapbs dgrtaph WiBrein tRByctivigogithe daledyst system
0_of ter l i het eroat om containing ligand to
is Lt nelkmrce FRaiio or BBIS! 7 20 48, The oot al vot
7A$yStIﬁ€}pﬁfcer3cﬂ15@ﬂ tharal ?rapﬁB,letb 62B Wikedig it Anhcdhosher is selected from
di al k each X is independently a Cl

si | rou
thet gfomgowatlylg Q% @bﬂem, baitanal pRyéanc, BEengHeptsasa@giene, nonene, decenc,

un ﬁycgﬁeegﬂ(péod%géﬁeof paragraphs IB to 5B wherein the
dnmoxane conpri ses isobutyl alunbxane or isohexyl

8Aal UMb pReeessadd. any e paRieipls | Ay Shewhabinahy p@fyrner obtalned has at least
par agr aphs | B to 15B wherein the activity of th .
80 cwt’al Rrepy §%t(@ﬁfqr%b1>1%olegstp%} VYFET /pgortyéftnai )%ftf@lﬁbh’r ab #east 95 wt%o

the catal yst system
Pt geglre %Q% I;bSove 'S 3%” typically on silica.
9AEXANRE ko cedsl ARy Bﬂﬁ&h@tﬁjﬁﬁsﬂ% R(XA&S%@@BAK}B)I%& obft:d0ddIB]s an Mw of
O o e S G S8 4R Sl oY if S ETH%280.000 gimot
orhl%%%lﬂ%ﬁ/hé'rﬁaaﬁgﬁ&n{ﬁl@ﬁ dBOMOL) . 3.5 W% Al in hexanes

and i sobut unmoxane (0.80 H20/Al'), 3.5 wt%Al in
10Aeptlhn erocﬂ:sebfgoy @ém@gnapb&jm to o tvrherdie sfepolyroermbitanddoes an Mw of

itabl e for downstreamreacti ons so, the
10@@6 ﬂ%dj(‘;@eg/ ?epl aced with 5 the nore pol ar sol vent,
11A0! Tapeatalyst sH¥REN@S LTl in LBAGK SahtthpiaNEA (JRepd acenent
of solvent [sobutyl al unoxane (O 65 H20 /AI) [00114]

[001d3b utlplaaphebsabrdiponts hispeeytigmrelags ot % Al i n

lBhg %ﬂl%g‘st g‘%%enq '((J)p“:t‘%nﬁiﬂg&rpported) comprising:

a) a metallocene represented by the formula ACp,MX; where M is Ti, Hf or Zr and is bound
to each Cp group, A is a bridging group connecting the two Cp groups, cach Cp is,
independently, an indenyl group or a substituted indenyl group (preferably substituted with
from 1 to 6 C; to Cy alkyl groups, preferably the indenyl group is substituted at the 2
position or at the 2 and 4 positions), each X is an anionic leaving group, (preferably the
metallocene represented by the formula rac-ACp,MX, where "rac” indicates that the
metallocene is partially or completely racemized, preferably the metallocene is completely
racemized, i.e. racemic, and A, Cp, M, and X are as defined above);

b) an activator comprising one or more heterocyclic heteroatom containing ligands
coordinated to an isoalkyl alumoxane (preferably where the isoalkyl is a C; to C;;, 1soalkyl,

preferably isopropyl, isobutyl, isopentyl, isohexyl, or isooctyl), wherein the activator is a
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vacuumto renove the hexanes and thereby yielded a
viscous slurry. The slurry was wei ghed 10 and then
wo 2oodioes®d ved i n an appropriate anmount of t ol uURCIEUS2908/082066
give a 2.6 W% solution. [00115] In another
enbodi nent, the slurry was wei ghed and re-dissolved in
an appropriate anount of toluene to give a 10 wt %
sol ution. These | sobutyl al unopxane sol utions, |1BAO
reae@tnssrodgct@fw%qnﬁntoé P%ﬁl’e‘}m%&oqﬂB’A@h’(‘@"@Eﬁs (poefesably; where the alkyl
f
is % ? g? rte% '1so\ﬁﬁgy? ed;ct rat r?plse?ﬁ)‘ﬁgféﬁseo%tu ?%eélt 1si3| 4 ﬁgpr 1sooctyl) and
ons fmvmlobﬁellmWrocthct daburbatbml vomxiaimg cOMPBOuntd20/mAicyein the heterocychc
JOOll6 S|n1I |sobuty | unoxane (0.80 H20/ Al),
helgrogic SgregnIng | é@%épﬁﬁé@ %d under vacuumto
remove the heptane to yield a viscous slurry. The
slurry was wei ghed and then re di ssolved in an
appropriate anount of toluenefto give a 10 wt %
solution. This isobutylal unokane sol ution, |BAO
(0.80, 10 W% in tol ued®N_ wasausedvi o prepare a
series of 20 liquid catallsts o) [
sel ected organic ligands af sho
with I BAO (0.65): [0011/ &
reacted wth these | BA solut ons. TRe ratio of
het erocycl e to al umi num was shown to nfl uence both
the activity of the catal yst and the nol ecul ar wei ght
of the resulting isotactic pol ypropyl ene. 25 |

PO By RIE0 R b5 ai° 16 25 T ERRB (0. 65, 10 weoe i n

Wh%ﬁlnu eqvd) ofSXP uhd X3 Wasy dvspicghigdodontdr X2 dny X8h@ay Grm a six membered
gl ass bottle. A stir bar was added. 5.0g of indole was
arogpdis dingd Profaally g #16nX3 sk ndol e di ssol ved readi |y
t Y [ A
T T
XTfianhhlpgsi ghtferaby K6 isphﬁrenﬁmﬁ dnglt XX ovasl X¥bhasrMednéven
wlLen SLarage, ol room {emperature Lor & L IDNUAS. | berveen
0.0al SaeNaletiolap @g{lﬁﬁlent's"'&nmp%ggz%{}pqpf@¥§m of water to aluminum in the
PCT/ US2008/ 082066 5 Br onoi ndol e:”"Synt hesi's of | BAO
alum)xe@q syt %7: hot lebsiene) - S- Br | NDO [ 00119] 40 g | BAO

vvt % t I tl [ d t .
28,0 Wit Sl optFEPHaT By MG s Reialiant gb %gé‘-Mezsl-@-
meq{ylfmdzamnm(wﬂbgo{ ﬁb%a@m (- hﬁtlﬁﬂﬂ%eﬁﬂ&h}ied&?%ﬁdﬂﬁ}j

to the solution. The 5-bronoi di ssol read
3Bt o fhel eptalyssenyptephlod pestdranh S8 of i Bh. wikisin g m@tm)@f heterocyclic

R R B § L
4Bcondue Tcﬂdlylsnsy‘&&m SUSaradrefal B OI1S, dNB3BoWARgIng i HdiatkydiRl group and

of 5- bronoi ndol e added. Sol utions were made with 0. 5¢g
caqh Badndepesdently sCutookn gllybrigyney 2 hakogen.

5B.  The catalyst system of any of paragraphs 1B to 5B wherein the alumoxane comprises

isobutyl alumoxane or isohexyl alumoxane.

6B. The catalyst system of any of paragraphs 1B to 15B wherein the activity of the
catalyst system is 1500 g polymer/g catalyst-hour or more.

In some embodiments, the catalyst system described above is supported, typically on silica.

EXAMPLES
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BriNDQ, 1.C0g [IBAO (0.65, 2.6 w%in toluene)- 1. 0-5
-BrINDQ, and 5.0y [I BAO (0.65, 10 2.6 % in
W@ 200986Y8 5. 0-5-Br INDO . All sol utions appear eRCT/0S1968/082066
fairly stable since no precipitation was observed
even after storage at roomtenperature for a few
nmont hs. 5, 6-Di chl oroi ndol e: Synthesis of |IBAO (0. 65,
10 wt% i n tol uene)-2,3-C121 NDO [ 00121] 40g | BAO E) . 65, .
[001d 3]t kspbutylalumorale was abtmed wagnessighie fopnpkza Ngbsl Chemicals Inc.

a I sz ad

in FESRE g SPRuSPAbp Bt 4T PRSI Snafy (Eaherancs and
1sohdt§i’ﬂﬂiurhmdnh €030 HiO/an), 3Bhet’%, At o ledptacoiThel @d)l&ents used in both these

i ssolved r ad|I ield a yel |l oworan sol uti on.
forsiAgA 9t G061, Ay oY ey i IGREIONT R 86 polyrsh were feplaced with
thearﬁ&%%{o%ﬁi sbReRetfidink! y stable since no precipitation

was observed éven after stor age at roomtenperature

1. fOI‘Sn epis [ob hiE fugio Dre

2I Dq | 203 React [ ns wi t h | BAO
Iso:bﬂtéﬁyunz X@Biﬁéfg)ﬁgé /@él\ient ative nenbers of the indole
[0 Q1 PSIs@butPhBigdixend (@BHAI,OCAP, renGhes AW tnhhedaR8$S&vas dried under
| BAO sol utions. Reactivity of f he individual || gands
vagiuithtot ig@moy BAE heahugasiand sherely wglded @;yemusw@luﬁﬁ Thgeslurry was weighed
and tﬁ%ﬁtré Eﬁé#l%]ds in a% é?leop %aalﬁgouﬁ%?gktgﬁll%ge toT 1ve gf2f6ewE% %lutlon
acihg halo terica

[O(HllE]St | Th W@ Bthsr é&ﬁbdidiﬁlehtl Q@%rbﬁ%b%%h@@ aﬂid‘lﬁ dl%lm’eﬁaﬁlhn appropriate
pol ypropyl ene pol yner was investigated. 1.
ameppioglePAEHe tpng:}m @s!0 waZoppoluiinmdidicas 18039W14#@§?>san6fsoluﬂons IBAO

O3 (9G4 DU 5 B e

of liqdid catabissty bfreattion wiBsehiced orppotid ligandAas shownbaowas

dded, 0. 25 - br i ndol e (Biosynth International)
Is‘\%ﬁgﬁﬁﬁ'&é‘ﬂ‘ ?&@%%g[ g)égbml on. The 5-bronoi ndol e
[()ﬂ:i'lﬁ]s’OI Yidafigalbbitylafinyd@hd (@ SUQIIJ@WE?E‘ @lywt%nAl _ﬁh% tane was dried
solution was stifred overni ght AO V\I:t)
undler vaoliure e yergov25ths -hBpthiND@ yicldd® VM@)L@(}@@@W)GM@M@ was Welghed and
PCT/ 08/ 082066 00124] Thi actl on_was
thep FANCDEE 1 8F PPTSRETEy MY G HE Arting: o ave sSfltion. This
1soBﬁ@1mmﬁ@i>cdn@ sadded. IBAA (0.80ND WEE & HRdac )l u@eoﬁn@ ﬂré series of
(0. 80, 10vvt%|ntoluene) 0.5-5- BrIN O7Sg[l
liqgig.ce@]ystshyesstion wish sebesedd @eamc §emmds mpeiown bagwy | BAO

5. (0. ﬁ %8 %!0@’3 g@#ﬁne) 1.0-5-BrINDQ and 5. Qg
[IB ol uene)-5.0-5-BrINDQ . 5 All

[00HQT It | Repsesepaaas eaddles herd ajactey withbthesesIBE® sdutions. The ratio of
preci pitati on was observed. even after staqrage at

hetegasyele 4p Lﬁl@mfnam 5oy Shp IR 1o THP Gy BF AGBY Y of the catalyst and the
mo%’cmal? %‘1 H{e @@S(th(r% %&actgcopo%pébbﬁene

t ol uene oroin
I. Indole:
Synthesis of IBAO (0.65, 10 wt% in toluene)-INDO

[00118] 10.4g IBAO (0.65, 10 wt% in toluene) solution was weighed into a dry Wheaton

glass bottle. A stir bar was added. 5.0g of indole was added to the solution. The indole
dissolved readily to yield a yellow-orange solution. The solution was stirred overnight. The
solution appeared to be fairly stable as no precipitation was observed even after storage at
room temperature for a few months. [IBAO (0.65, 10 wt% in toluene)-5.0-INDO].

11. Halogenated Indoles:

-4] -



10

15

20

25

30

[00125] 10.0g IBAO (0.80, 10 wt% in toluene) solution
was wei ghed into a dry Wieaton 10 glass bottle. A

W@ Ri0e/0bmrs was added. 0.19g of 5-chl oroi ndol e (BIDE§290$082066
International) was added to the solution. The
5-chl oroi ndol e dissolved readily to yield a yell ow
solution. The solution was stirred overnight. [IBAO

SO 80, 10 W% in toluene)-0.19-5-ClLINDQ . [00126] This
S- s conducted in various iterations by

{ added.
Sy@nﬂ%&?u"gg%‘k\% 0¥% 2 ew'%t‘ﬁ“gﬁg'l'eg ?ER%QI()S) 80, 10 Wt %in

[0G1aDLienE) ¢ (I)BAO} @)—6513 W%Dﬂtolaﬁd:) Goifign WaBAi¢lxd88to 4 Gry Wheaton
W% in tol

glag%p(mlf: Cmgtlra aquogg g0k gﬂrg;néllng Z]Bg)éyﬁgtlgt%mational) was added
to Me&6HuRbh afﬂe@bf’éﬁ?m&&b?@&fé&ﬁv&i‘&%@dl g%tﬁéld %tv%lé;a%g %116\79 ©8lution. The

tenperature for a few days. bstitute dol es
solptiGhwnay btirndiod vernigl2O[ IByGY (e, § €O t% BAOIcDe BO, 251i}BrINDO]

o3 TR RREOE NG Ean S Pl RReRton’ B dbunaits fccdmounc of -

brotsihddle BddedV8sluBeEeHerc n M avieH 0 3 o PIEAG (088026 WSin toluene) 0.5-5-
added to the solution. The 2- phenyllndole di ssol ved

Br}l\@é@ﬂ | 40g 6IBA@I(B.63, §&I WBwis ¢eluenconl . 0-PHETNBIQL: riesh SWiags[IBAO (0.65,
2.6 5k ﬁld%o(fu gol u% Brﬁ@bb? llc%)\@t%o Sarp\ﬁggrgd qg }%r Fa?r‘fi | %R since no

f aI Ion on s
prachi@fion $as oBRrwdd % e a B~ sl?or@é’tea’tybérﬁ t@h®ratuzd, f3r lediiehfa))ﬂhs.

I ndol e:  Synthesis of |1BAO (0.80, 10
M&Eﬁtﬁet hyl i ndol e [00129] 10.4g | BAO (0.80, 10
il SPEAORR AT S pag G on of o

(00323} di 46t IBAD (665 £ 1 hvagYatidetiicho) et bvas weighcdlisto2y 8y Wheaton

eligo PO Fofh, ST QU e oL s AoEREdlp GhiosSdntcAitional) was

ad&Ql 1 iRNsARRRAIEL §8-H&1bRiddblk SN & AKdNYP to yield a yellow-orange
precipitation was observed even after stor age at room

soln‘etmp dihatsalugiof wras atlmr@i/\p‘dmylght Thasguiion gfpeart0 to be fairly stable since no

0.19-2. 3-di 2009/ 061678
Propthits s PO TR e AdST ST el e RUIGH er @ Fow months. [IBAO
(o 69NAUSLEth fofucHay(.91S3-C1LENBU Aons by changing the amount
of 2 3 _dinmeth | i ndol e adde 0.38 grans and 0. 76

-O 38- 2, 3-di net hyl -

(0)
[0(@5%@ t hy%pr %aglge §1gm§ . tohe3| 1n90]f7e6%ré1£% ?8!]%&1@11%n89%eree] reacted with

thest MBAB- ddtithorsi Réa‘dtﬁflt&Qﬂ]tB@]ncﬁﬁd&g lHBAGY (th88c IBIAO/\/s&@ltlons varied
sol uti on was _ wei ghed into %/ Wheat on gl ass

depending, oy e substityfargon ghe ipgargif apkheRd );Il" herefce omgacmg halogens or
steﬁgeﬁﬁ)dli)ﬁl%r tolr.%mcto gﬂltslg?tf bi&nd hg%&%éd@ﬁﬁé &n tlgé 156§ﬂ|ta\ﬁ??olypropylene

rea ow sol dtion e solution wa
polytier mshmet[gwte@ht [ 1 BAO (0. 80,

I. Halogenated Indoles:

S-Bromoindole:

Synthesis of IBAO (0.80, 10 wt% in toluene)-5-BrINDO

[00123] 10.4g IBAO (0.80, 10 wt% in toluene) solution was weighed into a dry Wheaton

glass bottle. A stir bar was added. 0.25g of 5-bromoindole (Biosynth International) was added
to the solution. The 5-bromoindole dissolved readily to yield a yellow solution. The solution

was stirred overnight. [IBAO (0.80, 10 wt% in toluene)-0.25-5-BrINDO].
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10 % -0.17-3-Me NDOQ . 10 [00131] This reaction was

conducted in various iterations by changi ng the anount
wW@200340616M or oi ndol e added. Sol utions were nadeP@F/US20881082066

[1BAO (0.80, 10 wt%-0.34-3-M= NDO (24848-185)], and

0.8g [IBAO (0.80, 10 wt%-0.80-3-MeINDQ . All

sol utions appeared to be fairly stable as no

reci pitation was observed even after storage at room
[0G12dher BhisiFeaction was cpadiciRey®. varpuEiisertione Ry ghanging the amount of 5-
brdo@dif L W4 SBRitiohOVER%haddwih® jgoﬂnﬁﬂw n@)%(ﬁllﬁrv&t% Hﬂ%ﬁ%ne)-O.S-S-
experinments pressure I's reporte eres and
BripdDO§ 0. pay [IB(Zfsl![Ell(@Sﬁ),thwt%ﬁﬁ toerNOFET HH- BﬂaND@r],sl 0g [EBAO (0.80, 10

w03 88 i3pa0- SR DOl g Gelkad P ARD (0350 i agfeaes 05 BrINDO)
Alpﬁélﬁﬁf&%nﬁpp‘é@i%d usest ?ﬁgl‘g)(fs’té'HehﬁhcepHB'ﬂréﬁﬂltambnpﬁﬁs bB@ridd even after

hrough a series of urms cc Oxyclear cylinder
stofaggmtt@btteamera(tmlﬂ)mﬁtwlﬁm)thﬁol lowed by a 500 cc

-;goll urm!&a.cke_d with dried 3A nole sieves purchased from

em cal Conpany, and a 500 cc col unmm packed

SyHiHebis 4¢ mﬂo% smh@w&wuﬁﬁ)mﬁ@pb%ﬁ%mdm Al drich
Chemi cal 2@&&8925 Scavengers / -catal ysts [00134]

[00#2F] sokAg/IB uh? ¢THBALYluRRe) sgbmgnrv% weighadakiooa dry Wheaton
gla@ﬁé&lg aA ?ﬁr l&alilc s%ﬁ&ie(fj 6elglg OWIS uc%?o%&nd%&ynth International) was added

puritrca oct

to fidtsalutiod. Th@&cl‘ﬂ@i@nd&h @[Els@l&de reahﬂﬁ to gLl al§€ld)vv\lsdl’aﬁ¢ﬁ The solution
further purjfication, 35] lymeri zat | onpﬁ)dade

wap sHEeEOVRER 2l HE A 60 gQ)rllOH’étrA’ uren@oo b9 SpfaldN
2B o el St FRafle ok anﬁius ARfply POEe tesgount of

chlonomdﬂlu acdedaSddedons wire dma'de dviﬂﬁo Ap [ 83 /80 €0.86, Iuwh as eduene)-0.40-5-

@@5@%@5@@%@2}0 ﬁiﬂ ﬁo d@néeluem)tﬂ#go 6@&\2@%1678

[Oﬂ:iQVFd AAHDORRhEY [Ep'%af%ldrtg Basady kg0 Llndry é‘d"‘plg@l‘ém\x%@observed even
Conmpany. React or scription and Prepar at| on [ 00136]

aft@tﬂtqmgeratza@mdmpmﬁuee oadewdeys.i n an i nert atnosphere
5 aut ocl aves equi pped with an

ext éf"ﬁ%‘% eé’a#‘zin"pegor tenperature control, glass inserts
z_l(ﬁéﬁg,ﬁﬁmh, vol une of reactor = 22.5 nL), septum

Inlets, requl at ed su&plir of nitrogen, propylene, and
Syathepis 98 HBAD: (9.89, 4094 %D Epbepilindelnani cal stirrers (400

o T, A5 S5 PPy AP B PHERLAG Ml s o

A 2bGaf ofas 2ddddouP6g of 2-phenylindole was added to the solution. The 2-phenylindole

dissolved readily to yield a yellow solution. The solution was stirred overnight. Yellow
crystals were observed to fall out of solution on standing for a few days. [IBAO (0.80, 10
wt%)-0.83-2-phenylindole].

2.3-Dimethyl Indole:

Synthesis of IBAO (0.80, 10 wt%)-2,3-dimethylindole

[00129] 10.4gIBAO (0.80, 10 wt%) solution was weighed into a dry Wheaton glass bottle.
A stir bar was added. 0.19g of 2,3-dimethylindole was added to the solution. The 2,3-

dimethylindole dissolved readily to yield a yellow solution. The solution was stirred
overnight. The solution appeared to be fairly stable as no precipitation was observed even

after storage at room temperature for a few days. [IBAO (0.80, 10 wt%)-0.19-2,3-dimethyl-
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10 Propyl ene polynerization: [00137] The reactor was

prepared as descri bed above, and then purged with
woe@ppbwme. The reactors were heated to 40C aPdiI/UuS2008/082066

propyl ene was first charged to the reactor. [00138] A

sol ution of scavenger / co-catalyst at room

tenperature and pressure was next added to the

reactors via syringe. The reactors were then brought
indofs] i dsaction iy eandieted 115 veroe) iteiations Bt FhanigHiy BE ampgnt of 2,3-
Qlﬁi%k l r
dm\?e}:’g@%{fgl nge, d: @?}é glg‘r?%?n go(ﬁﬁ ?ﬂ hls?[ af)so' i 2(15 2@?2?%% % 3-dimethyl-
indohg[IBAGE( (680, i1 O ge %) dl. T 2B Atime the - rndatéql.i tion to insure

that mnimal solution is renaining in the syringe.
wﬁ-&ﬂ%dure S applied after the addition of the
S ﬁﬁfé&’i@%@fﬂAW(ﬂ F021 6o hifugds vell as the
?38 140# *—’r opy

cat alyst slurry. 20 ene was allowed to
[00H30kr (4w dYD (0.8, set’of sorhdmuwt@rweiglmdriotol ae@t'y%’h@’u@i glass bottle.

A SHRIOHT S B4 47 R (el BRI B pOOR ey metnytinaole

disksieed feradﬂﬁmoﬁmtw&lommm TRE sslu@sttwhy Rirfl dwernight. [IBAO (0.80,
mai ntained wwthin +/- 1C. Pol ynerizations were halted

10194 7eer el - 3-dA IO @bppr oxi mat el y 400 psig 02/ Ar (5 nol e%
[Ofgélggalshls %a&rﬁﬂ %vats %o}lﬁ]ucte%tno\%{r \{1§§te£a?10n98 c%x ggﬁé %#ey amount of 5-
econds nerlza i ons were uen

chléfmmmwa@dsedpsbmmiem, mtd @adé bfo. 34§Ir[EBAea(©t80)c sowetp/@ 0. 34 3 -MeINDO
cool ed and vent ed ated after

(2484 #di®AlIngnd Baet [J%AOC r]rQans/r h\%%rl‘lé[ﬁw%@] il \ﬁal@uens appeared to

be lﬁﬁh#‘ %‘blecel}q{oalﬁgﬁﬁftaz,tﬂ)tn' WL gt 0014 %lfenp ¥ Wlrage at roqm temperature for a
C acterization results for pol ypr opyl ene sanp? ar e

fewdported in table 1. For analytical testing, polyner

saTEIe ioluilons mere prepared by di ssol ving pol yner

Ex L Lt benzene (TCB, 99+% purity from

[005‘1|3g]‘ra Iﬁltﬁié f&i&%&%ﬂ{ﬁy rgb'hﬁ‘& epBritlbnth BFdssi¥ Y eported in atmospheres and
4- et hyl phenol HT, 9A)fromAIdr|ch) at 145C 1in a

postialper squagnhinchr Tdnp pooydrsiae &ojor to Rdubsits Five 1 tpgpéquals 6.894757 kPa

onc n of polyner in solution is between
an%h g?Sq‘&‘liaF(ﬂg{}%kap-% WD 2009/ 061678 PCT/ US2008/ 082066
Feauth a BHT concentration of 1.25 ng BHT/nL of TCB.

rrEI es are cooled to 135C for testi ngu} 00142]
[0NBB b c Utcdymepdaginn seradee ipgeity lepgevag aisem g uﬁtnhemv@ugﬁ@d by passing it

I e

byal S8 c& celamet pavksed I‘v&&fhemﬁ@ﬂ&&(lnal& dicies patohdicslpfomi Aldrich Chemical
(PDI) of the polyner, were neasur e% by Gel Perneation

Comawnggay é(b(?h?c 9@1}1@@1 @c kth-plélétﬁ g@}e @@sm@l&é@bfmm Aldrich

Ch tive light scattering detector and
\%‘lﬁ&%)r at }ﬁSI ng pol ystyrene standards from Pol yner M

Sc{yweadks / Mjcalubtsteen 5000 and 3, 390, 000) . Sanpl es were

G381 TSPy iR B0 Cpies B AR APy CEomisgljelne. and used

withgm MhRd- ﬁmﬁcatlon. Tri n-octyl aluminum (TNOAL) was obtained from Akzo

Chemicals, Inc. and used without further purification.
[00135] Polymerization grade hexane was used and further purified by passing it through a
series of columns: 500 cc Oxyclear cylinder from Labclear (Oakland, CA) followed by a 500

cc column packed with dried 3A mole sieves purchased from Aldrich Chemical Company,
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10 300 x 7.5mm columms in series. No colum spreadi ng

corrections were enployed. Nunerical analyses were
w@erboewserl usi ng Epoch(r) software avail abl e fPORUS008/682066

Technol ogi es. Sanpl es for DSC were perforned on a TA

Instruments QLOO0 DSC. Sanple preparation. 15 [00143]

To prepare the sanples, approximately 0.07 g of each

ol ymer were weighed into tared glass vials. Each . )
angyp Gfi eolump Paeked itk idlj‘ﬁ@ éAbSﬁO{eh@e‘B‘é Hsehases gﬂm Aldrich Chemical
Coﬁﬁ)gh' on, and 2.8 mM of trichlorobenzene with BHT was

added to each vial using the Rapid GPC prep station to
ReatibaDescibtiomand Prepdratiorons. The pol ynmers were then

di ssolved at 165C with nmixing bars and agitation, The :
[03A8] o ghemeiziogh Y6 reoadbeRge incar | Pery; dpesrhege (N2) dbox using
au@PRVOX B RH Ywith 4n WxtcPhal 8RGRr 48 RAIKIRIrc SBhHEI @Mhst MsBrts (internal

DSC pans. 'The trichl orobenzene was evaporated at 165C
voluwer of @pgooxi 36t elly), stumnoketss reudodd 4jppTihef BBOgpanwopylene, and

calfFisel s PRaDISaPEE R BERANTH SRy, (HHReReShor dB uhdiaves were
prepaRaayeshrging 24 diyHitrd@enMdt U DES or AMCAol 9WMRHrs 41 tB&Pht 25°C for 5

overnight to roomtenperature. 25 DSC neasurenents.
hoyr§0145] The fol | owi ng heating and cool i ng sequence

Pr%ﬁ& :E%F%netrf% LSt sanples in a high throughput node.
' jccurs when the pans are annealed in
[00a37Rl | e icactbhevappirgreed oy aescribyd BoswR, 200 Got purked 32BGoropylene.

(second nelt) 30 2) Hold 1 min at_ 220C 3) Ranp
Thg eraciprnwers hepied (@ 9§t adinropstlensnyas firgschyrged do drcosasas

00T oS P el R T &L s v o

addd@) toAthe rrag@ordviad agenddy dihegeactots uatre thed droght w pyocess temperature

P/ Activa Mv PDI quench tine rams
(m‘%%fgﬁﬂ]gé@jrmgm%ﬁ% rative) 59958 86,497 1.44 340
[0(ﬁ-3977jln1t-h5 1haBf3 1hatB o1 @dtshs Lard 4 ddbd v Q e:,L 2ARexafibl 4dlution is also
957024 1.43 379 0.0835 1.47 68804 99,261 1.44 349 S
mjectOBAG the6mas 5B 1HEeod]lagngl thed Bietidn @86 strcSthat @5A@Tal solution is

ren?aﬁhl%ézm ]’[he4 g’yr%?g?é. Q"hgsspzrgceldu%z is ellp%'fie %‘ftgrs lhe addition of the scavenger/co-

catalyst solution as well as the catalyst slurry.

[00140] Propylene was allowed to enter (through the use of computer controlled solenoid
valves) the autoclaves during polymerization to maintain reactor gauge pressure 450 psi(+/- 2
psig). Reactor temperature was monitored and typically maintained within +/- 1°C.
Polymerizations were halted by addition of approximately 400 psig O,/Ar (5 mole% O,) gas
mixture to the autoclaves for approximately 30 seconds. The polymerizations were quenched
after 45 minutes polymerization time. The reactors were cooled and vented. The polymer
was isolated after the remaining reaction components were removed in-vacuo.

Polymer characterization:

[00141] Polymer characterization results for polypropylene samples are reported in table 1.
For analytical testing, polymer sample solutions were prepared by dissolving polymer in
1,2,4-trichlorobenzene (TCB, 99+% purity from Sigma-Aldrich) containing 2,6-di-tert-butyl-
4-methylphenol (BHT, 99% from Aldrich) at 145°C in a shaker oven for approximately 3

hours. The typical final concentration of polymer in solution is between 0.4 to 0.9 mg/mL
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(conparative) 900 0.0082 0.0607 900 0.0063 0.0466
900 0.0045 0.0333 901 0.0061 0.0451 900 0.0049
wW@2®363167900 0. 0054 0.04 |1BAQ0.65)-0.5-5,6 PCT/US2008/082066
di chl oroindol |- 9143 13,878 1.51 123 0.1322 7.14
9737 14,683 1.50 131 0.1228 6.23 9724 14,654 1.50 111
0.1035 6.21 9281 14,077 1.51 138 0.1486 7.16 10034
15,301 1.52 122 0.1233 6.73 8977 13,596 1.51 148
withy, a BPAT eorgantrateaqyfol 5 MeoBHE/mLE TS Srowss argsogsd to 135°C for
tesén47 900 0.0327 0.242 119839 175,225 1.46 900 0.0299
%21 132647 193,977 1.46 901 0.033 0.244 128962
[00143] 859olkcdlar 9@(xhEk (32¢ghtCvadhge h&l%&r]&ﬁ&gl&QM\&) 431 BOfber average
27470 185, 011, 0, 29

11 0.23 {
mo?@ﬂé(d" Bt (! @dBFlelq%a’S@’ﬁ té’gt jog (Mé%@UOW/Mﬂ? which is also

o i S (0,998 IS O LR gy v o

Pein@68n (39733to8Bypb9 Jisingdd ngmxoT@manogy:ﬁ]E gP4d with evaporative
0,644.1.4 00 0.0484 0.358 | B -1..0-.5 Br.| NDO

lighigyaberisg $39 Y SRBhRaae pOBSTTs gRbAE T Figens PaIygr Mp (peak

MwH&eBv Q808000 3@ 3%6@60)66 $438plds e 30 119713@B0at7(ﬂ35°c sample
38621 56,370 1.45 614 0.0668 O 725 39743 58,470 1.47

tenpBgatares5 H5° 6. avgg colggpe useg direa Palynst &.aboreossoPlasd 10m Mixed-B

300 x 7.5mm columns in series. No column spreading corrections were employed.
Numerical analyses were performed using Epoch® software available from Symyx
Technologies.
Samples for DSC were performed on a TA Instruments Q100 DSC.
Sample preparation.
[00143] To prepare the samples, approximately 0.07 g of each polymer were weighed into
tared glass vials. Each glass vial was then weighed by the Bohdan weigh station, and 2.8 ml
of trichlorobenzene with BHT was added to each vial using the Rapid GPC prep station to
obtain 25 mg/ml solutions. The polymers were then dissolved at 165°C with mixing bars and
agitation. The Rapid GPC station then automatically dispensed approximately 0.4 ml of each
polymer solution into DSC pans. The trichlorobenzene was evaporated at 165°C over
approximately 15 minutes.
[00144] The DSC pans were then annealed in an oven purged with nitrogen to give them
the same thermal history. The samples were annealed at 220°C for 15 minutes, and allowed
to cool overnight to room temperature.
DSC measurements.
[00145] The following heating and cooling sequence were used to test samples in a high
throughput mode. The first melt occurs when the pans are annealed in parallel in the purged
oven.

1) Ramp 100°C/min to 220°C (second melt)

2) Hold 1 min at 220°C

3) Ramp 50°C/min to 40°C (crystallization)
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-47 WD 2009/ 061678 PCT/ US2008/ 082066 Average Average

Aver age act

weDlodmewmeh tine (grans) nol eZrsec)

ual

Yield Activity (gPP/ m Acti vat or
| BAQ( 0. 65p€BUR2088/082066

Mh

Mv

Br I NDO 7587 11755 1.54 92.9 0.1209 8.676 7295 11286
1.54 94.2 0.1265 8.953 4598 6843 1.48 186 0.0816
2.911 7782 12196 1.56 104 0.136 8. 651 7600 11957
57 106 0,13
1. 36 atihosttdac-MaoPigmsthy oncieauﬁn@ré@H@)@{i%A%Q 6%|BéINDO)

1 S7 102 0.1312 8. 575 7933 12512

2' Catat _ySI *Average Average Average actual Yield Activity (gPP/m
Ack@er Me2Si (2t Dyl - ivAeny||) ir ( CHB A BAC QB0 51 BokNseo
MAFDompANRERTBoSEEr a0g; AYEr aq@4act Upks Yl el d [AGVat o sVh

VW PUI QUENGRs741 M| ¢ Ofams )| 1AGTT VI T Y54 I M 0.0565 1.42

VAO(TONpar alek V§) O 95,429 1- 4837496 0. 1134385439

— 60805 87, 069 4,43 183 0. 0998 3.04 868884, K90 1144
£63-0-0080 4.83 138 pACIT Boy-0 a5 BrrnHs T1gs

10, 700 1. 0J 63@? U Q@Zl \-34qu J. 6?LO 10,9 !8261'. [ 1’5!le

LPACY N ON) n | rl NIDYN 707 A Iad 1 wiske) 1 [miLo) 10 NnNlNnenn
IB g‘\ )U. UU) U, J T 1T TN TUT=. U L, 1T &4 L J L JJ U: UUUJ
(cofgrg 848117 12,225 144 192 0 0747, 59 145, 785] s

21, 999 194 2UF U Vo0 1. 90 029L ol #O09 gloors-, L¥8.0466

8094-3—14 9491482950 6526—1 55 g5 | 00035 = | 0.0333

-BACLO—80Y~10-5— B -NBO-16910—16 BH8 3 53 |dEoh g1 9045!

0087 12042 17 378 1 44 9000011000 gg7 | 4P4%s 100363

16 768 1. 46 900 0-D113 0. 084 1150%017 399 G084 9904

00128 0 0d5 ’

IBAO(0.65)-0.5-5,6-

dichloroindolyl- 9143 13,878 1.51 123 0.1322 7.14
9737 14,683 1.50 131 0.1228 6.23
9724 14,654 1.50 111 0.1035 6.21
9281 14,077 1.51 138 0.1486 7.16
10034 15,301 1.52 122 0.1233 6.73
8977 13,596 1.51 148 0.1521 6.84

IBAO(0.65)-0.25-5-

BrINDO 119434 175,855 1.47 900 0.0327 0.242
119839 175,225 1.46 900 0.0299 0.221
132647 193,977 1.46 901 0.033 0.244
128962 188,859 1.46 900 0.0324 0.24
131956 189,494 1.43 900 0.0311 0.23
127470 185,011 1.45 659 0.0287 0.29

IBAO(0.65)-0.5-5-

BrINDO 53418 79,319 1.48 900 0.045 0.333
64681 93,723 1.44 900 0.0456 0.338
63139 91,912 1.45 900 0.054 0.4
61018 88,779 1.45 900 0.049 0.363
59733 86,593 1.44 900 0.0481 0.356
62484 90,644 1.45 900 0.0484 0.358

IBAO(0.65)-1.0-5-

BrINDO 39682 58,704 1.47 665 0.0623 0.624
38694 57,356 1.48 548 0.0607 0.738
44832 66,142 1.47 630 0.0732 0.774
38621 56,370 1.45 614 0.0668 0.725
39743 58,470 1.47 758 0.0555 0.488
38227 56301 1.47 616 0.0605 0.654
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900 0.0031 0.023 901 0.0091 0. 067

| BAO( 0. 80) - 5. 0- 5

BrI NDO 647 0.0111 0.114 901 0.0109 0.081 900 0.011
WO2@®80616291 0. 0114 0.084 901 0.0116 0.086 90BRCOUSDIS¥082066

0.084 30 unoles activator,
2009/ 061678 PCT/ US2008/ 082066 Table 3. Catal yst:

0. 15unol es cat al yst

-48 WO

rac- Me2Si ( 2- net hyl 4- phenyl -i ndenyl ) 2Zr ( CH3) 2/ 1 BAQ( 0. 80

\(R Brl NFY\\ actual Average Average Average quench

Yield Acti vaY8PENN g’ "Dl t‘gﬁ%ge( of #ite) Actli GPfly Tpctivity (ePP/m
AR 0-80)-107 255 BMNDO-667224 101‘“@4%—%4—”3%%—&@@%

0- 09': 1'*9} 64449—1D2, 254 58438 O 12161853160

65(605% 102,692 1. 57424 0. 1174 1 846 159 3056 98,622

nain. " 0o 1802 SRGIS0, 33808, OBg0. 1. T 200 0 OB

| BACLO. 80) 028 5 B [IND 38408 53 142 1 48 11Uk0h 0p88s3

4654157 145897 60080 1 478150 Dl¥g3g 3 [dH31957] 2011

42867 62 7977% 46 1BA%Q 083563 5opilisg 4q7kdo5g p8651

1.45 145 07602 4 BEA85A57 [ 198510 5H2674 1 4613494’ [8.575

0. 0877 4 0879856 RPPEY 54 198 1 EWO6150 0 |06 2 68493

157 1 BAQ(0. 80)-1.0-5 Brl NDO 48756 69 713 1143 109

30@@2@3910&%58{70158121!)@5?@'[616@8 1.5 92 0.0284 2.058 158

5%0%1% 28 1 C’)'a%aillys]f rac- ezgl(Q %ﬁ 11]id68n6f1) ﬂ'r?éHg)z/IBAO(O 80)(5-BrINDO)
Average Average Average actual Yield
Activator Mn Mw PDI quench time | (grams) | Activity [ Tm
MAO(comparative) | 64342 95,120 1.48 196 0.1134 | 3.85 139
60805 87,069 1.43 183 0.0998 | 3.64
58688 84,690 1.44 163 0.0886 | 3.62 138
IBAO(0.80)-0.25-5-
BrINDO 11363 18,765 1.65 351 0.0813 1.55 143
10425 18,387 1.76 400 0.0826 | 1.38 141
10829 18,500 1.71 438 0.0841 1.28
IBAO(0.80)-0.5-5-
BrINDO 7674.6 11,722 1.53 155 0.0603 | 2.59
8481.7 12,226 1.44 192 0.0747 |2.59 145
7867.5 11,959 1.52 209 0.0616 | 1.96
8291.6 12,483 1.51 193 0.0717 | 2.47 144
8305.6 12,384 1.49 204 0.0613 |2
8094.3 11,949 1.48 225 0.0526 | 1.56 145
IBAO(0.80)-1.0-5-
BrINDO 10910 16,689 1.53 901 0.0118 | 0.087
12042 17,378 1.44 900 0.0117 | 0.087
11483 16,768 1.46 900 0.0113 | 0.084
11522 17,390 1.51 901 0.0128 | 0.095
900 0.0031 | 0.023
901 0.0091 | 0.067
IBAO(0.80)-5.0-5-
BrINDO 647 0.0111 ]0.114
901 0.0109 | 0.081
900 0.011 0.081
901 0.0114 | 0.084
901 0.0116 | 0.086
901 0.0114 | 0.084

30 umoles activator, 0.15umoles catalyst
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55280 80,676 1.46 85.8 0.0287 2.23 157 53123 77,432
1.46 80.7 0.0311 2.569 156 53174 76,605 1.44 112
| BAQ( 0. 80)-5.0-5 Br| NDO 901PQr/032088/082066
0.084 901 0.0113 0.084 900 0.0115 0.085 900 0.0122
0.09 901 0.0124 0.092 900 0.0123 0.091 30 unoles

acti vat or,

wW0209981618 033 135

0.1 5unol es cat al yst [00146] Al |
descri bed herein are incaorporate

Tabic}-uiatgystang M P b nghbehsmn

refe

tlgd@&ﬁal@ﬁcﬂédl?ﬂﬁ@(o S0X3-BHINDO)

docu
rence

ment S

pr OCEedures [t o tne Xxtent 1 ney arer QL 1 COnST Stfent
with 5 thijsstext. | Akds apRangnt| flm { Re1d or egoi ng

Acgeer al desaud ptiop 5 t hepmipeci f iie €MpEinR Nt [Sactivity | Tm

IBAID B®-0265n8 of the| 1 nventijon have| been [ITustrdted angd

Brid@Ocr i bed, |warukous| 10iwdk f i|deéRi ons| &@n be ondide wi ¢d36ut | 158
departi ng flreamot he| spi2sd t |amd scopesof 1 ha2ienventdsen. | 160
Accor di ngl y,6560b i s| maisod ntjarsded t hatt t heoilmment i igasbe| 159
limted therselpy. L|dsaapse, 1tshe terms "cooprd Si Ng'416S | 159
consi der ed [synanynpasow t h itshe tefmo" i n¢hugiyng”| fap 159
purposes of| shuestral oo 10 (lsaw. - B%sWO 290Q/,06161/83 | 159
PCT/ US2008//082066 | CLAIMs[What 1s{clarmed 1s: 1. A

BABOFGIS-L 0 |pOl YNET | ZE€ pr opyl ene cpnprising: I)

BiISOOt act i ng |pswpy! enss,;and firom 0 t p1H0 W Yosononoesh 157
W th a catalyst sysétxdsy S |aanpris|ng: a) oaoet dlimeeneis;
repr esent ed 4py67t he| §0mpul a 1AGP2MX2 sgher € oS Tissoblf | 158
or Zr and|Myjsg bougghob0o €3ckh Cp DrAup, [HibS A [4.663 [ 157
bridging grggﬂoponnﬁghhng Ug TWO[ 14D O1QYRE, €akdy; LP] 156
s, TTepenuSTb! Y, | Aob MIGMEL QT Ol OT o SHASTTITHET [157
|naeny| group, eac S dan ani onfc teayi ng group; 10

IBAU(OS'dj [@eTvator co lpl STy one or | nore freterocyctic
BANBDEr 0at om|ggnkai nj a3l i gangs copr@i nat gghd0 an sgy
I'soal Kyl al[ugnyane| ;gMIgr ei[n ST he acgi vat 0gobS a | 2.058 158
reaction pragigt o mqn§0|quon of TONE O (A€ 1 S0aLKY] 157
al unoXanes [gggk,omne th6norq4@eter &Mgll o@ﬁ&eroaag"1 157
comrtar mi Iy usg)ﬁguun I?7’435\Illll:‘l ql lé llll:‘ ébﬁ} el )b%hl I'C 2.569 156

53174 76,605 1.44 112 0.0173 1.033 135

IBAO(0.80)-5.0-5-

BrINDO 901 0.0113 0.084

901 0.0113 0.084
900 0.0115 0.085
900 0.0122 0.09
901 0.0124 0.092
900 0.0123 0.091

30 umoles activator, 0.15umoles catalyst
[00146] All documents described herein are incorporated by reference herein, including
any priority documents and/or testing procedures to the extent they are not inconsistent with
this text. As is apparent from the foregoing general description and the specific
embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention.
Accordingly, it is not intended that the invention be limited thereby. Likewise, the term
"comprising"” is considered synonymous with the term "including” for purposes of Australian

law.
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heteroatom containing ligand is represented by: 15 X7

X6Y X2 X5 X3 X4 Yis NHor NRwhere Ris a G to
w@1abteyd group; wherein each of X2 and X3 i SPCT/US2008/082066

hydr ogen, hal ogen or X2 and X3 may form a six nenbered

20 aromatic ring; X4, X5, X6 and X7 are hydrogen or a

hal ogen (provided that at |east one of X4, X5 X6 or

X7 is a halogen); and wherein the ratio of the
ClekMPBocycl i c het eroat om containing |igand to al um num

0.01:1 and 10:1 nol ar equivalents; and 25
Wlﬁlsbﬁ{ﬂ\g?ﬁ?ng pol ymer having at |east 50 w % propyl ene,

1. an MprotesS t@pdlyinoriz2f0pPlee gdmmhsuag’]d a melting p0| nt

of 140C or .nore, provi at | ting point
al s¢) GrEstag PFFPY, nsrangqu%{pq} HE OSRQIARGT Vit a catalyst system

coﬁgﬁﬁh +133 -50 WD 2009/ 061678 PCT/ U82008/ 082066 2.
e process of claim1, wherein the netallocene is '
r ac- MsSa maallwtmteprqsntde@by)tmezfqr@u@) ACpotMX, where M is Ti, Hf or Zr

o ocess 6fd 81 T heundge B RRain AN BhpiEb kSt onnickg the wo
het er ocyelyi gr ?i eéa@ﬁt@gngomd@paidem y,| dnd an{10 g %mh‘r@ubstltuted
is from0.271 4. The process of calm

wher ei n Mdesylgrelimickgh Xils ¢ anjewa peas e Bowh X i s

ITESGB?{}S Z%%S Iao aatoq cct)rgpr%%g aOnlé%@rt %{0 \%ﬁ ee}roecycpnfa %%%]atorg containing
i soal kyl hghndsoafcam@m@t@mbl &ESsoall@ObiDﬁmbxa&bumwﬁe teddctivator is a
or isohexyl  al unpoxane, The process of any of claim

1 to 5 wWHEEEPHPIYRGRira ml@mdéqu@ag meye rwvaaéry syngngsgnd one or
10 120,0 [ I

of 40, 008 sy e IR feudrborB! R QHEGRAL A M heterocycic
145C or herematom caiti@inmpdeesd isakp@sgntafbycl ains 1 to 6

wherein the activity of the catal yst systemis 1500 ¢

pol ymer/ g catal yst-hour or nore. 8. The process of any

of clains 1 to 7, wherein thexconononer is sel ected

fromthe

X6 Y

/ X2

X3

X5

X4

Y is NH or N-R where R is a C; to Cy; alkyl group;
wherein each of X2 and X3 is hydrogen, halogen or X2 and X3 may form a six membered
aromatic ring;
X4, X5, X6 and X7 are hydrogen or a halogen (provided that at least one of X4, X5, X6 or
X7 is a halogen); and
wherein the ratio of the heterocyclic heteroatom containing ligand to aluminum is between
0.01:1 and 10:1 molar equivalents; and

2) obtaining polymer having at least 50 wt% propylene, an Mw of 5,000 to
200,000 g/mol and a melting point of 140°C or more, provided that the melting point is also
greater than or equal to 0.000143x(Mw in g/mol)+133.

-50 -



10

15

20

25

30

15 group consisting of. ethylene, butene, pentene,
hexene, heptene, octene, nonene, decene, undecene and
wa@lowevernes 9. The process of any of clains 1 tBCBUS2008/082066
wherein the pol ynmer obtained has at | east 80 wt%
propyl ene and wherein if polyner obtained has an Mwv of
50 000 g/ nol or nore then the nelting point is 150C
nore. 20 10. A catal yst systen1conpr|5|ng a)

2. net AP o pESEST Yt Skt dld” BYrcrdie ther raatall %%GZWZ %&%SW methyl-
1ndeﬁ%1§2|Za%diﬁl Ofr 4L 1\%@1- Y ﬁwggtbﬁgn)glqn&%gbz EEUD, Ais

group ectl each
3. Cp Tae provdepeideint Ily)r 2awhkereile gl ratie ofi hetﬁfocﬁchc heteroatom containing
roup, each X is an anionic

stituted . den
hg{ngg |3H§n‘§}1’6‘d§ HB)I tgr? hetivat or conprising one or
4, or §LPesEEQE YA ¢iGinhat BF BALAME&OMA 8L G&lﬁylaﬁwd%‘rﬁ%p and each X is

coordi nated to an isoal kyl al unoxane, whéerei'n
indgperideatiypn G o 6r0radlad igiom qyraddtuglen of a solution of one

5. het AFBGYRIE O AV EPbARUM doff 31 MIAG CEpBRAY. *\WReras compriscs

isobl¥§1 M@h@&wﬁdlo@mﬁtag]wrman@.ont aining ligand is
represented by: WD 2009/ 061678

6. PCTTbspoBEISOE20861 ciiim Xgo ¥ Wrreixpolaner yuoduced hagngylw of 10,000 to

126\?&%\/\@3 f 316%11 if %P] 918} garo%l'u% g lhléylangl{/lou%4%§6 %190?819 Iﬁlore then the

Ral’6g&n or

mdt@igpointss X43endened. 5 aromatic ring; X4, X5, X6 and
X7 are hydrogen or. a hal ogen (provided that at | eas
7. one The pyagessyo anx@f 6}alm§dz tcp § Wean &@éﬁ)wl%ﬂﬁthﬁmﬁaMhsystem is 1500

gﬂ%ﬂ%ﬁ& dafa hBEQnQE&%rocycllc het er oat om cont ai ni ng
l"'i‘gan

to alumnumis between 0.01:1 and 10:1 nol ar
8. equiThalpendess ofi@nyl df clEnes datba?,y\shersmsﬂhe rooofonciar ® delccted from the

wher ei n .t he ne al l ocene is rac- NEZSI- ﬁ met hyl -
grquﬁdmp 1@@0 y ney, butene, pentene, hexene, heptene, octene nonene, decene,

und@endBd_igdeésaxet hyl - 4- phenyl -i ndenyl ) 2Zr (CH3) 2. 12.
The catal yst of claim 10 or 11, wherein the ratio of

9. het dhopyasksscoflvey of ohirosnl to 8 wherein the polymer obtained has at least 80 wt%
propylene and wherein if polymer obtained has an Mw of 50,000 g/mol or more then the
melting point is 150°C or more.

10. A catalyst system comprising:

a) a metallocene represented by the formula ACp,MX, where M is Ti, Hf or Zr and
M is bound to each Cp group, A is a bridging group connecting the two Cp
groups, each Cp 1is, independently, an indenyl group or a substituted indenyl
group, each X is an anionic leaving group;

b) an activator comprising one or more heterocyclic heteroatom containing ligands
coordinated to an isoalkyl alumoxane, wherein the activator is a reaction product
of a solution of one or more isoalkyl alumoxanes and one or more heterocyclic
heteroatom containing compounds, wherein the heterocyclic heteroatom

containing ligand is represented by:
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containing ligand to alumnumis from0.1:1 to 5: 1.

13. The catalyst of claim10 or 12 wherein Ais a
waelz@bkgle3s | yl group and each X is 15 i ndependRCit/U§2088/082066

C to C20 al kyl group or a hal ogen. 14. The catal yst

of any of clainms 10 to 13 wherein the al unoxane

conprises isobutyl alunoxane or isohexyl al unoxane.

15. The catal yst of any of cl%jns 10 to 14 wherein the

activity of the catalyst systemis 1500 g polyner/g

catal yst-hour or nore. ,20 -52

X5

X4

Y is NH or N-R where R is a C; to Cy; alkyl group;

wherein each of X2 and X3 is hydrogen, halogen or X2 and X3 may form a six membered
aromatic ring;

X4, X5, X6 and X7 are hydrogen or a halogen (provided that at least one of X4, X5, X6 or
X7 is a halogen); and

wherein the ratio of the heterocyclic heteroatom containing ligand to aluminum is between
0.01:1 and 10:1 molar equivalents.

11. The catalyst system of claim 10, wherein the metallocene is rac-Me,Si-(2-methyl-
indenyl),Zr(CHz;), or rac-Me;Si-(2-methyl-4-phenyl-indenyl),Zr(CHj;),.

12. The catalyst of claim 10 or 11, wherein the ratio of heterocyclic heteroatom
containing ligand to aluminum is from 0.1:1 to 5:1.

13. The catalyst of claim 10 or 12 wherein A is a dialkylsilyl group and each X is
independently a C, to Cy alkyl group or a halogen.

14.  The catalyst of any of claims 10 to 13 wherein the alumoxane comprises isobutyl
alumoxane or isohexyl alumoxane.

15. The catalyst of any of claims 10 to 14 wherein the activity of the catalyst system is
1500 g polymer/g catalyst-hour or more.
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