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Rel ated Applications Field of the Invention [0001] The
present invention relates to supported catal yst

.~ systens. More particularly, the present invention
rel ates tPREPARATION OFROBYMERIAAITON CABALNST

pol ] {
ot SETLVALORS uRRC ARG oL E T QRTS
Cros$ Refevande/toUédard Applicatioas {al so called a

co- catalyst) to generate the active catal ytic speci es.
Field|of the Inyeption; here are two catal yst activator

[ooofjam *l'h@ﬁ)redgﬁf {dvehtion PoI&tEOky §Weﬂmaﬁ¥§§t% L"twns More particularly, the
conpl exés and non-coordi nating ani ons . Sone

presegt inventionpglatesito pndole odifipdaptiviatpesyfor aleﬁy mhy@ﬁrwwred

ncompl exes include al unoxanes, such as
BaCkgrt“ﬁh e?r%géhlg (MAO), for exanple. NCA-type
[0002]ct i mdlcs:eae eatalypt syatems fopolefin polymeriZation typigally Méan activator {also
calle§ %ﬁ 29t~(feart£¥sti Yo Qﬁjetr%t%;t.ﬁe %éiv% Qa%l&ﬁc t%?écn%s\é " I’éxng?née!g&f ggxaggirg two catalyst

activion Bdnsities:vpairtial ek ydrylszed sljmtlhﬁﬁl akylvondgiléexey and Slbn-rcagdmatmg anions
eration. MAO. b

ONCAGH, < S5FkaRe PR ePPINEAPERY EtHIp e 2Rl fydfolyied aluminum alky

comp¥®¥es hinsRide Saleh6x@mes,USichr adf mﬁammoﬁﬁm $MAO), for example. NCA-type

production, specifically, | arge exces rel ative
activalgrs e TYRIGAY TSRe Aekve 1haR éhfés ?%4\ 2 irat( precalso quite costly and

much | ibreCsbnsiive! fo bbfssns [ QG@;&ltyﬁktfcﬁln%kyﬁls@ceaméat;%aeﬁ@rmm catalyst
nmet al | ocenes and ot her single-site %ggrlzatlon.

synthesisahgngdling, ﬁmebaé@nre@ﬁer sperptien. é\fiAﬁb & 9ysteias @gy giere robust than
theugﬁtlg%rlh/g%: ou fe . Eﬁfafvﬁi\?ﬁﬁge@% & suffef fﬁ|oH-P|i1 h&@@ of productnon,

or ane conpl exes contal ni ng one anlonlc
specificallnghe largmexsess (nelaigyeoropht ameuntcafmetaliongne)of MAO used and its limited
Slleuaxfgrrple R E. Lapointe, G R_Roof, K A Abboud, J.

FSsi n . Am Chem Soc. 2000, 122, 9560-9561, and
[0003D O]Aliéi’liﬂi&'eﬁdctwelpw fortuhetaldgoenéreandsother single-site polymerization catalysts-

have:cs‘;ec:kg?1 sAlb&c{‘n &fj glfﬁulergﬁi ééa%qg 3&4 ilx_lll\xleR'cchtL I ande%I]t :%?e perfluorophenyl '
alunfinuim ahd tﬂﬁﬁ&, cﬁnplhbesZcorﬁzﬁBm@Gﬁler a'pmnt: itregenyarinkaising gpbup have been

sl s Rl B LAt CLn FaP b AR logine o Chem. Soc.

200@Nnd 132, | eg560-956¢, haldogewd edQ1/2B44D0eA1 CoRéfrni NPle  synthesis  of

(bl TS SR PR 21 0BSeR RS K . Bevietn.

Erk&, Chdm3FrdUsbos,es, Noal, 298246 depoitd et syBlésid 8¢l (N-Pyrrolyl)B(CeFs),.
S|I|ca used in conbination with

Supppricd petivaigrsHor pelymgrizalicn “@&’élﬁ%‘%&?@ﬁ‘ﬂ‘)ﬁ % (GrQupn} 3 flpment and at least one

halogemyrhubgexpmnmsfngzsroﬁtaml p RAWRVRIve £I86%beBRreported. See, for
I scl ose use of treated nodi ed supports in

examplapU R £, 1400 Adiand Ut 6,21 hd@hy| group 4 netal | ocene
[006#8m%?%?é?3fgﬁh%%§é52@alp&&%’d F‘)ggle ogﬁfeﬁ'ﬂx&o&Qd in combination with

| ecular wei high vyle O her
bis(},8fmethyldatyledyclopertadicnyl) rritogrinm ngmgmyg tg;opsgmcnmethylene however

soobB2REERD e B e, AP0 RO, it o 4

meti)B®cend compounds to polymerize propylene to obtain good molecular weights at high
yields.

Lp

[0005) Other references of interest include: US 2003-104928, WO 2003/064433, US
6,489,480, US 2002-038036, WO 2002/102811, US 6,414,162, US 6,040,261, US 6,239,062, US
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6, 451, 724, JP 2002-069116A, JP 2002-0253486A, US
wQe@s/og02¥950A1, JP 2002-037812A, JP 2002- 020BABES20072015873

2002- 060411A, JP 2001-316415A, JP 2001-316414A, US

6, 531, 552, JP 2001-200010A, JP 2001-163909A, JP

2001163908A, WO 2001- 30864A1, JP 2001-026613A, JP .
;3768201 B /2504724, TP. 200B062BSK2 AP A002-00634R6A1 0US , 200B-0027950A1, JP

20 QU0 s SOOI Bl B 557, Q01556 201 1cs10n.Us

6 5311515?266912(3&119&&}10ﬁ 22) 200]1P16319D§§QJJPA12(3191983§X§“%&2WO \#901-30864A1, JP

2001 3586 o A1 S5 000 SR 40 SR 2Peiave Soapraapgmgs P 20000728136,

WO 6260041 10444 1US1D06:359063248s @32@6% 02}3=6045255ld$6A61999-09-21) Jp
2005- 0182210, US 16, 841, 501, US 2004-0127348, US 2

111660122 3209-0622b 0l bbis681 MA(9BI M6, B526,048817, JP 05025214A(1993-02-

02), JaSsfdcdanre WoSIoTidGalhs IV KNk Ae, US 6894131, US 2005-

0075242, J5S 126090286044, |16 20050083210 iU 61841, 504t &1%/30@4 -0127348, US 2005-

r i i j I S
0165585 1@0A00aRoz0p |, KT Bho 3b2 43 bMs BRALT U a6, g 20051068515,
US 6;&5Bm9tand$18:61,869,90:al um na or silica. Metall-ocenes are
upp hance th nor phol 0 he formng. - .
[ooocf;m y %Fr PP § QPP °‘Pﬁ%rtm‘€'l"fggé‘é’f"tl? Y’B%“%?éﬁfle‘g?‘&“s operated in_
.mdus‘iﬁﬁ&ﬂnﬁ}néhdjgﬂksﬂlfaye probéskes 4¥B typiallySinfihoBiliz¢ds #Barkict or a support, such
and .ease_of handling. However, the supported versjons

as algminaeon iligee Metallpesnetnarg supPOpRd da eahgrsesthe gperphglogy af the forming
polyrhemse :paﬁﬁ:tlésvéﬁc}ﬁ Mt BRPaAiEHs taehiB0ERISNPEURd density that improve reactor

coun erparts (gl 0007] There is a need, therefore, for
operabilily @aflalegsst yé’PE‘#ﬂ‘& o piaweveri Abe psunpprted evmwg&oef metallocene:

y i
roABEAn B RS b SR ol B B g o
[000T]he [TheentsiaomeeObeBYors, for mews sathlyst qy@temaetmppilmgenze propylene to good
e
moleeulgp WF égxgs Aatzuoéi{o p%{ilgsgg'ﬁlhp (\))\?]Héle ?&%ﬁ%}a@q&?%‘%%r @tﬁevst loadings.
Summ"ae'ymmlmm\&dtnonvm th a catal yst system conprising a
4 netall ocepe co

10008} ' A B35 Tor PPYRFE T2 BAFSIEe if (RORRESor Py ot SR embodiment,

propsaregarmalddyﬁonﬂlmy mapﬂundﬁ: ather mr?ﬁferﬁﬁfeecchﬁic&éd)Wﬁi & Gatalyst system
s. T 0 zation then, occurs, un

comER § DEJALRT BHUPIAPERIOGE COMEBRE SippAFEs B siiea The silica s treated

mthtcﬁﬁ'ﬂﬂrrﬂbﬂér&ga&fahﬁﬁ)iﬁu&x EMpduada badiond 69 ke wl.e@rcwyeﬁs Yb@pounds. The
of from about 3 MPa to about,_ 20 MPa to provide

polymarizytins thar ppeure yndgr shreneendigang in 2ee prsernse of {pyrogen at a temperature
of atoh8 56T tSatkdt 180°MaRTA plesiiRé of BefFatidtd 3 MPa t¢ abcut QB‘IVIPa to provide a

An isotactic pol y£r opﬁ ene i s then obtained havj ntg
catalygl) pctivig, ok af“ét%f o) 34 SI0Ri prusds | (33607 Fkgleak prosyct per pound (kg) of
catal§§C Wis@&ch@ e]a@ $Sthh ogﬁ%d%dm% alfiel Glowalcdf ﬁhg/mm or less

scrlptlon purposes of this invention and

as mepsaired %ﬁcﬁ@mm@réﬁ M Bc1t23\8at 830°6\andcht6 kg. defined to

Detznfe %&Eﬁ?ﬁ% conbi ned wth an organoal um num conpound
8 erocyclic. compound. For purposes of this
[000i9hven‘iorcpurma¢s ofi¢his ireentort aret the eldimatthérgiot "agtivatentystesn” is deﬁned to

be a s%f{)lgﬁg]t? }n%meﬁ With %ﬁ b va ?l ot tcSH? Snrﬁ”aﬂc? ? e%gc lic compound. For

ound active or Sys ‘
purmsésyoﬂ tthfs mvmiqumldj thatclamns ithergto Geatdlydt sysrenhis defined i@ be an activator
enbodi ment s... the activator .systemincludes one or nore
syt ST f SRETE TSR baan 11 eated .2
[0010] An activator system for polyolefin polymerization is provided. In one or more

embodiments, the activator system includes one or more support materials that has been treated
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WD 2008/ 027116 PCT/ US2007/015873 with one or nore
or ganoal um num conpounds and contacted - with one or
woreoos/obater ocyclic  conpounds. Preferably, thePOnesmo7/015873
nore support materials are treated with the one or
nore organoal um num conpounds before being
contacted- with the one - or nore heterocyclic .
with omrpoumis orgbtoahmmym compopls nadld[ @maqredr Mathoere or more heterocyclic

comnF, "BLIEABNCI n SERRAR 5o pHAEHLSORER8H B B one o o

organoyluar @S compoundsi before melirig)ldoﬁta’c&ﬂ witinrtks , one or more heterocyclic
carbazol es, and indoles. Preferably, the one or nore
compQup ocycllc conmpounds include one or nore heteroatons

Heteﬁﬂy@ﬁ& @&n{,gm G oup 15 and 16. The het er oat on(s) can
“include nitrogen, oxygen and/or sulfur, nost
[001Yr of dhgiomg q;,mpr@g}@gqeran{}@zcjomgpL@ﬁg cap 1%\;@ one or more substituted and

unsu@sqmg& BoRbRs, ififaN&, a'foe? ?ﬁ{r&f&@}’ ﬁ&ﬁ&l(ﬁﬂé@ﬁﬁﬂﬁ’é carbazoles, and

substltuted r subs uted W th one or
indole® nﬁrqfatablornwomsnptqmcrogy@mp@mmds insdudet Qn?rﬂr more heteroatoms

selec% HP nclbl(led eJIlEeS E’ét%#)e ?og% S F L m Chgfetlxﬁ%eél F OgEn and/or sulfur,
mosthﬁéiemty mﬁbggd “al kenyl or al kynyl radicals,

al k I radi cal s di cals, aryl,s bsti uted =
too1fY iy 8 ot o faore oot e S Sy Aok RSyl Bfppounds can be
unsub@ftied! oy, suB§tﬁhl@llYW1ﬂﬁ6h6®|rSl, cathbiphtidti of Eutsitiamhs groups. The substituent
di al kyl ami no radi cal s, -al koxycarbon

l .. radicals, .. ..
grougy 9%9@9% be ebsfituted,q filugfrative 5 ShibeRtGnFF By are riot limited to hydrogen,
haloéérf adll&"]t alk ﬁr&hﬁﬁwl faiichisC c?&lbﬂlk?ﬂ Padicul, Gy ISradftals@ Ryl substituted

Abi Aat i on t hereo Oher ilTustrative substituents

alkyl_ w@m&se a¢yluedrsnlex aryyl radiqalss glieopry | radigalsy aylaxyimgicals, alkylthio radicals,
diallgm'l?@[) glg%( cals P radi€41$.0 ﬁﬁ&&’irbgﬁyq Uiddicals

aroylamino radicaJs
stl uents I'nc ude but” are not
stralghtmbrmm:d) OF wuclhy alkylengyradicalsy opyphy qggtbynatlopethglypf Other xllustratlve

st SUE RN HpsoSH AR, el PR cp. promst o

chlosoteayll grotipy. t Pfufgralﬂgt e, subsnmemqsyhcludﬂcbmhee hokhmited to methyl ethyl;

Pmlag %‘t‘l"o :Pgn&# ‘F?%Y L‘r@?" ?Poeg@ 1 ng%éﬁe{gnge orl 'gpr enyl groups and the like,
mclﬁdib@ bl theirciSoners fod eXahislg eémaxtydmtyir 1sap1h>pbrb gﬁdh the like.

ni n r ou ere the hal ogen o
1008 0 ok BeS B P sy RinTe’ B 44 Bsroputic compound re
subdiRtkd Wil £haldbyn klowD bt BehaldficAl@htiMidg g\, where the halogen is chlorine,
' het erocyclic cgonpound includes 4 -or nore_rin

broming erofleorisice PrsteBPly Brong,gF Huprngy ARG UBREF. o Preferably, the

hete?&fy%h@ %ﬁgbmtrﬁlu&ba SURDH HHE HMEMBITS abld iedre tgséfeshbly S or more ring
th one or nore | ogens, particularly fluorine. or

merabqsm k8, ORSY OR EBQJP mmmsmt5¢ Fybrituenisoarg | supstityigd with one or more
halo:ﬁggﬁgtahl t Sﬂ’ggmom%r bidAEinE SrHeREYHibinG of HEARENT i S

I n anot her eci fic enbodi nent, one or
[00Mr e Pwont specificoembidimpnt, éhm&slenoprclmqmmmdaa? ansubstituted. In another

speg’ ﬁ? %Hbtoﬂfn?eqn Vﬂn%h)r%or@% QiQiSHT &h P }%rtTrac Q9 oﬂﬁ Hfe substituted with a

or “exanpl e enate ar
hal@muaﬂom E’r af M@éﬂnyatbhe chnahmmw graupe Hbo ekamapleb raohnlv&eneted aryl’ group.

' Preée\ﬁe{ﬂy %ere%al?rg)erg?l% ?‘é‘g’?‘gé faI% %\#]o%ﬁxg opc! J&é}gbl?gﬁxfgfe or bromine and
evellmedre pedftndblytthehalogerois ﬂilibhﬁe het erocycl i c corrpounds .

oo L35 B8 25 o o F R St RIS o o

TheO8 1R Ik 18d ItsTdabiBR QP e &L A3y Formula I as follows:




X7 H X6 NX2 X5 X3 X4 (Formula I) where each of X2
X3, X4, X5, X6 and X7 may be, independently, selected

wo e@siobyide ogen, hal ogen (preferably chlorine, POT/0RI00B015873
or fluorine, nore. preferably brom ne or fluorine and
nost preferably fluorine), an alkyl group, an aryl
group, an al koxi de group, an aryl oxi de group, or an
al kyl substituted arylX%roup, Hwherei n the groups can
be hal ogenat ed orxg IJ;falogenated preferably
containing a fluori d/or a bromne atom In
one enbodi nent, theijfi ndo ' # per hal ogenat ed.

40016] In anot heryg /-each of X2 X3, X4, X5,
X6 and X7 can be, hydr ogen, hal.ogen,

an al kyl group, a hal ogenated or partial |l y(tvanagenat ed
al kc)é %qquUﬁ an 3%{ rou a haI ogenat ed or
where, g3 At Sffere: S50 aflglu Y maYpbe.aindepepdent, selecigd fom hydrogen,

halog@tll h%ﬂefege[t@}‘ Ehi8kiné erﬁhm&%eoﬁloP@blte'f&%l%’/ Hﬂ&hﬁ&%%&%e and most
- ubstituted al kyl group. Preferably the halo

prefenab Ruorine),ran alkylogrong, angaryk group zmaalkamie 1B, an %omde group, or an

alkyl %&&R%@@ >?%::ylf %gé’n g'ﬂgghp th%ngr(ogg 3 g%g?% it natg? gog gbagtgal%2 halogenated,

prefeiahlyogmtamqngea‘ Buaririeyattm gmiifoe adlroﬁimmauone In aslmrembodlment, the indole is
t %gelfera?sg\é fluorine. In another enbodi nent each of. X2
not p - X6.-and X7.is, independently, an al kyl -

.[0016)r OUn ar&bthﬁ cﬁﬁlﬁmﬁﬁleﬂ esichpell X2 33, yXHak o gK6aind dX Ak be, mdependently,

hyare e ine S Al 885, 2 PhoSri G Bt S, RGPRLULALN group, an aryt
grours rOR4lbgaiated oxabsmeuya mamg&mmﬁa@l @&, lan AHE sixlﬂ;@iﬁit&i iyl group or a

fluorinated. A preferred fluorinated indole is

haloggnajed, o7 magtallyt heldgeatRsone! sepgunisd) Akl ngrerRontysfRRply the halogen is

chlori@08:3mihd, | dt Fuofihk Ve dGh &R Fb?e'ﬂ:t‘dmym%rﬁﬂnnﬂ WRGthe AéBbodiment, each of X2
representedxéy Formula IT as follows Al R3 (Fornul a
ale

X3, X4, X%t ench hmptepesldmﬂye bedroeer oy halogery greferabbybromine or fluorine,
I t r
more, BERHDTHY Hicihes, by onbibtt Rl Bpd 87K AETXRIKS, X6 and X7 s
mder:gndo:mlyc am abkiyh gregp;l a halogénates drgrartialhnkalogenatetiallyd etr@p, an aryl group,
opyl, butyl, pentyl, <
ora ‘%’i"ﬁﬁﬁeh of %’%%gugﬁél%éénat J}ﬁ g’&@% und ecyl doc ecyl ,
[001Fr y| In and oahiorc smbadmmtseabeaé pr [:BGWB}relhcran,dhh @mdole is fluorinated. A
e i ment ..t pr.e I um num conpounds :
prefefr%‘g?ﬂ’é?m&g? k“‘fi‘?ﬁ "%%#E §‘nd/ or al unpxanes.
Orgéﬂiﬁhﬁhﬁﬂiﬁ)%mmﬂﬂm conpounds can i ncl ude
ounds where the a

o1} % affustin PR ST R Foiab Gy Fre Yeptespugd By 90511@6 {3 follows:

C12 linear oAlRfanched al kkuorﬁﬁﬁH) ably met hyl,

R wherﬁtgln%/a)c,p Rpxlrﬁo pen%@f%la suhgﬁ%ea oagaiﬂbsgtlﬁ%l&d e ue]:gt | or a substituted or
unsubftetedr£YEEANPY PRIENbly R-i¢ an alkyl group contaxmng 1 to 30 carbon atoms.
Preferred R groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,

undecyl, docecyl, aryl, and all i isomers thereof.

[0019] In another embodiment, the preferred organoaluminum compounds mclude
alkylaluminum compounds and/or alumoxanes. The organoaluminum compounds can include
alkylaluminum compounds where the alkyl-is a C; to C4 linear, branched or cyclic alkyl,
preferably a C, to C; linear or branched alkyl, preferably methyl, ethyl, propyl, butyl, isobutyl,
- n-butyl, isopentyl, pentyl, hexyl, octyl, nonyl, decyl or dodecyl, even more preferably methyl,



WD 2008/ 027116 PCT/ US2007/015873 et hyl, propyl, butyl,
i sobutyl, ii-butyl, or hexyl. Preferred organoal um num
w@ormpoemds | ncl ude those represented by For muP@r/Ub100z615873

follows: AIRY3 " (Formula Ill) where Ris a

hydr ocar bon group having a car bon nunber of from1l to

30, preferably 4 to 12, Y. is drogen, hal ogen an
ethylapmb, l@ﬁt)@u)ﬁo tyl nslpq%;(y)r él‘eéﬂp, rgﬂedreﬁ qrganfa wningm epmpounds include
thosé%%igiés&%@ﬁ} Foﬂﬁuﬂﬁﬁlfae%ncﬁwy' al uni num conpounds

ude: trimeth Ia um num_ triethyl al um num
trii sobutyl aAdRd tri - n{(Resaylal®ni num

wher rR 1sqa lﬁ&g %Qﬁ‘gh \;15% r%%ﬁg%bgl- ?ﬁh’rgxgxo to ZTOO (S)Etgseraplry 4t012,Yis

hydragm, helogem‘mnchlkmayt groter arsgamp gtoupj mdm mlrpbuma Particularly preferred

alkylozﬁp.ﬁi}l}}%? Fomponds dnfade: e elsnx‘ﬁ(@ [%ii{@, LERAIRER! fiscbutylaluminum,

tn-n-hékﬁl@uﬁnﬁums ugifakdcylaMifihiemR trs-isoadttydhlsitlingh OUgriphenylaluminum and
eferably a Cl to C40 linear,. branched or cyclic

e er abl y aClto 012 | i near or branched

[002@i ky'In ﬂ[(ﬁlﬁ&réhbddlﬁghhﬁlhe &%Hﬂéalmﬁfrﬂﬂﬁ/ kompbind ,compnses one or more
I sobutyl -butyl, i sopenty pentyl, hexyl, och% '
umEAYSS, wa@bymeogene@éﬂercyhgonem campeuiscrantaiping zrp- or -Al(R),-O-
subu&{(tgykpel@rle Ry ﬁk’ily%mub Sgp:?é %ﬂ;ly :P'CbL{Byé 0 lﬂ{eap Br¥hiched or cycllc alkyl,

es of met hyl al’unoxdne
prefe(rMﬂ@a Cnm:Iszu lgxtanet hlyahalllemhaikmln @re(fmw@methyl ethyl, propyl, butyl, isobutyl,

nbufly Bt AP s @ Ltobu P ST pr aesvh cypp more prefersbly methyl,
-ethyR\ Lp%pganelﬁnﬁannsbmtypr achitgld by hdylhydEgdmgples of alhmoxanes include

metlyialiroste, (A0S, APOTPEts. IOt RBORYIG (NN Dang clpislumoxanc,

isoblifyll@thokdriea Hktrd ctthyldia Um0 246 Nartb difisobuPituhykalel M Alifoxanes can be
There are a variety of nethods f.or f)reparl ng al unoxane

prodyged hyqthe; kygrolysig rﬂfx@ﬁe@sp%aﬁe | trigliylapgnisym, sprapoygd. MMAO can be

prodﬁ'aé& rbya"tlﬁ: ﬂg&% Jsﬁe@f | th% lalbafifth HMISa gﬁ@}t—’ tr@iﬁﬁylalummum such as
540, 1,352, -5,206; 199, 5,204, 419, 4, 874,

mlsqbtgzhlmamm Shae s 2 uar%B ofamethods fwgpren@ing alumoxane and modified

glm@c?%gs:, 8:%%:—111@?%%%:7 lt:s5 %gg\gﬁiggg&e &s%rggse’dé%xg U.S. Patent Nos. 4,665,208,

4,953,529, $.691,352,75206399, 5,700418564,83433%, 1924, 8354,906.463, 4,968,827,

s A3 F35 088, S AT Bon ISR D ol o5 95, 53015,

 5,69BL8381 5735263, 585,436, 3636, 51847770 5.8 SAM6G 47, &55123% amis, 939 346 and
S 8) 99/ I r
Eurggean gyﬁ E‘??r’;eﬁ slﬁ‘r&gg,ﬁﬁ?fn Hoin éd%c‘rl;srgfg 564 218 and EP-B1-0 586
665£ﬁhDEICWEp’mbﬁczﬂbﬁy &V 09441 (5 80txad V9% 1 55341 kit of which are fully incorporated
he Banotal um num conpounds include a conbi nation or
ereﬁ? Y i¥'E€™8f%t wo or nore organoal.um num conmpounds. In
[0021]€ Oln MBAeCOE e ¢lRbddimentsTabdve Or lseWhgRN Qa}dlki[i t]iém)rganoaluminum
conmpounds includes triethylal unt] num and | ess E
compoynds Wgﬁecor%%logsorn@twl[e m%rnrgor(em@}noa ummum compounds. In
onemr%&é%m%d{rﬁéﬁs tahﬁ&ni’re\ﬁf%‘ anoahﬁﬁﬁurh%ﬂmp%uﬁ‘ds%ciu€§§methylalummmn
than.2 wt% |ess than ; less than 0.5 wt % .
andskesaptbm Sale aﬁug;%caqngll mwﬂswl? lumgranes@AEH prsferably less than 4 wt%,.
© lessaiad 3 @»‘t%”?ets?{}iaﬂ'z \S@E 188 tHREH witdd) Br [e8¢ Fin OSARRRr t " Or '
carrier as used Herein are used I'nt erchangeabl y and
Suppest meemiy support material, preferably a porous
ppor [ "
[Oﬂfinpo yr%gtglgllha ok‘(R%J &?lllér}nq?%nglqhg%g be uchf ?flegégxlng support" or "carrier"”
as used herein are used interchangeably and mclude any support material, preferably a porous

com

support material, including inorganic ‘or organic support materials. Non-limiting examples of

-5-



WD 2008/ 027116 PCT/ US2007/ 015873 i norgani c support
materi als' include inorgani c oxides and i norganic
waebhdosedes. O her support materials include rPGI/NS2087/015873
support materials such as pol ystyrene, functionalized
or crosslinked organic supports, such as polystyrene,
di vi nyl benzene, polyolefins, or polyneric conpounds,
* inorgané® ishprest magdrials én mrgaarwomdhae rang rlg@ngamcmmondes Other support

materla%oingo Ie §iH er a\%ﬂp%rﬁt aﬂeﬂkls%ﬂgh %a{l e?é) rﬁlﬂ&ti&%&ﬁf&% or crosslinked

ort por ou
organfcosup@nas:péueh asa;bcﬂystgnehe odivmnyh bemne;:p«ﬂxol&ﬁas aandpolymenc compounds,

anic chlori referred suppo
zeoliy BIE, . BF B8 SOTEG SHA o BBEEenli PP 1B e ik, or mixtures
theredB Pugferiblyg thelsuppdrt mdterdl id fordRs,dor exdndists, talth silica, inorganic oxides and
referrgd supports include silica, funed silica, :
inorgaflie, fRIgHAes\D . 99/ 60033), silica-al umina and mixt ures

[0023) Ner PR pre®rR& supp6it hatdrilP erelisior {cUsigaesanaantlade those Group 2, 3, 4,
tltanla zirconia, magnesiumchloride (U S. Pat. No.

5, 1350rob% metal) oxidest Fbeinreigmed éunmwwéme Faliedy tfupped sgicagalumina (WO

99/60@%%) @ﬁ%&dag& %1& a%gl}%u ik dsel%hﬁégf Qh?e? &séﬂh Qupp%krl‘g‘){ﬁcl&&é 1§agnes1a titania,

zirconie pmbgmeaiuno chlogide t((HeS Pat. LN P.0F, D6 AT B mm::auome (E:uempean Patent EP-

B1 05t B3 o Bawlcathopfibo Flee taxd (5 Ban V4 R 354487 and the like. Also,

-combifittidhs f sthesey suppoetd tdeerialiom@y dse asel, fae feyxhinplep alljcarhfomium, silica-
descrj bed i.n EP 7 184, Bl, ich is inc rporate

alumina, stligaiifania Aoy Ee‘?“ fdditiang ﬁBPWM"é‘F‘? ? 09 H}cﬂ’tﬁ‘é those porous

acry RAHER @ssdribed & ERISTE7 13308 1, WHIEH isiht &9 6&?&ﬂi’arem by reference. Other
aerogel s. as .described in 1) 9/48605 he %F% 8

supp%srgqxtpxb%la inglude cnanpcmpagifes Bs cxgliqgl Hhc})(g% E)e IP@7598, aerogels. as

descritdta WO 99a8609) eéﬂ)héﬁlﬁé@ag%ema inVisc II"aﬁrNo a4, 972 510 and polymeric
herei n i ncorpor ated by reference. Another usef ul

beads; ag, described in WWOPYHPI1da which arstlleherrincincorporated i refgramce.  Another
usefugﬁl r{ ;E'\f'um-gﬁ s ]z% a\aﬁ l% %Bhgr tilf trad V%Q{ﬂ%tCa%%Eﬂﬁr ?g—(gﬁ avadilable  from

ITcais y a si particles
CaboB @dnpmanmt eFamed sslnmes typiedllyha silise ovith pazmthad Tniot 30 nanometers in size

that gat?nt?t hyI esé!hisiy w%bﬁmegﬁygsﬁggiu%ﬁ(g%{' aﬁg@&ﬂaﬂ[ ot ti{n otI tlﬁe surface hydroxyl .

groufys"wehqspean‘oodl nment, any of the conventionally _knpvvn .
002t e DR Ry, o A RS il oxide suppe

mateHARA§UPAMNs siledal) B8 r@@A Hy@roxys ebupBatibr &Hyﬂﬁﬁloﬁr&é&hédt GRethods-can be
cqnt ai pi ng met | oxide base port for exanp

usediHqte silsp e ilica capiainipe fefal GEpidecpaseq au rﬁqreegmglgr gilica-alumina,

peaﬂnad aSitich padiv1ed! LelRRL glhdéMeadd are YA BIpidal. anot her
nbodi ment, the support 1s a polyneric support,

0025hel Jai mthqﬁmb%&»memr Jhe sPBReIt i3 raoaglyewﬁlsampﬁg including. hydroxyl-

ﬁmcﬁ@ﬂﬁ%ﬂ;ﬁc&ﬂgﬁﬂgab&%egb'tsuiaki%& B! AAEGsRS grUﬁ{ Bfay be any of the
any of the prinmary alkyl am nes, secondar

primani Ayl amieesoserondaryvalky amﬁ@smnm pthers. e~hﬁrp he Lsmnsyire structuraily
mco ?ag&gﬁ{ Qangg'rﬁé}lcac}ﬂﬂl le%rh"f' dqac%]% Edl&l ﬁlﬁth%e Lewis acid such

ase r tion wt Lew s aCI sSuc
that lai lwmd filling i ang mmednwmndsmaof the zdutnmum is Ipeotahated modnreplaced by the

polym% grgcg)%;?n t g%ﬁcﬁc Eﬂe eet yor é( otﬁg é‘%nam:t‘lorm gropp contalmpg polymers |
of UfSiPat. N &1 2881670p cont al ni ng pol yrrer s of U S. Pat. No..

677..10Q2 t i fer t hat
100281 orh 3 o7 5ot pinboR SIS e oty o e of from about
10 PP abdhil T(Q)/ﬁzﬁgppa:b&tﬂlurﬁg% e Gngd Of dronvlaboet 0.0 th About 4.0 cc/g and
- ran

f.rom about 0. bou 4.0 ccl/ avel age
averggg Prticls sizom the nge ﬁa@ oot ?dfﬁ‘also%f’gsgﬁéj HE- oSt preferably, the
500 m More preferably, the : '

-6-



WD 2008/ 027116 PCT/ US2007/ 015873 surface area of the
support material is in the range of from about 50 nR/g
wao eooalogute 500 n2/ g, pore volume of from aboutPOI/65S1007/015873
about 3.5 cc/g and average particle size of from about
10 mto about 200 m The average pore size of the
carrier, is typically in the range of from 10
surfagenarsa pﬁth; stuppm@m;ummmhmangc of froabibous 60 Ar%(gtorabnst 500 m?/g, pore

volurg\?@i?f ?‘g OAgout %103 anngt c?n,gver %eggae’r]rn@ lQ{ze of from about 10 pm to
abou DO GLMEN The afverigd tfre QsﬁzeObgam)ahmm sl Weﬂmmdhe range of from 10

and/ or eroc clic s added to the
Angsigins, oo 00 AR ¥ Eor AT 10 ABeSitals ROt T B8 Rans, and most
prefe%l??S\AﬁlgHﬁ@m@fo dtbat Ss5PARpiromd.eri al, nore preferably
| ess than three tines, even nore preferably | ess  than
[0027}o fn fns; embashmente an ARyt ob ragnopfusnym] compprimd;gnd/or heterocyclic
Qb6rt AR @ ar B ou 4ROt 1 ?gm%aﬂ%an th
compre ereiqgfi?& ?Jna{tehe i? 2 tot 1gatilgmas t8t al- porseevo unme of rmes The pore
voluinh @fsluppmpbrt mateaad make prefexably dessithadthnentimes, lever mone preferably less
' anoal / 1° r
thang\évﬁ,p orgn %3 BTS rom e% € ﬁg‘?rﬁ%qzeglg& % |3g§ g‘ﬁ{e{jcmtal pore volume of the
suppbit sl himet pmfa'ablgl mn'(heof 2tthe3 simpgsototal praé evolumhe of the support. In an
utJIlze i.n faor ng t he ac I vat or .system

alte ernatiye ngmt ¢ “amount, 0 f rc’ggpgarl u&xbn?cﬁ{l 0028] a.nd/or heterocyclic

combchﬂidl i fromagie@r ttﬁ?ari Beroawt levatigh oy ke the pare aanm& of the support
t hat |slessthanfour times. the pore volune of the .
mategighytilized in ferming theggxatopsysiem-ap| y | ess than t hree

{0028] "BSIn dReUnBBNiBeR! 81 8mdlht/of @RalydtlidhtaliBg ligii@Ss added to the activator
preferred ranges being from 1.1 times to 3.5- tinmes

systamy iy pn ggrauny Bia ielesy thapdour tpes theaprre yolma,pethe sappgrt material, more

prefdribl I]@ss]th% heeXimbs, Wch mBledpre n%% YAk HER Qb dnhl&; Preferred ranges being
support. In an altérnative e ment, the amoun

fromc il dinyest to T Htimsrtotahporeiplumé of ﬂxempgmé anémashpreferably in the 1.2 t0 3

h
i St (38 b BB Pl Rk o 0 Bhboms of cataly.
cont{aﬁﬁ@l]iqlﬁd G froar geatémhamemxmleq; thive ohetimles (heer pore wblumee of the support:

r re kno inthe art. Details of
mat‘?ﬂ?é“ﬂﬁ éiaﬂ‘ff? ‘P‘E?heh%c v tgfé’{\rﬁmq‘s di scussed in Vol une 1,
[0028X per Preediaes fide infeasdringthe (fahhbq«klmlms efii pbroudsagimin are known in the

art. BFERSAf Bae b PSS SRE%60 if Siolahe 1 Buparipental Methods in

Catdbjaic ®epedreti L(Acﬁwmxelmemel%apq@miﬁdany $det pap@s 67-96). This preferred
" Suyppartation %ﬂo I n,opg g_r nore epbodi nents above
procgglurg)inyeipes the Hé"r delassical BRd appasfs °h’%‘tt‘é’86‘b§‘&‘Pﬁ?P°n
Meﬁgﬂpgpgg SYiskigne or nore organoal um num conmpounds are
. conbi ned lf)l rst and then added to_ the support to .
Ow ovi HeoRe@r mexe; qpaltqgillmgk};g abone qrrf:IWeger hepgingthe one or more heterocyclic
compBRASY MRNR GOAYR GbaiahfiiiBmcoriSouRlY ard A& Aifst-and then added to
nore heter O(dyd I c conpounds are conbined with a
the suppodh to priexidelihe aptinator &YF@&I e&l Rne [or mpare ¢mbodiments above or elsewhere
oal.u h doiEhi t
hercjf, B e 5, Pi4F} BERANEAE colifalindsnite, o Wt ¢ Wapqr that has been
treatedt withn thoer omeyelt BoTd mganmtémnoﬁmf p@npqundls uch thigahe sapport has aluminum .
' alky\e'tlgr{gr}l%fs b%plﬁ%tp lgxere?o f'etr?]bl'ig ttﬁé gﬁ?&a 3r slygtgrr;p 8&?9%1 flfponq qevft% to about 20

FITetit s,
wit%rof ahd @he rovaycie eterooyodic minnpnfuntlh e laginevart mores ymbednnents the wei ght

pecds e s aner S tmRhatemroias ot itV brtal iieyS from a low of

abotlhE wt%ns WO1% 6310 Wit 65 @ Biiphl dftaboonP® WS 30 N, 0B 68 vate Preferably, the
| ndoI 7
one or more %eterocychc compounds comprises one or more indoles.
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WD 2008/ 027116 PCT/ US2007/ 015873 [0031] Preferably,
t he one or nore organoal um num conpounds are added to
wo b@ssrilli€a in excess to coval ently bond to tPEI/US2007/015873
hydroxyls on the silica (alum num oxygen bond). For
exanpl e, anywhere from1.0 mol to 5 nmol of one or
nor e or ganoal um num conpounds per -gramof silicais
' [0031m ef Erafefrdblyl theooies OF nIobe ergabsldirimmh Sconifoandatiedaddedtb the silica in

ano nu ounds/ sjli f the one or
excesg SO AT SHPBRIES o T 2L Blpl-S5pe R For exampic,
anywﬂére‘frélm 1LO6REd! o5 @itkol0s SR 6r RATROEgARGAIEmANRY CoMpounds per gram of

sewhere herein, the tivator_ systens can be _used
SlllcadF prederged. | Jniqnepirragre g&%o@gp@}tg, the T340 (ypel Qrganoaluminum compounds/g

silicaft6t ih‘é @ht 8P morObreaSdTRnthunt BSmAGkAd¢b SHlics ¥53:8/D.5928:10% 4:1.

used i n conbinathion wth non-coordinati ng ani ons”
[0032]NCAl) oneThemoes embedimentsabave ar Elsgwhersihgrein, (ﬁmynmrsystems can be

used ben@ r(‘)lr %th\'\%gpﬁ&ivta&? Pfj %%ﬁmo'agtof %99{1:9 é)gatl%r (:fQ(F%% € thd: activator system

on or nl'y " weakly.coordi hate -
can h:axspd)m td!mbmlayom evithi mm@posdlhﬁmmg amphy/ (NGHE). eThotdmn "non-coordinating

ced .neut.r. ewi s base. -[.0033 . . c 4
snionf| (B BTN eniS MY 655 P8 FRC RPRIR Peid sptopor which is only
weakﬁil -cbbkfdyda)ecﬂtmeﬂduﬁtlbﬁtth&iebﬁ rethpiiigh bhffielepflitciayild to be dlsplaced by a

eJe a . trisperfluorophenyl boron netalloid _
neu %‘M‘lsé’&?e - :or a trisperfluoronapthyl boron

{0033Ft alllIRindtive NeCHE SAElud® Yuy had eoenahiest ke iusr @bty @mmonium tetrakis
ani ons trimethylal um nu triet hﬁl al um num
(pentaflporophenyy) abarAmurA . trisrerdypspheaylinibemy  metallpid  precursor or a

msp&ﬁhbﬂoﬁa?tﬂ&f‘u%rohr I ﬁe{aﬁo?d » PreciiRBA- fﬁaﬁm@ea%ay dﬁeteroborane ‘anions,
| uor oal um nat e erchl orates, peri odates,

trimethylalyyinemeess trigthylaluminumi e yiisobtylalwainum. s m@atee(ylalmnnum tri-n-
octylg.ﬁ.gni LA2NGs by@z’,?{h’%&ﬁ‘ Mbblﬁﬂéw r}ﬂﬁaroaslﬁthaké;'. nbect@ll\l&sates, periodates,

iodatgs canda tigdrptese (20 -aimbmmmmmylsib«gqaemmuma siganpt-horon-aluminum

com&%ﬁxgg es} ?1%%%1\&9@ &@ﬁtgﬁgca' r‘xatﬁxg 8‘1;1 ngisétn%ggtgaﬁl%orgﬂphenyl) borane)-

benzirﬁﬁlhﬁ(ﬂjdecxfr OO BN RS, Pher/ ﬂse'ﬁﬁl NC&&&&]:I\.\HB thgse 1idted at paragraph
tivator systemhas less than 5 -
[OOI%E/‘%‘?@)?@“Z&%%%&%% ?gng ani on (NCA) based on the
[0034pt alInVériegbrt moke teimeoamidnmttm aSty\Bit & Bystein BAS 1656 tha 8 wt% of a non-
o
coorglinagdé] gﬁ:%%g@ékfg I Va ogtﬁtsa I"Y’F‘gheo%so‘lhle eaﬁtgyatégla stffen\{w {n one or more

emb6diRfetseiet ftivhlop sﬁsﬁém\lﬁﬁ Qs SHAT @W’%’?‘ﬁf h %Sﬁwbbﬂmlaﬁn@ta%on In one or
of a non-coqQrdinating anion. |In_one

more A BerIFeR1Ss theaguvales sYyienbhasdgssthan $24% olcnqnseprdinging anion. In one

or midke EmBOUInRAR! fHeNdtivater St had Rss AR 20w IR non—coordmatmg anion. In
enbodi nents, the activator systemhas less than 1 wt%

one gr mgre-gfAbedimeRtsthe japtivaien atem has lgssthan 134 0f a non-coordinating anion.

In oﬁé‘JBP Qidir@ BinBodiit@its2fle ¥@hvafor SYSERMRala8ss BRS 015ha% B2 non-coordinating
% of a non- Coordl natin anion. In one or nore

amoerrtlocnmtrsoret drebodémentst Be astivatensystam deet notnigklyde aznon-coordinating

amomﬁ:c@]e_égkﬁﬁﬂ NJee BFW( | Fér n;\)/urhéseg%% qﬁl&'lmérp\émtlr c%bination of the

or pur 0S€s o lon thé co

suppirt, bi'ganosluppunm pompgamb ahdJmtmny@mrqwmpwnd isdefined to not be an NCA.
ter C|IC cQ s d flne 0

[00#3 035 IOSE more ﬁ%rEEP ({né]?oun? arc t?lg{lj % cgedtatroe agtrl]v ator dsgatem to provide a

catalygt sysé&enacln vad or msyesér&lndlmemspl\hb aatadyst sﬁmh mtnpayést abut 0.05 wt% to

or nore enbodi nents, the cata Y,
30 w3 faQanE Bh fioT CgnaRp R S6mAPUR b GBS B30 5%.of the one or
* mor@ mgamkmmg&m&mn}j@ 0s &S Wt%dcfﬁhé gneg& bPé datalydh €ompounds with
one nore. heterocyclic,c unds; about O. to 50
the 35, O 24 FERSHEETSY LGS JEe SHRIBUHTEIR 100 e In one or more
sum of all constituents, including the silica support,
totaling 100 % In one or noge -8



WD 2008/ 027116 PCT/ US2007/015873 enbodi nents, the
catal yst systemconprises 1 to 10 ww% alumnum 1 to
wQaoosws126 r coni um and 0.01 to 10 w % ni t r ogePCT/UR200TIe15873
or nore enbodi nents, the catal yst system conprises |
to 10 wm%or 2to 9 ww%or 2to 5 w%alumnum In
one or nore enbodi nents, the catal yst system
embodmnﬁp]ts shescdtalyst syStemt Gonaprisgs 4 ao 9 0wit% alumiininy; Btovd (%Nt% zirconium; and

0.01 Fo L(f g\?ﬁ%cxrlgf%;p:gen% egr?%r nDirEf)ere %% Sglrﬁeqq%étbe tﬁt)]tgloy(gf & \ ?ﬁ% cgmpnscs 1to 10
wt% mt Yam |9t\mge>n 2. toISnwr% ah@amumO Nk or&p@:ctinbtd:erﬁlbmﬁﬂbﬁﬁnmc catalyst system
comptﬁiggs %’? T o gb\&ﬁ r‘r‘g&%g %t )ﬁ %tllj'ﬁt:%tgﬁ Oﬂ/%él?r ‘ngg.‘gqux}')bodxments the
catalydp Gyﬁ&ﬁ%oﬁﬂ;ﬁrs@ﬂqglllﬂiem% dr 1L atvaby 8t 238 F1%RFBEdnS eﬁx at least one

.- about 2.7 wt% Al ; about 0.53 wt% Zr:; and about O.
specifi¢ emhgdimentaths| GialysESHPeTEAMPITEoabedt 3 vt Aly ket 05 e Zr; and

about°Y %t Cxﬁﬁ'ogél usedt Mk 099 §P&:raié 2 oﬁﬁﬁﬁt Yk &%19& L@gt%m compnses ’

including o or nmore bis ‘ocene
aboutchApatnak abnut &33 weYouraandabayp Oi6owt? oitrageant i oner i ¢
' so and racenic isoners, for exanple see

Catab%gﬁﬂg‘fougtﬁel\b 5,852, 143), ther eof, and mixtures - :
[0036]her bk actroatoresyarepl ean bhdnesed avidl gt on:mntmmamlyst anmpounds including one

b
or mbS RIS e BEGE (PR ROUS A, TRl or (PeR] pEFaiomeric isomers
(mes6 lahdl raceanit Gl;dr@ews, fob ¢kdiplk (sea d7. $J\/P§(_ent(NbJ 3,852183 % thdrésf, and mixtures

subst i d or unsubstituted,.i nyl group; |nd*

therep Fog cattB <BPIYEh SomepTRd, €8 i a%wyrw §F Juye bifadsny! Group 4
metall8denb @ onpBusdy)Breféraly e @&fre{enti® by Féhmula {1H) 8s follows.

bridgi ng group connecting (1nd) to (Ind*); y is O or

1: . Mis alefadpind*MaXsition #BDal, (preferably Ti;
wherel or Zr, -preferably H or Zr); mis- 3, 4, 5 or 6,

preferabl 3 or 4, preferably 4, X is a hal ogen or a
Ind is;apehstituted or wnsubstitutod indepykgrohydr o c ar by | group,

~Ind* 3¢ QSMbLIIIL ied & ﬁ%ﬂ%ﬁt& tn‘xﬂeﬁgl ﬁrlévtﬁ : oa bd "the! Qamg or Yifferent from _

substitute unsu Itute Rt arni
Ind; group; and n is mmninus 2. [0037] In a preferred

L is fRRRBhEERunonh BRI TRRDY) 2% cubet i tut ed o

yisQoslbstituted G to C20 hydrocar byl group and q is 1,

2,~3 or, 4 r ef S
M sz Gebubia sensiBhSASHE irtieroly T 58 et iR 2
m 1s13h4,55 OMQﬁéﬂeﬂiblymdr 4 t;hlefefdbay a5 thereto: [00391 The
' h droc rbyl ,radical” is, sonetines used
Xis iaﬁxlagc}g(eﬂéﬁ GSubt VXW OF un atI"b‘Eﬁgr ocar r;ﬁ EEHM 6&?"%"&?@‘1 or unsubstituted
hydrdaeu@sgngrouﬁosr AHUbRAGRE of lindubsGrutid @26, containin group, and

plro%ar byl radical" enconpasses Cl-C50 radica
n is PHROWS 2 4i cal s can be | i near, branched, or cycli c

[oo3ncl ughi ) gref@ikedCitfibddimerdt) $5R re{:r%gérﬁéd By (ﬂ%‘f&ﬁm}a RqSi where each R is,
saturated, partially unsaturated or fully unsaturated,

indepgngepfiere sykshiuted praynsybstituted et o Caohydensashyb geaupcand @is 1, 2, 3 or 4,
preferably L is SiMe; or SiPh,, where Me is methyl and Ph is phenyl.

[0038]  For purposes of this invention and the claims thereto:

- [0039] The term "hydrocarbyl radical” is sometimes used interchangeably with ';hydfocarbyl"
tlﬁoixghout this document. For pﬁrposes of this disclosure, "hydrocarbyl radical" encompasses
C1-Csp radicals. These radicals can be linear, branched, or cyclic including polycyclic. ThcseA

radicals can be saturated, partially unsaturated or fully unsaturated, and when cyclic, may be

aromatic or non-aromatic. -



WD 2008/ 027116 PCT/ US2007/015873 [ 00401 Substituted

hydrocarbyl radicals are radicals in which at | east
woer@shydi®gen at om has been replaced with a heCEUSENTMSST3

or wwth at |east one functional group such as NR'2,

OR', PR'2, SR', BR'2, SiR'3, GeR'3 and the like or

wher e .at Ieast one non- hydrocar bon atom or group has ,
: [004(lbee nSubssianed bydvot arbgl tadecalyyae oaticdly in whithca Ileassm.’efh)ahogen atom has

been (P WA & FEstnaBin ae S »emy o A BT SHR PUTHIRYR': OR®, PR,

SR", BRdi, (Salk"g, @&R"f Hﬂi&ﬂieolﬁléﬂ ongﬁékB at d¢usb6ne ﬁéh-hydrocarbon atom or group has

d.radi | byl
been s bE PAOTRFERT B brsorb R On gl Bty by SHGacHeR", and the -

like, *hEER" i R pORRALS WIS drddatisa oWhﬁl'Bc;ﬁfoi x%éﬁ:hl onee k@SR group can n be
or hal olgswg containing group (e.g. F,
an organometallgidhradiqalit ed hal ocar byI radi cal s are radl cal s in

[004%]"7' C aﬁ;ca{?gg%dl § afty fj%f hlc'ﬂy%[ eO8CHofd h h){drogen atoms

ns Stltute east one nCtIO
have gamqubstumedamtlm last o@R'halogaer;hMep-@ﬁlaimnngsl@ (e.g.F, Cl, Br, D).

(00450 uBARkS haiplsodl AEHE B SRR AT REN IR gpr ydrocarby!
hydrd@dlo@zhlalo%uﬁ htcﬁﬁ h@s b&n NBstltufé‘a witB&t leasii dﬁeﬂim&ﬁﬁa?gro&pduch as NR",

o 1 S TR, e RIPRETHET, e S 25 tom o grous

has Heah @@eRed VR ﬂﬁf&hdl@ca%yltrﬁuiczﬂrsheh aab isalmc'apkvl BR", SiR", GeR", and
radi cal . The functi onal roup". can'

the like hsER{ i ingrRPndsetiy ahy m&ow haleeﬂ#éylerﬁ@sah pre¥ided that at least one

haxogeheathmd r&RALYYdn &&dbﬁgm ShaldedRe r}Q&ehl mehﬁﬁhﬁﬁalf%x%{lb can be an
ret hyl , ethyl pr opy butyl, pentyl, hexyl, hepty
orgagqamesalloi W decyl, undecyl, dodecyl. tridecyl,

[004§]et r Qﬁj enﬁ%ﬂ%@%ﬁf Yhe hﬁﬁ'ﬁ@a‘lii X’Iadlcgqm:ﬁ{l Ctlentlg Sfle'cted from methyl,

oct ad ecy nona el COoS henel cos
ethyk rprepmy Ibutytl,etpr:atybsi}/d:xyl,p énpta o@gtyl mhcd@yl,, undecyl, “dodecyl, tridecyl,

tetra&%gfé ?&c’gl %%&Q?e%?y lhePtggaﬁ? Qﬁ:ﬂdbc lrﬁa}%ag{)xlei?oesgfp %@Xéi(:osyl docosyl,

dteny pent en
tncosxli Enyd:qsyb qxeataybsyldhmmmydy,l hﬂptkeoe_srlybqtamme mengdosyl triacontyl, ethenyl,

prop%]r(r?'g 3%% I'Rﬁni ggrgy {ﬁptepnﬁ/g gﬁépényq,e e&:sg:énky}decenyl dodecenyl,

tridebeniybi e&s@&cx&hyl Ciﬁﬁﬁﬂemﬂyl héﬂadﬁ&ﬁﬁb{lheptaﬂ&éemgnsﬁwdecenyl nonadecenyl,

exco%gnlt a osev?/ ﬂongg%a rr%/ P§%gﬁ?tt%t%§ygs engi,o Wcosenyl hexacosenyl
hepthid)tswyw octﬁ&fséﬁﬂyhonb&méﬂyl ,madiﬁn[ﬁnyll)/bmp?ﬁile mel pentynyl hexynyl,

hept{']lg{f é&g XQXW %*é;w%| ungeg:ggﬁ C ’Wc_yntylrl tndecynyf tetradecynyl,
penthidRRY eﬁ&ﬁ\dkcyr@‘lt ﬁéiﬁé‘dé@?lﬂlyl B@tﬁd@iﬁﬁ}‘lﬂ YonadicGRyY @ibsynyl, heneicosynyl,

hen?l caosynyl ,  docos ﬁ: tri COS{, tetracosynyl,
0

docosymt aéﬂ‘é‘iﬁwyl KFERCRSYRY; yll’emar?@&“& Q’FP}?PSYHQ'& &eﬂggqmyl octacosynyl,

nondt88AF0 DY WidconBinyl fsbAHeAN PO his RCIBAHR; whe a H¥ical is listed it indicates that
di sclosure, when a radical is listed it indicates that

radiqa) gyneAnd tajiyhervgdisals formed whep thas radigad tyredis sibigcted 4@ the substitutions
deﬁﬂéeg?ﬁhﬁ)gg t/glilgl 'ﬁkﬁﬁgp{aﬁ&%ﬁﬁngpfaﬁglﬁ fﬂ%lﬁ& [ deo ?150 lers including where

yny |ca
apprppsate dy¢lmBMQrsafdr qxamm buliyh triclugien n-buydy %methylpropyl 1-methylpropyl,

ten—?&g g;@%ﬁgﬁwl aﬁg a%g[fa%fy)ﬁs s&@sﬁpﬁé@% Rroggf% pg/c?ntyl includes n-pentyl,

cyclbmrﬁylb dtméthybbudylc 2ahethybptyl aﬂdeth}nlbhqgo Letinlprepyl Lahddneopentyl (and

analgg ¢l Oﬁ&plstgt)éte? by‘g%}g%ﬁﬁ“@ﬁl{% oeﬁc’rg;r)1 eﬂ{y}/el&m )jcéiicée%pﬁnw Z forms of 1-

‘buteﬁyletﬁqwtar)opylbutaﬂd, netieyltlypropemyd, 1-anahylgbpfopenyl, 2-methyl-1-propenyl
and ubS L—gt ed Iig)#) Fﬁ%loBlfatg!?_ylS Béﬁ%io%§%%¥<|§)se%xllsguﬁydlc compound having

3 butenyl 1- nethyl-l propenyl, 1-nethyl-2-propenyl,
2-nethy|-|-propeny| and 2-nethy|-2-propeny| (and
cycl obut enyl s and cycl opropenyls). Cyclic conmpound
having -10



WO 2008/ 027116 PCT/ US2007/ 015873 substitutions
include all isoner forns, for exanple, nethyl phenyl
woweBa2iime | ude ort ho- nmet hyl phenyl, neta- et hyP@Tes307/015873
and par a- net hyl phenyl ; di net hyl phenyl woul d incl ude
2, 3- di met hyl phenyl, . 2, 4-di et hyl phenyl,
2, 5-di net hyl phenyl , 2, 6- dlphenylnethyl 3, 4-
substitutieish yicblden all ;lsoawd B;rﬁlsdlfmstdxyhphenyiethylﬁ)ﬁﬂﬂl would include ortho-

ferred, I nd.a d* groups in t,hos ou
methylp Bt B HeHRHTEPY, R PR PaSe: S9R88v el would include 2.3
dime#3heRP5802,4- Bﬁﬁéthﬂph&i}lly PR &t gibfedel] mllypr Imd*dx;g{eﬂym&thyl 3,4-
i.nclude methyl-. in enxmgrnethyl , butyl -i ndenyl ;

dmeﬂﬂ{ﬂ!}?flylpﬁéﬁﬁb -Aiedhylphenyl et hyl - 4- phenyl - ndenyl

[0044)- WenePtPéfErrecfl(r?d éndjlndlﬁ* gl}ﬁ d;y incivad QﬁWJe’ roups, dlsclosed in Table 1, Column A

. - pheny
pages aaeﬁsy«pty WO 2006106580% rP@éWlllarly4prPfqiqu£//hldo¢mh@ﬁygroups include methyl-

inden: l, e etﬁﬁltbg%\{r/llai?é%(ﬁy {}Q&Ey %he%lgfﬁn E%(e 3 ﬁ%ﬁ%#-@ﬁ%&)’-x@enﬂ, -methy;

4(2,6-diatbuylh y dindeyeyl; oﬁ-mhﬁayl-ndlaphthybmdepj'lac élalethyl-ﬁ-phenyl indenyl; 4,5-

' dih ‘ﬂgdr oﬂf)r Ry %lﬂ;é@rp&d%{@c Qtsgasy‘j d ém%fﬂ, 2- @E{glyi’ b -phenylindeny; and 2- |

propliliieagiar By|subft€tuﬁ:)i inder i8@hemno dadm Wdrbib@:t o (i ek replaced by a

car nsmth er|n3|s
hydrpgear ‘?@cﬁ%ﬁ‘ ﬁ“’(’ d‘érF‘ gg@}?nés H‘g@%%é@? e‘fofﬂﬁny a Cl1 to C20
hydréekabyli o) oewa&raawmccﬂttﬂ&tme of AP ik 98 inbdeAberimis!ls replaced by a

i ncl ude those bis-indenyl netallocene compounds
hetreoatomb(sugh agnigpeemer phospleHS)} - Rio RN R9 ORu e 4 R Rs

[0045} O R ddtiofdl Remphly |catdRét F&mﬂ&mds RBBeftd Reflin 1hcl\1& those bis-indenyl
0461 'In the above structure, M1 is selected from
metallopensi cpmporndssnresented by therfermpla: 100471 R and R2 are
i dentical or differengeand are sel ected fron1hydrogen
atoms, Cl-ClO0 akkyl froups, C 1-C 10 al koxy -groups,
. CB6-C 10 aryl- groups B6- c*10 aryloxy ggroups, C2-C 10
al kenyl groups, C2- | kenyl groups, C7-C40
- aryl al kyl ‘groups, @n 0 alkylaryl groyps, C38- C40
aryl al kenyl grodb Qs ' Logén. at oms; or

[0046] In the above structure, M1 is selected from titanium, zirconium, or hafnium.

{0047]  R1 and R2 are identical or different and are selected from hydrogen atoms, C1-C10

alkyl groups, C1-C10 alkoxy groups,” C6-C10 aryl groups, C6-C10 aryloxy groups, C2-C10_
| alkenyl groups, C2-C40 alkenyl groups, C7-C40 arylalkyl groups, C7-C40 alkylaryl groups, C8-

C40 arylalkenyl groups, OH groups or halogen atoms; or conjugatéd dfenes that are optionally

substituted with one or more hydrocarbyl, trithydrocarbyl)silyl groups or hydrocarbyl,

tri(hydrocarbyl)silylhydrocarbyl groups. The conjugated diene can contain up to 30 atoms not

counting hydrogen.

-11 -



substituted with one or nore hydrocarbyl,
tri (hydrocarbyl)silyl groups or hydrocarbyl,
wo eoogloydne®car byl ) si | yl hydrocar byl groups. The PCT/US2007/015873
conj ugat ed di ene can contain up to 30 atons not
counting hydrogen. -11 WD 2008/027116
PCT/ US2007/ 015873 [0048] R3 to Rl12 are the sanme or
[0048]i f f B3etotR12:1axt the sameloecduﬁckeﬁtr and frpdvebged @ovmartydrogen atoms, halogen

al ted or, unhal og
atom%I K Q&QPOE}‘ goré%%g%l ﬁrﬂ]alo 8 C-ﬁlk lur%%?%g eﬁgaég)d halogenated or
unhalaggﬂatgi &ujds groiips,CC2C i(Hhﬁ@gBﬁt&d 2! unhidiedeagted adlkéhyl groups, C7-C40

hatoggpEd b bl Biiipted FialEAD ermuPogL R AL PASHIFY s Ao ERated allylary

| £BL@4Y halogéraddsor YoBalogbndiad AR geRat _OSiR’
groppgryl al kenylogéroupsr -?\IlF%QZ - SR C‘gﬁgﬁ;&m@ gRa -OR, -OSiR'3 or

PR2 yoghicals; qphighsR' is pngtaf ahhitoeens atome %ﬁlaCWaﬂlésglearoapom a C6-C10 aryl
grcouﬁ1 drltweldt xﬁb&)’zld_]&reﬂyﬁdlc‘afs RS @RG}' t'oggth%;%lith tHE EH)HIS nﬁectlng them can

two or nore adjacent radicals RS together wt
form ppe opmeweIIBENNEecti ng t hem can  form one or nore rings.

004 cted-fromRl4 R14 'R14 R14 | | -M3-
[004$!]I\/B- %R@%&-&%&%’F‘ .11 1 R15 R15 R15 R15 R14 R16 R14
R4 R14 R14 | R4 | | IR14&-M4C -OM3B-RuC - C- C 1

111 R15 RlpHoRl R15'R15 B(R14 -AI(R14) 9

-Ce-, -Sn-, -0-g3- S— - AS2-, - Fixf],f%

- P(R14) - -P(O) ]|4 1 14 15 16~ 1 16 B(NR R
)- and -B[ N(Si ER) 2] and R aré& each

i ndependent |y ected RromR ydi ogen, R& ogen, Cl1-C20
al kyl groups, C6-C30 aryl groups, Cl-C20 al koxy
groups, C2-C20 al kenyl groups, C7-C40 aryl al kyl

gr oups, Cg Co_aryl al kenyl gr ps and C7- C40 al kyl aryl
gr oups, . B?‘{ i 5, togeﬁher wi t h Rife &?mi%)‘
connectingthe férmarln |and|\/B|s| sel écted from
carbon, sili-cd?—germaniu 3tin. 06+ C—C —
Alternatively,| R13]|is represepted by the foymul 4: R18
R17 R19 \ | RIS ~R@s R21 R15 . R R R
-BR'Y-, -AIR")-, -Ge-, -Sn-, -0-, -8-, -80-, -802-, NR'*)-, -CO-, -PR'")- -PO)R")-, -
B(NR'"R")- and -B[N(SiR"“R"’R')]-. R, R" and R'® are each independently selected from
hydrogen, halogen, C;-Cy alkyl groups, Cs-C3o aryl groups, C,-Czo alkoxy groups, C,-Cao
.alkenyl groups, C;-Cap arylalkyl groups, Cg-Cyo arylalkenyl groups and C;-Ca alkylaryl groups,
orR' and RY, together with the atom(s) connecting them, form a ring; and M? is selected from
carbon, silicon, germanium and tin. -

[0050]  Alternatively, R13 is represented by the formula
Rl8

P
»e

R24

.17 24 1 2 ] . 17 24
wherein R to R. are as defined for R and R, or two or more adjacent radicals R toR

-12-



R24 R22 23 wherein RL7 to R24 are as defined for Rl
and R2, or two or nore adjacent radicals Rl7 to R24,
WO 1@8ME12008/ 027116 PCT/ US2007/ 015873 i ncl udi rgr/BR20amcls873
R21, together with the atons connecting them form one
or nore rings; M2 is carbon, silicon, germani um or
tin. [0051] Preferred catal yst conpounds useful herein

L nc mde 2di e | si.l 2-neth
includigi R 554 R PRI A A h e e e e o more rings: M i
carbordlsﬂftloﬂrgdi{ﬁmamuﬁi ety si | adi yl (2-et hyl,
di -tbutyl pheny] ]irjidenyl)2 zirconium
10051h. c rﬁrsf&rreé catayshEemppw|ds sl b iprlyss)

dlmetgyléxﬁmyﬁ(z Hietﬁﬁu& 1'3 ﬁﬂ%‘u})‘lﬁl% gtr)dzaymzczmbﬁmn dichloride;

I de; | sil adi I So- propyl
dimethylsitadig(2-gthyt, btuBy,ﬁ p%;ethyﬂy}nhqabl ﬂ?%ﬂ)z mireppium dichloride; -

dmetﬂ&l?@i&{glkéj g-pr?ggb #e Eﬁ lfh@yléh&% lz'mcomum dichloride;

O nrum
dlmetﬂylsﬂid)yll(ﬁ-ﬁo—pldpyfbﬂlf[w 5S+dl-abhtyllp(\@;yl]gmddmrt)yzmcomum dichloride;

dimefypdVicrE- S o R P PH DGRy Dol dichloride;

dlmetﬁy[sﬁadl’ﬂ%—(ﬂscr-b\hyt ytL[BhEFdiltbmtmiﬁmyjlllﬁdenytmmmum dichloride;
i de

. hi t Jadiyl (2-tert-hutyl, . . .
dimey oyl G it PBUL - Dhvsngr PR B3 g dichloride
dxmeﬁi&ﬁhh&?l(ﬂﬁeﬁ-bﬂty{lﬁf [B/h|551ﬂ| _tyy l(e?ly]]ﬁilbﬂ}l)zzuc%mmn dlchlcande,
dme@y{-p@@@}(&m%yly ﬂ%/[ép%%%tl&lg en)X]lzxc%enyI)z alier I&imﬂglr'xéie,e
dlmeﬂiy[s%adél(z-@th)tl b&”{?'ﬁhﬁﬂ%@lbl’i@@ﬂlﬂ&aﬂw dicbidd; de;

Slal

dimesiy{ et v S rgntﬁmmp@ﬁwl indemybishefium
dme%y@%ﬁ% dL@gtﬁﬂﬁ - (’1322 Ly hen 1)indenyl) ;hafnium dichloride;

2haft'nt um di chl ori.de;
dimethiyhslafiyl @i buayli §r+[@'25'-lglu-1tly4tylphenyl]m enyl) ;hafnium dichloride;

9-sililoPendRiF ety o tg@me t@*ﬁ%‘%ﬁ%@na&mﬁﬂ&m&h%ﬂéﬁﬂ?i

9-siladfjodéndiyl(ethyh UL i3, ﬁhhnymylpmdmyiyhmwn)wmmm dichloride;

o-sfhieleni L regity -Gt o R NS yreppiom dichloride

9-silgflwirerdiyiBiso-propill af[B'Lﬁ)-ﬂG{tdltydblﬁéiryN]irﬁienpmz;rcomum dichloride; |

O IR T TR AN

9-51l§ﬂ1£c|>:rlend5ylgﬂ-ﬁsotlblt§lu kb e&“-;dﬂtlbmﬂl@hyd})]iﬂddhgl)fmmmum dichloride;
| C or.l

o-silalperendiy L goes B 1ok ny TP IAG Y DaeRy itpqpiom dichloride;

9- sﬂgﬂﬁ&kﬁmyﬁﬁden-gu@'l |43L§' Sodxetﬁdtylﬂlfcﬁll]ﬁﬂe@ll}zzﬁcomum dichloride;

| d 2
AR IR TSI AR AL dfAgpim dichloride;

9-sxlﬁﬂ{l&emﬁyg§1etﬂﬁu4 1 J@h&pﬂdym@a?rginﬁ@xﬁ; Qﬂﬂhm dichloride;
| ori si | af | uor 2-tert-buty
9-silafipgrendjyl(din-propyl, Hdﬁeﬁyiljtwmléhw»lhﬂwanhmum dichloride;

S SII%thgeR@quso ﬁ"” phdéﬁ?r‘fu nd%ir?g}lgnﬁghmyl)zhaﬁnumhdwmonde

} haf ni'um di chl ori de;
9-siflgpiendiyi(@mebutyl |4(L’_3. & y‘putylphenyl indenyl);hafnium dichloride;

9-sxl§ﬂ{1§1|'eh 1|y1fg?seén gH{# 42[’3“*‘Q'Y&th{}&?ﬂmhh]ﬁﬁ&fﬂ;ﬂfiﬂaﬁ&&&kﬁfohd@
9-sitafludtendiyl(@isethuty}) mﬁyﬁﬂ ihudémi}dnyl]ﬁﬂalﬁ)d)zbnﬁﬂm dichlaride;

£ _
o-sipiparehintGrERiial £ 0PI bhony Yindemy bhathium dichioride
dim@thyisiladiyl(@medtHyly H{[3% hﬁﬁ-db-:lhqtj/lghenyll] mdenyl)zz_lrcom:jxm (::fmthy(lj;

u en riium di rj.de;
aimging gy iheing, $11 B Rty Himent) rt LA SR
diméthyBiladiyi(@in-propl y 4p3es1di ]tbtnglbhydgl]awnyl)mcdnmhi dnmedlevl

9-sil af l uorendi yl (2-sec-butyl,

4-13",5" -di -tbutyl phenyl ]i ndenyg_) 2haf ni um di chl ori de;
9- S|Iafluorend|yl(2 tert-butyl,

4-13",5" -di-tbutyl phenyl Ji ndenyl ) 2haf ni um di chl ori de;



di met hyl si | adi yl (2- et hyl ,
4-13",5" -di -tbutyl phenyl ]i ndenyl ) 2zi rconi um di net hyl ;
walzossobyhei | adi yl (2- et hyl, PCT/US2007/015873
4-13",5 -di-tbutyl phenyl]indenyl) 2zirconi um di net hyl ;
di met hyl si | adi yl (2-n-propyl,
4-13",5" -di - tbutylphenyl]lndenyl)22|rconlun1d|nethyl
dlmeﬂWklMﬁlﬂ(@QBtlﬁ-@ﬁm}i@ mﬁﬁ%ﬁﬁ'ﬁﬂ&hﬁﬂﬂﬂenylhzucomum dimethyl;

aimelgy Gl B P S P RlsyPipserviiaimaninm dimetuy

dimethyilsilaliyl@-isa-tutyl (L2315 b&i—t}bhty]phenyl]mdenyl)zznrcomum dimeth L;
dimeéi)&%{aﬂwl@%eﬁzhkwyngg h{n S é/nly 7 eglgl())zgllrlcj:(r)nmgrlnn(%}ng%/hy'l;
dlme&q{lﬁladﬁn(zdﬂentthwlthtremai 1b|ﬂflsﬁéfriy)]2xdeh99{ﬂ1&6mm}daﬂyl;

nethyIS|Iad| (2-sec

dme&*»[l%ladsf Qmethy i3pﬁ &vbwk/m@nylﬂmzwbmmm dintathy |
B Lig2s a ime
dxme@iﬂﬁfahéh@z‘ SR x [él,sld?% y,il {/? egyl;hafnium dimethyl; Byt
uty

but'y heny
dimegh {aﬁwl@-n@mwﬂ (43 lpheny Jindenyl);hafnium dimethyl

dlmegh)[lﬁ aﬁ)?ylgzdisohﬁl%{ &’Ef%%libﬂ@ﬁ&é’én&ﬁﬂ% Ry L AR 05 WLy
dxmeﬂa)[lﬂla,d@’l@sln-bnb{h,tﬁﬁ[nﬁbdyib}ntyhpimnyl])xﬂhaflmmfmdmr&mh&iyl

dimehyTSHadip10isB e AL SR Rehmbeny Pisrlsryd dfeipmetimg iy

dimethyTsitddy @-seechutyl( 2—[3 'S-dpitylbhenyl) mdenyl) 2hafmum dimethyl;
dme&ﬁxi@%l@diegégm %Q% eﬂylslllx 1l,llyuty pplgn))l eny 2 aﬁq;urrrﬁe <t11|;ne!thyl '
9-sxl£ﬁ|ﬂ&emﬁ¥l(21-|méﬂ@lt4d piseaw&xwlﬁmxi]}nd%hﬂ&&w&xw@ﬁ.myl

si | adiyl

h
9. sﬂgﬂl?oggncg %nemyg,tﬁ— ér@ﬁw]ﬂmemm}ierzﬂhmm idiraethyl ;
9- snlgﬂﬁﬂi&ﬁmg 2Jna;q'bizﬂrl 2'[?9}7 ahu &}lﬁhé})yﬁ]anrgegyl)zzumﬁuum dimethyl;

henyl |1 hden af ni
9- s1lgﬂmpmg)yl§2-|1@dprypyl2 44[3%%' x%-mlyylphenyl]mdenyl)zzlrcomum dimethyl;

9- ;lléﬂ&c?ten@yrtsﬂ lin: &g*lt ! [ghﬁ Y. hﬂqtﬂgﬁ&wl})ﬁn&?@f)&d&%mmﬁbl

sila oren

9- s1lqﬂlpcg'encgyl(a11sq-my |4;{a eﬁ;ﬂnitbumlehym»lnzdmbmmmmmmyl
o-si R AU BTt (S bunisbemyWotenybepimonipm dpag

9-sxléﬂmrba:lllyl(2-rten}buyl (42[:3|’15'pdnapyﬂylphenyl]1ndenyl)2zu'comum dlmethyl

9- suégsfF%‘?P'lng ?8%6% Mg@‘f% ])md% ngﬁ%mmdélmeh‘ﬂl

9-sildfli@endiy K Betltiybd-[3' Shdirpliylpiganindeayly fafiiumdinenyhy| ;
r en

‘o-silgifepeRty N ECpioni, T o g e Bder Dabafpiven St

9- sﬂQﬂﬁ(bl’eﬁdlb'l(Bﬁﬁﬂﬁﬂop!yf, 3-[35% MWLphenyl]lndenyl)zhamlum dimethyl;

9- snl@ﬂé?rr:a; iyggl tbul;%-([g‘hi éi)é %{inyﬁ nRlyl eny ?lpalﬁ%lnr.lnmdcinrrrlighhw
9- sxlﬂﬂ{l&en&?'t(dhsd-m&h( l4p[l3em;dlhburprﬁaewljxaaédmmﬁﬁmlﬁﬁtﬁw

| af d
o-silglinerendliqroee oo ayds PHalatsry Bsrsrdnhafniom Aoyl
9-5113ﬂ§6ﬂeﬁalbll(9ft@r%bw1 (42 T@tmytlbuta'lphenhyl]1ndenyl)2hafmum d1metl|1yl

di -t but £ enyl ] haf'ni_ um di net hy :
dlmghglﬂl%ﬁlym 5,4/ Sebi§ pﬂuoromet ylphenyl] indenyl); zirconium dichloride;

: dlmé‘mh@ﬂacﬁ sl 'egﬁ'p Utt-iiﬁ 9%9&&1&&?&@% pheR A Mddi9) ARb dichloride;

-S| af uor
dlmethylsﬂacayl(%n-nrbmlyﬁbh én-?iS}tnﬂderwlhe)th)ﬂhbﬁmyﬂ]mdedyll)ﬂuiwhl;um dichloride;

n ( '
dimelhPI RIS N LaorR A mstby sheny it girconium dichloride;
d1m@hg]|silaf1ym2)-melndyly#-([2‘ Sh-bixbmﬂupromethylphenyl]mdenyl)z zirconium dichloride;
dlmé?pgl%l%cfiylsg-lrlse -y ngﬁsmg %ir{}ﬂll%né/mgt%yl L ylﬂnnéjennF)z zx¥co’mum dichloride;

4-13',5" -di - tbutylphenyl]|ndenyl)2hafn|un1d|nethyl,
9-sil afl uorendi yl (2-sec-butyl-14-

4-13",5" -di -t butyl phenyl ]Ji ndenyl ) 2haf ni um di et hyl ;
9-silafluorendiyl (2-tert-butyl,

4-13',5" -di -tbutyl phenyl ]i ndenyl ) 2haf ni um di et hyl ;



di met hyl sil adi yl (2-i so-propyl, 4-[3",5" -bis-
trifluoronethyl phenyl]indenyl)2 zirconiumdichloride;
walzossiobypiai | adi yl (2- n-butyl, PCT/US2007/015873
4-[3",5 -bis-trifluoromethyl phenyl]indenyl)2 zirconium
di chl oride; dinethylsiladiyl(2-iso-butyl,
4-13",5" - bi g- trlfluoronethylphenyl]lndenyl)z zi rconi um
‘ dlmeﬁhytsﬂhdlwl(ﬂeec-bﬂlé'l WJQ,GG%Qﬂﬂﬁdﬁnﬂﬁﬁ'}’lbl&&@l]ﬁkﬁﬂﬁ&?ﬁrcomum dichloride;

dlme?xﬁ{;ﬁﬁﬁﬁ‘%kg t%:ﬁ%??aéﬂy%—ig%z “p Bgﬁna%\lgﬂpgﬂyﬁér?detng D BRI dichloride;

dlmed:lymahmyl(shhaﬂyw W{3ys -Qii§-trﬁ1ﬁoybmethylphenyl]mdenyl) zhafnium dichloride;
dlmeéqyils‘x‘lpgllyi(a }? 134 I{%{Sﬁ- }rso 8?({;&%%}3&% m eny %ha ru%? cri]1|c oride;

dlmeﬁlyis%ladfyl(zm-ﬁmw f4L[ﬁos m&-&ﬁ%s&&whﬁw@&%h%ﬁ&w dichloride;
| oride;” dinet %k3|lad| yl (2-et

dmeﬁxy}ss*adwi(2bs%ptqnyi |4 é’n'@@hty!fblnmmwlnb@rn*}]wdmaﬁmmnm dichloride;
hyd i
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4-13",5" -bis-trifluoronethyl phenyl]indenyl)2zirconi um
walcailogriidle; di met hyl am dobor ane( 2-i so- propyl , PCT/US2007/015873
4-[3",5 -bis- trifluoromethyl phenyl]indenyl)2zirconium

di chl ori de; di nmet hyl am dobor ane(2-n-butyl,
. 4-13" .. bis-trifl uorometh | phenyl ]i ndenyl ) 2zi rconi um
| d‘maﬁh&ﬁ%‘?ﬂ%@e@ “Frerenylafil et rSaqﬁréXuzrqrs@hﬂpzsnyllmdenyl)zzucomum
dictorid®; , 5' - bi s-trifl uoronet hyI phenyl ] i ndenyl ) 2zi rconi um
di chI ori de; di nethyl ani dobor ane(2-sec-butyl,
dlmathybm@homﬁ(z rsaomrgpyloﬂﬂﬁwmmenﬂuc}mmdmneagl]mmmmommn
dlch%rﬁ{b' ori de; di nethyl am doborane(2-tert-butyl,

5' =bis-trifluoronethyl phenyl ]i ndenyl )22| r coni um
dlmqtihuhmdquane& -mrettuttyl], 448 00 ibis- wifisoPoraéthylphenyl]indenyl),zirconium
dick orL , 9" -di -iso-propyl phenyl ]i ndenyl) 2zi r coni um _

P or i de; di net hyl am dobor ane( 2- n- propyl,
dlmdthbllé.‘xmﬁbbodane(’bmoﬂimjaly HHBESWYiY- trrft{whéﬂ?@lphsm]lﬁaenyl)zzmomum
dlchil c I oride dimethylan doborane(2-iso-propyl

, 5" -di -iso-propyl phenyl ]i ndenyl ) 2zi rconl um '
dlmdﬂhghhﬂﬂcblﬁﬁane(zikéﬂ%lﬁtyi a-nlﬁd9h9§ m&oﬂeﬁ’g ﬁfxlenyl denyl)zzucomum

}é?[ ,5' -di-iso-propyl enyl]lnderlyl 2|rco
dic sori de: di met hyl ami dobor ane( 2-i so- butyl

e BB Y SR i
dichlonidg; 5' - dj - so- propyl phenyl ] i ndenyl ) 2zi rconi um

dlm%ﬁm%%‘?‘me@ o rop %a g]ﬁfglﬁly? ]p%rP d e‘h%l Vi P%WF‘P@%FW“‘“ dichloride;
dnmgﬁhyhhgdcplmeanea}mm'bpxﬂ fB'dOdbisanerbgylpkényyfindenyl),zirconium dichloride

g sl R SR e s

d1m4ﬂ15/lim1ﬁébodaneplmrbdtjzlheﬂ313'4dﬂ€b%¢pfbbﬂ§hémdbﬂyl)zzmomum dichloride;.

d b 2-
dlmg{h?'gmor Ib g:«lin Eﬁ é@?‘ﬁﬁt ﬁ;ﬂ;?{’ ﬁig-ré%yn]? gilippg:@ﬂfmﬁnyl)zzmomum dichloride;
dimelihghahndétibesne(ZHsemEbiyl, a-nﬂ3d§’ttﬁf1%Ich%ylph@nﬂjlﬁ@éﬂyl)zzucomum dichloride;

i
dunéﬁl&ﬁml&bdﬂénepilﬁl’é‘ﬂlx W'S}-ﬁﬂgﬁéﬂﬂﬁlﬁﬁ&ﬂﬁﬁﬁﬂﬂﬂ%ﬂcommn dlchlonde

ride; dinmethylam doborane 1 50

d
d‘mﬁ{*‘?’g"gé‘”b%?“e&féﬂw p‘%%ﬁ*}wﬂweﬂyhy%]w@ubmomum dichloride;

dlméih?ﬁkrﬁﬂéﬁﬁaneéﬂ-'gﬁﬁjf;p enyl 1 Egg Zelﬁfgmﬁyﬁ'ﬂn#zzucomum dichloride;
dim qhgmgqmanc(%j—pmrﬁpylam g(ﬂpheayt]uﬂgnxl[)zzlrcomum dichloride;

dlmém&ﬁméobo%nc?f‘ ﬁrﬁﬂ X g 'dg gﬁ%}r& e%l%ﬁké{iﬁ@+ﬁf“zxmomum dichloride;

| oride; dlrre

dlmgthplgmlgohngme(%moylptphle ﬂ;{B],SHdlr@bﬂ»&lplknymmdtnﬂ)zdlrdeﬁm|d1chlor1de
dlml:thflm%lﬁ)q -sec-ﬁﬁtﬁgt#;ﬁyj]l d é’n ﬁ)glgﬂen(yﬁmcfenyll)zzlrcomum dichloride;
dnmpMIamldphjqr@q:&mmhu@l HHBad'r-chr;m,enylphenyl]lndenyl)zzlrcomum dichloride; -

dlmgih%&rgéxbamane yghzi |[1€1ﬁp Flhﬁaéﬂgplje?yl]mdenyl)zn -1,4-diphenyl-1,3-butadiene;

dxmxﬂﬂ}aiméolﬂirﬂfé@!hryl 43[?' blﬂlﬂﬁh@ﬂﬁwnyl]mdenyl)zn -1,4-diphenyl-1 3-butad1ene
di net hyl am dobor ane i so-

py!
dxmgthp@m obqg@ne(%mgrpmdeﬂj}']i’ﬂdéqwl))@enyl]mdenyl)z'r] -1,4-diphenyl-1,3-
butga]ez}]el 4- di phenyl - 1, 3- but adi ene;
di net hyl ami doborane(2 n- but yl ,

dlmdthb'limlﬁbbqﬂane(l}my;brpbﬁmyl[]iii‘rde-_ﬂ}d@lghenyl]mdenyl)z %.1,4-diphenyl-1,3-
14 1, 4-di phenyl -1, 3-. butadi ene; -23. V\D 2008/ 027116
U82007/ 015873

dimethylamidoborane(2-n-butyl, 4-[3',5"-di-tbutylphenyl]indenyl); n*-1,4- dnphenyl l 3~

butadiene;
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di met hyl am dobor ane( 2-i so- butyl,
4-13",5" -di -tbutyl phenyl ]i ndenyl ) 2
wo 2008027A1@i phenyl -1, 3- but adi ene; PCT/US2007/015873
di met hyl am dobor ane( 2- sec- but yl ,
4-13",5" -di-tbutyl phenyl]indenyl)2114-1, 4-di phenyl -1, 3
: - butadlene di met hyl am dobor ane(2-tert-butyl,
dimethy[agiidSborane(Risut-Whtph ¢r(Bl, § ididbuty iph2ajiifindenid mﬁheﬂmph&nﬁ-l 3-
- but adi ene; di nmet hyl am dobor ane( 2- et hyl ,
butadiene; 3. 5r i o trlfluoronethylphenyl]lndenyI)Z

dlmeﬁ'x}fa'rﬂidéb 2R¥t-bityP4- BJSG&Ltgﬁﬁllphenyl]mdenyl)z n*-1,4- diphenyl-1 ,3-
dlnethylan1 obor ané(’2- n-'pro

b“u@WHFB -bi s- trlfluoronethylphenyl]lndenyl)2114 1, 4- di

1 | ENE; rayr ot . 4 .
dlmegﬂy?%%{lﬁy'i’% m gg%x? g’n (l 4- 3 5 dl—tbuvlphellyt]lopd’egyl_)zo't? 51_,4-d1phenyl-l,3-
bumdwﬂéluoronethylphenyl]lndenyl)z ria-1, 4- dipheny

1, 3- but adi eng; di met hyl am dobor ane( 2 n-b
dimethyjagidgborgne(rathyly %r&?# éwétswﬂﬁﬁwtw ﬁh@mu)dznyl)z n*-1,4-diphenyl-1,3-
butadididk: 1, 4- di phenyl - . 1, 3- but adi ene;
Tt ?%mthylan1doborane(2 i-so- butyl ,

dlmeﬁ}y[lﬁhl,dﬁbeﬂans(Qt-n-pdeb el 355 Fhis- pﬁﬂmqrquethymhylzmdanyl)z n*-1,4-diphenyl-
1,34 glﬁhenyl-- 1, 3- but adi ene; _
ylan1doborane(2 sec-butyl, -
dimefinfl@nidebofné@2tisbprap3l,aNER, bylble-h@ﬂmb}dm&ﬁwhéx&umdenyl)m -1,4-diphenyl-
T14-1, 4-di phenyl 1, 3- but adi ene;

3hﬂ@ﬁﬁ¢bﬂan1doborane(2 tert-butyl, 4-
dlme&l%lmﬁld'ohgxlsaghg X H)U@i Qﬂ?‘ EVEE %Ag]&)rﬂeﬁgﬁ%}ﬂlndenyl)z n*-1 4-dnphenyl- |

nyl - ut adi e
1,3-tiitadierey | am dobor ane( 2- et hyl ,

dlmeglli{aq}id}bafaﬂﬁg%v?ﬁ)r %gyi-gﬂs %ﬂ éﬂgagl%rﬁ}/eﬂ)lﬁphenyl]mdenyl)z'r] 14 -diphenyl-- |

134duﬂﬁhhylan1doborane(2 n- propyl

- di -i so- propyl phenyl ]|nde 1) 2
qut&ygamlcg)bgmﬁ@n%c-@tg 4431431 ;setﬁ:@uoromethylphenyl]mdenyl)zn -1,4-diphenyl-
- 1,3-8li¢ aylan1doborane(2 | SO- propy
?ﬁ 5' -di-i so- propylphenyl]lndenyl) :
dxmefthylam;dbbarqghé’hgch-liqtﬂ-, 443t Edisstifluoromethylphenyl]indenyl), n*-1 4—d1phenyl-

_ thyl am dobor ane(2- n-butyl,
ls'gfnfr% % di -i so- propyl phenyl ]i ndenyl ) 2

dlmétliﬁa&udbtﬂkdﬁewyﬂhyﬂ, A3, Pudiash-propylphenyl]indenyl); n*-1 4—d1phenyl 1,3-
i met hyl am dobor ane(2-i so-butyl,

buta 0% 5' - di-i so-propyl phenyl]i ndenyl ) 2114- 1, 4-di phenyl

“dimeth ﬁml&woﬁé}ieﬁlﬁ» r&hyTE4- W'S&m-ﬂg$?6@?ﬁ(&yﬂ%eﬁﬂ§ Yh?-1,4-diphenyl-1,3-
f -di -i'so- propylphenyl]lnde
buwﬂmwea 4 di phenyl - 1, 3- butadlene

dlm&h%m%&b%giinfé?? 9§o§§18é€|r Irt) ﬁﬁ’%‘ ll-CPerﬂwlls)lécnyl]indenyl) n*-1,4-diphenyl-1,3-

butadiegel, 4- di phenyl - 1, 3- butadlene -24 MD 2008/027116

: dlmﬁgggséo%%gég%ﬁg@tﬂg%@ %‘1 %L%g}fgg? eny ]mJTng n -1,4-diphenyl-1,3-

butddichel, 4- di phenyl -

dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-diphenyl-1,3-
butadiene;

dimethylamidoborane(2- sec-butyl 4-[3',5'-di-iso- propylphenyl]mdenyl)z'q -1,4-diphenyl-1,3-
butadiene;

dimethylamidoborane(2-tert-butyl, 4- [3' 5'-di-iso- propylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiene;
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but adi ene; di et hyl am dobor ane( 2- et hyl ,
4-13"',5" -di - phenyl phenyl ]i ndenyl ) 2
WO 2008027181 phenyl - 1, 3- but adi ene; PCT/US2007/015873
di met hyl am dobor ane( 2- n- pr opyl ,
4-13",5" -di - phenyl phenyl ] i ndenyl ) 2
x14- 1, 4-di phenyl - 1, 3- but adi ene;
- dimettliy Rt dyboganie hrettan o4-§3' |55 Ai-piénpyphenyl]indenyl), n*-1 4-d1phenyl—1 3-
_ 4-[3",5" -di - phenyl phenyl ] i ndenyl ) 2
b“tadn‘ei‘ﬁz 1, 4- di phenyl - 1, 3- but adi ene;
dlmeﬁ'l&fﬁﬁh@wo%ﬂe@g%ﬂme .50d bﬁﬁe)ﬂ&lvphenyl]mdenyl)zn -1 4—d1pheny1 1,3-butadiene;
- di - phenyl phenyl |1 ndenyl )2
dlmemykhnmddbodarphbnyﬂreny134 -[B\&ditpkereylphenyl]indenyl); n*-1 4-dlphenyl 1,3-
btddlm=:thy|amdoborane(2 i.so-butyl,
utadiencs. 5. _4i Zphenyl phenyl ]i ndenyl ) 2

dlmeﬁl}ﬁmilldébdi‘ propgt, 448t ﬁdh%@mylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
dlnethylan1 obor ane( 2- sec- butyl, .
butadieriez’ | 5' - dij - phenyl phenyl ] i ndenyl ) 2114- 1, 4- Bi phenyl - 1, 3

dlmeﬂinaglha e pﬁn-bu bﬁg%w ?ggﬁ@%é}?ﬂ(&feﬁﬁgﬁ@ﬂaﬂiphenyl-l,3;

butadidnd; 1, 4- Blphenyl 1, 3- butadlene

Ian1 bor h

dimefofniddboipel B wﬁé (57 s yipbensAlindny e’ ahffirey-L3-
buu“gaﬁpthylan1doborane(2 et hyl ,

y&gﬂ 5'-di -tbut phenﬁa]lndenyl?22|rcon|un1d5neth
dimegj lﬁyqu’lq{a-[;ng e, 24-3' gi-dipphenylphenyl]indenyl); n -1 4-d1phenyl-1 3-
hnmﬁ e 1 O d|-tbutylphenyl]|ndenyl)22|rconlun1d}nethyl

néthylan1doborane(2 i so- propyl,
dimethyl@hidbberdhe(Rhext-pupiohy3’ JSi'-ddphqdy);ﬂiznylymd\enyh)z dl"-rtet-hxphcnyl 1,3-
b %lnethylan1doborane(2 n- butyl ,
uta 5' d|-tbutylphenyl]|ndenyl)22irconiun1dinethyl

dlme@h)‘mﬁfdﬁb@ﬁhétgbﬁétﬁ?le @31, 5 Qi iblitylphenyl]indenyl), zirconium dimethyl;

di -t but yl phenyl ]i ndenyl ) 2z1 r coni um di net.hyl ;
dlmealp)ﬂgpﬂyp%rﬁ{lﬁgt%mgﬂ S\é-gbtmlg enyl]mdenyl)zzlrcomum xmethyl

dlmélﬁ{]émd%bo%e(tzhuf)wpghan ]E'LJIQSﬁTLY/lﬂ@Kj'l!lﬁ&EHyWﬂ!oﬂﬁﬁﬂllimethyi

am-dobor ane( 2-
Gimehy gmiasboanetsa proRybry L 3,5ndchyichenyiadsyblairsasiy dimethyl;
dlméih;{l%lh%é‘l%s’@t}% F(42[365hd’i-tbutylphen?(l]mdenyl zirconium djmethyl;

bi s-trifldoronethyl phenyl ]t ndenyl ) 2zi rconi um

dnmqmmw;aboranemmmym bﬁ),léodratbe()’!pmnpﬂwsymyl)zwcomum dimethyl;

f t
dlm%%e&?hdéwgh?%s{e -)}Jlu ﬁén%@ S'B ?@gﬁl’}ﬁﬂb&ﬁﬁ&' d’fmethyl,
dimethflsmi®'botahs(2-tbrt+lfdty104dﬂe&'—ﬂyl@hﬂnwriyl]ndbnylbzyzzommﬂimﬂhyl- :

ciméhilEhibopfLiEinyh PR ENRRR Rkl tindsoybyisconiam dimetty

dlmdhylemh:yolbprandﬁmmﬁyam [:BO,ISbbla-mn(lﬁommtliyln}ythyl]1ndenyl)zzu'comum

di %P 3,5 -bis-trifluoronethyl phenyl]indenyl)2zirconi um
m thyI di met hyl am dobor ane( 2- sec- but yl ,

dlmékh{/lam;cﬁabohneel-fsbfﬁrwmre} sybisheifidorémetayiphdidaindrmglyairconium
di hqgthyl di met hyl am dobor ane(2-tert-butyl,
imethyls: 'S i s-trifl uororret hyl phenyl ]i ndenyl ) 2zi r coni um

d1méihf»ﬂﬁi&’ﬂik}(ibnrane@5n-‘ﬁ(;1}y;fr o083 ngihltﬁﬂﬁ’%ié%mﬁﬂZEyl)zzlrcomum dimethyl;
di net hyl am d borane 2-

dimgthylemidpboggnel2siso awaﬂyf ﬁ]éﬁ9fﬁmﬂaematwpbwﬂmﬂwlkwcomum
diméthpEt hyl ;

dimethylamidoborane(2-sec-butyl, 4-t3',5'-bis-triﬂuoromethylphenyl] indenyl)zzircohium
dimethyl; '

dimethylamidoborane(2-tert-butyl, 4-[3',5'-bis-triﬂuoromethylphenyl]indenyl)zzircomm
dimethyl;
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di met hyl am dobor ane( 2- n- propyl ,

4-13",5" -di-iso-propyl phenyl ]i ndenyl ) 2zi rconi um
waleovsieme di met hyl am doborane(2-i so-propyl, PCT/US2007/015873

4-[3',5' -di-iso-propyl phenyl ]indenyl ) 2zirconi um

di met hyl ; di net hyl am dobor ane( 2-n- butyl,

_ | d )2
L 35{%ﬁﬁ%égzﬁﬂémﬁbxz;ééx@?ﬂiuucrgmum dimethyl;
dlmeﬂhﬂl%l&bo%e(ﬁﬁ’ tpP&ﬁM -EnsnylLL ?%ﬂe%\él]fq%@%l%%monmm dlmethyl

%, di me I"am dobor ane
1me,gh)[lgn1 bomne(?sgomquw 13h’é,ﬁydq-usqdmowlpmlyl]MnyﬂIhzucomum dimethyl;

bor
i o o R ey Py Dl pgiponium dimetty'
dlmqghy‘@ntdplbprand(?rﬁabhyabdm-{ibbbdme{piemplmﬂyl]mdenyl)zzucomum dimethyl;
dxmegh bgfﬁna%enykﬁg{leg i{; %ﬂqlesgyll)r%p);lp{xglgyrl]jlgén nyl)grz?}cgmlum dimethyl;
dunelh)[l&mcﬁa'bofhne(ﬂﬂ&i’ty&\ﬂﬂ‘? ms{k ls'ﬂd%yﬁrbgﬂbham]lﬂaen@l)%kexﬂum dimethyl;

dlmeih gm g&ﬁ)or anet2e 1 1h 1FHO ethyl;
ylamidoboranemaihyl Hakd,5 }4 rn!l@ﬁx)mlm TedsmyDeaitronimhgimethyl;

di e‘i'lh mblbamné (3-8
S 0T D e o
dlmqu)ﬂgpﬁ%q gmng @-rpacmye - E/a udlyphenylphenyl]mdenyl)zznrcomum dimethyl;

dune%)[lg’m d%bo 8%%% %%ggrw '5nﬁilfé}?én&ﬂ)ﬂeﬁ§l?ﬂdenylg%otmlxn dnmethyl; |
dlmqh)[l@m bomm@awmw B}dlrpimnylphénylﬂlndmyﬂlmldadmﬁhiﬂﬁimethyl

m%@%@%&ggﬁeny 14- "B Mfl}llglélﬂfrtm?zalirmw dimethyl;

mmbamnd(ﬂsmcmm‘i-t[&'ri'-dbphgﬂy,lphenyl]mdenyl)zzmcomum dlmethyl

R T R L
diisoprdpylamhidoborahd(@tryiethie Ay[B ],S'mﬂﬂiwmﬂéﬁ)?‘l]iﬂdﬁmznrcomum dichloride;

mlso%}{pg acx)%ildgg?ra{lffa 'Ssﬂ%ahtg %ﬁlaajhg)gg&rﬂ?eg;hfzr&%ap jrconium dichloride;
dnsdibkcﬁ:l%éiﬁidd’&oranét&kﬁ?ﬂ??pm?rﬁ Qii’j?&!t?l%ﬁé yinBEPY irconium dichloride;

di - t but i ndenyl ) 2zi r'coni um

dnsoarcngﬂlidagoran#rlmfw 143l shdbutinbenydindenyd)girconium dichloride; -
dnsoﬂ)r&ﬁlat&do%mhmtﬁlbmﬁ 'aYﬂsl $nf mmghflﬁﬁaémzzlrcomm dichloride;

lorid

dllsqn’rqréfm@swram@owbmé (42[3n5 itthutylphepgllingenyd).ziréruiyrh dichloride;
dnso??dﬂy]dxﬁ‘iqggéﬁla}xg(é' €01 §mh%%l§'?phenyl]mdenyl)zzlrcomum dichloride;

i1'sopro élpamd or arel( 2 1'so-b
dusqprc[gylanydo rapt(@ttyﬂﬁuaﬂgﬂ -3 ﬁééﬁtﬁhyﬂphmﬂmdanyl)zmrcomum dichloride;

B L e e R T TI——

d’Cthléhl oride; dii sopropyl am doborane(2-tert-butyl,

b ST DR bt

dichlprids; | 5' - bi s- tr| fI uororret hyl phenyl ]i ndenyl )22| rconi um

et R e TR

dichhbiridhaj or i de; di i sopropyl anm dobor ane(2-i so- propyl,

. 4-13" 5'-bis- trifluoro | 1i ndenyl ) 2zi r coni um
s pigRors e @ RS A Qb B ep e By iRRegd indeny nzirconium
. dichlbridd; , 5' - bi s-trifl uoromet hyl phenyl ] i ndenyl ) 2zi r coni um

di chl oride; diisopropyl am doborane(2-iso-butyl
d“SOzP"{P?‘af%*dOB?rs"m?@rlf%% gﬁe&%?rtpfréfh@qurpmétxinh)eazh]mdcrml)zmcomum
dichldrigb] ori de; diisopropyl am dobor ane(2-sec-butyl,

4-13",5' -bis-trifluoronet hyl phenyl ] i ndenyl ) 2zi r coni um
diisoprepylasmidghoranc(@-sppbatydat-1%,7 this- ilTsruBeE0 e pS Bit@enyl)zirconium
d,chmnldgopropyl am dobor ane(2-tert-butyl,

4-[3",5 -bis-trifluoronethyl phenyl]indenyl)2zirconium
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di chl ori de; diisopropyl am doborane(2-et hyl,
4-13",5" -di-iso-propyl phenyl ]indenyl) 2zi rconi um
walc@blogriiele; di i sopropyl am dobor ane( 2- n- pr opyPCT/US2007/015873
4-[3",5" -di-iso-propyl phenyl ]indenyl ) 2zi rconi um
di chl ori de
di i sopropyl am dobor ane(2-i so-propyl,.4-[3",5 -di-iso-p
- diisopropylapidabptdne (terlydty EI-[Bt;ﬁrbls}mﬂwbrﬁllnhthylgﬂeﬂyl]mdenyl)zzu‘comum
di hld| sopr opyl am dobor ane( 2- n- but yl ,
1 %Pé% 5 -di-iso- propylphenyl]lndenyI)ZZlrconlum
dusop‘kbphllaﬂﬁclcﬂﬁranedi tH9R VIO[BSHS élﬁllﬁhl éﬁl}fﬂkﬂylﬂﬁaeﬂ}llﬂzﬁbomum dichloride;
5 -di-i heny enyl ) 2zi r.coni. um

diisoéibgmaquka)@raneg;oppr op)épg ,‘§] Sbtf‘@rpéﬂ@(lﬁ cg)é(glrtgilgpx,lpzzuéomum dichloride
diisoﬁrobﬁlanﬁdc%kaﬂe@ﬁrs@&ﬁ@ﬁlpﬁf[@}d ]di-‘i‘ééaeﬁ%%%lgﬁérfy@]@lmeﬂm)zmcomum

| oride; diisopropyl am doborane tert’- but
dichlgrides' 5'"- di -i so- pr opyl phenyl ]i ndenyl ) 2zi r coni um .
dusogﬂ_onga?{Sl{l raneﬁi 10@ #'ﬁmrd]g %ﬁ%@@?ﬁex@gméhyl)zzmomum dichloride;
diisoWCleagﬁdqj@ﬁne&-ﬁgdpﬁﬂp%[&'ﬂﬁ f!ﬂ@-lmx -propyiphenyii}ihdenyl);zirconium dichloride;

dnsoéro&ailam%%%b%éaﬁkf ?ngédglggp élf,'[]gl(,ggcﬁ? r20>z;>:y grrllylllﬂxq}leny?)rz]zll?crolngu%m dichloride;
dnso;éroﬂ;?la,nﬁdehilraxm[m{m -piwgh -3, ﬁ\'ddanyé-))&mylplﬂﬂymmdenyl)zzucomum dichloride;

diisngi'opg hq%ﬂrarﬂag% mﬁ%gyﬂe‘ﬁ ﬁ Hgg %ﬁ&f&@@ﬁf@ﬁ*owomum d1chlonde

.dusoﬁwpbla@nuammddmﬂ@p rmwbmnﬂﬁbprpas@ﬁﬁn&xﬂ»w}comum dichloride;
e@gnyl phenyl gl ndenyl ) 2zi rc%nl um
dusoaw@maavﬁa@ran TRIBPYp il m W58 ?raﬂ@(ezy gv&ewdizwcomum dichloride;

dusoﬁr lam'idolSB LI POy hl[BnS‘-Qllfﬂ)}ibﬁﬁ hén@’ﬂmdéﬁ}l)zlzucomum dichloride;

| or.i de; i i sopropyl am dobor ane( 2- Sec-

dusomqulangdolmmrmﬁ%ﬁylplgﬁle ﬁ;[ﬁ}ﬁ ﬁa@hym»lglgwﬂgﬁpwﬂzn);comm dichloride;
FEYceel e;

diiso fﬁlﬂlﬂ%r%é%% h%tg% zﬂﬁ ?%ﬂé@gﬁ&gg fldenPtfzltonium dichlorid

diisogratylaghAdaranal? 550 priob ik b dbtrheayiphenyindey zzirconium dichloride;

duso%_({f?iznid%?é{ﬁﬁ(gﬁ' tté’lji-BB@T %Ju ! g q&gﬁﬂe)nglphenyl] iﬁdenyl)zzirconium dichloride;

diisogiapytamidpldramd(2-aiashdné([ 2 Sé-ﬁhybutylphenyl]mdenyl)zn -1,4-diphenyl- 1 »3-
butacgi £3 , 5" -di -tbutyl phenyl] indenyl)2 .

¥2%1, 4- di phenyl -1, 3- butadlene
duso@kd@ﬁﬁihﬂ@ﬂdr&ﬁﬂ(ﬂ@h@l 2Nl 385 e.nyl]mdenyl)zn -1 4-d1phenyl-1 3-

[3",5 -di-tbutyl phenyl ]i nde nyl ) 2
b““?@ﬂﬁl 4- di phenyl -1, 3= but adi ene; - .
i

duso%képé@eﬁﬁﬁ_@%c%x_ﬁ?&ég?e pggﬁ&ﬁ:&l %aﬁéﬂ&fl%henyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiene;1, 4- di phenyl - 1, 3- but adi ene;

.dnso%er??zggﬁgﬁo g?r‘% qgcrorBﬁogﬁ ; I%] |:3 ’ dechéht%lphenyl]indenyl)z n4-1,4-diphen'yl-l,3-
butadiéde;1, 4 di phenyl 1 3- but adi ene;

dusog)lnlrgsy gg E%%] Srfg égwbepyl]mdenyl)zn -1 4-dlphenyl 1 >3- |
butadikné; dlphenyl 1 3 but adi ene;

d||sopropélan1doborane(2 sec- buty
diisepropylamgidobpranefdtigo-buerhyi-[3' ﬁdbﬁpptyg)henyl]mdenyl)zn -1,4-diphenyl-1,3-

A1, 4-di phenyl -1, 3- but adi ene;

bumg%ﬁgopropylan1doborane(2 tert-butyl,
diisobrppylarbidotorahé(@t sebblaeyhyd-[3’ JShdetb)Aty)l]ﬁlenyl]mdenyl)zn -1 4—d1phenyl~1 3-
but 14- 1, 4-di phenyl - 1, 3- but adi ene; -27 WO 2008/ 027116
Wtagieney 152007/ 015873  di i sopr opyl ani dobor ane( 2-et hyl. |
dusdbrbl?ylmﬁldobbﬁnéozuéh% 3;9"1‘-'[?')6' -Bh ey iphedd §idenyd), n'-1,4- dlphenyl 1,3-

x14-1, 4- di phenyl - utadlene
butadiene;
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di i sopropyl am dobor ane( 2- n- propyl ,
4-13",5-bis-trifluoronethyl phenyl]indenyl)2 714-1,4
wale@herle 1, 3- but adi ene; PCT/US2007/015873

di i sopropyl am dobor ane(2-i so-propyl, 4-[3 ,5 -bis-

trifluoronethyl phenyl]indenyl)2 r) 4-1,4- diphenyl-1,3

- but adi ene; diisopropyl am dobor ane(2-n-butyl,
dusonropgl'arrﬁdobmrgm(?—plﬂ)b'h éF[dhét-Hl;’-ltr}mﬂlmryin]:thyl’pi'&nyl]mﬂenyl)zn -1,4-diphenyl-
13-b %ﬁwnb4 di phenyl - 1, 3- but adi ene;

Hllsopropylan1doborane(2 I so- butyl,

dnsoﬂrob?lanﬁdoﬂéirﬁre(l—hfﬂrb@y’l o4’ fSY'b&hﬁ'@MdeHéiﬁ&leéMnﬁd%ﬂﬂ;ﬁ“ 1,4-
1, 3- but adi ene;

Phengl-
‘hPmHW'é F@h1doborane(2 sec- butyl,

dnsoéio%glanﬁ?olmrﬁw 3.4 dol obl-géﬂngt[g'yé -%E‘Ee 'Pé{hléraﬂl%m%})h%&%dény‘bz n-1,4-

eny ut a
diphatiyl-4 Spbwadikmeayi doborane(2 tert-butyl,

dllSOH{O%N@HﬁFO‘?%I%] Itn];{lmu n ﬁt; )él'sp tn?'mc/)r(lmet ylp};egy%] dleér‘rlyll)z 741"‘_-1,4-diphenyl-.
134ﬁh&ﬁ@@ropylan1doborane(2 et hyl,
4-13'", 5 -di-iso- propylphenyl]lndenyl)z
dxxsopmpylamlg@W2-Jsp-@1tylb at[36H" mmﬂuoromethylphenyl]mdeny])z'q -1,4-
dobor ane( 2- n- pr opyl ,
‘hpm%h?équﬁgﬁma?;o propylphenyl]lndenyl) 21)
diisoprapylantdd plcermyd(2-beSbutyl) 4afdt, S'Ftﬁs-tnﬂuoromethylphenyl]mdenyl)z11 -1,4-
dlhdl|§gpgq£§$an1doborane(2 i so- propyl,
phenyl B%:s0- pr opyl phenyl ]i ndenyl )
mlsobﬂcﬂjyﬂanﬁdglb&ﬁ‘xﬁﬁﬂterlb&yl b“Eﬁgtlﬁgﬁmﬂuoromethylphenyl]mdenyl)z n- 1 4-
diiso ropéwan1do orane(2-n-butyl,
diphenyl-33-butadien¢;so- pr opyl phenyl ]i ndenyl )2 ! x14-1;

dusoé dyg/opr opﬂxf e%% E‘M %Eﬁg clhslgo l}))r(i:p>>'|lphenyl]mdenyl)zn -1 4—dlphenyl-l 3-
butadiefi' , 5' - di - i so- propylphenyl]lndenyl)z

4-
dusoarquﬁwx&%%rgxm?%—mpgﬂe%ig ﬁ-&l}mg;p?ylphenyl]indenyl) 211 ,4-diphenyl-1,3-
bumdmﬁ3 5'-di-i so-propyl phenyl ]indenyl)2
714-1, 4-di p henél-l 3- but adi ene;
dnSO@rqpé%méBWram( dssopenel 4-[B863 tdxmmowlphenyl]mdenyl) n*-1,4-diphenyl-1 3-

bumgkgg 5'-di -i so-propyl phenyl ]i ndenyl ) 2
714-1, 4-di phenyl - 1, 3- but adi ene;

dusqpropydmmdpwram(aabbmyh é{[355talifisd-propylphenyl]indenyl), n*-1;4-diphenyl-1,3-

3', 5" -di - phenyl phenyl ]i ndenyl ) 2:
bumé%ﬁ’l 4- di phenyl -1, 3- but adi ene;

'dusdpSrcb;gwmpwxam(dq&mwpﬁ@ 366 Miliso-propylphenyllindenyl), n°-1,4-diphenyl-1,3-
-[3",5" -di - phenyl phenyl |ndenyI§2' ‘ _ ,
butadigne:) ' 4- di phenyl - 1, 3- but adi ene:

diisobrd Rt B IRROLARE (R 15H _
mdi* %@Qﬂ “di = pheny! pﬁgﬁyl ETﬁd‘gﬁEy sopylphenyllindenyl) n'-1.4-diphenyl-1,3.

bum#@nml 4-di phenyl -1, 3- but adi ene; --28 WO 2008/ 027116

dnsdgz%g'g%%o {)rg&&g t %-rbgﬂle (42[ | S'édlpl 0- 'gr?pylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiehd' , 5' d| phenyl phenyl ]i ndenyl ) 2

.. 114- henyl - 1, 3- t adi epe; i

dns(mr?%yi b&gm %lﬂé-?[g' Y9k aps,qylphenyl]mdenyl)z n*1 ,4-diphenyl-1,3-

- butadiehd, 5 dl-phenylphenyl]lndenyI)Z

r14-1, 4- di phenyl - 1, 3-
dnsopropylamldoborane 2-ethyl 4-[3',5"- dl-phenylphenyl]mdenyl)zn -1,4-diphenyl-1,3-

butadiene;

diisopropylamidoborane(2-n-propyl, 4- [3' 5'- d1-pheny1phenyl]mdenyl)zn -1,4- d1phenyl 1,3-
butadiene;
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but adi ene; dii sopropyl am dobor ane(2-i so-butyl,

4-[13"',5" -di - phenyl phenyl ] i ndenyl ) 2r 14- 1, 4- di phenyl -
w0 2008/0put@di ene; dii sopropyl am dobor ane( 2- sec- PUL/Y52007/015873

4-[3".,5" -di-phenyl phenyl ]i ndenyl )2

x14-1, 4- diphenyl-l 3- but adi ene;

d||soprop am doborane(2-tert-butyl,
-+ diisoprqpylang %qrarpﬁ@ﬂm-pm |4]-[%ﬂ'ed!;ph)ezylphenyl]1ndenyl)21] l4-dxphenyl-1 3-
butaZc{} éle 1, 4- di phenyl - 1, 3- but adi ene;

||sopropylan1doborane(2 nmet hyl , :

diisoprdp¥lantidebbratd(Riny by By|3], 5'rm@myhylgzéﬂwmeum)phmuhdﬁbhenyl 1,3-
b %llsopropylan1doborane(2 et hyl

uagersy: | 5 dl-tbutylphenyl]|ndenyl)22|rcon|un1d|nethyl

diisoptd aBbdaRedq ( 0 -1.3-
usc% @%l -di -t b(ut 5& Bﬁ@ﬁyﬁz %wgd(gg@?%‘ﬁlf l nde %:?f'pnat1 ’r?_ﬁhphenyl 13-
bum@mn%opropylan1doborane(2 i so- propyl,

s K PR S S AL T W12

butadie{;éi 5' dl -t butyl phenyl ]i ndenyl )22| rconi um di met hyl ;
di i sopropyl am dobor ane(2-iso-b

diisopropylamidobprang(grigntimily 413’ ﬁdéhghqrxxfnheeﬂﬂmdmd)z mlkﬁrﬂrphenyl-l 3-
bumgkhéopropylan1doborane(2 sec-butyl, -

3, 5' -.di-tbutyl phenyl ]indenyl )22| rconi um di met hyl ; 4
dusqpm;y@pgm@pywam(agb@hah é([@-,5'dl{tb\nul;p}abpyl]mdenyl)zzu'comum dunethyl
'dusog)r&%éaptr?lgpg te\éﬂd\ﬁgﬁ E%/é' af! ﬁ)ul?ylpﬁeny ]rug:ci%nyl r?lrgbnr}eum &/un ethyl;
dusapnp;sflaxﬁidobomnt (f?.uf—pmq»yb mphymhbmylgmﬂymnyémymzﬂmnm mmethyl

o B AR

diisapiropldiyidpbetiah&@pt- b@tyl anlsds'tmrtaﬁ@(pfheh D)y irconium dimethyl;

dusoa)lr@tlmxldogérlsa{lg(éb%% wy Eyé atgg?ép gﬁ\na?ny Zgllréo%%& lElirlrr]nethyl

- dnsdbré;?ylarﬁldobbﬁné(ms‘ehmmrm{:hxf Bbmlﬂni ?ﬂﬂﬁﬂl‘.ﬁ)ﬁ?ﬁf&&ﬁﬁxﬂ%me&y]
Bh

[ di i sopr opyl am dobor ane('2-iso-b

di
d"S%mFE t‘*"B' °B?r§"?(?r‘ﬂtlh9f36ﬁﬂé‘ﬁl55| lyhmb]mdmzlizzrre@nmtﬁmthyl
dusﬂjr iiﬁidob@yah@@mtﬁ’ﬁ}’h-@ﬁ“ ﬂBQQh@lﬂS{o%n@t béi{yg/]lmdeny hzirconium dimethyl;

-bis-trifluoroneth phen I]|n 2z1 rToOnNi um
d“SQPF‘PR?tl‘H?l ObW%(BGPEWVhﬂrBo%dﬁ%r# tzoro@mhy pylJindenyl);zirconium
dimén§13' , 5' -bi s-trifluoromethyl phenyl]indenyl)2zirconi um
ﬁlnethyl di i sopropyl am dobor ane( 2- et hy
“SQPITFB'larg'dQHW’mP%‘IW'@WYbH‘e[’ay’ﬁ}blﬁ'dellﬂjdbymthxiphﬂnyﬂnndenyl)zzuconmm
dungh thyI di i sopropyl am dobor ane( 2- n- pr opyl ,
5'-di-iso- propylphenyl]lndenyl)22|rconlun1 ~
dllSQﬂr‘PlBtlmidObOIdnﬂ@El’pbw}yyMaﬁ , el otrfha(réme thylghenylindenyl),zirconium
dunéh 13, 9 -di-iso-propyl phenyl ]indenyl) 2zirconi um
thyI di i sopropyl am dobor ane( 2- n- butyl ,
dnso@rc{)]@lmﬁidouorans(@-xm-bpwﬂ pChEi'l,ﬁ1-1}154uﬂﬂn91’o)r12ﬂ1yﬂphaﬁyll]imﬂenyl)zzucomum
% ﬁet hyl ; -29 WD 2008/ 027116 PCT/ US2007/ 015873
Sopropylanldoborane(z i so-butyl, '
dusdpr{)ﬁylarEidoHOrans(a-sfec@Wlpdlﬁ;ﬁf-bisﬁdﬁﬁ&io}xﬂiﬂﬁﬁﬁiﬁwl]Iﬁdenyl)zzxrcomum
dun%hqgth di i sopropyl am dobor ane( 2- sec-but yl',
5'-di-iso- propylphenyl]lndenyl)22|rcon|um

dllsabr@tlhyidoboxdht(QQBft%Y)‘lW[ﬁghﬁfs&ﬁﬂﬁgr&ﬁtﬁylﬁ%n‘ﬂ] mdenyl)zzxrcomum
dunﬁp 3' h5I di -1 so- propylphenyl]lndenyI)ZZlrconlun14
thny

diisopropylamidoborane(2-ethyl, 4-[3',5'-dl_-lso-propylphenyl]indenyl)zzirconium dimethyl;
diisopropylamidoborane(2-n-propyl, 4-{3',5'-di-iso-propylphenyl}indenyl),zirconium dimethyl;
diisopropylamidobor_ane(2-iso-propyl, 4- [3’,5'-di-iso—propylphenyl]indenyl);zirconiuni dimethyl;
diisopropylamidoborane(2-n-butyl, 4-[3',5’-di-iso-propylphenyl]indenyl)z'zil;conium dimethyl;
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di i sopropyl am dobor ane( 2- net hyl ,

4-13",5" -di - phenyl phenyl ] i ndenyl ) 2zi r coni um di net hyl ;
walkioslopriopy| am dobor ane( 2- et hyl , PCT/US2007/015873

4-[3"', 5" -di - phenyl phenyl ]i ndenyl ) 2zi rconi um di et hyl ;

di i sopropyl am dobor ane( 2- n- pr opyl ,

4-13", 5" -di - phenyl phenyl ]i ndenyl) 22| rconi um di net hyl ;
dusompglgmctgbprmzmpdmmeﬂ ;[3 Lssd;-gﬂoapy:pylphenyl]mdenyl)zzucomum dimethyl;

dusoé %i’lgr’:r)l?%o":l))s) or aﬁlg hi ?%ﬁ?%(%-})l%éwpﬁgwlﬂHbéjr{yiseélp%nium dimethyl;
dnsopﬂrobﬁfanﬁdohd:mqemeteyd blhyhy%[Bi' ﬁ'eihnyd~]aﬂmytptnmylhnde@l)zatdmium dimethyl;

diisofop i R ASHer SRR I -3 ooy iapnesispaiugy imethy
diisopiiopgapiidgboraie(Ziedhsr, anﬁ( 2-digshehyipyibnyl]indenyl),zirconium dimethyl;

dllsomokglgﬁ*lgﬁ;%lrgﬁggnyl g e%'i;’ 31 gte-?) (IH% ph Ieny Qd&@l%'zggggf% dimethyl;
diiso ?1mn5dowmmt;§}hﬁwhl[3® %héx%ﬂigﬁ&?l]idd@hﬂbﬂ%&mm dimethyl;

is(trinmethylsilyl)am doborane

. dnsomopglang obgraneg?rnhuste B’ jﬁg-@hw})lglzqnyﬁgﬁpmpzznrcommn dimethyl;

AT S e v Rt

diisogiapiyrlanyidokmrane(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dlmethyl

I ——

bis(tdmeﬁiylnilb/l)emxdoborane(Z-methyl 4-[3',5'-di-tbutylphenyl)indenyl);zirconium dichloride;

bls(tlgll‘nF tyi%ﬂf) c{ofgaf%e{%%hgy ?o[ﬁagé{@' SiphPai¥deny Dszirconium dichloride.;

bns(tﬁhﬁﬂiywillyﬂﬁrmdbbﬁfﬁxé(mﬁ-bﬁbﬂﬁ |4-p3' sadi-gabosiagl &d@nﬁ)&h‘éomum
53 , 5" -di -tbutyl phenyl ]Ji ndenyl ) 2zi rconi um -
d“’h]&’P i ori de;

bls(tﬁhﬁﬁ{yldlﬁﬁbﬂﬂdoﬁo}%@ﬁﬁb%gﬁﬁm 3‘-H§ﬂmt¥l§l§€nyl] indenyl),zirconium
-] % 5' ddl -t butyl phenyl ] denyT ) 2zi rconi um
h’d’i"él oride; -

bns(thhx%(ﬂyﬂdl%taﬂﬂ&oﬁok%leéﬁmbq g@%( -di-BRfy1PhEnY1]indenyl),zirconium dichloride;
4-13 di -t butyl phenyl en 22| rconi um

bls(tap@my@qi]y@gmMOborane(z 1so-butyl 4- [3' 5'-d1-tbutylphenyl]1ndcnyl)221rcomum

dich II‘I met hyl si lyl)am doborane(2-tert-butyl,

4- 5'-di -t butyl phenyl ]i ndenyl ) 2zi rconi um
blS(tdn@thllyd{)smldoHoma(e(Z-smbtnyl 4+ [BY" Mathutplpberarlitdeng)imniconium
dlchgir{dg , 5" -bis-trifluoronethyl phenyl]indenyl)2zirconi um

1oride; bis(trinethylsilyl)an doborane(2-n-propyl,
‘ bxs(mn[eﬁiylﬁlyuanndctboiréde(mtambnhy MHBEﬁyiiitbmﬁmhvﬂlﬁlﬂnﬂm@mimium

dlchg | oride;

ft ri met hyl'silyl)am doborane(2-iso-propyl,
bis(dinjehylfilyl anfidoHorarie{ 2+ethg et {3y, 5' Hi‘ien‘yﬂh}dwﬂethylp)ﬁﬁylﬂmﬁe’hymmrcomum
dic h?f’ I oride; bis(trimethylsilyl)am doborane(2-n-butyl,

, 5" -bis-trifluoronethyl phenyl]indenyl)2zirconium
bls(ﬁinﬁﬂﬂlh)ﬂfll)d)im1doborane(2-n-propyl 4-[3',5'-bis-trifluoromethylphenyl]indenyl);zirconium
i h%s trimethylsilyl)am doborane(2-iso-butyl,

¢ .5 -bis- trifluoromethyl phenyl]indenyl)2zirconi um

bls(ﬁincdahﬁgllﬁjamldos’&adé@ Pyi7 416, 9°6#%.- US2007/ 015873

bi s(trinmethylsil )) am oborane(2 sec- butyl,
mﬂ‘AQ"PB‘eﬂ‘S‘lPhSP&UmE"FQW ppEame Bighianidsy | i ndenyl ) 2zi r coni um

bis(QintdthyAkil idobo ane 2-n-butyl, 4-[3',5"-bis-trifluoromethylphenyi]indenyl
( bi s( t)?l }qfﬁm ' (arrrll du%orzgne 2- tertuofJou yIyp enyljindeny )szomum

dichjorjde; 5' - pj s- tr| fI uor onet hyl phenyl ]i ndenyl ) 2zi f coni um
bls(mnqah)qglﬁ)qyam1doborane(2-1so-butyl, 4- [3',5'-b15-' ‘

trifluoromethylphenyl}indenyl),zirconium dichloride;
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bi s(trinmethylsilyl)am doborane(2-ethyl,
4-13",5" -di-iso-propyl phenyl ]i ndenyl ) 2zi rconi um
waoelc@klogriiee; bis(trinmethylsilyl)anm doborane(2- PepUsyt/015873
4-[3",5 -di-iso-propyl phenyl ]indenyl) 2zi rconi um
dichloride O
. bi stglrlmsth yl silyl)am doborane(2-iso-propyl,
bis(trymethy SE!YD%FP‘@?BW&F Srepnerly 43 tbisy | ) 2zi r coni um-
triflufork¥uRy1p ﬂ&)yl]@ndenyl)szucomum dichloride

bi s(trinmethyl sil ar ai dobor ane( 2- n- butyl,

bis(tme ylsgyl)@meeraplF(%avrlpbmwy #[B'sfdreyl ) zzi r coni um
mﬂugf&lﬁthhg&R'y]lmdﬁnﬂ)izlrco 10 ocrhglﬁlé”('lge’i so-but yl | |
bls(tdm[emylsﬂyl)atmdcrborqmle@ayﬂlph 3.y 4dm-dszﬂyr|o))ilphemd]lhdﬂnymhmomum

dlchl hl ori de;
Bl f’t ri met hyl silyl)am doborane(2-sec-butyl,

bls(tﬂméﬁllylsﬁylgﬁmdoﬁ)@r@k@ﬁlpﬂiﬁ‘ﬁﬂ {3 sd@inmb-)p%ylﬂmwmdenyl)zzmomum
ori de,

d‘chlBP Etrimethylsilyl)ani doborane(2 tent - butyl,
b1§(n‘1m[e§1?'1s§yg%ldo%%raﬁfe?pi§bq}?§ﬁm| 443 @QHMs))%ﬁbﬁﬁﬁl‘%n&mndenyl)zmcomum

or |
dichlgridest r i net hyl si | yl ) ani dobor ane( 2- net hyl ,

bls(tﬁmkﬁygsrﬁyg%léu%%gﬂ Phﬁ%ﬁ tl’ln€ S,:g?(%i/ %6 #%g%%ﬁkgtrﬁienvkﬂmomum
(dichlgrifig; | 5' - di - phenyl phenyl ]i ndenyl ) 2zi r coni um

bls(tﬁ%n%my%ﬁlﬁgwﬁoboraqe 2-ISDCPuD¥)lf 4- ?é' '2-d1n 1so-pr8§;{lphenyl]mdenyl)zzlrcomum
dichloridg; |, 5' - di - phenyl phenyl ]i ndenyl ) 2zi r coni um :

s B g Roryesedyset 418 SgAgpRhenylindenyzironsum

dichlerids; , 5' - di - phenyl phenyl ] i ndenyl ) 2zi rconi um

bls(tg}r{ég'ny?%l!ygap_l > %}relg;remg Lléyl) _;Qzéjg?qkjg%aﬁg Zny ]uk:denyl)zzxrcomum
dichldriabj or i de; - :

. his §,r| nmet hyI silyl)am doborane(2 i So-
bis(tpmethylsilyDamidghorsneirael a%ﬁeﬁwl)mmbmx}hpdenyl)zzmomum
dichRridB] or i de; ‘

bis(trinet hyl silyl)ani doborane(2 sec- butyl,

bls(‘ﬂlﬂ{eﬁlyl%ly )ﬂ#m‘éﬁhaﬁgne&wéﬁyl,]%ﬁdérWer)hglzylpb@mlhmenyl)zzmomum dichloride;
bis(iRfebyddil dob 2-n- 4-[3',5'-di- '
fs( brst t)?slﬁ r%bt‘iw;l o Iolra;/ne( n: péo ra# d1t %}ﬁnygahen?'l]mdenyl)zzucomum
, 5' - di - phenyl phenyl ] i ndenyl ) 2zi r coni um

bls(ﬁhfmﬁ&i)@g;m@%%eg{?ﬁﬁ@fﬁ%l %n‘apﬂﬁ)e(?{y%}x%(&ﬂﬁg )}iiziimonium

dichiprdle] | 4- di phenyl - 1, 3- but adi ene -31 WD 2008/ 027116

" bis( %@3&&%@%%7%‘:)% o bdx o’blb‘r‘ ;;%é( Sx-g?wfphenyl]mdenyl)zzlrcomum

dichlpridg; , 5' - di - t but yl phenyl ]i ndenyl ) 2

bls(t%llnge{.l%yljéh&aﬁvﬁé%rwe)(g r‘ﬁogb'ﬁglr ﬁﬁgeszdh pb?rgﬂg}'renyl]mdenyl)zzlrcomum

dichdbr{ds; , 5' - di -t but yl phenyl ] i ndenyl )2 714 1 4-di phenyl -

. 1. 3-byt.adi ene, . -
bls(tnmethyl’fsxg'(i])amqgoborane(}sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;

bls(tnmethylsﬂyl)am1doborane(2-tert—butyl 4-[3',5'- dl-phenylphenyl]mdenyl)zznrcomum
dichloride;

bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5'- dl-tbutylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
butadiene;
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bi s(trinmethylsilyl)am doborane(2-iso-propyl,
4-13",5" -di -tbutyl phenyl ]Jindenyl )2 7i"-1, 4-di phenyl -
waQ 2@8loetiagli ene; PCT/US2007/015873
bi s(trinmethylsilyl)am doborane(2-n-butyl,
4-13",5" -di -tbutyl phenyl]indenyl)?2
714- 1, 4-di phenyl -1, 3- but adi ene;
bxs(trhnabylsﬁylm\,ﬂbsmfayé@am)d b3 Anai- amﬁph&myddenyl)m -1,4-diphenyl-1,3-
3',5'-di -tbutyl phenyl]indenyl)2 714-1, 4-di phenyl -
b“tadie :but adi ene;

b1s(trhh&ﬁﬂ%ilﬁ?%r?i}ﬂ%%ﬁaﬁ%ﬁﬂ%r&???E ﬁﬁﬁlzmﬁgxi'lgnd%ngn)zp -1,4-diphenyl-
l34mm@Emelad|ene

bistt t hy Lyl )am dobor ane( 2- t
visca AT e AR SRR AR 5765 zt:/?ﬁiwxzalﬂ*ﬂﬂwﬁm *1,4-diphenyl-
l}bﬁmﬁmbuiadlene bi s(trimethylsilyl)an doborane(2- ethyl
o' -bis-trifluoromethyl phenyl]indenyl)2114-1,4-
bls(vmlﬁhghyyl)qn@om#éhgutyl 4-[3",5"-di tbutylphenyl]mdenyl)zn -1,4-diphenyl-1,3-
bumdﬁ&%trlnethyIS|IyI)an1doborane(2 n- pr opyl ,
5'-bis trlfluoronethylphenyl]lndenyl)2114 1, 4-
blS(tmmgﬂwh;lb’l-)arhl(tobﬁmbe(ﬂadm-bnm 4-{3', 5'-dl-tbutylphenyl]mdenyl)z'r] -1,4-diphenyl-
13_b tr|nethyIS|Iyl)an1doborane(2 i so- propyl,
€5 - bi s- trlfluoronethylphenyl]lndenyl)z ri4-1, 4-
bis(trikn QBMB't)érnﬁio‘BUiaﬂé’gzesfé&butyl 4-[3',5'-di-tbutylphenyl]indenyl), n°-1,4-diphenyl-
bi s(trimethyl-silyl)am doborane(2-n-butyl,

1,3-butadiener: _ i 5. trlfluoronethylphenyl]lndenyl)2114 1, 4-

bls(ugﬂlng?x? kre)él:ﬁﬁ}obB ?@-@R ok, 4003 Sty %lg%ler}yl]mdenyl)zn 1.4-d1phenyl—

leQHNQﬁws bIS trlfluoronethylphenyl]lndenyl)z ril4-1, 4-

di but e, S .
bis(ep B R ey ep PP PO B 47 i rifbtoremmetpy pheny lindenyl)y n'-1.4-
dlphéhy[l-a 3-butadliefie;t I | fI uor onet hyl phenyl ] indenyl)2 ri4-1, 4- :
henyl 1, 3-but adj ene;
bls(t'awg?wﬁl wa@iomr@a@rpmbﬂa&?eé ‘Sbisariflugrgmpthylphenyljindenyl), n®-1,4-
d,phéy,,[lq 3-Butalfesie;t i f | uor onet hyl phenyl ] .indenyl)2 r14-1, 4-
enyl -1, 3 - but adi ene;

bls(mmg@ﬂalbbamyd@ommwaﬁﬁf 3-bishirifluoromethylphenyl]indenyl); n*-1 4-

|.s0- propyl phenyl ] i ndenyl ) 2
d‘phé?ﬁ% 3 Emagleﬂe’n | - 1, 3-but adi ene;

b1s(tﬁhﬁﬂtyﬂsllyia)hﬂydtﬂiol‘anb02aﬁ%d@b Of-p3\S(-Bisttriflu6iyitethylphenyljindenyl), n*-1,4-

i so- propyl phenyl ]i ndenyl) 2 r14-1, 4-
mphﬂﬁéﬁé%;Pm'mge but adi ene;

'bxs(tﬁhx‘éﬁ{jldl%hm&o‘ﬂo}éﬂe@ﬁﬂb%@ @—iﬂ?(Szbisstﬂiﬂﬁﬂﬂﬂéthylphenyl]mdenyl)zn -1,4-
di - i'so- pr opyl phenyl Ji ndenyl) ri14-1
dxphqm ﬂe?rymaileee,but adi ene; -32 WD 2008/ 027116

bls(%&%%lﬁl #&%ﬁ -SCCCP“D%If 4- %'(Sé-bhs- f{uyrc’)methylpheny‘l]indenyl)z n*14-

dxphdn)[la ~3-butadiene;s0- pr opyI phenyl ]i ndenyl )2 Tj

bl 5 R o e o, Al - i BifbAppgmetbyiphenyllindenyl), n*-1.4-
dlphém[lﬁl 3—5|uta?ie§bgo pr opy! phenyl ]indenyl)2 t14-1, 4-
enyl - ut adi ene

bls(tsﬂgeeh)ﬂwwanvﬁ%hqme;?aﬁﬁlm Bdﬁa%é{!?soo-ezppulmwynyllmdenyl)zn -1,4- _diphenyl-
- 1,3-Bithdend’ - di -1 s0- propylphenyl]lndenyl)z 714-1, 4-
bls(tnmethylsﬂyl)am1doborane(2-n—propyl, 4-[3',5'-di-iso-propylphenyljindenyl) , n*-1,4-
diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-iso-propylphenyljindeny!) n*-1,4-
diphenyl-1,3-butadiene; '
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di phenyl - 1, 3 - but adi ene;
bi s(trinmethylsilyl)am doborane(2-tert-butyl,
W@ 2¢08/02A8"16 di - i so- propyl phenyl ]i ndenyl )2 r14- 1, BET/US2007/015873
di phenyl - 1, 3- but adi ene;
bi s(trinmethylsilyl)am doborane(2-nethyl;
4-13",5" -di - phenyl phenyl ] i ndenyl ) 2
: bls(terhy_l,Sldlehrmkiehgrland:(Zai—bW ael[Beﬁ'edl-lso-propylphenyl]mdenyl)z ‘q -1,4-diphenyl-
13- &? tr|nethyIS|Iyl)an1doborane(2 et hyl ,
®5' - di - phenyl phenyl ] i ndenyl ) 2
bns(trihlékhilsflyl%rﬁh@ﬁ&ﬂan 23s0-ButyRdi- FJ"S's-dx-1so-propylphenyl]mdenyl)z11 -1,4-
bls%trlneth yl silyl an1doborane(2 n- pr opyl,
dipheay}-%;3-batadienepheny| phenyl ]i ndenyl )2 Tj 4-1, 4- di phenyl -

bistofn P T Porgr Pater Subly SR Sl ppmyphensindensye n'-14-

diphehy]- 33-liitadienephenyl phenyl ]i ndenyl) 2 714-1, 4- di-phenyl -

"‘S("b‘f‘%‘m/ﬂl‘?ﬂgﬂ&f)k?ﬁaw@éﬁvd%*ﬂdr Hhd (5zdh'SB thrgpylphenyl]indenyl), n®-1,4-
diphehyl-3.3-Butadlend?henyl phenyl Ji ndenyl ) 2 714- 1, 4-di phenyl -
1,

3- utadlene
bls(tmngt@vlstlnaamwmaye(jzam@mdr[éhé(@-ptswlphmyﬂhndenyl)zn -1,4-diphenyl-1,3-
hﬂmﬁ1&§ , 5' -di - phenyl phenyl ]i ndenyl )2 714-1, 4-di phenyl -

but adi ene;

bxs(uﬁmemyrsilmixh;doso&ané()zamﬁpbqs ama(%hamp&uwindeﬂyl)z -1 ,4-diphenyl-13-
b 3' .5 -di-phenyl phenyl]indenyl)2 714-1, 4-di phenyl -
“m'e%&butadlene

1 il Vv indbn D 5. -di -
bi s(&hégygilgﬁﬁhagﬁgﬁiﬁ?zﬁggﬁgﬁ% r@{;gj@,% ??,@{egylgﬁéelﬁjﬁu}&n&ﬁzn 1,4-diphenyl
1,3-butadigng; adi ene; : '

bisCo B s BB R SRARA TS 5 3 e e gy -1.4-dipheny-

134wnmumw;nethyIS|IyI)an1doborane(2 et hyl ,

henyl | i ndenyl 22|rcon|un1d
bls(tlBrin %xy[sﬁﬁg ppyp&ﬁa@%,&%é (-(il) ;erﬁyl@k;?pyl]mdenyl)z ny-l 4-dlphenyl-
1,3-Watddiened' - d|-tbutylphenyl]|ndenyl)22|rconlun1d|nethyl '
blséwylneth yl sil'yl)am doborane(2-i-so=propyl,
bis(tgmptirylsgyamidoborape(@nisonpuiyldHEdpl- §Whmum;envﬂm¢nﬁk ny1;4- -diphenyl-

i met hyl si | yl)am dobor ane(2-n-butyl,
1315&?@%&5 d|-tbutylphenyl]|ndenyl)22|rconlun1d|nethyl

bis(uhinsthiytsilyhadnjdobotank (2astccmnyl| 4418(2di-plenyliibehyl]indenyl); n*-1 4-dlphenyl-
1,3- t%% 5'-di -t butyl phenyl ]i ndenyl ) 2zi r coni um di net hyl ;-
“Bytadignel et hyl si |yl ) ani dobor ane{ 2- sec- but y! ;

bis(tdmedhylsiyhainiddbuink @RI 1N44 3 -)dZéhéxﬁ%HeHFl]ﬂidEﬁ}lﬁX{‘d ,4-diphienyl-
bi s(trinmethylsilyl ani dobor ane( 2-tert-bu

1,3-bytadienes: . dl-tbutylphenyl]|ndenyl)22|rcon|un1 di met hyl ;
b1s(tm%%thmll?g%‘%Z%Q&EIﬁys%Q@?/5'03151@1? i/phenyl]mdenyl)zznrcomum dimethyl;

frinmet am dobor ane

y
bis(tumethylsily)pmidoberane ¢tbnb14+{91,§>+deﬁlwtylph@rezrm<;eml)mmnmm dimethyl;

i S BB BB S 20 SO0 BAR P OB TR i

blS(tumnﬁnywlb'l)ammbprann@t-hymomw -ﬁhSHdibtbuazﬂw(eﬁyl]mewlhpyrbommn
d1m64h3[13 5" -bis- .
bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(2-iso-butyl, 4—[3',5'-di-tbutylphenyl]indenyl)zzircbnium dimethyl;
bis(trimethylsilyl)amidoborane(2-sec-butyl; 4-[3',5'-di-tbutylphenyl}indenyl),zirconium
dimethyl; . | _
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4—[3’,5'-di-tbuty]phenyl]indenyl)zzirconiurh
dimethyl;
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trifluoromethyl phenyl]indenyl)2zirconi um di net hyl ;
bi s(trinmethylsilyl)am doborane(2-n-butyl,
W@ 2§08/02A16 bi s-trifl uoromet hyl phenyl ]i ndenyl ) 2zP€ /082007015873
di met hyl; -
bi s(trinmethylsilyl)am doborane(2-iso-butyl,

4-13",5" -bis trifluoronethyl phenyl]indenyl)2zirconi um
blS(trdnﬁi;rlhwl)amildpb@tanc(ﬁthL 4i[8"3"-pimirdblocoractbypheeyd}ildenyl), zirconium
3 -bis- trifluoronethyl phenyl]indenyl)2zirconium

d‘“‘e‘?i‘yiret hyl ;

bls(tl’nnetbyl’sllm)&hMbBoﬂayéOZaindmer4a[]§e,$%ﬁﬁﬁﬂu&bfn)éthylphenyl]mdenyl)zancomum
di §1 3,5 -bis- trifluoronethyl phenyl]indenyl)2zirconi um
tme thyl; bis(trimethylsilyl ) ami dobor ane( 2- et hyl ,
blS(tlhétﬁﬁSﬂﬁ)dhtdeMé&PMb-@?@W'4 [3'8dBRY! ) 2zi r coni um

» bis(tripethyl I )am dobor ane( 2- n- pr opyl ,
mﬂugrqrryﬁlgphngyl]mqgn z?ﬂfﬁP%‘HE’ré‘P]erenyl )22| rconi um

bls(nqlxhgﬁ&m/l&l)%lhﬁiﬁ)ggfagr@%’z% lbg{#é Ha gleny ?gﬁ%l rell Cﬁﬁ%e&?ﬁmﬁlmyl)zzxrcomum.

dimeghydet hyl ;- bi s(trimet hyl silyl)ani dobor ane(2- n- butyl,

" hie(tdmbihvlcd: d [') 2zi r coni um
bls(ngmwlty ﬁﬁrn%ldo??ragr%@p%hl sI’l %‘H%{% 5%%03 ane(2-iso-butyl,
mﬂmro:@e}hylgherwu]m@oybfmpymphedme]thylndenyI ) 2zi rconi um

bi ri si.l.yl) obor ane( 2- sec- butyl,
bls(tﬂmr[gg'yi] %l.yl)arpxqsi% n@pﬁé 11][9- gésnyl ) 2zi r coni um
mﬂnﬂrmmylbhedyl]sﬁdemyl)ﬁﬁmshﬁnﬂ a;lxﬁaﬂﬁmplobor ane(2-tert-butyl,
. 4-13 5 - di ] r enyl ) 2zi rconi um

b’s(tﬂ?‘%é’tylfgw)a‘m%’?’ ﬁe‘ﬁ&to%ﬂr nt\){/ )[aré)g’b%gr;ne(Z net hyl ,

u—iﬂx&rcﬁlﬁethﬁph&iyﬂihmyi)iﬂiﬁﬁmulﬂ Sem1) 22l rCOﬂl um di net hyl ;

his(tri, th|SI| am doborane(2-e

bis(tymethylsik a*im%’@m ehyh P ﬁd%?%lﬁ%EWPXB’HFQNH‘E‘#WlWONUH‘
dlmé@l,)qgt rimethyl silyl)am doborane(2 n- propyl

5' - di - phenyl phenyl ]i ndenyl ).2zirconi um -di net hyl ;
blS(trmsﬂsy &lb!)ﬁ@toﬁabp 8& ymnyé,bdoﬁa,ﬁe(hzxsp@@owxdpwllmdenyl)zznrcomum

dxme‘hi)[l?’ 5' - di - phenyl phenyl ] i ndenyl ) 2zi r coni um di met hyl ;
bi's(tri met hyl silyl)am doborane(2-n-hbutyl,

bis(tgmethylsitylginidoberapefrisayrdpyl de-h3/ 15)- szspmmxlnh@wﬂmdhwl)zmrcomum
4. VO 2008/ 027116 PCT/ US2007/ 015873

di
imett s(trl met hyl si | yl ) ani dobor ane( 2-i so-butyl , . 4-[3", 5 -d
bxs(tnnpﬂyrts}]yp)hmngdb]oram&emﬂu))ﬂ 4{3'Sbdi- mmprmyhﬂtdmyl]mdenyl)zzncomum
(trimethylsilyl)am doborane(2-sec-butyl,
dim
3',5' -di - phenyl phenyl ] indenyl)2zirconi um
.bxs(tdnwﬂtyhgxlyl)aimil&(&ora'mez ispHaityly 4-[ 3 5'-db borpropylghdmsdJindetyljzirconium
dlméh;l , phenyl phenyl ] indenyl)2 zirconi um
bls(trunethylsxlyl)am1do‘borane(2-sec-butyl; 4-[3',5'-di-iso-propylphenyl}indenyl),;zirconium
dimethyl; : .
bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',S'—di-isb-propylphenyl] indenyl);zirconium
dimethyl;'
bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium dimethyl;
bis(trimethylsilyl)amidoborane(Z-gthyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium dimethyl;
- bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl; |
bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium
dimethyl;

bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium dimethyl;
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di met hyl ;
rac-di net hyl sil yl - bi s(i ndenyl ) haf ni undi net hyl ;
wo a@sa2Ted hyl si | yl - bi s(i ndenyl ) haf ni undi chl or i PET/US2007/015873
rac-di met hyl silyl-bi s(indenyl)zirconiundi nethyl;
rac d|nethyIS|IyI-b|s(|ndenyI )Z|rconiundichloride;

di net hyl si |l yl - bi s(2-net hy henyl - i ndenyl ) haf
bls(tpmphy,l g)ﬁmldoborane(Z-lso-butyl 4- [3' 5'- £—phenylphenyl] indenyl), zirconium
dimdtR: di met hyl si | yl - bi s(2- et hyl - 4- phenyl - i ndenyl )

haf rri undi chl ori de;
bls(tﬂa@thﬁﬂgﬂfb’i)ﬁwl@bw@em'SG(CEblFIEL I4y[|3 - @mbmy}'lphenyda]rmﬂényl)zzncomum
dun&h§con|und|nethyl .

rac-di met hyl silyl - bi s(2- nethyl 4- phenyl - |ndenyl)
bis(tpimethylsilybeimidd borar€2 -tert-butyl, 4-[3',5'-di-phenylphenyl] indenyl); zirconium
dnn%ﬁ@ di met hyl si | yl - bi s(2-net hyl - benzi ndenyl ) haf ni undi ne
: rac-di met hyl sil yl - bi s(2- nethyl benzi ndenyl)
rac-d‘lﬂﬂ‘emyWI-bh;(mﬂtﬂ&)haﬁuumdlmethyl

nw*& h&gﬁ*éﬁl lnghﬁ&%dﬂghgyL benZ|ndeny|)
rac-dlﬂﬁﬂ@ﬂﬁg’lhw(ﬁﬂéﬁ&l)zbﬂcé&mgﬂ@r benzi ndenyl )

- zi rconi und | orid

rac- ‘?lﬁkﬁﬂWﬂ%ﬂﬁ;ﬁ(@ﬂF%lWPQmpmmmt,l ndenyl )
rac-c?ig{?ﬁﬁﬂéw {%H@(*yl ghe(gl-mdeﬂkjll)h quthyl

.rac—ﬁgfethy@miyilﬁgq(hyneﬂ)yl 4-pheny1-mdeny1) hafmumdlchlonde

rac-di it uﬂm E}ﬁ(i 'n;n%sllxeylbd She(nyl-mdtengflI zmrzlgnem%d?methyl

hat
rac-dmx;tlﬂlsrb'l-lb;d(%rﬂqthylkﬂ-phe(n&l-[miehyi) zirﬁ@iﬁﬂmﬂiichlonde

m-&lw 3{;{: %fwwﬁwﬂi&gf Q%h}snemﬁxlnet hyl ;

rac-d:ﬁfeﬂ@llﬁmhyd(&kﬁeylxylkheﬁﬁiﬂd&@ﬂﬁudfnﬂnﬂtﬂﬂhéﬁ% i-ndenyl ) .-
n
rac-c? ﬁHf ﬂﬁ'ﬂ’?ﬁ(g %xlg%eg%lgdﬁﬂlhyfcoﬂlwwm’- [ ndenyl )

rac-dlﬂfeﬂiyﬂ@]@ﬂ-%ﬁﬂ(@&ﬁéiﬁyl -benzindenyl) zirconiumdichloride;
inethylsilyl- bIS(2 met hyl - 4- napht hyl - ‘i ndenyl ) -
rac-élp}egyﬁql]yhbéﬁ (’?E’(“ﬁﬁhy -indenyl) zirconiumdimethyl;

mc-dlﬁ&tlﬁuﬁmm@hé{ﬂyﬂ%@)i*z EW% yhy!l ;

rac-et hyl ene- bi s(1ndeny Iorlde
rac-digpethytl iyl bireQome thyhinsenyl) bafniwndighidridest hy| ;

e SR SECHSLITROIN SO0 0%
mc-@gmhﬂﬁbﬂﬂqg%mtmt%yaphthyl indenyl)hafniumdimethyl; _
rac-&xﬂﬁ:ﬂﬂélﬂg? IEYJL? 'erdéf b4 ﬁ&@t@zxﬁé%lyg) z(xrcgﬂnwsﬁl ﬂxlpp Ee yl)-in
rac-@x(x@thyésxkyy-lb;sﬂ-(nzéthﬁett hgphtlp,ﬂeng/én)yl)l hafmumdlchlonde

e SRRSO AT E iy o T - ¢

rac-dbnly:ht)-brs(mdcxml)haﬁﬂumuinmthyie

thyI 4- (4" - et hyl - phenyl)-in
rac- éﬁgleﬁ‘} Bl biphSieRIoTEe s 2008/ 095116
rac- ﬁE}léhBB&(iﬁﬂ%ﬁﬁYrBommndlmethyl

| si| 2-mei hyl - 4- (4' - met hyl - pheny|
rac-§iists SRuPHr iAo R thapndey 4 (4 - methyl-phenyl)=in
rac-maceﬂwxmlbyé@hhethylm @i%é@}ltﬁﬂenﬁ)-ﬁﬁdm?ﬁﬁmuﬁphﬁ%}h in

zi rconi um di
rac-pelba R S TG Zapisspeny atenybayiuap fishlprei
-Giaurh ] 1rbdth (Al
e rac- ﬁ?tl hb%lqgl [yl ﬂbf? 2- rrﬂgytq t?henyl) (nden?’gzmogut y?lmeﬁgn’yl
.rac-sluqqﬁiépdﬁWI-)bnq@fmﬁ:thyiﬁj(},meﬁwbphenyl) indenyl) zirconium dichloride;

rac-ﬂ%&éﬁ}i}m} yd g:{{l/ bylbti vmetl C}*}M‘Lpﬂl? 4 ?en&ﬁﬁfﬁ&ﬁ“ éﬂmethyl
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rac-di met hyl silyl-bis(2-methyl-4-(4"-tert-butyl
- phenyl ) -i ndenyl ) zirconi um di net hyl ;

w0 a@8a2Ted hyl si |l yl - bi s(2-nmet hyl -4- (4" -tert - but p¢Fphmnyh15873
)-indenyl) zirconiumdichloride;
rac-di met hyl silyl -bis(2-methyl-4-(4"'-tert-butyl -phenyl
)-indenyl) hafnium di nethyl;

‘ mc-dmhﬂ;x;,gtmﬁ@gwmﬁzg(:getmmymmmyc)émlm gabhlonde

c-dm%%ﬂyi {;? %ﬂl l-‘g- ?‘B&ﬁ%ﬂ%h%?b@—x%%%y ) znicoB utm fhmethyl
rac-dmpmmrlyll)ol-hls(aﬂmgthyl 4+(4'anethylrpleingBtihgdnyl) zirconium dichloride;
rac-d%n?&h&ﬂhﬁ& hg/(élsx#!%%% %}ﬁ?&%&{ﬁs bﬂ %gagnyl mden}‘?ls Ela rx dugetgglyl
rac-dﬁmhy'lsﬁmtﬁils&&héthﬂ- 44 ft'éﬁtjb)ﬁtyi 4pHehyhtiBddmyDHathiuRN@BMbidé -
rac- dﬁ%ﬂﬁlé ﬁé? pg}Byl—4 (4'-ten—btuteyr1 t—p}Pel#y l-mder}Fy?) zlxzconlurr]rtxj Slrr]gel yl;
mc-dfrﬁ’éihﬂbll?tﬂqé(bﬁhétﬁgr-i% B iy $h€Ay1)-§xﬁfeB¥19 'ifr% dlchl?Snde

phenyl’) -i ndenyl ) (2-i sopr pyl pheny
rac-dimilaylgityl -hﬁ#ﬂwhyld‘ifﬂrtemwl-phenyl)-mdenyl) hafmum dimethyl;

L T T —

rac-dunmbyiyﬂlgl—lg$(ﬂaocthuh4-d4 Eihftdmt)d ephenyl)-indenyl) zirconium dimethyl;

e T T T

rac- dpilﬂ}hylbi)yli-(ﬁdncthyy-‘l-l(lﬂ etenibuinyl iphenyly-findenyl)(2-isoprpyl-4-(4'-tert-butyl-phenyl)-

mden)y%]‘ﬁ‘rfr‘é ﬁﬁ’hh ! - bi s(2- et hyl - 4, 6-di i sopropyl -i ndenyl
ny

rac—dfmhylsihﬁt(ayﬁxsmywtt ﬁbtt&ﬁ%uf@ﬂtbhﬁnyﬂrlﬁd&iﬂﬁmd@ﬁ)&lJMWButyl-phenyl)-
i r.coni
mder¥y “H?frl b| s(2-met hyl - 4, 6- di i sopropyl -i ndenyl

rac-dime'fthf'lﬁﬂ’ill- Dh ékin M 4'LteR.budfl dphenyl)-indenyl)(2- I-4-(4"tert-butyl-phenyl)-
. . rac-di rret?épsj -le s(ZH?e}t% nyz? 1%1 %Ir}yl )s(oE)Sroggg/}i -( Y me P enY)
indenylyzircaniym dichleridei de. [0052] M xtures of the above

mc-d%?fgﬁgpﬂs?clﬂ&hgi@ Q408 lﬁxﬁq Eﬁcr ?gninda{a‘ﬁsg E&?Lypﬁ-\ﬁomo{en-butyl-

phenﬁmmyl)mnunnmgpfooss] Theuzgt i vated systens
rac-dRERGREALS OFDRN BURidblobl PirBBn il Faiild N G2 51 o1

erizatior and/ or
mc-dpmtynbﬂylzlasaanetpybé,ésklsopmpyhmdentd) zmwyamﬁlmethyl

e RETaTE AP B Rom BebATRR A B IR R

dﬁﬂﬁhﬂsllﬂﬂmS(ﬂ-lﬁ%ﬁlAdem;nptdpgt-lrﬂabﬂ)ihz[fmﬁn dichlimde

' ol yReLi.za erature . s ahove

toosH0, ¥ RREhER 408c RBIRSH ok S SR HT uig psBB0 GestemRly two or more of

the abm@tdmarpouﬂddmdluﬁmherefhhe pol yneri zation tenperature is

P lSOC:tP ﬁoqi or 70C to 150C, or 75Cto 125C 1In .one
OYBSHEATARATOhe pressures enpl oyed can be in the range

[0053]r 0MThhe adcivstel &ystemlsCant dathfgey) céBpali@ytutiidthg the activator systems are

spheres (50.663 MPa). or higher. In another
suita Bt an¥ Reepolyspenizatiop 3od/eD PO GPEMIQIS PITSESD 9WE 7B Wide range of

tempaﬁmruﬁﬁﬁpbrs%%}e%mham&nﬁé}hﬁ&wm%mﬂmfiﬁge%f ﬁ&ﬁ'-%@é Bfabout 280°C,

activator systems are suitable supercri tical

prefemahly from Y8 9rabpriRSEedn a{x@bgnqmlplzgnyp@t; thearolymerization temperature is
abon rmgegm 56‘”@' WSS 8O 128Bve 986°RRBEFe 1509¢ bY a?ﬁ%sf‘omc In another -

préssure . process or a conbination
embcnhm@me mmlynpne#tm ethpeature ga SO de @00YE, @1 m"@tqolhﬁl?é: or 75°C to
125°80! H{TBAd € fe | 0S
B! KT 868, 905 iR hole ) oA Sy 1 smoters
. lthMPpD te abeut| S)Odatnwsplmies (ﬁm M Paplouthigher. I’In@mother embodiment, the
pressure, bulk, slurry or gas phase
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pol yneri zation process of one or nore ol efin nononers
having from2 to 30 carbon atons, preferably 2 to 12
w@ 2008027186 ons, and nore preferably 2. to 8 carbOmnus2007/015873
atons. [0055] Illustrative nononmers can include, but
are not limted to, one or nore |inear, branched or
cyclic olefins; linear branched or cyclic al pha
'actlvamécbfsystsmsl amieaagal)tst anoipetndy utiieingc tith attifaters systémhs\ase suitable for
superié g ld or. ¢ cllrc tha onega ol efins; linear,
P %rr‘é‘f? REY™E71280 % PGSty enes; |inear branched or
[00543yc| Pélyaiepization plocésses inalulde G(olhﬂbh,ygas pmhﬁﬂ‘ sluf1§Ghase and a high pressure
nononers incl ude one or nore. o %th propyl ene,
PTOCER}, 108 nd- Tmtﬁ’éﬂtoé‘néh"{“ 4- r?éf‘!ﬁ’-‘llar eERET ‘Sh%@ﬁepl}ase or slurry phase

polyr®éii2f6n bf on@% Qﬁkﬁ’e %letﬁt(s)rﬁitléé‘slt oRE 'btf%ﬂﬁcﬂ- is RYIBAE BEPRpylene. In one
nor bor nadi ene, 5,5-trimethyl =l -hexene,

embogiraerdy the| praegss ie dlrwtﬁi/ fowarg elolwtiane higthBressussy bullorsurry or gas phase
polyrh&iRH6A roc{egg lonk! druiblAbleYif t‘f%ﬁ!}ﬂm?rs dl?ﬁ'ﬁ:?é ®oRY2 to 30 carbon atoms,

nDnoner use as conononers - .1 NncC romati c-
preferpbiiid ta; b carboi atpmmo Artmor: preferabilyi2itg Suqarkam mms,ar bon

[oosﬁgoﬁl&@r‘iﬁ%’ﬁm%%@stéaﬁ §M&%%u9£r Hr ik %g g oge linear, branched

noners contal nin car on a
or cyaliorofins; gmearpbmcﬁeﬂl o eyglic rabpimmteﬁne'omirrar Sbraﬂéhekiaﬁ'sdychc dloleﬁns

lmea_hgalr@lcE}Fga ctglr ;g%ﬁslt ' u@hg{?&gﬁgrﬁ ﬁr aby, ear,f PIADF Et?eﬂ/}o(r) ; h{lc polyenes linear

brandheg hirthhﬁDalﬁha/ olefis. aPﬂﬁBﬁlhﬂy,gbﬂdf&r&D RiohbfileRy inthideN&ie or more of
further conﬁrl ses at | east one pol yneri zabl e doubl e -
ethylgRg, ProRylencs [oyiensrly BENISRE-J el IrRsRtener hexenshyqotene-1, decene-1, 3-

meth?f—f)éiﬁ&xiér-ﬁ MWrbémbse, %FWd:éﬂe?@Stﬁﬁtﬁ%ymheQ&ﬁkaﬁﬁl- 1-nonene, vinyl |
he aromati c- group contai ni ng nononer may further
norbarmpas, iapd ek lidenemenemers. rmre hydr ocar byl groups

[005{5&38: ?ﬁh nbUtcﬁﬂI: Jgﬁa’ﬂxfx nqerst&eﬁh sal:&MB%&ﬁ&H Rﬁclgde aromatic-

aIy, ajace stltutlons may be j.oin
group-goftgimng alqnpngr:s eeniziningeup m a0 eaartm atoms and non aromatic cyclic group

contﬁﬁﬂg%bﬁoxgérg %n?a(?l[ﬁh? | {5930'R Fatofm@nt l&bPet alloﬁ%ﬁ:-group-comammg

one“aromatic structure appen 0 a polynerlza
monghexsicomprse aeleyst oRe latqnwicatrluympfr pfeferably Boomat ite three, more preferably

u st ma | st rene
= pHERAT TRyl SiSaHERA b PRy C btiice THY Ronfi i opesoptpining: monomer
furthai' Icyinpbserszankeastm pcnglmlaazabdaes neoblal H»oy)dsiuphetha, after polymerization, the

r apet hyl rene
aronfyik Sy} B Rt SRR THE Holmg bR by Bhe BimaiR gxgep containing
montmen manysﬁ@mef ®e abitituted Weitld ont Qﬁ&hoﬁnﬁycﬁeéa)‘mirgrbﬂﬁﬂ fcluding but not
i QT4 47 G 0 Ko 150 B SB0L 20 IE AL b ine t orm
a mfgyﬁfdcmrst IRigfetrc8 anEhiatt- ?@uﬁ%oﬁﬂdﬁﬁﬁ@ inoniehietd Eott@d M Veast one aromatic

. one or hydr ocarb roups. such as, but not :
struqturg; ?BEF“E’ ‘? © );t é’°t¥1‘€?"§?‘k‘9l °’g" lfpé“O'F’?yef cPartigularly preferred aromatic

monaﬁl@rsar OB SiypdreC OAIPRRmeRIARhEY PARRARY Btyrtel Ud&vinyltoluenes,
vin Iohexane V|nylcyclohexene vi nyl nof bor nene,

VmY&rtaﬁ ﬁsealh’é beaeenenaid iadency swa&véneenwemﬁébﬁlén@ene 4-phenyl-1-

y I
buteﬁé’ Qh@ Qﬁglegﬁxze%% Og};gﬁz)d?i% %gﬁ arof %ﬁézﬁgﬁ?%?_ 5@;20?;51 %r}ﬁonomers preferably

havemtdle@tt fone mmw@blaséﬁfmlc groupdhasrio eisher peadantoel thel eyclieystructure or is

R

hydmar[blybgr(mps auclr ag, dait bamlitsited ®, Gaadi Ciy alkyd @raupsathyeferred non-aromatic

cych Ig er %erdu §gec (?r‘ﬁ%m Z:rg)gqeo[née)rs st {enrc Pﬁ(r: rH'écfycgolhg?(%r;1 s 2 dvmylcyclohexene
vxnwﬁmbomhme di ahgfxdenemmbmmné)e oelgehadiene OMeyelbpdntene, cyclohexene,
c lOEEt? d e TDNOMEr S ; ﬁk di -vinyl nonomers). Mre '
YCIBPeFRy b’f’@a PR srdthedie pnomers are i near di - vi nyl

nononers, nost preferably those containing from4 to

30 car bon -37-



atons. Exanples of preferred di enes include butadiene,
pent adi ene, hexadi ene, heptadi ene, octadiene,
woonat2ane, decadi ene, undecadi ere, dodecadi enBCT/US2007/015873
tri decadi ene, tetradecadi ene, pentadecadi ene,
hexadecadi ene, hept adecadi ene, octadecadi ene,
nonadecadi ene, icosadi ene, henei cosadi ene,
[005'ﬂocoﬂml|eﬁn enondmemsmelﬁﬂaras cdmthfoams aah emﬂude any hydrocarbon structure,

prefeg%?yag%ggg ah eﬁdvdhexg g%d vﬁogeunf g E%rbcf Sop) \&3ein at least two of the
unsateitéd bordardry rgddifyeincefpotited @fto a ﬂ@l[yhﬁﬁ bﬂz e&hbﬁ@ts&dtcﬁdﬂ»eclﬁc or a non-

stere%s’p;é)\?'(ﬁ:f,ﬁaggh%f énéi §S-l g aeg &ggéggé tgeﬁetgc sp in 'monomers be selected from
alphal , dregd-81dRE axﬂbﬁtﬁﬁers]-(1365-"’ iRl esRHbReR). aMbre Oiﬁfeferably, the diolefin
. ol ecul ar weij ght polybutadlenes (Mv | ess than 00
mongess|aye lippasidivinyd megnamers.gnesicpreferbly, those contammg from 4 to 30 carbon
yc r e
atomg t?ﬂg@%g%ﬁgﬁgfernrég gdﬁlﬂ'ggvﬁﬁiﬁgﬁlztgdl% %%me%@ hexadiene, heptadiene,
octadjenp)/ chmpﬁmnam decadiene, h|ugﬂecradre|nn,g degleeddigne; ntgidecadiene, tetradecadiene,
pe LI B DR AR, A0 B, icoadiene,
heneh:esalhﬁd:u céstoaadiare]i micdsadiens métraﬂfbxﬁlemﬁqunmmahene hexacosadlene
n include but are not limted to hono a
hept%:gszﬁ% 'Vrre?céac(%a ?Q?py?‘@r?@osqdf%’fau dpﬁ‘ijm@b"t"ﬁc tqaencularly preferred dienes

inclyael ypmapuhﬁae,, 1s7ycsudad3&xﬁgt1 8-ndRAJiBIe) P H-d8&adidn@ d9T0-undecadiene, 1,11-
copol yne al pha- polypropylene
dodegadyers, ghik} Et%‘%déms dp Lstebafcadicarngnd Iy molesplasweight polybutadienes

MWCREOMAT080 oD NePrbfel@d dyBli® Rne idtRidR cyelBpesthdR AL, Svinylnorbornene,
propylene is polymerized With at | east two different

norbgpdicat.s etyiiidene aanpﬁ@ene,a@bﬂﬁylbgpzege,h)qlwg)pentadlene or higher ring
contﬁﬂfdg‘m@ltzh)fs ®Ath OPM&BhP&bQ%thE aflv &fg@m thSIqufl@ a

terpol ymer. [0059] Propyl ene based pol yners produced
[0058E ei IHugtrasive rpobymers tbatucan be preduced acenstlipgrtopyriecore more embodiments

hereg{) ﬁl%fd}(/irgreb?lgla}[%glglgiéll}lglg? @'B%ﬁx{e ngg{@y n@lg&ll nccff &J@ﬂ%he including isotactic

polyamﬂ»ytmep sjn}dmmmimkypm}wﬂemee rarwlogr &Dpollyimer ({Rﬁ@l),y alpha- polypropylene,
efera

n .% 10 al nol % | e
propy?enga:#lg eenr?boaSt?rxgﬁ’{SS a'%edlelp ggffae COP% qéi iKe. f?\ one or more
embedﬂnmﬂts;rmm()emf 1sqtd1yrheﬁﬂcbﬁnth 4tlehsy t@BOdlfﬂeteﬁt monomers (often a minor

amo R H e SRR, D S Phich a6 BT & HisREs B am aTpiEer.

_[0039] ke. Pl[oﬁ%ﬁﬂ: lbasal s Ipalymyerp ol protiidedat herein apﬁﬂﬁmpm mmude isotactic

of s articul ate pol is fornmed in a
polygiary T Hafi oIS BropYIERE S Gt BIGHK T immR foply et Preferably, the
polylmsmﬁnﬁieaﬁdmofah@ aolpmrxﬂ@e f ﬁipgnﬂ.evwh&emhahuﬁdlyﬁeecomams 1 mol%

Th pensi Iudlng di | ue i S o
to 5% ﬂ/m(p{ege{ﬂgjly Lo n{“P ou§|8§’mer%m5 @ept‘soﬁqq Heto 10 mole% in other

emUbﬂﬂﬂér@d) d&héih?leh@ Rr WLt €5 CHBRR) n&@fe?alﬂf' Qau&%ﬁab@ﬁt@ﬁ'e hexene, octene,
fromthe ymer_and recycled opti ona Iy after a

nonefies é?qepatdo%‘ﬁcensé § Retrimesylol-hexene. anddhe ke | uent
[0063ﬁp| O}ES sivryt &ﬁym@ﬁiaxﬂsﬁr h%ﬁ&;&eﬂé‘xoﬁ‘%ﬁ“ ALK ﬁarﬁéﬁ%t@ Zﬂoﬁ%n&”is formed in a

kane havi ng rom3 to /7 carbon atonmns, pre er ab

Iy
hqutﬁr aakymesizationa dduent raediun tardighl ethzlene thod| momemers qmddoﬁen hydrogen .

W@ 8%1%%%%2%%&%%%? lg‘afnlé o r\‘/@? Frmittently or continuously

remWﬁhfranptlmpam@onwhemmhlesmlmdd mhnnopcm$emssaparated from the polymer and
|
reC)%Ee% g %11 Ogﬁ gt? 3(9 %tqugan,p I; I?lgeu rrga%&%._r,lr g?‘g? gxé]ll\'lue déluent employed in the
pol)lmemmeomrmemumsghm]ea‘l@ ammaumhasxrgnﬂnbm)&mb 7[@@1&51:1 atoms preferably a
b arg:rngd fl@( 'gﬁlu?lggiéh%erg{;lggg u?hou?(? g% ggt?ir § e conclO litions of polymerization
carrying out the pol yneri zati on process. In general,

tenperatures can range from apout 20C to 160C. Mre

speci fic ranges include fromabout. 10C to 140C, and
nor e



preferably from about 20C to 120C. Lower tenperatures
are-particularly preferred to-provide an added
whemwshetiieof form ng discrete particles of the pol/ya®07/015873
Preferred | ower tenperatures include those
tenperatures at which the -polynerization is carried
out at a tenperature of less than 100C, nore _
and rq:jae‘#eﬁy ary Wasm & bmpaﬁé)ﬁ;edamd isTosid the @ﬁ'(meabisypx’emably operated above -

C. Pre ner | z rature
the e QBent TP AFBPIEING TRTEImr CPEY BB dhBPRnSsE, o isobutane
meditﬁlﬁesfaﬁﬂbwd - above 27C, preferabl y- above - 30C,
referably above. 50C, preferably above 70C. .Pressures
100614, %l¥3f’rao SRR PRORESS (AR Depaif. ?36’1%‘[(;88{ akapy) tqmpergtussand pressure

rangeke??éctlvp ﬁﬁﬁ%ﬁlﬂh)’od‘t R pQlymeRi2atidmPro¢ER) Int %én%ﬁﬂ’ Uﬁ:m%@ﬁtures can range

, nmore preferably from about bar
from lam;t 205(339 d@p°@00~’lb@r8p@m@c raggep incinde fronx abnug @‘F(ém ¥40°C, and more

preceipb RS iout sl & 20 bl Eivetuth Arera iy Pisfyeed to provide

an added deaefit of MRaming diddzete @’midPed\/B’ﬁtﬁeOp«’;lyhieﬂh Ratferre@dbiver temperatures
) 50 MPa, 30 MPa or SIC_)LFE/PE 80621 I.n gne enhodi nent of

include, thase lﬁ?‘??erﬁ?’é‘?,se%t dhe bR atipn, it Fargied| qut @t a teperature of less
than T’Od%e Hor® brefgx‘aﬂﬂfqgﬁs tHhrt BO¥CE -anll -nffost P%&%Blytlh‘isethﬁl §otg! Freferably, the

phasé, whil e thé polynmer precipitates fromthe dil uent
polyrw:mztatlgo tinaareaisiaboveé room teinpediting€23°C)) prefemably above 25°C, preferably

“abovf G0 rRtesig abve B, TrafFrah Ve T PrRbbgbove T0°C. Pressures

can ra,hgeaﬂ?&n haﬁhnggf(umé’) b&bzmc:asdo% UV Ra), ﬂe&fxﬂlﬁmo)h 6.5 bar (so kPa)
branched al kane, is added. Preferred al kanes incl ude
to about IR Bare(S9nYlha) oreseapreferatly fesom abowtnh baw H&Qﬂs"a) to about 100 bar (10
MPap! 21 hRBE prterdbRA At faBEutds | bigNfo ARkt t 41 AP TS MIPa).- In one or more
100631 A pref erred polynerization techni que is
emquememnsetbe mesalsre p;an rangedtdmo preyoif phewti I MRagh MPmmrdﬁ MBa to a high of
abou?§(§ﬁlp'—‘ )5 process utilizing a supported
ere| n e tenperature is kept belowthe
[0062]errpén anuc&badmwm oﬁtlthbupmryms, tho gwnomers Felmisdibla in the diluent or

dlludA‘p{nZﬁ?Epl §A§érf§\gﬁg\lﬁl g Eeg %Vltﬁ% g&?g{# gx[ee(é C}J ﬁ eyﬁ%m the diluent

with lgyod efparationdroniiecdiluest. uImrope pmbodssas, 4 sudvander tdrrdsleent is added to
the r?arr%gn reog.g rel aoe%\xng%)uge?rao tfo%nm?nq %ﬁCteqiatv%{% r# od 7ecarbon atoms,
prefarsisigl albmaxﬁhedl ekkanepas added| Preﬁférretbﬂhamtmcdﬂde isbmtamf and isohexane. In

of .s cesses include
othel Giboditls MopRens Roirs ot il AP0 BEEREmET oo ot her
[0068K aNTA @seferfred pblyineranGie &bhiqas 6 fifaedd esk partitleJorm polymerization,
.Iﬁt ntsaj6l?i484 and5986 021, vvhlchgle full% .
whigh i3 gssgatiallyaslivay @rofess tilzing 2 siwported cofalyshherstn the erpperature is kept
belo®itthé kedipesatufe’ 3t wHicIo theSolyrhat, goRE ikbisblu€itin. @lifexagfile of such a technique
sluy reactors are useful for production of_ bipnodal
is deSENDRASU-Y. iRt 8 HS- vt By, IneproFasei hefein Y eference.  Other
sluxﬂyrbrbé’k@seihﬂélﬁde 096 emPldyInLARAR Boff of R)@H%&lﬁor L& tank reactor.
than 2000 | bs of pol ymer per hour (907 hr), nore
A plgralityeefgyichy reagtors can be used iBeertes) paakgl, or qunhm;mons thereof. Non-limiting
/
exang@g§ g?ggu}é‘/)ﬁ f’oeggésg?g{?ﬁzéeo l&?%ﬁo&??&f;},h ﬁlrsr%r% tﬂﬁcdﬁmaéstses Also, other
examplos hE slun'e!rmg@nsn@mre despribed dm Sy B@temtsH ¢13, ‘H?dpg@ 53981?,021 which are

full)pi%xggr%t %hlge;rgiﬂtbslrrfzfe? y§ar9gg?ﬂél§§?tﬁéns%g§¥%§% *ﬂg@ PQB Yurry, or stirred
and (oij sBitfy degéthrs) art os&fbkibt pdOctHOof] H)mbﬁal polyxberS00

‘ 00&3/ hrl) 01{ 006?1} 1me qge reac?oq' \gs%é]tlh O s ey %cgsr;u' &3 zﬁ)rig of producin
[ ppof& ? part|C|eS are presen % 8p . p 2

greapartharc2@09 Ibs iofi pbtymerlpar hyurr (98T tkgrhyr), ansmiet;inefezdbw gty:ater than 5000 lbs/hr
diluent is a fluorinated hydrocarbon, one or
-30.



nore hydrocarbons, or m xtures thereof. In one
enbodi nent, the concentration of solid particles in
wo b@s®bney i s equal to or greater than 10 vol POEUS2007/6015873
anot her enbodi nent, the solid particles are present
in the slurry at a concentration equal to or greater
than 25 volune % In yet another enbodi nent, the
(226% cklgﬂd‘),pandlmst peaferablye genateri thahhdeo,QDerlbymat(4a40 kg/hr) In another

embeBREET Wer P i o AP, o7 35 g ey Hheofe.000 165"of polymer per
hour pﬂi&!ﬁek’g/ht)nptelﬁﬂalsllybg’réa)texaﬂ)an QS[E0RNIbE/AL-( DIN340 RPBHNG fboaM 00,000 tbs/hr
4SSb ﬁ(o 70 volune % from5 to 70 volune % from 10 to 70

( %Efrl?é) % from1l5 to 70 volunme % from20 to 70 :

[0065]0! UDR ofié efbB@IMA, d)yrﬁ@r QhURE afd suﬁﬂ&ﬁﬁ%@ta‘ll_:)x%t f)grtlcles are present as
“volune % or from40 to 7 vaol unme_% [.0066]

solid garticles i thg Shirbe &eastos. ands theedumy Wilyentris g @orpaf%rhbbydrocarbon one or

. 0
mor el sy OO 5 5y 6 o i

in thmlnmyns eqal K@begmntce than [00@dTine % émenc&M:crdmhp@m;ntoﬁg solid particles

are p%&&plfal he Q%rg;eat %rC%g a 1oet thhl(etg)e r%%:egnera %gol /o (in yet another
emquhmpml, §hﬂfBbhd @dmmidshxqopmpgﬂtémemel sﬂurhha apxromeenmoafleﬂshhan or equal to 75

catgly st ens des bed pr
votui?| Lo, 385 % ORIt 4he GRTF pastcie] 2t rpspat in the shry
concartfaﬁlehf ﬁﬂlgixfg ﬁbﬁxvl de7a%adﬁe% e i to ’mfvcflﬁkh31%,‘gfrom 10 to 70 volume

os. (i S atlc olymer, In one enbod
%; from, 2%'% bﬂaaﬁ YRs /t’ér%%?%rpzvaal%ﬁ%, from 30 to 70
volumwcarﬁsbx@hb%7msmﬁﬁr%such as ethylene. The
6gloepol ymeri zation can be carried out_in a batch or
10066k, nt iE¥aBpiesp b crodwiongprocesssht prisudessribed igedh®. FatopsiNes. 4,271,060,

5,001,568, soB g and 91589355 BhE P@qdwt(f@@/@%ﬁ WhicH 4B gﬁi rémtcorporated herein

interr upt’l on or ~ cessation: 0068] I'n dne enbo
by referenqsr epol yneri zati on process is-carried out in a

[0065]| ur iy o8 @ﬁl%oaxtmcfn?fcfng%'i 'Ydte %&Bﬁieﬁi@{ hzagte{ he Oor one of more CstoCyo

t'enperat ures_and pressures, . suc 0S€ n”pera
olefin(s)l op miphetmein(s)] @an raldocbe bmpelymér(mdt\m&l podpyterei inathé q:mesence of the:
Lon .can,take

catalg{tos?g%ﬁlrsm %8%@? Idy m’%r' c aﬁ)ﬁ é{lalg rPogﬁlat/:rbzagma ﬁ%pogmg%%aélém is particularly
prefe(mfedamypmidecali aﬂdude bgll‘dﬁtcmﬂ’]fdrmluig dipceege phrtchCdif ti polymer. In one

emb BB B 167 JE PR TR PrRb Lo POIympfigats3ivith any other monomer such
as ethyléR&, JIR; prép&?ﬁl,eﬁﬁﬁloﬂcaﬁﬁﬁe 85’451,ed5)u?86 albidich or ¢OMtifubRs process. By

con%tbqqgggs{) tv%sJ O b %r}])e%%%:s &9%%@}%§§gg rAgEan without interruption or
cessativ@or por at ed hereln by reference. [0069) Hydrogen

e added t0 any reactqor fqQr nol ecul ar wei g :
10068, Jjone gmbadiment] the arenalyeriFaNSBeroResF ¢TI pin 2 shury phase at

effectivt prédpotyreasRtios ithAks 1280 Hraburby, LAY EHHbE Rhdpéfatires and pressures
the- -40 WO 2008/ 027116 PCT/ US2007/ 015873

descbgst: beein ferothe ol mﬁ@%?éaoesgrOP%St herepelymepizatiouean take place with any
olefiR Hénier OF c%bﬁﬁhb‘ﬁfﬁﬁ f il tﬂ\é‘g esBE an ycﬁé?g%?g?gﬁnncontrollmg agent

wei ht aver age nol eCU ar wel [bns
suchope hydragsne  &oboukamphass of mﬂ@qéﬂhyrpta@lpyl megi\m&;om:sebl S. Patent Nos.
_ r de ' f ~
4 74?%59 Aj %59 4%%3??%5% ? ng’» gzg‘ 5?2%(; 578 ac.jrgler aé¥ea?x publication EP-
B- 02ﬁﬁ(ﬁﬁ3athPCW Bﬂ)llcgtﬁcm:W(D A3 1,0a194>f g/hich am)ﬁuﬁy mcorporated herein by

refer%éeferably fromabout 0.86 g/cc to about 0.91 .g/cc.
nsity is

[0069] Hydrogen can be added to any reactor for molecular weight control. As is well

known to those skilled in the art, increased concentrations of hydrogen relative to the
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measured in accordance wi th ASTM nmet hod 1505.
Crystallinity [0071] The polynmers can be produced at
waledoBoeAmE crystallinity |levels. For high noi sSPCF/@ES2007/015873
barrier applications, high nolded part rigidity,
pol ypropyl ene of high crystallinity is desired. For
flexible filnms, seal layer filns, tough filns and
-conceﬁgptmmobmopgmgr(a) in the wehetpr pg:usarthe gireduction of polymer of lower number

tall t f d.
e OB FRR U BB e o

Densityystal linity as nmeasured by differential scannl ng

[0070@;1 lcg{ﬁ qrrr%f,?%ﬁ{(g[}ag {ilr}n%; ﬂlie%@%x{(r)%? 8§t Fﬁ%ﬂg accor%mg to embodlments :
described hiavenk denhsityesTSrdik abbitc0185 /RN abbact.n6 ipfat, pleferably from about 0.85
anqt her enbodi nent, the palyners have a crystallinity

g/ee torphout Q.94 &/ep, imyiryPreisTably fromh akesid)- 86 g6 tot ub@ﬂ/rﬁ@rcs Density is

measxh@é(%hdcbl;daﬁcé KA STVMShéhbd #1569 | such enbodi ments,
the polyners have a crystallinity of not greater than
Crystallinity n anot her enbodi ment, the crystallinity is not

w55 5 R B 8l e i ok
barriqy rapplycba@nas, dugioinplded partprigiding lpbbtpqupqumeaml'hgn awetlaﬂyiltg edesired: For

flexiti¢ pt‘i)ln}/sne e?lal 4}(%97 I ntonalnﬁ)t ms ”RO%ér egt 8 oﬁlégeclanty amcles

ave Crys I i
polyﬂrop)dﬂmsbétovmrtwﬂmiﬁmty axt:tfevqml yners have cryst allinity

e t ual ,to. 20% reater t X
to07],, PRy, ot s 19wiiso vy e dnesshe) i dierential scanning
calorﬁms@ (DST)5 QP{mnSléﬁfbodﬂnetﬁ nhe gbaitrs ars a&@éﬁtioﬁﬂll}aﬁéﬁd whlle still retaining

erred with regard to B’ro | ene honopol y

substBigEe Hepl5 Syt oty oS s ¢ i Rt eﬁ‘bﬂé}’?‘?}"r‘oﬁ% aalymers have a
crystalBnfe 8fat ish@l@tlvaymwlgwﬁggasezet% pBR¢Raveafile Rndrystallinity. In

pages_ 72-73.- | n ot her . enbodlnents the propyl ene
such rfé‘! entsathe polymgest havei pjqrystalfiatty jof motgereater dhan 25%. In another
bddl e r S ) ) )
em p?rg it gbet @x@gtraglgnt(i/ rﬁ ﬁ; érg%g/xyﬂﬁhpr e/ee?rtag?p cﬁ'g?/ﬁeé or 5% or 1%. Such
embadiments 0y  Pirdendardy rpreferrefl 09th ] rdgnrchn@tMPylen@mpnbmers, partlcularly
ed by this invention is
pmp}t'lglgesggkt ?gf:?p%r)?m% of diene-derived units. D enes are
[0073{onc dm Jaugtaeledrnbod)hmht rthe \pbl)miﬁrsmlyve ba'starhlamtypof gteatdr ithan or equal to

o, P ate che cal l|n
10% LIRS oA FSTRER bRl e gy ey 0 0%, o
greatbe tHagsor ¢dumh td%()% ecneequml tbe@%tdslagre@tes%xm enequﬂrto 50%. Such an

t.h O | t h 0.,05% d '
ey s 5 ! 555 o550 BT e DSC method

to mmu@f‘drysnilllhiﬂﬁlrcpmpﬂ)rybﬁﬂfené h;&iesctrﬂﬁﬂhﬂ GV Ot(014998, W& Methods section at
: 0271 2007/ Q15873 the di ene units . - e

Paseh,)00/an I PR eiEeDe: tieaEPUset BOYBEr: e ampilinity that s high (
e.g. gRaNeRhiD sa%, ipréfeibBA grda® Rhrt1 60%6, pPréferably Qfedra flan 70%, preferably

5] The invention Is capable of producing a pol yner
g“’a‘%‘é&?ﬂ%oé’ JMel t Flow. Rate (MFR) as appropriate for the

Diend®@3drt&ft €nd use. For purposes herein, MR is neasured
according to ASTM - D-1238-95 (230C, 2.16 kg for PP
[0074boc In ng@ekgmp@(ixmgm, the ﬁ@l,ymﬁg IPyedaiced by |this dpeention is substantially free

of dﬁ‘:ﬂp%hmtumts t h@ el WeE hondA ﬁ:dNEB]éfﬂ)stQ g f ted

from0.2 to 1e§ /mn, ?Jre lggraab rom glc& §3t% chorporac in
polymers to facilitate chemlcal crosslmkmg reactions. “Substantxally free of diene” is defined to
be less than 1% diene, or less than 0.5% diene, or less than 0.1% dxene, or less than 0.05% diene,

-or equal to 0%. All of these percentages are by total weight of the copolymer that incorporates
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dg/mn, and preferable from1 to 2500 dg/mn. Melt

I ndex [0076] The invention is capable of producing -a
w@odogmeTiihavi ng a nelt index as appropriate fRPCT/UR®07/015873

desired end use. The nelt index (M) is preferably

measured according to ASTM D 1238 (230C, 2.16 kg for
. PP, -190C, 2.16 kg for all other polyners). In one

the digsounite n’[he presengsainabsenseinfudiene nal be idetdenined hyrcmtwsntlonal infrared
“”“ﬁgﬁgt 1 dg/mn to 3000 dg/mn. Preferably, the

mers have a nelt index of from about 10 dg/mn to

MeltalﬁlomRaGOO dg/m' n, and nost’ preferabl y from about 20

ut. 75 In.a particul odi nent
[007§fop;]ﬁ1 18ve Otb 6‘p‘8|°§%‘1‘e 8£Rroglé1cm§r n’gwd{\g ﬁé\geléFh)éay Rate (MFR) as
approprita f@f thé idesirebaid usé0 Fog plipd sé@h&@iﬁummng&k/uf@drbcc&rdmg to ASTM

> i R BB 2 ST, e bt e mbecimen

the ODY1iéRE habi@d IMBRaAn TR £anPé ot HBRES 21tH 5800 Hg:ﬁfiﬁ' ﬁﬂe&gam' 6m 0.4 to 3000
as appropriate for the. desired end use. In one

dg/minsand; nreferable; framy 110:35004lgfpidduced” having a nelting

" MelfRidek 9reater than or equal to 75C ‘In another '
enbodi ment, a polynmer is produced having a nelting :

[007ﬁb| nt Ther i @agrgtport isaaapable @q padducongld PGlynien hamgl’temelt index as appropriate

h ve_ a tin 0
for tﬁ%rgcgs?r'gr Pﬂ grs]é ot%h% Hl%!at%in @g@xs Pre&errnglé e%lsﬁrgﬂ ato‘?orglag i ASTM D 1238
(230f’6 206Ckg fon PP, pl“%)f’@r Qd(ﬂi kgiforliatteother pbBmized)y "Bi $nbadsbodiment, the

rors B R o Ak B S & ST I 585 B, e otymer

haven® meelp ingler rafbirymi 4botth €0 rda/igin @ abdi® 000 igAhin/ Qfd trflest preferably from

ferred mstho for measuring neltin
aboué%% Eo a %utdﬁ Bgﬁélﬂ,{l] alh 8 Rarticy exeaqacgfqem?tq grqpm c%polymer can be
prodaded that Eas(aQ&_EM ifdedSsk fAem abbﬁaio @é/rrF H 9 bt 99d@ /iR, or from about 15
|nver?1]t? |s c pabl e of producing a polyner having a

dg/migto, g%™Bat . of fusion. In one enmbodi nent,

Meﬁ,ﬁgpgﬁhyrrer that is produced has a heat of fusion of
not greater than 140 J/ n anot her enbodi nent, the :

[0073%, y%E‘F“s inygyHon, it sepablss 0? pridypingr pglyansr dravingam nleimlg temperature or-

meltﬁ{ggpmﬂtr as arllegy optiate fd?rﬂh@(@esl]xjeg en&%séj eirF&EQ ﬁocﬁ%eas g: \ymer is produced

anot her e I ment t ol yners roduce erern
havipg lacmelting pcust greatef than beaqual 50J75QC plre iesthérl y§mbddiment, a polymer is

prodiBF bR gl R R RE s gl 5,1 6K ol i embodiment, he

_polybferdIRdvieth ﬁaitﬁh |;i'&ﬂtrof gfc@ﬁ@)thdnsoxc&q?ﬁf ich%% gfré’itér% or equal to 100°C.
Pr ef er abl i’ g out to abou
myg

In a prefemred embgdiment, Utme Shave asnv@étnngmomm qotalngmf friom about 50°C to
20097, %&?@Qb@t mQHep{:a‘i’léé Bpfrgtr%/ bégp&)@ozl%% th re erap‘laﬁ Liﬂ L{.@e range of from

punch die.and s annea at roomten‘pe
abo{ol{°G . topabouhd 807 o préfemedroratioat] ertmemmpg ene¢lsing |paineds Differential

scafCub ST BRI SRR ALI o (1A

HearpEFusiopl e i s then heat ed at about 10C/nin to about

[Oﬂﬁi dernﬁl?m;eg cggtbﬁéj tr ecgn%r,rgleﬁjolgﬁ?r ha\pgg a relanvely low heat of
fusiony pincael qrnlaidlmemaﬂtemmﬂlymﬁakatat pedaiudéd ha héan ofliAaitn of not greater than

. and occurs bet e te ure of about
140 e TncHR oS Sl T ap RO HEAA 1ok b B B EFGAEE than 110 g, or
100 J@u be so Mgl agdasintiied by BETI B BiotHed @mbBaiméHh tHeUsdifers produced herein
have a geat of %usw% of at least 5 J/g, preferably at least 10 J/g.

{0079] The procedure for determining Heat of Fusion, among other things, by Differential
Scanning Caloﬁmetry (DSC) is described as follows. Preferably, about 6 mg to about 10 mg of a

-42 -



point is recorded as the peak tenperature in the
nmelting peak. The percent crystallinity is calcul ated
waigim@2tine fornul a, [area under .the curve PCT/US2007/015873
(Joules/gram/B (Joules/gram)] * 100, where B is the
heat of fusion for the, honopol ynmer of the major
nmononer conponent. The values for B were obtained
- sheetfafahe polgmenisypressedian aprokimdtelyr200°Ead 2305G, qub)eldshdda punch die and

amgc%be‘zi(oag;r]oqvxvgl %X}éeggtggesﬁ 23 H@gfleswogto {hg §|1:'Lx ﬁ’?fl}ﬁ perlocf'I the” samp?e is placed in a

Diffep&itip'SoaHig)) Calovithte(BA MéirghEnts1Mdie] 2920)aindicld to about -50°C.
D stribution 100801 Ml ecul ar .wei ght di Strlﬁ_‘tl on -

The sagiR 15 them hepterb afaboyt 19Tdnyin iy bR 2ABTCe ¢ e thermpltRut is recorded as

the aﬂat &M&: %egin\éﬁi@lg&%lal( BT thé %mgre whtchl i8 ryﬁtmykﬁ%a&nﬂ«sm peak at about
breadth of "th can characteri zed

b
30"Crtatab99t b15°G and wsurmheav@ﬁraﬂlevtemgmanmseefaﬁ@sn Oéﬁ @npd about 200°C. The

e oA R 0 e 1555, TR R gl o i

pointr &t regonled tasethe Zpeak semperaturk eauther mekting hpeako The pesegthtrystallinity is

calo 8 8% . Fiaf, e st B e B o) * 100, where

B is theihiegt &f fusioh farihe hbﬁibpél@iﬂe&l@f theemajol eronoml¥ gorpipdneat. OThe values for B

e A SR et ltek LS TS, poBEbOTS I wiey and ons,

New EérkaGho Al Willuel JFA189 B usédss thd hbdtf Gsen foe fopylene.
the refractive |nde>r<w%$m; he sol vent- and t hat o?wgﬁe -

t
MolecqlanWeight and; Mplegulan SVeight Distsibution pol yner. - The - _
[008§¥St qule@uluﬁ@glgﬂi dxlﬂ'ﬁﬁtiWht(MWD% iéa nfdaGiltt Of ﬁQerQﬁgen@f molecular weights

as the I'e phase and stabilized with :
wnhas@ alprnm cnolmrysaaméa hitdisoxell knensm dhytpily) breggth @ﬂ é\w MWD can be

charﬁ&%ﬁzéds’o @frﬁfcﬁthX/a.&oés Hylé'@uﬂ'sr vg{igﬁeﬁvé’}ag% s y%ﬂl?rﬂago of the weight

ums 0 yner L oratories use
avemgaamoleeubnwelghh it theeimbeqayeragednslecleeweight, Mw/Mn, or the ratio of the

2 BRSPS Ea

[008&93 par isfiw, cMn ehﬂ iMz are ;neaﬁurbdi] bycGPCn(let PermentioneChromatography) using a

airesEal Shactivesidin S Geledir orhBe el iieS o Walelg, 150C GPC gel

perniéfigR chﬂfmeﬁ@éfﬁﬂ)lﬁﬁqulﬁﬁéﬂ i £Wdtetsld3ﬁ'er|ehm1tr6frﬁcftoﬁlhﬁr that measures the
col u et. At | east 10|n'idul ol ystyrene (P
diffegeng PR HESn teRriRRrive bt eyt 200 GbY, Gote saitent contsining the

fracRb k&S Bbldhet!S e tsPsERNRT @ded dt hﬁseel Wwith 312, Q& dhléréBenzéh€ (TCB) -as the
tyrene standards can be readily obtained from

| .
motilegiAseL s Seslized poh AROWASPrABIM of By fasdhdgaRy toluene (BHT). The flow

rate(l Ex%Bl MV I9ifN TRHLE PR eﬂ%u&ﬁ% CBlumk (?5%5’? Laboratones) are also
. er nal const st ency, the flowrate is prefeéera

usectmﬁh&mwufmenéaafhlsdmmwmts digmyssed lglM@C’ame@ﬁmléth)@aM No. 19, pp.
681@%%&{)'\91%1@ %rméd?ﬁmfa{eg"ﬂe é}{’%?’eéﬁ%% (taken to be the :

i ve I nj ect eternmining the retention '
l0082d| un@hé sepassioh eﬂiei@mfzb@ 8O 6 caChe LibiboaFd 04iB8 AFeries of narrow
I yst \V; rd. Th r It o '
MBIt SR OB R LR R AR e for sampls
and ahaleycluslgn dianipsl afSthe Aohmin betat Ao ieasulﬂ’mtmlidgﬁ‘ld/pql'ﬁtyrene (PS) standards,

a5 5 e LS, ST N SR B9 shMaion e, T

olﬁﬂﬁbnéoﬁaﬁdaﬁﬁdﬁhcbe ré'aﬂﬂlyf obthined frol BnovifiduraisuélDaiPélgimer Laboratories
or der j?ynom al . npl es can_be anal yzed usi %f _ .
ArgoerinRD B8 o RISIVITERRSPIES. o PWEQRUREEY, (PrEBiepRy the flow rate is

' preffeﬂibl)e&aﬂ'&it&l fo1Sdadl MRBRLE dure & ighredd |c6ﬁnﬁ"£ﬂn§éa&|'}§c§%moﬁhﬁ)r the flow rate
colums are preferahly c {E%d usi ng.si
mankey (fakepy ok e pegiive dniset R??&Siﬁ £ é’&lfrfain%"grrf?!mﬂn volume for each

correlation of polystyrene retention volune obtained
fromthe standards, to the retention vol une



of the polyner tested yields the polynmer nolecul ar
wei ght [0083] Average nol ecul ar wei ghts M can be
w@oomprAds f rom t he expression: N M+l r | MPMIS2007/015873
where Ni is the nunber of nol ecul es having a nol ecul ar
weight M. Wien n- = 0, Mis the nunber average
nmol ecul ar wei ght M. Whien n = 1, Mis the weight
polysiyreng sfandasile eaflowianagker pewlypovitien is preferably) ysed tidrgorrect the flow rate

wheﬁ%\éﬁ@%kse cyl ﬂv}’*ﬁbg QL%W vqe gé‘n?'gfl IW\Pur?e) Gan be generated by

recordmgrthe pentiomgvdlihme lati e pebke éis the Mgmﬂ fM gach PBABaridard, and fitting this

n the ant b di cuss, d I. |
data ¥§ t$ lg?oéé@g ?lémoxgra%ll dgamlg esgcan %8 ana %ﬁf %pg %ﬁe&%mc& Inc. IGOR Pro
and Wscqht 8.(Pssftwark, fdvbﬁnaﬁiplé?&isk@rupdht’éﬂ cahb?étloh]&)ﬁ&hmsp Prhe columns are

f Poly te
prefegﬁygy éz&ﬁbraféﬂluglgg flétepﬁ bpolﬁrsqlzrggé pslﬁ?as 2 9@18 OWB molsecular weights. A
correldfonldiolydtyrene Raéritith vblafde ogéﬁxed\fﬁfns ttl'i@itﬁncfa&d@ ko the retention volume '
Macr onol ecul es, vol. 21, (1988), p. 3360; and
of the pelymer testedyields ‘hetRféY@FWOFB@SﬂYVelgh‘ one enmbodi nent,
oossje mleyeigéf sree&hup@e %’sfﬁléan e .
[ ni; | ecul ar W wei g of fr(l))rgn%émgld{gﬁto 5, Oo%pg&glon
from 20, GEWM"*i OOO 000. The polynmer can have an Mh
(nunbgyr = average nol ecul ar wei ght). val ue from 300 to
1, 000, OOOZNqu'etween from 700 to 300,000. The
pol ymer can have a nol ecul ar wei ght distribution -
Sidhe avgl a
when%D'W\éDx)gu g’:ﬂ th k‘ﬁ)fq'?“egﬁg%e%lg x%giegul%f é“(’:ed lgphm%% n=0, M is the
numthNDerage MNIM‘L)lar wtight Mat. eWheha:n= 1 Mpiscthe rvedig iyt d\nemge Indlecular weight

QuL SpTe enbod ts me
Mw 0¥ 2;&[ 1% gls iwersg% fné’ e&fﬂ v*eg%ﬂf]‘\gg IJ‘*A fireflbe@\ﬁD function (e.g.,
Mw/Mii dreMizM o) iscthe eadoof e I&bﬁeiﬂ&ﬁdmg IN Malues.hBfeasurdeM' of N1 and MWD is
w33 s sy RSB BT ARSH, Fo kot Sad Y 5. omer

: MozewzarTmtgm wm (Q0%afcel Mekkas th€ | tNYI 0%) sﬁpasme@ Rodriguez, F.,
can be det er ni ned C nucl e

Pr ’"ﬁ’g&ﬁé{} iFe ﬁ’f"é"{o{}’éf? {"d\ig- Hemisphere & “&’t p?"ﬂ ntidx (Fﬁ”f% Bp- 155-160; US. |

Patefitd, §40, 28R V edsirad€ b1 218 MbdrolioNeuleh 8108, 21 WS?@'@GUJ 4md references cited
17, p. 1950, (1984). The desi gnati on

thergiscri bes the stereocheni st ry of pai rs of contl guous

008R] OPMhER &hB r i
[ r];ﬂcem e éuraﬁ'lreg% Ir%le_ fﬁér 152}8%158(%8%%831% a rVVClél‘R average molecular

weight@yiwg 26 rpmp3.889 o 81009.000 csrfenna 20,00 ¢s £,0084880 3 The polymer can have an
mkf)ﬁ\?&ﬁ%ecmlg chitk wex?lﬂg vafhe Hdm rﬁb'tga\o{)?(ﬁ odb ac{? t\iv?en from 700 to

atactl c eria tactic naterl eore
300 ﬂ@@/ The polymesican happ  caabéuler wnghtndlsmbuamwl (MBMID), which is defined as a

ratio Xf RiYed) C&ver%tea'ﬁito'le%uggl flts tc{' %Yn%b&tj ('Lr%ﬁg %%lgaﬁgﬁwelg%t MWD =

content to result in rat|
Mw/Ma), iof lgseateertbudﬂnmfsatpiy éi‘om alsl tp dbauez(h Irnsdime empodinats, the polymer

has {]Mm/l{/lao?iltggasq h om. ?eral%mg{onr 6?%{%]] QM g-,a\ﬁéliI? 1%?1{;erp%lgrgdodrafléts the polymer

has & M/ Meofchedeast pisi, prefefablynfomabbucl Sodi0 éhsbdut @il Eaeabout 3 to 8 or
about %Ito% or abmlﬁez to 10.

- Tacticity

[0085] The tacticity index, expressed herein as “m/r,” can be determined by '3.C nuclear
magnetic resonance (NMR). The tacticity index m/r is calculated as defined in H.N. Cheng;
Macromolecules, 17, p. 1950, (1984). The designation “m” or “r” describes the stereochcmlstry

of pairs of contiguous propylene groups, “m” referring to meso and “r” to racemic. An m/r ratio
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use of triad tacticity index. The triad tacticity
i ndex of a polyner is the relative tacticity of a
wgeegamemes of three adj acent propyl ene units, arPCIEBIV07/015873
consi sting of head to tail bonds, expressed as a
bi nary conbination of mand r sequences. It is usually
expressed as the ratio of the nunber of units of the
- of 1.9 gendrhily descaibes g syndidtactid polgfnet,himdpnapitirativeof 2.0 ad atictic material. An

lsma%r adt %qgrh 4 n%rggg[:agg' glaﬁr %ab)ﬂt éir{gg?)tcﬁ%;’tf@%hg%n (’"gmty’ and many by-product
_ atactdeptﬂ_rymefbe}ﬁhve s‘uﬂ@cm:xﬁ idatset\VRs@arab rr?mnamatlhseof fehtetha@ 50. Various
t ion = PPP PPP PPP
emb%gwfms) brfeEstl B ﬁﬁfcn%p@m myfh AR fiom aé%%feluaéa% 4 or6toan
uppeanﬁasomaf v&er {7 om the nmethyl groups of the second
units in the follown three propyl ene unit chains

[0086hnsi A prgllesy meesduretor g dessripdon plthedactiqly Oﬁﬂw(myylene units is the

use of_{rgﬁ t%&mfy%%e tég*}a?m}%%%%@]o%@&% ?gg déémﬁe tacticity of a

sequgmfrthme@ﬁmcmt Iropylgneewnitsp e ichaimrconsistisgielinead tatail bonds, expressed as

Pat ent Q4 17 The. s
a bngﬁ? géﬂlg%‘%&p f)t’lien ar{ledt hseﬂu crego?t 15 ’éxal olr?' Txfées %F ibs ats-nf gatb ?f the number of
units1of the speclﬁqmpnict}c@aa an of the/prdpgieha tntnda i tHeopolgfheain

[008t(7ﬁI rg'l'klj aéiggn?i@tyg(xg%c Q%M qn%a%% Qp}]'lﬁne Eg{ﬂner can%e determmed,

.ﬁonﬁ@éﬂmmmﬁmnﬁafdﬂm ﬁfrﬁﬁﬂeme to an article in

the journal Polynef, Volune 30, (1989), p. 1350. .

[ 0089k Prachién £ I_LS_L_LEM._“L)G_&_EEELIJ;/I group of the

second unit i n tAPP@h)ecPRR(opy+@RENit - chain : : :

ng resonates. |n the second

whefeelghgﬁéfl m), ﬁ’g’l’?%-fmd fé‘f%a dgrote jpeak e dervpd Fom fhe methyl groups of the
seconfu@fts mmﬁfblﬁﬂﬁinﬁ hrke p hﬂ)?l[bné QARItAHEINS @EndIdting P hedd-do-tail bonds:

resonates, and t t hy gro% ( PPE- net hyl group) of

a propyl ene unit whpst adjacenf units ar propyl ene
uni-t gﬁg an, -45 2008/ 027 PCT/ US20(7/ 01587

et hyl ERE(OEYY GHes—GHa ViTEHRACF—2tCHe
ppm... In the third region, the methyl group of the
second unit in the €Hsee prop féme unlt chai n
represented by PPP irr) reson t he net hy

gr oup PPROE:) et hyl—ﬁcaa-p)—omfz @HG-IS-y-bEIQ 4——%’»1}}’9—
adj acent units are 'ethyl ene resodates (in the
vicinity of 19.8 ppm. [00901 The cal cul g,on of the

triad tacticity index is outlined in the t echni ques
shown in U S. CHS . CH,

PPP(rr): '—-(CH CH)}— lu—;cuz);-

CH,—CH

CH,

[0088] The *C NMR spectrum of the propylene polymer is measured as descrihed in U.S.
Patent 5,504,172, The spectrum relating to the methyl carbon region [19-23 parts per million
(ppm)] can be divided into a first region (21.2-21.9 ppm), a second region (20.3-21.0 ppm) and a
third reglon (19.5-20.3 ppm). Each peak in the spectrum was assigned with reference to an
article in the journal Polymer, Volume 30, (1989), p. 1350.

[0089] In the first region, the methyl group of the second unit in the three propylene unit
chain represented by PPP (mm) resonates. In the second region, the methyl group of the second
"unit in the three propylene unit chain represented by PPP (mr) resonates, _and the methyl group

(PPE-methyl group) of a propylene unit whose adjacent units are a propylene. unit and an
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Patent 5,504,172. Subtraction of the peak areas for
the error in propylene insertions (both 2,1 and 1, 3)
wo e@siopaak areas fromthe total peak areas of PEEUS2007/015873
second region and the third region, the peak areas
based on the 3 propylene unit-chains [PPP(nr) and
PPP(rr)] consisting of head-to-tail bonds can be

ethylemigtuamitrreshnailids (in ﬂlhlvécipie)abf 20.2 ppr)f  IPRHR( thmind, regilaﬁ(ﬁhne)neahbd group of the

seconf Y1 515 A RO 5 PR R A BTGP g the methy

groupO(EHB Al thyd -gfr@dﬂ) dIanstepylafie uhié villse adjabd. unitd A9 dthlylene unit resonates
one enb%ﬁ{nf the polyners have a triad tacticity
(in the Nicigity el Y93 BBy opyl ene units, as measured by 13C -

[0090}YVR, TRE cACERLi6h of hﬁﬁn&? Wctieity ﬂ{&ﬁt@But‘llﬁ@@ 11891@te&[mques shown in U.S.
- greater than 82% or -greater % or greater -

Patent rﬁafr9491(7% Sulumetioneé thepeakt meas fw tb«? egyr imprapatens dasertions (both 2,1
and lt%sfg?rﬁl Sa% g@ég ?b%%ﬁ%é nt ai z?s &ttﬂ*: siéo dtr@g lO)‘l a% tﬂ\‘: éurd region, the

es o ertion are
peak steasvhased ogt the Stpropgdene andcl?alma[RRB(mrﬂndJEPE(m] ¢dnsistiag of head-to-tail

bond§ipb perblatcl Ththe peadFeasid? REBigpt) AL AL RRE) oan be cvaluated,

and I(eﬂéé the triad taéticif} infex ofihk prépylertddiniit dhairiBcdnsistih of hédd-to-tail bonds can

bdi I—ICI—l-CI—I2HCI—|2CI—|-(CI—|ZCI—|21-CI—|-CI—|2HCI—I-CI—|2---

¢ ing 2.~ [0093] A peak of the carbon A and a

[009neak Iﬁifmé bmbsmmﬂ the pEpARAY hava althigd SRe0fty indegliofthrepropylene units,
pea e.carbon B and. a ea of theé&arbon B' 0

as m Sﬁb‘é"alrb Mh Pt greatsgithan 75%, gg gxsatrchan 3%, or gFAfigthan 82%, or

gmaéh@mggg%son@ﬁﬁﬁmgﬁﬁgnm4|n the first to third regions,
eaks_which_are not based on the 3 ropyl ene unit.

l009£lh ai Fhednssrtien efjpropylepaiean ercunta a oAl sxiEnkby eisher 2k @ailto tail) or 1,3

inserﬂani)@ﬁd Y g’)ﬂgtﬂg}aér f{ars%lf@ 1 1 J}EOEEE SHBHA%A s %BBHR:S 1t 2 below.

carbon A, e carbon B, an e car
Struggure (100941 The peak area based on t he PPE-net hyl group
can be ‘eval uated spby the peak grea of the PPE-nethine
group (resonance in the vicinity of 30.8 ppn) and t he
peak ar eghsbased Hsthe EPE—n?hhyI group CHs
f

evaluat by 't ea EPE— ne gro |
(resona A $ﬁ%£ ) Z 3¥%°”'—c“9“_
ar ea based on the carbon A can be evaluated by twice o
Strucfure{ZX, .46 WD 2008/ 027116 PCT/ US2007/ 015873 as t he
peak area of the arethi ne carbmn (resonanceain the

vicinity of 33.9 ppm) to. which the nethyl group of
t he carb’ﬁ B |s Hi‘ectly bond % -and the pEhk area

based he & uat wthe ,
- area of Ae a a ent £t R ne 02%$§4(r€? ance |% t g__CH#_‘
Wherlc%n}nty of 33.6 ppm) of the nethyl group of the.
The peak area based on the carbon B can be
[0098yal Uﬂt;ﬁdk BY the carbon A and a peak of the carbon A' appear in the second region. A

peak of the carbon B and a peak of the carbon B' appear in the third region, as described above.
Among the peaks which appear in the ﬁrst to third regions, peaks which are not based on the 3
propylene unit chain consisting of head-to-tail bonds are peaks based on the PPE-methyl grdup,
- the EPE-methyl group, the carbon A, the carbon A’ the carbon B, and the carbon B'. '

[0094] The peak area based on the PPE-methyl group can be evaluated by the peak area of
the PPE-methine group (resonance in the vicinity of 30.8 ppm), and the peak area based on the
EPE-methyl group can be evaluated by the peak area of the EPE-methine group (resonance in the
vicinity of 33.1 ppm). The peak area based on the carbon A can be evaluated by twice as much
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t he peak area of the adjacent nethine carbon

(resonance in the vicinity of 33.9 ppm); and the peak
wae@a/opased on the carbon B' can be al so eval uBtBUS1997/015873

t he adj acent nethine carbon (resonance in the

vicinity of 33.6 ppm). 100951 By subtracting these

peak areas fromthe total peak areas of the second

“as thd‘ @galo areansf thb &nethhierdihrlbc&g (1@fonahbe 1@elad<vairﬁ@sob&$9q;m to which the

he thr r ch PPP
meth Y QPR pf 115 SO ELS EON K PPRGfh Aad e Pk e bap e the chrbon A can be
evaludfed b, th@ﬁedk&ﬂ&a &f@aad dﬁf:erft’ PRirét Ak caff)%ﬁ((f“gsbnéﬁg in ﬁi@'@ﬁcﬁfu}y of 33.6 ppm)

can be eval uat ed, the triad tacticity of
of the;mgHpil grpupipfithe éﬁbpfh Biodbr pealnarcatbaprdaen the caﬂmB Beinbe evaluated by
v AR L0 ORI COLARAS LDl of 339 gy nd
peak paresp hiasasle on ethaseagbmy B asanbbe ca$a ehaluetddbly tthee adjacent methine carbon
reference. to article in the
“"”I‘gl“emﬂ%g’bé ?{‘%k% ¥lpbHS (1989). p.1350. [00971
[0095]r op(Bytsubn'anfngl theserpeak ardas Snt gt total peéﬂmeak afrthe second region and the

third By o cirtoe s o o e fropvishe Sk e RRRGop) and PPR(o)
conerthg 5f head-16-tdid bbndsSdah be lobkhidd. )Tl'ius|, the)pehk Q&Sﬂ-oﬂ%’?(ﬁﬁn), PPP(mr) and
peaks in the apagve for s made jin

of
PPP(R) 66? & RYadutpd. ang t‘i‘FeF}?Gda%V“Y&lr“i‘FaW opyleng, pnit phaip fensisting of head-to-
tail HoRdY &l beRERERinddnem stry and Technol ogy, vol une 44

éb971 p. 781, where 1a8 denotes a peak area of the
(009 grepgriion of tho?,  jassrtions 1q &1 gf thej prgpylensinsertions in a propylene

elastéﬁ&a[:ﬁ{ Be tcgﬁ:uﬂﬁéi(b?rtﬁ% foltdwin@ 4Prnilal Hrﬁfx %férédc} ho faﬁ't%fé in the journal |

3 [structure ( ecause of overlapping o
Pob'meawgl 3041980, pé3k& havi ng the corresponding areas

[0099?” kﬁ'oq Sh bf v ?x%el HRSERh it thAOPG T*}‘ﬁséi[ﬁ&ft*} ﬂe”t

of -the 1,3 inser requi res the nmeasurenent o
43y peak. Two structures can contribute to the [|y :
peak: (1)0.25/kAsirngere(i)pn0dilaf(griepye€ie - nono P and
(2) 1heé Waéﬁst?uclu#e@ﬁﬁ L0, S(Maplr I@zﬂf{m&wb&'@ﬁ) '
foll owed by two et hyl ene nmononers.: This peak 1s
described as the 1,3 insertion peak, and the procedure -

[0098L:s criNgeibgiof the @eakl?ém thet abive fernB04 whs 2nagann abmordanee with a method by -

' [ t 3 [ S
Carnfl, BEal B2 iRl it r LBy, B TelBhiTog SOUREAFUIRD p781, where
Ias qanapoa tpbikna.té%f the ddiseasmiant carbor beﬂ:e leisrdiffkuitas separate the peak area

of I%I? L‘g%‘rﬁn%nfgg)lbf% Fﬁ\é’f* &'rtg}gcmr% Ql%é eoaisg OBﬁmrlaaymswg ﬂmﬁa!s% Carbon peaks
hawﬂg IthetJ&reBFdrﬂYﬂg é}éa%l{ﬁn beaaksiiraed the¥efopf the area of the

nd then nultiplying the resulting val ue
. l009fd)o The alﬁa%léem@t efithe bB insaruen mquires ﬁleda?%éwwbﬂfsthﬁsﬁ? peak. Two

suu&e}ex RS baRAbitS w&ea,ﬂ &L,ff@ 3 RY #ELibA %&fh?,;bpg?ég ltﬁ/(ﬁ\tome@' and (2) from

nmber of 1 nversel I nser ITDHOITEY uni pr esent
a 2,1 ﬂnsenwnmf ecmbezslenﬁ mapemegollowed byl ta¥a pthylsoe ymenomeryy This peak is

deso?ﬁ)%% gl ﬂTe 12% }ng&‘gig?r g%k 2{%('8 ﬁfbfé i{x’Egéid%*dg%glg%ﬁ% hieHSNBS 5,504,172 can

be us&, /wmgm@é’sc@lbssﬂﬁs B'n ptile apd exducit és mﬁdemtccbd ‘toatteptmd:myt sequence of four
t t Vp) I [

metﬁylg@qgrélgf tft(x)e n&%?Q 183 ( pﬁaégg}l? ﬁ)ﬁagat %f ({r% V\Pas dg{ermmed by dividing

the arka Bf theiyrpenlo (resanaate inftht vicnigr o234 ppm@by etk suni 6fall the methyl group

such as _a 2,1- insertion or 3-insertion ref
peaky 15 06 Rt bl BRI BC P FOLED Bl reoRH GG YR BY 100. 1f an a-
olefihBfitséd ¥r R@ﬁ! Sarbon %ﬁiscﬁt;bd?ﬁneﬂiéduﬁn@an Bleﬁ%%lwenzanon catalyst, a
- § 1987), by K. Soga, T. Shiagno, S. Takenura _and

fnoﬁ srme]'sely inserted monomer units are-present in the molecules of the resultant olefin

polymer. In polyolefins prepared by polymerization of a-olefins of three or more carbon atoms
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[00100] In one enbodi nent, the proportion of inversely
i nserted propyl ene units, based on the 2,1-insertion
wotoosam2pieopyl ene nononer in all propyl ene i nsSePCT/ORNN7/015873
as neasured by 13C NVR, is greater than 0.5 % or
greater than 0.6 % [00101] In one enbodi nent, the
proportion of inversely inserted propyl ene units,
in thebpreeohce wftahchiral b8lkiyrisgantlimetaldbceaepypepsdtays, Ayrinsetion @s 1,3-insertion

asured,. 3C NVR .15 .greater than 0.05 %. or = .
takes g)?aézgtné Iag?lﬁéﬂ %%386%(%11 B?“g?eé‘é?fé rsuq[:}hg-ﬁt H1_v61?e% maerned units such as a 2,1-
insertidre 8t @r1,Bimsertior) reformled gheiht &lefith polythedGholeeiile ef8te, Macromolecular

I nt er ol ecul ar Distriputio Ta [ 010
Chemisipy Reid Sagymnesion yolyme bw%@ééi) bY K Sogpek §hjono, 8. Takemura
and’ wnﬁhﬂmsfd]cant i nternol écular difference of tactl city
ol.ynerized propyl'ene between different chains -
1001({(\] nt E*P fs eehedimeps, the mepartionpfiaveswely inseriediPiopylene upis, based on the

2,1- n];s@PcR*n Wg o@glejﬂ}é HGUMG 11'1%(111 Igr'o §1Q+y§ sgqu @nfsrfrﬁglxs)ﬁrédqb)a”C NMR, is

at a series o eva e
| greateledmﬂét%r@sgreathe&nn@cﬁw‘t’or ol | ed di ssol ut| on procedures

[OOIlglr] ff ér? §ﬁ¥9&¥) eInFI ithe & Pr%% al atoef 1Hve%eg?re ﬁggeé/ gxeop§'le%fe units, based on the
1,3-inseeicacof a momdyﬂmamnsﬂmuemmasuras bg EWNMER txh greater than 0.05 %, or
Macr o

greateﬁé;ggf)%q%oq_r(gfat}eh Bﬂé%gs?%o‘aﬁ gfg;ﬁfr t% oiogaét orﬂ%tsvhan 0.085 percent.

1ntemuemlarmstaibuhaa&h%%by wei ght, or at |east 85% by
or at |least 90% by wejght, or at Ieast 95% . %
(0013 gﬁ{an%lﬁ embedimentsopmafasgblychiie a Hatistically Jnsignifigept, jntermolecular

diffeldnc8 ¥f @EtidifyCoP Pbiiiirizkd prohHEOAL bbtvedn Sdiffefeit chains (intermolecularly).
tenperature fraction, or 'in two adjacent tenperature

Thisfcap dej dstermingd; by thesmphfragitonation by copplladedissqlution generally in a single
solvérm'ﬁqiI @Figd ¥r ﬁﬁwgbﬂge@ Een&%?&ﬁleeg' Ahesd @dﬂﬁ%ﬁl@% WisSolution procedures are

rac I ONS. ese percenta es are fractions egl nni ng
commpnly3Gedntd séparate tsgexjerepolynfersaof idafferentr eryistallinity due to differences in

| lsota?{?@@?&%gi@{eeieﬁu&?eé s SHOGH, i% ﬁ@%‘iﬁglﬁ%ﬁ "Mc‘?{)}n%cﬁié + ol. 26, p. 2064

natio reqU|r nMeans a polyners have
(1993).atistically |nS|gn|f|cant i nt er nol ecul ar di fferences oo

o0y Eb Sk e 81 1Rk N R s, or st
by wWéight Onrat Maspym%rt@hwﬁgyd enet leapOISysByY weigm dorna néast HZBeeby weight, or at
leastoEFQ?}]o bSt e fklxcgé Ig{ {slcsgﬁ.ltblql\iﬁllnagﬁrrl ltetexﬁéer?tgfq fa'acapn or in two adjacent
vtem;t&ﬂﬁl}é ﬁ‘zﬁ?xoh@l \Qiﬂilﬁhf_ﬁﬂaﬁ&t ofee po@lﬁérfiﬁ Qﬂh}d’dﬁhﬁél?f:‘precedmg or succeeding
I nter ecu . IS conpositional .anal ySI S o
temperatuce. KACtOns o1 HH5SE BRrepipetsEre é%&evﬁ,&?gu@fn& %&%&b é‘?f’e?he subsequent
frac@btisahreeth BYploRnAON! 8@ lifdemems OdUlvE OIB°QI OQREWHING such a fractionation
descri bed. %ove 0105] A neasure of the

requiremepsmeany that a polygers Pe%ftaﬁlﬁicéum%@uﬁ%ﬂm dnterplgrilarsdifferences of

tacneftyﬁpﬂ%%l)&hé}{bedcpﬁﬂﬁibn@f these fractions has a
osi tion Yo et hyl ene content) with a difference
ln“?t!i stbrtlh'aﬁlb‘lt"al ?&C%ﬂ(’aﬁﬁ'eput e) or less than 1.0

o t
(00184 *° ??1@&\%%8%&7’ 0273%2'% Péc(#’? 52007 o°f;{%’%§t§§\%?as§gé’sg£a"y insignificant

intemole@laredlﬁ'ytwngs eenmaprsitisin, mhachwisothe ratip of prapylene to ethy.lene‘ between
diff%‘grgtgc%hgglss(y qgﬂﬂ)l%cru?a‘}i i Ca|°f’8‘ri5°s“’5§£ I%*n[al?gﬁ ht bﬁrﬁpﬁea Ig;?etctrc»scopy of the

has's I'nsi _
fractiogseofitbé pelyimer obtiafricd rbgnbteezomtfolled drspnziauom procedure dhscribed above.

ratio of |.ene to .et. ner, Bl.ends an e
10037, R8s, B e N oah S BER AR e R RLST composidon
eactp 6D these flatsdn’ thak Accoafpokiviah ¢vt.3Y ethgleRe content) with a difference of less than
1.5 wt.% (absolute) or less than 1.0 wt.% (absolute), or less than 0.8 wt.% (absolute) of the

-48 -



descri bed herein can be bl ended and/or coextruded wth
any other polyner or polyners, to form any nunber and
wheovds2afic articles. Non-limting exanpl es of opP¢EUS2007/015873
polymers include linear | ow density polyethyl enes
produced via conventional Ziegler-Natta and/or bulky
ligand netal |l ocene- type catal ysis, elastoners,
‘averagéaﬁrt%”m:ltl@ledtl gbn@neaffuthe Ivowldi&fmsotymepol Médstyigesar,h a fractionation

'requuﬁ: n de%?xlgttg u£ i/N“E‘ hylagﬂga 15["(5? hgsel%xlﬂ F%ﬂt x%%gx}lgé%ullp?hﬂ'erences of
com;folsﬂuﬂh whieRtis thagtid bPSopeiéhé tisdtRlenénd co- ext rusi on as

as blow molding, 1 njection nolding and rotary .
POIY’%‘I%ieH@Sm@%’ §nclude blown or cast filns forned by

[001(%16‘)“115 Lbcrleo Br GhokY ehABURRLHO NpHISH ei’g fﬁéd&ﬁ&' Wind théN activator systems

Im stretch film ‘sea ori ent ed

descrﬁqurh;relg ma@ be Mﬁ@ |an@’or nmdg@mtwsotﬁgrmﬂgpyr or polymers, to form
0 0 n

any BB and KIEoAlelel PR AAAMGPAGERN 1 olfBbdifiners include linear low

density palyethylenes proalndemmlacbnw.mmm]t erglea-mniacaadlom bulky ligand metallocene-

_ rs include nelt sol ut nnin n . .

type gy TS DSt opieh o 1P GRRR pgfyeiene, nigh density

polyétﬁyllemyaﬁd{mﬂmet o nmake filters; diaper fabrics, -

rrments, ot.extil etc. Extrud artlcle L ._
oorffic) e mbarerd WS HIgn Supt ©rining eRASRIPNS a3 Ny gheet, and fiber extrusion
and ed?bRfusiHEARED b BRW nﬁﬂkﬂng Ciﬂj”c‘chbx‘i‘ ﬁ{o'idmgml&’ e6tady b Fllms include
i nclude single and nmulti-Tayered constructions in

blownoericast fils torared by gpextrysignger hy|lamipatipn usefuk as Slin?lgﬁ élm cling film,
stretélPQﬁlmC @émmgnﬁms WbntedY Bims, Shfick pad@BHR8hed e dily BEzs, grocery sacks,

can bé formed any of thé conventlona t echni ques
bakedrppdrfrazan fens agipg.onedical packaging iindustriad lingrsy membranes, etc., in food-

t
contlng'ynﬁql gofgod Qhﬂl\é’htn%ﬁ @Ql Isrglg%StI u{}ﬁ?é Heg]r%gé]ss s V\Bllu(tllﬁn spinning and
meltridgwh éibkobeSHy)r Osé umvavermr non-wovern fornao miakecfiitarsyrdiaper fabrics,
medffat, D, Il oRT BEAAGHARNLL LGRS Sl R, wire and cable

5t heX sa

coathls qripatgeomeﬁmyadae, dnd gohd limane Mdkiedlhrticieskinctlhde single and multi-layered
ect [ O t,.exten

cons3 ot IRPr JorSt BY B st Bk UGS PRIY FNIFe s faed, containers and toys

etc.into films include extrusion or 'coextrusion on a

wn_or cast filmlin 10010 I n anot.her
l“”‘&’ﬁiod?h“e St‘ﬁ’é bﬁn%%‘ég DY,y ﬁgé‘é" FeRVsntoRal, ‘FS‘B’%“CS known in the art
incléd@hg e%uéfdmw eixtrutibf, lamidatiohOblobingarinkiis@t TR EIim Ha9 be obtained by .

ol ymer.s have an 121 val ue of_ from about 2 .to, about
the g lgygqrnquhular Wéf%r"ﬁlﬁf’l} may be, fallowed by pgentatign)in a ypaxial direction or in

twoqg(nmll‘i‘y p@(ggmﬂ@tﬁlﬁr Bfr&ftﬁ)h@% Yhef S]?_lﬁﬂé 3P e filtn & uRbQile g’rodxﬁ'erent extents.
. 1 is neasured M Met hod D 1238. 100110
anrﬁatloa‘nmabiebe doriheli samst extswelrpbpsmérrsctm FaE2Yi br do ailfferent extents.

Parﬁ@ﬂlé}ﬁdpﬂfetrfeﬁl rﬁetmfds‘{"ﬁ)t foPiSthe pBRMEEL thtb HmS rlltxcluciepéxtrusmn or coextrusion

exanpl e, by bl ow nol ding and 1'njection-stretch
on aplowneg cascé‘rlmrimwed -49 WD 2008/ 027116

] S P05 D10 s o 0

pFaxf ﬁnab;bghcaﬁommfwhmlmes luhg# mdzxt@lm@ﬁﬁom&bégv Ritmabout 100 dg/min,

prefeﬁat%i);il]o o q he{aﬁogo 9(2 d mr {ilh (prg rf er:?_:of rﬁ?omn'%ggut 2 to about 30
dg/appl]izpﬂtmeampdbhekspm/lyﬂahed Pal238an .121 of from about 2.

008 S SR BRI AP g e by methods
" knoSv irf tHeegrt,| 00 exam@lel, foycelbivomslding an@n@re&arn Qfﬁi)ﬂdhf&kﬁhg For molded

t he present invention is used to nake pol yet hyl ene
pi pe '

-49 -



having a predicted S-4 Tc for 110 nmm pi pe of |ess than
-5C, preferably of less than -15C and nore preferably
wo eqs/oehas - 40C (1 SO DI'S 13477/ ASTM F1589) . [ ORPQWRH200TI015873
anot her enbodi nent, the polynmers have an extrusion
rate of greater than about 17 |bs/hour/inch (3.04
Kg/ hr/cm of die circunference and preferably greater
applicdtzoms zthe m:pl)@n}zrs hb)@/ Hbuof frochatioht @0 dgihin toabpun’0 dg/min and preferably

58 referably greater than about
ﬁom%éogtﬁ E?4our {Tﬁ Q(HP?(g/ hr/cm) of die
[001Ld}r c Mﬁﬁﬁtﬁﬁﬁﬁnb{)d]ﬂ&ﬁﬁ]theﬂikﬂyﬁbtﬁ&b&nﬁeﬁdt&f ﬁm(efhycrheﬁi&ds known in the

. bt e BRES g, Bl e it 552 0 45 5T i an

prefegdbly ffegn d¥us Data dboueBSdg/atih ! Sﬁﬁhﬁothﬁoéﬂiﬁ@dlment the pipe satisfies 1SO
rocessi_ng aids, neutralizers, lubricants,

q“ahgﬁ?‘f%t Anragothsr gmbe tigent) he PEGSEPLI¥Ention; in ysedtonmake polyethylene pipe
havufér @Bﬁ‘éd'icﬁé’d 8Tt irgef10 1%1 yfg@ o%'léggqe& d.=1°@< F’F& rasbglsmés'tﬁan -15°C and

lica, titanium dioxid i met hyl &'l oxan
mOYCGHP@FQhW tes? Hanat@C ﬁ‘éQdPISsl%‘dﬂé‘t‘»éEM E@S&D um st ear at e,

001 13 b, 2SSl ORTROSGAS ot e o 17

lbs/hmm/glhh (}@Blﬁghr/m)j fof cdie bnn:unffsreme a;idapﬁafhab@s greatir than about 20

b Py o KB 158 PSR SHR el Rely ree ta sbous 2

lbs/hsuﬂimchs@oa.mg/lmm%fmeb&cmhfe%nc@t her Enbodi nents

[001&%01' Abgec‘g{] grte g%edf(élf ?ﬁqﬁﬁ)éf pltyplﬁzat I n%lgg }fl!g%ger r(:grlxtijllltn(:)addlt1ves such as

slip, CAMTIBIbE, NEitiox A& t pipseRts O Fillery) amtifdg omogkabili!e@n%nﬁéms polymer
nore npnomers wWth a cat al yst system conpri sing

procgising Atdlen prutalizgrs. Jubritants é@éﬁq@taeﬁrrmm&uéwr 9@«& nypleating agents.
Preféitdd Caddftives Siintkde ! §ifddrd dibkile ONQyRtheti®' Ssilica, ?tamum dioxide,
or ganoal um num conpounds and one or nore heterocyclic
polydismtiax]sitpxane;nepdeium carbanatey maetal sigarates, caleiuny sicarstes ziric stearate, talc,
Oy 68 BT e M e G SABOU 0 o weah
resing; bydngearhon oaslais,yslassabcadvuaryl tie bkeatBre addiiv&Om§Obe present in the

f |
By ARt SAARHEbe R RholR s Ber SRL TR0 8 B s,

OthﬂaEmbmﬂnﬁ&ndg/m n or Iess 2. The process of paragraph

the, 0 nor e het er I c conmpounds are
mﬂﬁ@preseaﬁlf’g’g Boodiment. 47 vention ralgi¥stone 027116
.l. PCH }hiﬁE%'fleiCﬂﬁﬁanMg pidp)(&nNcoﬁipnkméZ X5 X3 X4 (I)

. where each of o] X7 i nde ﬁ)endentl drolgl
hal ogen co tﬁctgrq(gfppy 6?% o;ﬁlona y one or more monomers with a catalyst system

comprising a bis-indenyl Group 4 metallocene compound supported on silica, the silica
treated with one or more organoaluminum compounds and one or more heterocyclic
compounds, under slurry conditions in the p‘reserice of hydrogen at a temperature of about
SO?C to about 160°C and a pressure of from about 3 MPa to about 20 MPa to provide a
catalyst activity of greater than 30,000 pounds of product per pound of catalyst; and then
recovering isotactic polypropylene having a melt flow rate of 20 dg/min or less.

- 2. The process of paragraph 1, wherein the one or more heterocyclic compdunds are

represented by formula (1):
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hal ogenated or partially hal ogenated al kyl group, an
aryl group, an al koxi de group, a hal ogenated or

w@arosiozdihie hal ogenat ed al koxi de group, an aryl PXI/U82007/015873

group, a hal ogenated or partially hal ogenated

aryl oxi de group, an aryl substituted al kyl group, or a
hal ogenated or partially hal ogenated aryl substituted
al kyl group. 3. The processX7f -parggraph 2, wherein
each of X4, X5, X6, ang X7AS a fVuorlne atom 4. The
process of any of parag , Wherein the one

b b b l‘ \.
i I copp?i2ses
4.5, 6, 7-tetrafl uoroi ndakes

or nore heterocyclic co
*~/brocess of any of

paragraphs 1 to 4, wherein he on&
or ganoal um num conpounds Qonprises an aIkyI al um num
conpound or al unoxane. 6. The process of any of
paragraphs | to 5, wherein th& one or nore
organoal um num conpounds is selected fromthe group

CODRLE! L8 F k8 P Lo LN b dSLDY ARG R iyt grov,

I SOb alum num ‘tri

t rlnalmgenale;llarl pmmilmhalogenated; a}l@ttgymm lami aryhgroup, an alkoxide group, a

10.

11.

12.

s et rhloseS R piprd U B il Bgpb g palogenated or

' Of p#iﬁilléglizﬁég‘éi)afbdt@ylﬁxxdéﬁ”@di@, Antafyl sGbfitaed AlkyE group, or a halogenated or

ano num ndsﬁa@ggylses triethylalum num

| u
R b Bteg oy 1891 to 70 wherein

t hfh@px%cédédﬁg agﬁpalzo whefdak 34dHOSTEXE XS XH@HEIR is a flucrine atom.
ri d bi s-indenyl 61035?4 net al | ocene

I Ses a
%ﬁawaessyf anye mre&r@gbs bfo Znyheseinghe e efyRgrehetegocyclic compounds -

-vvh&; brisel B8 O SettdtiRRYhaseoup 4 netal | ocene conpound .

ggrlses zirconium 10. The process of any of
@iprgsias 8f @py ®f pasegraphs 1 He brwheren Biesonenge mare. organoaluminum

Gf O4R émd%&ﬂ\bh&%%ﬂ% ﬁggﬁg%ﬁ?gnm&%ﬁfohﬁﬁ %Zl%%%éj m 11.

The BRoCess oP amal erein the
bi $he W@M OGaOM mf@mapha)clemeS wherginuthe owspr inyee organoaluminum

;Iacrc.%rg {e#%:lkesc{ ( %mml_h m(e o1 (% 12}'2 ngc:p}mm gne%n) f lol' trimethylaluminum,

p atrmgh)dgihmmum 0 trmobunylehmmumh enm-hexyrredmnyiuna tisp-oétylaluminum, tri-
oo RIE Ry PEe SSBOAS T Fisabunforyimpmy i gigety aluminum, and

dlﬁﬁhbﬁsﬂmﬁﬂfvw)2008/027116 PCT/U82007/015873
Ex | es 151 The fore oi.n ussi Qqn can

00
YOS &F iAE L WPTASPR serle c I"’ “Fhe oP%W ﬁ‘é"‘e °’ga“°a]“m‘““m

nowhpmddsmgmﬁaemhe&ﬂﬂmlxﬁﬁi | owi ng exanpl es are:
nded to jllustrate the |nv ntj

rti.c
o protim et B o BAPETBS e e ay e it deay (roup 4 metallocene
POS&BbEhd Wnhrists & Brillfed s IMEAVBGRAD 4 fbAlloddneRomh bﬁﬁﬂ

sco e of the_appended .clains,_the invention can
iREEsHPharyPE @aragaphs d tosbewh?waq £ \pis-Hdenyl; %@&p 4 metallocene

heQ&h Redzirddd®dm6] In a drybox, 105 grams of
fresh y dehydrated 952x Si 02 (200C, 6hr) and
The process of any of paragraphs 8 or 9, wherein the bridged bis-indenyl Group 4

metallocene compound comprises zirconium.

The process of any of paragraphs 1 to 10, wherein the bis-indenyl Group 4 metallocene
compound comprises rac-dimethylsilylbis[(2—methyl-4-phenyl)inderiyl] zirconium
dimethyl. ' , '

The process of any of paragraphs 1 to 11, wherein the bis-indenyl Group 4 metallocene

compound comprises rac-dimethylsilylbis[(2-methyl)indenyl] zirconium dimethyl.
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approxi mately 300 nL of anhydrous tol uene were added
to a 500 nL Celstir flask equipped with a overhead
woragnetiiee stirrer. Wiile stirring the slurry apCT/osmm7/015873
tenperature, triethylalumnum (TEAL) solution (43.0
g, 0.377 nole) was slowy added dropw se. Upon
addition of the TEAL solution, the flask becane warm
Examphé stirring was continued for 12 hr at room

ature., Th slurry vvasfllteredu a fritted :
lﬂﬂllﬁbnnﬁe foreeeing disqussion|cag ke fusther 7is ga‘ﬁ%‘ peRteare 1q fthe following

non-l#nifing eXhmpRYd 'Fllié eslidWAnY %@(ﬁﬂlp@ée&@'lﬂféﬁdéd tol Af¥rhte the invention with
©  TEAL- trea?ed silica sanples were recovered_ in.> 90%

pamcylae [dgtagln Nymergus m@eﬁ%tleny anq wariatipps jare posgibla; @rd itgis g0 be understood
that »gﬁk H‘é]ﬁ@gcépgeo @5@&5%@ %gadgx ! {h%%nagﬁg)gp&nrﬁe&ﬁ%nced otherwise than as

ous "0- Xy dto a
Spemﬁtadblldesqub@pl@dmwth an overhead magnetic stirrer. To
t@e stirred slurry was added an o-xyl ene sol uti en of
,6, 7-tetrafluoroindole (20.95 g, 0.111 nole). After
[001m]| [ id reg drgbox] 5108 ngthms of freship tdehmﬁ&tluseht&@z (200°C, 6hr) and

RS R e e A 0 s 4k s i
a oveéthéddemayfdticostirreen wm&wm%h&a&mﬂg attfld6m f‘eﬂ{péfatﬁfe tihylaluminum

sol ution turned dark e reaction m.xture
(TEAlgsobtiondf3 4 g & 17 ele) vis slawvly pdded fropises Uy pddition of the TEAL

soluti¥ms the! 218 dcdrte GaRh. e rsﬁﬁ'm gt \%@@&ﬁiﬂﬁé@ for 12 feBl ?gom temperature. The
u3|ngﬂa fritted funnel,. h toluene (3 x 75

slurryrwps Ziligred; ¥ring 9; frifgech el (EShedrBHiplucon (2 #15ewL) and pentane (1 x 75
mL) %ﬁ%gﬁeé P vacf]urb V[ﬁl%%_( h?hf)eafﬁ ntré/a'téad gﬁgae les exaz recovered in.>

e- nodi treat’ed si |ca sanp
90%yélld@ndwklumedm{tﬂ§9118] In a drybox 110 grans of the

dole- | TEAL - td silic of
[001i hygir ou GLE Sgsn a\!/P/a‘c’s0 a dg’ggtl‘ &eatgc&sﬁl axé?S(?anL ?ﬁ s%dmus O'x.y]ene
was am_cﬂpp @d500i inh Calmmﬂaslh e@dpmgWﬁhlan owethead amagnétic sfixeer. To the stirred

slm'r}s(’ tgvlc?rs:ﬂ%ﬁ%qg l’ﬂ% ngqlgﬂebﬁ rxn%t?%%%l '}J{enaﬂgﬁvlir)qo}]ed@%)ﬁS g, 0.111 mole). After

stlrnii% f&ors miAutks iR rbdth u(xﬂpéi&areg thlrea&tidimlixtutewisHedfid@o 100°C. After the
sl urr%/ was stirred at roomtenperature for 8
first 30 migutenpt 1)0°Enthe cojaref thesolption-wag,golden ¥eliqv- (g continued heating, the

colof Mth@ sSIEti oS hitflePddrk rdd. €fhe febidtyz mlm%fm heatell 5104 1680191 3 hours, The
75 nmL) and then pentane (1 x 75 nL), and dried in

reac%bthIGrW%\.SSd“ON@Grt@ coqlte reemdemperapyie, fdfased neipg p dritted funnel, washed
mth%f&%fl@ks Q' 15 &&? a\%%al@ OperitieY(TB% '73%L9 %d(?ﬂ{gaa,%&\ldcw for ~15 hours.

aratlve Exarrp was a silica
The g:@pﬁym ylg[glem 1@99 gmd,yﬁpch TEfL-treated snhca samples as golden yellow solids.

[oolﬁizf‘EtIHVJ Wb}é%(,bi fi g?aglaEf 1{"&:@&&&8 Wédlﬁéd ‘I‘E%ﬁ.ewtga @Efcﬁya!nd 300 mL of

.the netalTocen st conponent cat al
anh)xdwsmoh}mc evasuadded 2p rey SQO @laﬁdsimaﬂasio nq@ﬁﬁed wiithi ra overhead magnetic

stlrr%g:.ﬁ)_%;%;?%{% %%%ng_aldg%c? a rsg)ﬁl]m Orscgc%{n]eﬁ',ylsxlylbns& methyl-4-

phemyl)iredenyhzitconiian cixhethpie(D.323 é,O(D)S;S n'ﬁhel)snppmehe \Nﬂ'he tsheery was stirred at

roo ; r%?éqer? . {'og éplb%.}r%wﬁﬁg Rm{er, g}é‘i éed‘“{)k?? ﬂ“i‘}“’e Was filtered using a fritted
funniel, evashed with (dTaénead x 2 mil) aBd thehPiehighe (1 x75 mL) and dried in vacuo for 15

o B L GER e LR  Raffs™
Co né;ﬁﬁ-aiwe Exampet s ve Exanpl e 2: [00120] Corrpar ative

was a_silica supported non- coor di natin '
[00138] onCergpg]aS;gq E§§x§pl@m Wi Vs a silica supported MAO “system with rac-

dlmétﬁﬂ'sﬂylm{@,yﬂq&h#%in@érﬁm %rm%ﬁ\'im%ﬂmﬁm aY kid Hl@%k:&ne catalyst component.

zirconiumd he nmet al | oCene cat aI
The caiapysh 3136 premeedcwlan%@ Giace Paviser 882xsilicp zspn@ora(iﬁoaree per gram, 0.9
Davi son 952x silica
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support (240 n2 per gram 0.22 mol OH per gran)

calcined at 500C with 3 W% (NH4) 2Si F6. The support
wormshkams t reated with 11. mmol of B(C6F6) 3 anpiCT/US2007/015873

di ethylaniline per g of silica. The support was then

treated with 15 mcronoles of rac -dinethylsilyl

bi s[ (2- nmet hyl - 4-phenyl) . indenyl] zirconium dinethyl
' mmopélH geagraof, 3 ine partfddO $i2¢] thahevaks aalciredcatcd¥00°C.  The support was then

zat i re canguct [ 2-.1 aut oc| ave
wead Y5 R RO B SRR s Mad-Saite SpRRL3ES them treated witn 17
micréifiolds wmslgag e&c-aﬁﬁﬂ%@ﬁlyfmlﬂ(z:mt}@mdﬁnmIzyrr&eﬁﬂuaﬂahmnyl per gram of
70C The pressure was
s‘hca\gﬁéﬁtca E%‘% (A‘gtzﬁﬁ“k b°“02$éis noted ot herwi se,
Comgxpgtmmﬁlemtroduced into the autoclave using a 50

CC gas vessel Eressurl zed to 30 psig, prior to_the
[0012¢; r SomnardiveoExpmplsy Rewas ansiliss suppo rsed;mmor dinating anion catalyst

sl A U AR SR G e 5o

metallchno@atab@t eempodmnt. ’Dhe%agilm was pr¢pamdm;lxz|mg)a IGragedDavison 952x silica

cnsbl A o0 P B 502 W BT b BRSO i3 s VLS.

The Ei&pjiprt was thén G‘mmkd »Eixh 12 mial af B&CsFs)s umd)dlﬁhﬂiﬁh(ﬁe 5)1:2 g of silica. The

504 Cat al 3 Q.102.0. 0504 a
SUBPDFty W, e BEHER aMILR o BN ORI B 786 Ty piy! Rafgdtethyl 4 pheny)
.mdeﬁﬁ'fm}cozﬂuﬂ dﬁﬂemﬁp@tgﬁwﬁbfemh -0.50.25 0.5 Yield

229.5 156. 1 240.7. Catalyst activity pol/ ) 4385 1524
[0012%k, “male RASIOT PPiNIDenzay loa@s'a@ com»wﬁfﬁ é?%oc vg, ylifizing eithera 1

M sdhitfidn SEMBAL (@ meHBIEAL4E aGcavengst #3R0D xﬂE'ﬂro%lé&o -Folymerizations were
-147.1 152 00122] Bul k density was neasure

condugtell IO, 00 o adhepersserp] Watiebouhc90vesigy BAS0 &Rp).y Unless noted
otheﬁgig%hl{}gr(}%hg{:gsi ih@&ﬁﬁ:ed li}%}f.ﬁ?!iut%'%\'}é 'géu?gfa 46/cE \é@'@?&glt Sressurized to 30
psigapraormtottbe detaiuniiore of hmwlanghmfu{r theo bganemgqn,ahydrogemand propylene were
intregoed ke thé il g Bered 3p 10°65 R erbier wibionpButba s 10wk sturry

in maweealloili Vig liQidAsedpd1dme3 ST pol i Erizatioh @atdds BrhR@riséPmdEdble 1
die units. -53 WD 2008/ 027116 PCT/ US2007/ 015873

[00124] Mel ting point Teblyl:kab Reagorbated by

DifTerentral Scanning Calorimetry (IISEk 1 aleoysy. Ex. PP€omp. Ex. 2-
CHaE&?slH&&%gVVaS obtai ned USINg a TA 1|Mlsh§Ment g §pyie ~0.504
C fﬂt(h‘j"m ne.” Dclllpl €S Vel g ng dppr KO 'LVO’IQ,?%’\ T0 0.0504
Cita Jéldlo‘é“&fnﬁ (ﬁl"r‘&oﬁx‘é js'fn&bl?&.'eﬂ&’ SRPBBH) ], P>~ | T1TE {4oC 15°
HG Shitge [fa) | Coor dcd by THT ST Coot rhgit hggsamte E" 50
S L T e ent ot daalo: of 5028 L 05

). cocond cooLing heating | 2295 1 151 T 2407

| Catalyst activity (gpol7/g)  ° ~  ° 4385 1524 4780
Mw 370583 | 170276 189848
Mw/Mn 257 | 19 2.25
Bulk density (g/cm3) 0.44 0.35
Tm-DSC 2™ melt (°C) ' 150.2 147.1 152

[00122] Bulk density was measured as follows. A 10 éc graduated cylinder was weighed
empty and the weight tared. Polymer particles were added to measure 10 cc in volume. The
cylinder was weighed again to determine the weight of polymer particles oxﬂy. Bulk density was
calculated by weight in grams (g) of particles/10 cc. . .

[00123] MFR was measured according to ASTM 1238 at 230°C, 2.16 Kg using standard die

units.
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cycle was applied. Both the first and second cycle
thermal events were recorded. Areas under the nelting
waeoses7inver e neasured and used to determ ne t heCchest000615873
fusion and the degree of <crystallinity. The percent
crystallinity was cal cul ated using the formula, [area
under the curve (Joules/gram/B (Joules/gram] * 100,

OOIMer Meings polit (T vels ieaduped fogr DifferehaaloSeanniig Calorimetry (DSC)

analyalﬁt A?ﬁ&@? dre n?»hng%? nﬁissrﬂéﬁd%ﬁag%gﬁf gl}%%ﬁ?%%wachme Samples
welgmglabﬁ}%ﬁﬁnmymmg 4 i(ﬂh PereSRARd iNAMnBiun d89%e pAns. The DSC data
is

ue of 1897J/ used as the heat of fusion

was lp@ﬁrdgcbbx, Brsd Igypl@p%t e[swpgg}) -5Q6 anghthegigradyallxhearing ie10:220°C at a rate
of 10%€)fiin e’ﬁll;]é" I&Ei Eﬂ"mt £ fﬂlﬁ“té@b&gl'el"mond cooling-heating
p porous ea

. ac<e an el ution solvent, and
cycledw&seqm:em Bash dle fitsp agd pmoatle:ypbtl themmal evente ovdresecofded. Areas under
ferent sizes f

the nbel %Flérvg c\:Ngﬁe rnerar%ureg and Used 1 g@ttelsram%rthg hIeXt, &t ﬁxsxon and the degree of

rs were neas pernmea
crystalhinityn tThg rpepdent @:ﬁi’s’@)hmw ngs @:é.l):uhtededmgﬂteefoZﬂﬁ& w fmder the curve

CroulgepBRA Apmlesiecum L T8 et B’ 3 i fion KZibd bipagptymer of the

majod Qf)@fdrﬂb"r &fm;{oal):nﬂt mhbWBh!iesLﬁbSB Adéte Q?ﬁ‘ailﬁal Efﬂim mtilﬁ‘ﬂolymer Handbook,
VI sconetry an e 1.0 Sca ri

Fourf belon, utbiabet b o Shlev 4, S, BECYPHG H0ST s gl 180 31 ) i

usedsats maﬂ&ﬁ&mleﬁo ly$ep§lehstn in

4-trichl orobenzene.” (135C) using three_ Polyner
IOOIZéboer@ Mo MpandNwiyipaverg detegmined ising 4 insErpingat containing columns
r ol,ys n i qae
st G e, BB LSRR LN, G4, e potys
molqouley neff dtf&;trgdsqq:sel dMoleulapovsights fool etbylene prepydéne. copolymers were

mea{n%? 3]Ig BrARGBD Wﬁ%{og\‘ﬁ'}&&@%\'@{%ﬂfﬂnﬂt{ o‘ggﬁ’%‘? B000 GPC3D

equipeel mtmmfferemtm refiachiee infexr(DRIY ahd sishometny detepwotsead 2 18 angle light

seatiing Attt ol Fagmen A $RECRET BRcalperd SRR E Aoy andan3

anglégighhicattbiing Weéton =Deteblors wehecalibrated agiag I’ﬁ)l)&t}hﬂ:x&r standards. Samp]es

ht d f t
e S 1AL 2 B Wt Lo (e MU O e mica

LS c[omﬂd A3 sAdieB tA 06élafion YRl stiieho Fdemimevaiane ngaﬂ(id iffonitthe standards,
medi um scal e r ctor at 70C, an pressure between
to theggigptiomypl ?’?W?ﬁﬁi‘e‘émﬂwbﬁ pebvgper g%foﬁ%p*éb}sht
(00126} er Abaﬁgéﬁﬁve%ﬁﬁe weighty NI WERRoaiphtedl Beh t B e phedsRon:
' i ntroduced and heat etho 70C,__the supported cat al yst
was introduced as a 10 wt . %EIMJMS’/" in mneral oil via
~liquid propyl ene. The pO|MTELl-Z-a-t—J—O-n data is
sunmarized in Table 2. -54 VDEUOM/.027116
PCT/ US2007/ 015873 Table 2. Midi um Scal e Data Exarrpl e -
[ooi?ﬁ?)m YhtreAUORURE iniinb¥r 61 RidlecleR HWMM% Fidlectrla? Reki PRINIi; n=0; and M is

product per |b catalyst zN
the number average molecular weight Mn. hen n=1, M is the weight average molecular weight

Mw. When n=2, M is the Z-average molecular weight Mz. The desired MWD function (e.g.,
Mw/Mn or Mz/Mw) was the ratio of the corresponding M values.

 [00128] Additional polymerizations were conducted in a medium scale reactor at 70°C and a
pressure between about 450 psig (3,100 kPa) and 500 psig (3,450 kPa). After the scavenger,
hydrogen and propylene were introduced and heated to 70°C, the supported catalyst was

introduced as a 10 wt.% slurry in mineral oil via liquid propylene. The polymerization data is

summarized in Table 2.
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Exanple 1 46,700 1.6 1.9 1.50 Conp. Ex. 1 5,000 22

1.7 150 Conp. Ex. 2 27,200 8.2 1.84 154.1 [00129]
waoredosoeiing to Table 2, the catal yst system of BEXEDPL067/115873

provided a surprising and significantly inproved

catal yst activity (greater than 46,000 | b product per

| b cat aI yst) conpared to both Conparative Exanples 1

and 2. 'Exanple 1 also showed a surprising and

significantly wi der 0 ran I ndi cat ed. by .

the final MR and M/\'ry%]f’gaﬁeéi %ﬁiﬁl{:ﬁa?o Conpar at i ve

anpl € 1, arth Peeduetivity NOlfy. sTmTarf fo th

or B¥RreRlE b ‘5?}91'%% Btk %;Eggap émi I MfiRo s MWM‘EZE'I“&SC)&?@ melt
g ar|y Surpiggsogg and UNeXpegl ed |[DeCqusy The 150

ChED VS 1 LIRS (SIbM onote—of ﬂ}-‘édl | LL,ellM;/ U bup_pulrjo)

Efm CE)P'IZ i,JI i/ gléy 00 Id lIIC IUdngllg (.I Ikgﬁllpctl att §4‘1

| aadind

pret—= RE—x S T oat1g—or—Cofpar att+vebBExanpte

2 as shown in Table 1. [00130] Al'l docunents descri bed
[001293r e Refeating ito (Rabxo2 athedcdtalystefysteem of Bxamgian | proeidedi |ang1rpnsmg and

signiE Rt el o Reutapart BhpOGT RRERFLPF Ty patys compared

to boliR Cofiphafitive FxuaiplésNl bh® 2C| EatdiEplen Calse sifdwedla sEpeikidlMd significantly
to the nmethods set forth herein_ for :the relevant

widep, prodieh 8peg as indiqard by therfanal MR and iwiMpgptie gomppred do Comparative
San L TSPl W o ibind by PRGN Mgl 2. Thse
resulisadre naskgularky émwgmdngneamg@ted decansadhe catalyghjrading (micromole of
metaLbé'@nE% ﬁ%?at %ﬁ’eﬁﬁ% 1845 abG Gt v tﬁWadFdo%%it éoTPQmﬁWEanple 1 and 1/3

e ap ranges rom any
the leading gfifcompamtive Example 2tagshown éniTabledss ot her wi se

[0013(Qd| ot %g(:unq:gr{tg % &rilbg&\%{erellﬂ g}e ﬁﬂ:oﬂ;&pag&f b%vrgf)&h%c@@lgrem, including any

pear 1 n one

priority rdecmmaits and/oe Esﬂmgepx‘batﬂmes toghe exteppthex areeriag inconsistent with this text.
cat ed

para iy BIYER 3¢ St At R8BS PEBIORF S Tort nerin for e

relevaft parambrey iof dn akied almm;e 6Kka Istatédmiettedadain. be] d)éiélr&ﬂixed by one of ordinary
Var.i ous ter have en defi ned above. To the extent a

skill i the artusing knopmmsthods < 16t defined above, it shoul d

[001BE) Ui @i babbaiansfsdnddedtir hh O basy d&lBsbdd usipea set of numerical upper
pertinent art have given,  that termas reflgcted in afr
limits@ad e et prmaner) lpwen imitsi dnshovlq be gerrepated that ranges from any lower

1imit(BAh$ AppASlitnft AOEH @Rblalcd UM dsh tHePH RO Phditat& NEEMin lower limits, upper
escrlpylon and_the specific enbodinents, whjile forns

hm"éfmeihr@ngmmqabm RS O Perp Glaimgshelon e gAH Rymesical M}eas are “about”

appY@:ﬁhﬁHﬁ’y @diihdicatd Qﬂﬁe GAA the meiQ&OWnt %Hﬁm@ﬁﬁﬂéﬂ-é%d variations that
fromt esg.lrlt and SCOpe of the invention.

. woulsthapxpicetgdl Py ajpersos having ordinapyckél! inle afthe i nvention be
[oo132jn tﬁﬁq&%%ﬁﬂé’ have &%Wd%ﬁnﬁi Jeer”m ﬁ&%ﬂ%ﬂx% 13 ukeQd in a claim is not

consi dere nonynous term "incl udi ng
definsdy Show it Shovild e 2kt [engdests s AN ROBHTS i 18 pertinent art have given

s R ASSEROILORR ek St Wi 61 RURGlchi 1 A

rocess yneri zi'ng propylene conpri
[00166]1t als |1sng)pammﬂoan dmﬂwlsgoptg ganatdl yiesmreptmn am;hthe specific embodiments,

S
whilERRTERE A8 e B hmted R BRERha e dafope ogificasions can be
madgi withéut dd’pert&ig 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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treated with one or nore organoal um num conpounds and
one or nore heterocyclic conpounds, under slurry
wa@oeoudioriloes i n the presence of hydrogen at a PCT/US2007/015873
tenperature of about 50C to about 160C and a pressure
of from about 3 MPa to about 20 MPa to provide a
catalyst. activity of greater than 30,000 pounds of
cLAIMBiuct per pound of catalyst; and then recovering
i sotacti.¢c polypropyl ene having a nelt flow rate of 20
Whablli/“ﬁﬁ‘ﬁ‘egfs | ess. 2. The process of claim1, wherein the
one or nore heterocyclic conpounds are represented by
formula (1): X7 H X6 L NI X2 X5 X3 X4 where each
L of A>p.30te@s MPPMWM@M{@W CﬁWﬂé‘gén hal ogen, an
~al Kyl
al kyl gr il g ﬁgﬂﬁ éﬁ‘%’t%ﬁ"g le)fégrp%cgﬂ&g %ﬁlda catalyst system
hateypmsinged bm-lrpianyll thqp 4 mdtai!}mam eoknpblkrdxsmbpogecb ap silica, the silica

an_ar.yk oxi,de grau a_hal ogenat ed or parti al - .
nar B it Sa? P RporBpBRETRS <PineBEids Brd Ype pr more heterosyelic
al kothpeundspunder slarrh@bagicions iothe przendel dfiHyyrdpeh age katsedature of about

> Shaeurrpu dEHG pndca Produo rommabsa § M T agpt MG to provide a
at Qa¥alydt. actiVitg oP prRaRS $had 302000 Pun@s af ﬁedacttper §ouﬂemfcatauyst and then

the one or nore heterocy clic conpounds conp
4,5, 6, 7T8EVETING tﬁetaetlﬁa%‘vempslemrhé“ps ace%lsﬂ%w r@tﬁyf &P dg/min or less.
2. Cl amEprdeelLofblaind €] r\ﬁh&eﬁhﬁe %H@ oP ho‘?@h&ex%&%fbo&ink%uﬂaﬁhre represented
conpounds conprises an al kyl al um num conpound _
al bydemmda (. The process of any of claims 1 to 5
wherein the one or nore organoal urn num conpounds i s
selected fromthe grogg co S|st|ng of
trimethyl al um num Ny, U um
triisobutylalum num tri p,
tri-n-octylal um num trjA % ; umnum
~triphenyl al um num tr*Psobifyl inum tri-n-octyl
alum num and m xtures thg ) TR@ process of any
of clains 1 to 6, wherein the one or
whem ganboefl ¥Aite X7 isciodepsndelstlyc bynp'pggeshatque,t dnyalkylgiompna halogenated or

partlaﬁg l}%%ﬁ%?érgiﬂ%} #@ L;Cynq#?p g170/u éﬁ(§§{dﬁ£8% acﬁgl%gen%ted or partially
halagehatéd alkexide gnmppam a:ylm)od@gto&psa halbgermmrmaﬁ*altydmtggcnated aryloxide
gro%cﬁr %Hpar}é]llsrtrxsstl |e8 \@(g‘? rﬁ?oygg}a%o%eﬁgtgg F h&fogen%eé) aryl substituted

al ns
alkylgtalpl ocene conpound conprlses Z|rcon|un1 10 The

3. b R atr Stz Rt sesRahee. XinkBuid X Tink hige aom.

4. zi rmenpratess of any of claims 1 to 3, wherein the one or more heterocyclic compounds

comprises 4,5,6,7-tetrafluoroindole.

5. The process of any of claims 1 to 4, wherein the one or more organoaluminum
cempounds comprises an alkyl aluminum compound or alumoxane.

6. The process of any of claims 1 to 5, wherein the one or more organoaluminum
compounds is selected from the group consisting of trimethylalumirtum,
triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octyla.luminum, tri-
iso-octylaluminum, triphehylaluminum, triisobutyl aluminum, tri-n-octyl aluminum, and
mixtures thereof.

7. The process of any of claims 1 to 6, wherein the one or more organoaluminum

compounds comprises triethylaluminum.
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10.

11.

12.

11. The process of any of clains 1 to 10, wherein the
bi s-i ndenyl G oup 4 netall ocene conpound conprises

wo awsa2med hyl si |l yl bi s[ (2- met hyl - 4- phenyl ) i ndengt¢1/US2007/015873
zirconium dinmethyl. 12. The process of any of clains
1 to 11, wherein the bis-indenyl Goup 4 netall ocene
conpound conpri ses

I éthed praetdsy bf iahy [ dfi dlpifndy- refohy) Jhieetaim ythe lis-hmaﬁyluﬁroup 4 metallocene
di c%%gp%nd cor%{mses a bridged bis-indenyl Group 4 metallocene compound.
The process of any of claims 1 to 7, wherein the bis- mdenyl Group 4 metallocene
compound compnses zirconium. ' ‘ .
The process of any of claims 8.or 9, wherein the bridged bis-indenyl Group 4 metallocene
compound comprises zirconium. .
The process of any of claims 1 to 10, wherein the bis-indenyl Group 4 metallocene
compound comprises rac-dimethylsilyibis[(2-mcthyl-4-phenyl)indenyl] zirconium
dimethyl. '
The process of. any of claims 1 to 11, wherein the bis-indehyl' Group 4 metallocene

compound cdmprises rac-dime;hyléilylbis[(2-methyl)iridenyl] zirconium dixneihjtl.
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