-4 AUG 2004 WD 01158913 PCT/ US01/ 04220 METHOD OF PREPARI NG GROUP 14 BRI DGED
Bl SCYCLOPENTADI ENYL LI GANDS 5 FI ELD The present invention rel ates to4 AUG 2004
| i gands e synthesis of those ligands for use in netallocene

conpl exes. 3é)b%/wti cularly, the present invention rel at ePCTHESHME20
synthesis of diarylsilyl bridged biscycl opentadi enes using

di arylsilyldisul fonates. Even nore particularly, the present invention
describes 10 G oup 4 netal |l ocenes containing diarylsilyl bridged

bi s-cycl opent adi enyl |igands prepared fromcontacting a

di aryl si | yiediisnl dropatoarid Rz86p qagaﬂﬂﬁbaﬁg&cwﬁ%gxbm@g%m BACKGROUND
15 Metal |l ocene conpl exes of Goup 4 fromthe Periodic Tabl e have been

wi dely used as precursors of catalysts for olefin polynerization. The
substitution of the cyclopentadi enyl |igands used in these netallocenes is
W aely regqgpipped to play a critical role in determning the catalyst
systeml s polynerization activity and selectivity. It is also well known
that if two cydlepeateadimylion igaads REmdbahd gRdsy2hdls 6f (BOEREnaLbSt i t uent
such as a _di hydrocarbyl silyl group., The catalysts propertieS can change
dramat i calf?ry“%él‘ SetIcene eoraplaRes- YIpSe pasicuigdn témane@guénveﬁdpn edaepl e, the

unbri dged{ 2- zet hyl | yl )Zr Gl ( = t hyl,al u ane) is a poor
cat al yst slélstgi% f%%ﬁtpgsg%}ac%ﬁzcgbo IWop%%@ﬁgnggﬁ? C&%ﬁ”%ﬁfneﬁhi P48 n
contrast, draylsiVeldBulfanares. hyven desty | pa2de T/, MA® [365cROneRG b7 B8schibepy| ene to

a highly isotactic polyner. Also, an increase in nolecular weight can be
obSer ved Bffoap iRPPeCheh s IR digryisly! ridegd bswyclopprtadiany ligands %

i ncrease | e 8 : (o] ri i on s . observed upon
chang: ng PR Ao niortRUE o gt P AR SRR UBE s %ARG To
Ph2Si in R#@éY(indenyl)2Zrd 2/MAO in 193 Mkromal. Chem 1643 (1992), and
EP 0399348A2. 2 The Ph2Si (i ndene)2 |ligand was prepared from Ph2Si C)2 and
two equivalents of indenyl lithiumin only 42%vyield; as disclosed in EP
0376154, BMURGROOGYporated by reference for purposes of U S. patent
practice. The reparation of the rnetall ocene Ph2Si (2-net hyl i ndenyl ) 2
Zr'¢12 from Zr C1Mesgllpcene complexes of Group 4 from the Periodic Table have been

widely used as precursors of catalysts for olefin polymerization. The substitution
of the cyciopentadienyl ligands used in these metallocenes is widely recognized to
play a critical role in determining the catalyst system's polymerization activity and
selectivity. It is also well known that if two cyclopentadieny! ligands are bridged
20 by a common substituent such as a dihydrocarby! silyl group., The catalysts

properties can change dramatically relative to the non-silyl bridged analogue.

For example, the unbridged (2-methylindeny))ZrCl,/MAC (MAQ =

methylalumoxane) is a poor catalyst system for isotactic polypropylene

25 production, while in contrast, rac-Me,Si(2-methylindenyl},ZrCl.,/MAQ

polymerizes propylene to a highly isotactic polymer. Also, an increase in

molecular weight can be observed by a simple change in bridging group. For

instance, a 23 % increase in molecular weight for ethylene polymerization was

observed upon changing the bridging group from MeSi  in

30 Me;Si(indenyl):ZrCl,/MAO to PhySi in Ph;Si(indenyl);ZrCl/MAQ in 193
Mairomol. Chem. 1643 (1992), and EP 0399348A2.



5 Ph2Si (2-nethylindenyl lithium2 has been reported but was without the
procedure for preparing Ph2Si(2-methylindene)2, as in EP 4858224], EPAUG 2004
485823A), herein incorporated by reference for purposes of U S patent
practice. Silyl bridged nmetallocenes are typically prepared fromreaction
of to organonetallic cyclopentadienyl ;ligands and

di hydrocar byl silyl dichlorides. There has al so been an exanpl e of using
dinmethylsilylditriflate as the silylating agent disclosed in WO 99/3887).
However, the use of diarylsilylditriflates has not received simlar
scrutlny TheseTheagandisndere )1 ebghirldy waeparpated r drm dPlaSyllsi ayd divehl ori des
and silver triflates or protononS|s of tetr aryl il an trlfllc
aci d di scuSRBWPHS RI3NeHEh 1 eet 1N 9Bl 61@7@¥ %ﬂ%$§dﬂgﬁ%5 31 ém 377

(1 991) . ¢ st h e
dlaryI5|IyF%?gh F%ﬁ&%ggdﬁ§ qg?%%?%eﬁﬁlg?gpgglé$brldgggﬁgpgvgf%peg¥%dlenyl

| i gands anprepriagbh asfentgsmeioat i RY,S)di-aeyH ity 0);i Agaig friney@riChpent adi eny!
| i gands and pol ynmers prepared with netall ocenes cont

iy i YV @gf@élhdﬂlég}wéﬂﬂ@wtﬂaaz Bty Peer TGRS, DB0VBS P AT RrogFRe

fol | ow ng, e S 8 0 and DE
32 44 752- %rlbtrﬁl sc : @I og{h %? ?2I % %F?S‘luglgfsgg}g?elgﬁw\%\%%ell (ri:)l{ Efg organi c
moi eti es rrmtoiq@rzﬂe@byaéfy}en&amrqﬂirﬁoset of U eaast paicateysts in the 5
production of fatty acids and glycerine fromglycerides. Synth. React.

I norg. Met.-Org. Chem 28(5), 781-801 (1998) relates to the synthesis and
characteri zati ofiilpf hnd%ﬁuoﬂ@ﬁb&hﬁﬁe@ﬂiﬂanéﬁﬁx prepged nHRMuAEIPaft (11).
to Anor Chem (1991 a ut ed
i1 i1 SeatmeRs Ty Ja i S Gy lrRE e 5

Or ganomet . h&hers bkdd a@l&zﬁw)pie 4f R mh&trg@supmﬂhhetesw ucet sn‘)eamfg dlg.ent and
triorganotin aryl sulfonates. 15 Indian_ J 1978,

1108 1110 derlareds it OMOnaS Bk Bgweor. beivor GHIRIPNIGEH I T8I ¢ h
chl orosul f%@kﬁ/a ci grm]g gﬁ%}w af firgs elgrgg%en}sz ar%gﬁacﬁ%ses Apoeh 038 @

di phenyl si I'scyc opentadleny ound bearing a different

substituti ﬂmrﬁaﬁ}tlemhldrhiam ahbesibenmﬂmels capeapdilygstd tetearpsdsest withvent i on.

The, dirsclosed compound 18, SEI 0SS 229 ses (1970); 409 J Organomer. Chem. 377
(1951). This invention encompasses the process of using diarylsilyldisulfonates to
prepare diarylsilylbridged dicyclopentadienyl ligands and metallocenes containing
diarylsilylbridged dicyclopentadienyl ligands and polymers prepared with
metallocenes containing diarylsilylbridged dicyclopentadienyl ligands.

20



via the di phenylsiiyl dichloride, i.e., not the diphenyisiiyl disulfonate.
J. Organonet. Chem 562 (1998) 229-253 described the preparation 0f"4AUGZ%L
different 25 ansa-netall ocene conpl exes of the type

(C13H8-SIi R2-COH(0"R ") Zrd 2 via diarylsilyldichiorides. JP10101689 rel ates
to diarylsilyl bridged biscyclopentadi enyi conpounds. JP10i 01689 does not
di scl ose the synthesis of such conpounds via the diarylsilyl 3p

di sul fonates as described in the present application. - 4 AUG 2004 2b J.
Mol . Carol. A: Chem cal 128 (1998) 273-278 relates to ansa- bi si ndenyl
retal |l ocenes bearing a di phenyl -substitited sili‘con bridge. However, it is
not nmentioned that for the synthesis of the diphenylsilyl-bridged

bi si ndenyl ligand silyldisulfonates nay 5 be used. EP 0 628 565-A

i scl ases b Sl L PRARVIL HALER) AR poblangsand b1 s(1

met hyl f | uor enyl ) di et el r synthesis via di phenyl
dichloro silane and dinethyl dichloro stannane, respectively. 10 US

6,004, 897 rel ates 05049é16fsbrbn9qu§r442@§ztmdgassal M&%&oﬁﬂm biSdulenaas, ansa-
netal l ocene with a dival'ent bridge containing e.g. silicon or ger mani um

The prepar at i whercinftheaorgirdd yioirtitsaimat bk die drybiradispls] &pe'ﬁt’ adlicatalypts |15 f¥nd via a
dlarylneta di s t din US 6,004,897. 15 |zv.
Akad. Nauh Se? H&ﬁ@n%ﬁ%@%%dg%gedﬁgg@ﬂ g@%%@%sgl scl oses substituted
fluorenyl 1igands connected with an R2E bridge, wherein R may be nethyl or
phenyl and E may ?e I|c n t

|i gands using si | V&I ¥ (t}%os'g }ng]{g%%c}zlg@jd%ﬂo@ﬁ 6gegano%%tt$q em 509
(1996) 63-71 @hﬁmedxmeshm&azawmbmﬁﬂmﬁnht}angshlfdnhmmfegamiammmIanai((é& The
silyl-bridged |igands are synthesized via the respective dichlorosil anes.
Macronol . Synp. 89, 237-247 (1995) discloses stereospecific netallocene 25

catal ystsiand in rzam&rgul@r Chiénl. i(mgm mildgmhtéaitsia!mgn:;ubstamnsiwlmm,ocenes
The silyl - brlg 9%@%’ are crl to be synthesized via chlorosilane
derivatives. ‘E)‘"“g’??ﬂ cﬂé‘sﬁa‘i’?d )Uﬁ'"§a%.e'ﬂ§ 819 pertain to certain
ansa-netal | ocenes that are used as catalysts in the polynerization of
olefins. The product] o o (hen  BRPAS). $-52 relates to the structure of di- and

triorganotin aryl sulfonates. ‘

15
Indian J Chem. Vol. 16A, Dec 1978, 1108-1110 relates to the cleavage of

tetraorganotin derivatives with chlorosulfonic acid.

Organometallics 1998, 17, 3945-3956  discloses a diphenylsilyl
20 biscyclopentadienyl compound bearing a different substitution pattern than the
compounds according to the present invention. The disclosed compound is synthesized

via the diphenylsilyl dichloride, i.e., not the diphenylsilyl disulfonate.

J. Organomet. Chem. 562 (1998) 229-253 described the preparation of different
25  ansa-metallocene complexes of the type (Ci;3Hs-SiR;-CoHeR'W)ZICl;  via
diarylsilyldichlorides. '

JP10101689 relates to diarylsilyl bridged biscyclopentadienyl compounds.
JP10101689 does not disclose the synthesis of such compounds via the diarylsilyl

30 disulfonates as described in the present application.



30 ligands that contain e.g. a divalent silicon bridge is not conducted via
the respective silyl 2c sulfonate derivatives (as according to the pnpgmp@m
invention), but via the corresponding halide or o-tosylate derivatives

Am Chem Soc., Vol. 104, No. 8, 1982, 2109-2112 describes the results of

5 structural studies regar di ng polyindenyl derivatives of gernmani um and
tin. The synthesis of these conpounds is perforned via the respective

chl oro derivatives of germaniumand tin. Dokl. Akad. Nauk SSSR (1974),
218(1), 117-119 relates to various 1o cyclopentadienyltin chlorides.
SUMVARY The present invention enconpassgs a nethod of form ng a conpound
capabl e of 15 bonding with a Goup 4 transition netal to forma netall ocene
catal yst conmponent suitable for olefin polynerization processes,, the

met hod conprising conmbining in a suitable. solvent a diaryl netal di sul fonate
noiety with a organonetal lic cyclopentadienyl moiety to forma diarytnetal
bridged bi scycl opertt agil.e€igbl. obn@hnmmb( 128 (1998) A7a2TA mddteal Wi engd-biondeng! | s

descr I bed as f gx}etﬁ@qceneﬁgﬁaag 11(-d1|pheny ?U%%MCJS%ICPH gu{gﬁ ltlg/\%vgraﬁs I']%[ mglhlor\ %r ent and

are hydrogen,

am ne, amoni Utkat fphﬁsghlhélﬁs ofplilﬂﬁﬁrhﬂ;nnlymm@ecﬁlﬁ:hﬁdenyltligmﬁiesi!wétsulfohktemay,

ch) or o, bronD |od borane, borate, alane or alurninate groups or any
conbi nat i on® of P&¥ groups; and wherein adjacent G groups from each ary
group may join to forma ring systemof 2 to 8 carbon atons and al so
contain an am ne, Si

,._or _ether group; and wherein . th raoups may be
joined at the COI’I’E(gS%Cﬁ%&I ﬁ@”‘dr?FFCB"S("??’SGCS%‘JUI[%W?“W'P&‘C%g\ﬁﬁ?‘én‘f“%blﬂﬁg' 10 and
wherein the ar )ﬁkmgnwam)myth HPasDENBURHQGHELRSIA Biphendll Bchii® Bkt 6id and
wherein the ar be substituted by annulated rings such

rin
annul at ed aryI¥WF Bﬂékg”ﬁﬁﬁﬁFHVﬂﬁﬁé*YtetrahydronaphthyI phenant hryl and
fluorenyl; ;p and wherein the aryl r|ngs may al so be substi t ut ed by

additional sily]sulfonates;
US 6,004,897 relates to olefin polymerization catalysts compnsmg an ansa-

metallocene with a divalent bridge containing e.g. silicon or germanium. The preparation
of a diarylmetal bridged biscyclopentadienyl ligand via a diarylmetaldisulfonate moiety is
not disclosed in US 6,004,897. '
15
Izv. Akad. Nauk, Ser. Khim. (1996), (9), 2334-2339 discloses substituted fluorenyl
ligands connected with an RyE bridge, wherein R may be methyl or phenyl and E may be
silicon or tin. A synthetic route towards these ligands using silylsulfonates is not
disclosed.
20
J. Organomet. Chem. 509 (1996) 63-71 discloses ansa cyclopentadienyl fluorenyl

complexes. The silyl-bridged ligands are synthesized via the respective dichlorosilanes.

Macromol. Symp. 89, 237-247 (1995) discloses stereospecific metallocene
25  catalysts and in particular silicon-bridged bisindenyl ansa-zirconocenes. The silyl-bridged

ligands are described to be synthesized via chlorosilane derivatives.

EP 0 571 882-A2 and US 5,145,819 pertain to certain ansa-metallocenes that are
used as catalysts in the polymerization of olefins. The production of the respective

30  ligands that contain e.g. a divalent silicon bridge is not conducted via the respective silyl



and wherein the two aryl groups bound to the sily)disul fonate fragnment

n nay al so be joined together directly, as in a substituted blphenyr4AUGNM
derivative or by linker groups; wherein the linker group is an al kyl,

vinyl, phenyl, alkynyl, sily], gernyl, am ne, amoni um phosphi ne,
phosphoni um ether, thioether, borane, borate, alane or alum nate groups;
25 wherein M is Si; Sri or Ge;, and - 4 AUG 2004 WO 01/8913 4 '

PCT/ USOL/ () 4220 wherein the R groups nay be the sanme or different, and are
an al kyl, perhal oal kyl, phenyl, perhal ophenyl. The organonetallic

cycl opent adi enyl noiety is described aszfollows’'5 wherein Gis the sane or
different and are a hydrogen, al kyl, haloal kyl, vinyl, aryl, alkynyl,
silyl, gernyl, amne, anmonium phosphine, phosphonium 10 ether,

thioether, fluyggg Hate G0}vRERs &# a@éﬁ?dmz’ 0948 Q&E@ FontiHO) 15k Sia (AL GRS ﬁdn?é um nat e
groups or any co by nat on such groupg wher'el n adjacent G groups
from each arhﬂﬁgpoupmﬁaymymmnmio forma r|ng systemof 2 to 8 carbon atons
and also contain an amne, silyl, or ether group; and 15 wherein Mis a
metal such as Li, Na, or K The Ilgand t hus descri bed and synthesized can
be used to nmake a JO4MTHEm. Svel; aol. doe,rieo Byl 982b R H)9F2012 o¢sexiber thpaksuienf zat i on,
in partlcular hono oI ners Q r.s .of pol ypr.o e.and eth Iene

and i npact *cop®ic W§$"é pg péﬁﬁ%g%ﬁ L‘E’b"ﬁfb@gﬁﬁﬂ\é "E){P%'—" :I[ﬁE

Definition of omése&mﬂmndsag PRriotedl Vi@ teaystt @R Yhlorol derivitio dr@ememn ahd

cycl opent adi enyl, indenyl, fluorenyl, azulenyl, azaindenyl, azapental enyl,
thlopentalenyP"groups and other 25 ring systens capable of binding to a
nmetal center. These cycl opent adi enyl indenyl quorenyI and other ring

systens may be substituted or unsubstltu

"bi scycl opent adi en§ad. Hésder Yovky SF b n&’cq(Bn Hf""ltl%“'d‘f‘est HRs&ario¥f oups. 4
AUG 2004 cyclopentadienyitin chlorides.

SUMMARY
The present invention encompasses a method of forming a compound capable of
15 bonding with a Group 4 transition metal to form a metallocene catalyst component
suitable for olefin polymerization processes, the method comprising cambining in a
suitablc_splvent a diarylmetaldisulfonate moiety with a organometallic cyclopentadienyl

moiety to form a diarylmetal bridged biscyclopentadienyl compound.

20 The diarylmetaldisulfonate is described as follows:



WO 01/58913 PCT/ USO /04220 5 The phrase "catal yst system refers to the

net al | ocene and other activators and cocatalysts used in olefin - 4 AUG 7004
pol ymeri zation, including MAO and borane activators. 5 The term
"hydrocarbyl"” refers to any al kyl, al keny], alkynyl or aryl group; the two
hydrocar byl s of a di hydrocarbyl may be the sane or different. The term

"sul fonate" refers to a functional gréup of the structure -OSQZR, where R
may be a hydrocarbyl, hal ogenated hydrocarbyl, perfluorocarbyl, or CF3. '0
The term"triflate"” refers to a trifluoronethyl sulfonate functional group:
- 03SCF3. For purposes of this invention, all Periodic Table "G oups”
recited herein 15 are based upon the notation of the Periodic Tabl e of

El ements as described in HAWEEY' S/CHEM &AL DI CTI ONARY, 11th Ed., Van
Nostrand Rei nhold, New York (18 Synthegj s of Ligand 20 Diarylsilyl

bri dged cycl opent adi enyl |igands afe prepar jby contacting a
diarylsilyldisulfonate with an organo pt al P “ﬁndenyl reagent, as shown
below in reaction (A): - 4 AUG 2804
2 MXBSR Sulfonate Sall (1) Diarylsilyl
Organonetallic (3) Diarylsilyl ois>
the diarylsilyldisulfonate (1)

ulfgnat @ cycl opentadi enyl (2)
bi s opentadi cnyl (A) 5 wherein
has tWo conponents. the aryl groups

wherein G is the same or different and are hydrogen, alkyl, haloalkyl,

vinyl, aryl, alkynyl, sily], germyl, amine, ammonium, phosphine, phosphonium,

5 ether, thioether, fluoro, chloro, bromo, iodo, borane, borate, alane or aluminate
groups or any combination of such groups; and wherein adjacent G groups from

each aryl group may join to form 2 ring system of 2 1o 8 carbon aioms and also

contain an amine, silyl, or ether group; and wherein the aryl groups may be joined

at the corresponding ortho (2) positions by a covalent bond,

and wherein the aryl groups may also be heterocycles that are aromatic;

and wherein the ary} rings may also be substituted by annulated rings such

annulated aryl rings are naphthylene, tetrahydronaphthyl, phenanthryl and fluorenyl;

and wherein the ary] nings may also be substituted by additional

silylsul{onates;

and wherein the two aryl groups bound to the silyldisulfonate fragment

20 nay also be joined together directly, as in a substituted biphenyl derivatyve or by
Jinker groups; wherein the linker group is an alkyl, vinyl, phenyl, alkyny!, silyl,

germmyl, amine, ammonium, phosphine, phosphonium, ether, thioether, borane,

borate, 2lane or aluminate groups;

25 wherein M7 is 81, Sn or Ge; and



and sul fonate groups. The aryl groups may be the sane or different. Theaygs 00
aryl groups may contain any functional group containing any el enents that
do not resottImBuB the diarylsilyldisul fonate, organonetall }’ET}UQQI?(QI)QO
reagent or other conponents of the reaction nediumin such a nmannef as to
conpletely prevent 10 formation of a #liarylsilyl bridged bisindenyl
conpound. In one enbodi nent, the aryl groups may contain any functi onal
group containing Goup 13-17 elenents that do not react with the

diaryl silyldisu rganonetal li¢c indenyl reagent or other conponents
of the reacti onur?gﬂi?’tgj?#ei rII{O %gmgﬁc'ﬁa)’a bﬁéﬁ?\é?mﬁsort@y‘f@b?%i apd|age op eallorl
formation pérhalodikgl, phemtyperhilbpigied). bi si ndenyl conpound. G may be the same
or different. Non-limting exanpl és of G include hydrogen, alkyl,
hal oal kyl, vinyl, aryl, alkynyl, silyl, gernyl, am ne, ammonium 20
phosphi ne, phos ni t her hi oether, fluoro, chloro, brono, iodo,
borane, bor at e?@?%ﬁ@%‘&néﬁ@ﬁ%ﬁ?@aﬁPﬂdﬁgleﬁ’r'SQﬁwwﬁt@ﬁrﬁaldwm of such
grofips that do not conpletely prohibit formation of diarylsilyl bridged
bi si ndenyl compounds. Adjacent G groups fromeach aryl group nay join to
forma ring systemof 2 to 8 carbon ato and al so contain an am ne, silyl,
ar ether group. Also, the aryl groups y ee j oined at the correspondi ng
ortho (2) positions and/or the nmeta ( a coval ent bond. 5 Metal s ot her
than Si nmay be useful for the diarylne ul fonate group (1) above such
as Sn or Ge. !5 The aryl groups may a$so @e heterocycles that are aromatic.
Aromatic heterocycles contain 4n + 2 pi electrons (where n is a non-zero
integer) in the heterocycle ring directly bound to silicon. The aryl rings
may al so be subehdreint @dshie aaneloatdefferthtge. aloNhydBhth NikyEXaMRREs Of such
annul ated aryl rin ht hyl hyd hI’hy’ IESPI(? d

2 . 5. ane ?ﬁg thyl, tetrahydronaphthyl phenanthry an
f1 uorenyl . e rly% ¥l silvagemd oamines ammaniwn ephdsphindd iphosphahivm,
siloyl sul f ofigdrEthiodtiert MoroB TR containin reat er .than two
i ndenyl rings nay Ilgl?er g’#’g%’é@@?&aﬂ"ow’ n(g%?%ém&ee 3@5‘?%%‘?‘?%07” ﬁﬁ'\"ﬁ‘f“'ﬁ%t allic
pol yner i za&rPuns Qrasyatcanbjisation AHsuEheréwys; aid/ whgretniBEjab@H TS ok Surs TRom

silyldisulf fragnent .mg | so be joined together directly; as in a
substit ut ecéaglgléﬁgrrl%pgﬁé}' ?Q/‘Bttg\fgm&ra RE T’XSFﬂE‘éPfé'r‘B%p@%TbOﬂ'mOmi acbalsgr oup may
be an al kydontaifi atyAmineh&RY, or ettt P, asd | Y . genyl, ani ne,

15 wherein M is a metal such as Li, Na, or K.

The ligand thus described and synthesized can be used to make a Group 4
metallocene suitable for olefin polymerization, in particular homopolymers or

copolymers of polypropylene and ethylene, and Inpact copolymers thereof.

20
DETAILED DESCRIPTION OF THE INVENTION
Definition of Terms
The term "cyclopentadienyl” is used to refer to cyclopentadienyl, indenyl,
fluorenyl, azulenyl, azaindenyl, azapentalenyl, thiopentalenyl groups, and other
25 ring systems capable of binding 10 a metal center. These cyclopentadienyl,

indenyl, fluorenyl and other ring systems may be substituted or unsubstituted.

The use of "biscyclopentadieny!" refers to any combination of two of these

groups.



ammoni um phosphi ne, phosphonium ether, thioether, borane, borate, al.lbgne
or alurrinate groups. The two aryl groups may be pol ycyclic hydrocar 200k
with 25 aromatic rings directly coordinated to silicon.

Di aryl met WPdI&8 Ponate (1) The diary) silyldisul fonate (1)PETBISNTEERE I on
(A) above can be described nore genegal ly as a diaryl netal di sul fonate, and
include as a netal Ge or Sri. Mre particularly, (1) is described as
follows: 30 - 4 AUG 2004 WD 01/58913 8 0 O O_.'' ROSR c'/

PCT/ USO / 04220 wherein Gis the sane or different. Non-limting exanples of
G include hydrTdgeghrasal kathlysteabeal"kyfers 16l thy Imet@llotkne ahdkyihyt actBiatard . gernyl,
am ne, anmoni um phosphi.ne, phosphoni um ether, thioether, fluoro,

chl oro, bPBHOSORBHG!S MerhdR, Olelpr pelymerpating, aingludingniMabe agd obgrenor  any
conbi nat i gF[i\%ftorguch groups that do not conpletely prohibit formation of
diarylsily ridged bisindenyl conpounds. Adjacent G groups from each aryl
group may join to forma ring systemof 2 to 8 carbon atons and al so
contain an am g_gl‘e silyl, or ether group. Also, the aryl 10 groups nmay be
joi*ned at the AT IHETORG BN t FréeTe 29 apwaikyl. tkenl alkymal ar ami giepd:  and
wherein t : C aromatic; the
aryl ri ng?%nﬁ/%%dg%& Ssﬁ%g(t@ E‘t%éa%ﬁyﬁgﬁﬁg%% rc}rnrmfgﬁfe'gﬁgh annul ated 15
aryl rings are napthyl, tetrahydronapthyl, phenanthry] and fluorenyl; the
aryl rings rrayﬂgl SO bgsgﬁj.lbstj'tut ed by additjonal silylsulfonates. In this
manner, conmpound€ WEhtHHANME" iwatea Turctionaleronp @é Mg struckys -R8P2Be prepar ed
al | owi ng rad.| | &4 i ri i e | ysts; and
20 the tV\/t)R)mglEagjlQ g o%:)dsmgj(gﬁ{laém{lbﬁdtlﬁ%ngckjﬁ 8%&%4&?@&#@%&@&%&9 al so be

j oined together directly, as in a substituted bi phenyl derivative or by

| i nker groups. ... The ||.nker.gr may. pe an al k i nyl,.phenyl, alkynyl,
s: Lyl g er lrJr;F/)I , Tgﬁit?{é“, hriflate" gef%%pto atrn uorometgyi s¥1llf0ngtle ynCthE’)Ial gr%up: Ay

O35CF;.

For purposes of this invention, all Periodic Table "Groups" recited herein
15 are based upon the notation of the Periodic Table of Elements as described in
HAWLEY'S CHEMICAL DICTIONARY, /1th Ed, Van Nostrand Reinhold, New York

(1987).

Synthesis of Ligand
20 Diarylsilyl bridged cyclopentadienyl ligands are prepared by contacting a
diarylsilyldisulfonate with an organometallic indenyl reagent, as shown below in

reaction (A):



ammoni um phosphi ne, phosphonium ether, thioether, borane, borate, %@BEZM&
or 25 alum nate groups, wherein the two aryl groups may be a pol ycycl

hydr ocar bowo owsghzar omatic rings directly coordi nated to S|i,%49§w042204 AUG
2004 WD 01/58913 PCTIUSO /04220 9 wherein M is Si,

groups may be the sane or different, ahd are an aIkyI,_ s per hal oal kyl ,
phenyl, perhal ophenyl. In one enbodiment, The R group is a perfluoro
substituted group, and in yet another embodiment the R group is a CF3
group. Non-limting exanples of diarylsilyldisulfonates (1) fromreaction
(A) are '.0 as follows: - 4 AUG 2004 WO 01/58913 10 ,0-S CF3  0--
CF3 O00OtBO CF3 00 00 110 S-CF, \ OCF3 OO EtGS| PCT/U S 1 /04220

The two aryl&gr&ups bound to the silyldisul fonat® fr rrent may al so be
d&rectly, as in a$substituted bip derlvatlve or by
\
- ‘éﬁ

j oi ned toget i
| i nker group?

+2MO,SR
-&R

({ Sulfonale Salt

G
\
G G
{1) Diarylsilylsulfonate (2) Organometallic G
cyclopentadienyl
£3) Diarylsilyl bridged
biscyclopentadienyl
(A)
5 wherein the diarylsilyldisulfonate (1) moiety has two components: the aryl groups

and sulfonate groups. The aryl groups may be the same or different. The aryl
groups may contain any functional group containing any elements that do not
react with the diarylsilyldisulfonate, organometallic indenyl reagent or other
components of the reaction medium in such a manner as to completely prevent

10 formation of a diarylsilyl bridged bisindenyl compound.

In one embodiment, the aryl groups may contain any functional group
containing Group 13-17 elements that do not react with the diarylsilyldisulfonate,
organometallic indenyl reagent or other components of the reaction medium in

15 such a2 manner as to completely prevent formation of a diarylsilyl bridged

bisindenyl compound.

G may be the same or different. Non-limiting examples of G include

hydrogen, alkyl, haloalkyl, vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium,

20 phosphine, phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane,
borate, alane and aluminate groups or any combination of such groups that do not
completely prohibit formation of diarylsilyl bridged bisindenyl compounds,

Adjacent G groups from each aryl group may join to form a ring system of 2 to 8



5 The |inker group may be an al kyl, vinyl, phenyl, alkynyl, silyl

am

al ane, or

pol ycyclic hydrocarbon - 4 AUG 2004 WO 01/58913 |
aromatic rings directly coordinated to silicon.

al um nat e groups, wherein the two aryl groups may be a

-, %ol

ne, anmmoni um phosphi ne, phosphonium ether, thioether, borane

PCT/ USQO / 04220 with
Non-limting exanples of

these are as follows: a O O1S- CF35 OCF3 OO ;PL O 0 SCF3OCF3 O
CF3 OS- CF3 O O S-CF3 0O O The diarylsilyldisul fonate groups

O

| i sted above can be stated by their

o S

respective nonencl ature terns as

foll . di phenylsilylditriflat 10.di - thyl si .yl dj t.ri . (2- net hyl
-2 pﬁ\é\ﬁw cslg o tq;gg;lp )a%/]gf c{leqr %%tﬁpez}nspm rbexﬁ %P c{/)r cdp%/r 2 l} \ Afs%! flkleaﬁrﬁl (2- et hy
dl (2,4, 6-

-5-tetr

g{}d %@ épﬁ@ﬁ%’édﬁ?'ﬂé’éﬁ&?bﬁd i Brtho (2) positions andjor the meta (3)

ylditritlate

d|(4 trlebpyk@wbﬁhphﬁnWI)5|Iyldltrlfl ate 15
di (3,5-ditrifluoronethyl phenyl)silylditriflate

20

Metals other than Si may be useful for the diarylmetaldisulfonate group (n

above such as Sn or Ge.

The aryl groups may also be heterocycles that are aromatic. Aromatic
heterocycles contain 4n + 2 pi electrons (where n is a non-zero integer) in the

heterocycle ring directly bound to silicon.

The aryl rings may also be substituted by annulated rings. Non-limiting
examples of such annulated ary) rings are naphthyl, tetrahydronaphthyl, phenanthryl

and fluorenyl.
The ary] rings may also be substituted by additional silylsulfonates. In this
manner, compounds containing greater than two indeny! rings may be prepared

allowing the preparation of multimetallic polymerization precatalysts.

The two ary] groups bound to the silyldisulfonate fragment may also be

joined together directly, as in a substituted biphenyl derivauve or by linker groups.

The linker group may be an alkyl, vinyl, phenyl, alkynyl, silyl, germyl, amine,
ammonium, phosphine, phosphoniurm, ether, thioether, borane, borate, alane or
aluminate groups. The two aryl groups may be polycyclic hydrocarbons with
aromatic rings directly cocrdinated 1o silicon.
Diarylmetaldisulfonate (1)

The diarylsilyldisulfonate (1) from reaction (A) above can be described
more generally as a diarylmetaldisulfonate, and include as a metal Ge or Sn.

More particularly, (1) is described as follows:



(4-dimethysilyltriflate) (phenyl)silylditriflate - & AUG 2004
di (di phenylsilylditriflate)

bi s(4- met hMésessyl3) (2, 5-di-tert-butyl pyridine)silyldltriflapg,, S01/04224
di (bi phenyl)si lylditriflate 4 AU6 2004 WD 0158913 12 di (2-et hyq phenyf)si
lylditriflate 4,5-(9, 10-di hydrophenanBhryl)silylditriflate

4,4 -methylene-3,3-"silylditriflate biphenylsilylditriflate 5
phenanthra-4,5-silylditriflate naptha-4,5-silylditriflate

4,4 -ethylene-3,3 -silylditriflate ds- 1,

| ' -oxyphenyl -2, 2" -silyl ditriflaté dif-1,1'-nethylamne-2,2'-silylditriflate
10 di-I,I"-dinmethylsilyl-2,2"-silyfaryridlate, and the |ike. PCT/US01/ 04220
The Sn or Ge anal ogs, for exanpke; henyl s(%annyl ditriflate or

di phenyl gernyl ditriflate, are alsq/osgsible f,00 the di phenylnetalditriflate
(1). 15 Organonetal lic Cycl opent adl eny I\/biC>e{§§"-F(2). Referring to reaction
(A) above, the organonetallic cyctopentyti enyl noiety (1) nmay be nore
general ly described as follows: whe e‘i\g l\éJ iFiea nmetal such as Li, Na, or
K. Mmay also be My, Ca, Hg or ey’ sui t &g‘o tal. One skilled in the
art woul d know that when M has a @v: 25 idation state of n, n-1
additional anionic are also coorginfted to M For exanple, when Mis Mj, a
second anionic ligand about Mis neéessary, such as a halide, or a second
cycl opent adi enyl noiety. The G group is as defined for the

diarylsilyldisul fonate (1) noiety. - 4 AUG 2004 WD 01158913 PCT/ USO / 04220

13 The cycl opentvddienyl isrthagamy sirefiffereyt. b osistihg ekadphs i @hycifaanct i onal

hydrogen, alkyl, haloalkyl, vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium,

5 phosphine, phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane,
borate, alane and aluminate groups or any combination of such groups that do not
completely prohibit formation of diarylsilyl bridged bisindenyl compounds.
Adjacent G groups from each aryl group may join to form a rng system of 2 to 8
carbon atoms and also contain an amine, silyl, or ether group. Also, the aryl

10 groups may be joined at the corresponding ortho (2) positions by a covalent bond;

and wherein the aryl groups may also be heterocycles that are aromatic;

the aryl rings may also be substituted by annulated rings such annulated

15 aryl rings are napthyl, tetrahydronapthyl, phenanthryl and fluorenyl;

the aryl rings may also be substituted by additional silylsulfonates. In this
manner, compounds conlaining greater than two indenyl rings may be prepared

allowing the preparation of multimetallic polymerization precatalysts; and

20
the two aryl groups bound to the silyldisulfonate fragment may also be
Joined together directly, as in a substituted bipheny! derivative or by linker groups.
The linker group may be an alkyl, vinyl, phenyl, alkynyl, silyl, germyl, amine,
ammonium, phosphine, phosphonium, ether, thioether, borane, borate, alane or
25 aluminate groups, wherein the two aryl groups may be a polycyclic hydrocarbon

with aromatic rings directly coordinated to silicon;



group, G containing any elenents, that do not react with the

di aryl silyldisul fonate, organonetallic cycl opentadi enyl reagent or ot hdbb 200
conponengg of the reaction mediumin such a manner as to conpletely prevent
5 formatiSh%F¥Y3di aryl silyl bridged biscycl opent adi enyl cREHEEHA2Nbr e
preferably, aryl groups may contain aﬂy functional group containing G oup
13-17 elenents that do not react with the diarylsilyldisulfonate,
organonetal lic cycl opentadi enyl reagent or other conponents of the
reaction nediumin such a manner as to conpletely prevent formation of a
diarylsilyl bridged biscyclopentadienyl conpound. The cycl opent adi enyl
ring systemmay be substituted with alkyl, perhaloalkyl, vinyl, aryl,

al kynyl , sinI}wﬁé?%?1ﬂs§m5ﬂﬁr%ﬁnnniun1 phosphi ne, phosphoni um et her

t hi oet her, fluoro, chloro, brono, iodo, borane, borate, alane 15 and

al um nate groups or any conbi nati on of such groups that do not conpletely
prohi bit formatilan thé Rli @goypssimayl bbrthelgemebos aitdrenenhadieny aggpounds.
The cycloggnta&ienyl ring %ﬁsten1nay al so contain annul ated rings.

Enbodi menP&haeakyb Rreguhsrshdepheayky dnopenembipdinent,( Phe (R @ivvrastai on 20

A) ab : N, Yo 3 i b l. Lcal: - 4
2, 200 O Yo BT b AL A MRS
01/ 8913 1prauB. Li -~

Non-limiting examples of diarylsilyldisulfonates (1) from reaction (A) are

0 as follows:



Li* Li" Li Li*tBtBtB 5 Li" 113 PCI/USO /04220 The organonetal lic
cycl opent adi enyl groups |isted above can be stated by 10 thelr respeétﬁu\%ﬂﬂ’*
nomencl at Wwe oz&ésas as fol lows: - 4 AUG 2004 WO O1/58913 16 § ym Eithl um
2-nmethylindenyl lithium 2-ethylinde %I l'ithium 2-isopropy c'f

lithium 5 4,6-dinmethylindenyl |ithi u:}] 2,4,6-trinmethyli ndenyl l'ithi um
2-ethyl -4, 6-di net hylindenyl lithium 2-isopropyl -4, 6-di nmethylindenyl
lithium 4,6-diisopropylindenyl lithium 10

2-met hyl - 4, 6-di i sopropylindenyllithi 2-ethyl -4, 6-diisopropylindenyl
lithium 4, 5- benzoi ndenyl |ithium »5- benzo- 2- nq} Q)L ndenyl i thium

4, 5- benzo-2 -ethyl denyl l'ithium e
, 5-benzo- 2-i sopro I | thiu Gf S-ﬁ%ohexyl i nd iihi um
= M 4-B%aycl ohexyl %denyl

4
4, 5-cycl ohexyl - | it hiTms
l'ithium <
(82 —CF3 O—S—CF 0"‘ CF
O °° OAO ’ o
P
Et,Si
Y oX£
~—CFq S—CF, L8]
< s< /ojsy—cps
O—ACFs O— 5 CF
;\ C<< OAO ? A CFs
1,5
Fs Q O Q 9
0—S8=-CF Y
FSC / k] /0 5 CF:,
L S\ S’\
O—5—CF, O—J&—CF;» 0—5:—CF,
< o O o Oﬁo
O;&CF:, Me\ Fac(SSL(\
Fq /S'\ /5
FiC—5—0 ——
CFy ’ 0//% Me T Y ¢ b
1Bu
h t
B8 < 2 0 < 2 £
o Ny q 0
‘_Q/O_S_CFB y /o--s—cnr3 /o—s—cr:3
S
j 055 CFa \O—KCF;; \o— —CF3
o © o © o ©
h {
The two aryl groups bound to the silyldisulfonate fragment may also be
jomned together directly, as in a substituted bipheny! derivative or by linker groups.
5 The linker group may be an alkyl, vinyl, phenyl, alkynyl, silyl, germy!, amine,

ammonium, phosphine, phosphonium, ether, thioether, borane, borate, alane, or

alumninate groups, wherein the two aryl groups may be a polycyclic hydrocarbon



, 5-cycl ohexyl - 2-i sopropyl indenyl lithium 20 4-phenylindenyl Ii thi_ul;"nAUG 200
nmet hyl - 4- phenyl i ndenyl lithium 2-ethyl-4-phenylindenyl |ithium
i sopropyl -4-_ghenyl i ndenyl lithium 4-phenyl-6-nethylindenyl lithium 25
- di et W UA3HRenyl i ndenyl lithium 2-ethyl - 4- phenyl - 6- RETRSDI/HdzNY |

, 6
ithium 2-isopropyl-4-phenyl-6-methylindenyl 1ithium

-[1-napht hyl ]i ndenyl lithium 2-nethyl-4-[] -naphthyl]indenyl lithium 30
-ethyl -4-[ 1-naphthyl]indenyl lithium 2-isopropyl-4-fl-naphthyl]indenyl
ithium 4-napht ha-6-nethylindenyl [ithium PCT/USOL/ 04220 - 4 AUG 2004 WO
01/ 58913 Pdhl we@latVA2aLs dize@lySeatirtmtitey | todsilitornapidrhlim}tinadeniipléd bhi um

2- et hyl -4-% % - naﬂh‘tlh%l ]-6-nmethylindenyl lithium 2-isopropyl-4-]

1- napht hy F{ES6 215eSHOPWefeny! 1i thium  4- (3, 5- di net hyl phenyl )i ndenyl

lithium s 2-nethyl-4-(3,5-di nmet hyl phenyl )i ndenyllithium

2- et hyl - 4- (3, 5-di net hyl phenyl )i ndenyl 1ithium

i lithium
ithyu

4
2
2
2
I

4
2
I

4-(3,5-di-tert-b
2-met hyl - 4- (3, 5- ert - butyl phenyl ) Mad
2-ethyl-4-(3,5-di-tert-butyl phenyl)indenyl lithium 1 s

2-isopropyl -4-(3,55di -tert-butyl phenyl)indenyl lithiu
6- net hyl - 4- (3, 5- @ rt- bu%y‘P hen denyl éi,lohi um g0
O—S—CF, O—S5—CF, o—sZcF
S< S< S( 3
O?Q*CFa 0— 87 CF, 0—5CCFs

The diarylsilyldisulfonate groups listed above can be stated by their
respective nomenclature terms as follows:
diphenylsilylditriflate

10 di-2-naphthylsilylditriflate
(2-methyl-4-phenyl-5-methyl)(4-trimethylsiloxy)silylditriflate
di(2,4,6-trimethylphenyl)silylditriflate
di-5-tetrahydronaphthylsilylditriflate
di(4-triethylsilylphenyl)silylditriflate

15 di(3,5-ditrifluoromethylphenyl)silylditrifiate
(4-dimethysilyltriflate)(phenylsilylditriflate
di{diphenylsilylditriflate)
bis(4-methylpheny!)(2,5-di-tert-butylpyridine)silyldiiriflate
di(bipheny)silylditriflate



2, 6-di nethyl -4-(3,5-di-tert-butyl phenyl)indenyl |ithium - 4 AUG 2004
2-ethyl-4-(3,5-di-tert-butyl phenyl)-6-nethylindenyl |ithium

2-i sopr opyWMeBIB-di -t ert - but yl phenyl ) 6- net hyl i ndenyl it hippPyusaghbhe

| i ke. 20 Synthesis of Diarylsilyl Bri dgzed Bi scycl opent adi enyl Conpounds.
The reaction of diarylsilyldisulfonate and the organonetallic

cycl opent adi enyl reagent (two equivalents of reactive cycl opentadi enyl
group per diarylsilyldisulfonate) yields a diarylsilyl bridged

bi scycl opeﬂi(a@tﬁﬂghe@mﬂunﬂﬂ%d equi val ents of sulfonate 25 salt as shown
in reaction (A above. e aryl groups (Ar) shown in the structure |abeled
(ﬁ) in reaétﬁ'dJQ-A%jhydtﬁmlhenzluml}irngiﬂgld?msﬂﬁm Eh;a G substi tu]t ed ﬁrylj groijpsI O}‘

t he correspondi iarylsilyldisulfonate (1). In general, the diarylsily
bri dged bi g%y e@%@ﬁ“‘%‘%r%ﬁ ‘?‘“ ound (3) has 30 the following structure:
- 4 AUG 208fhhenasiigrafdg PCTIUSQL/ G-i220 is wherein the G groups and M
are as defined above. 5 The reaction in (A can proceed in solvents

t ol &rant opherapthrendc-sidyldiriflgje oups present. Typical sol vents incl ude

di et hyl et her a_g t.?l eng or benzene. Once forned, the diarylsilyl bridged
bi scycl opeﬂ?pa{h"i‘ lc'i?y'f' b fid and sul fonate salts may be used directly in
subsequent 4 3y athPRSES, Plsill iirigidlef Onate salt may be renoved at this stage.
Renoval of the salt nay be achieved by filtration of the 10 reaction
product s i #i-b1hgximbeaylbh?-sipldigiftator extraction with water. If the

sul fonate js, Lithpumtrifl.at nd_the diarylsilyl bridged
bi scycl ope%lt ldtllth ‘Lé‘ﬁ%}ﬁymr%’éi 1 oﬁ'ﬁﬁyﬁéﬁ‘ﬂﬁﬁrl y soluble in ether, the sol uble

i i um t rdif] at lﬁgzlfzgi'fsllylditﬁ?l%" B¥ ik tration and ether washing.
The diarylsilyl bridge bi scycl opent adi eny'l conpound can then be isol ated
and purified, if necessary, by 15 standard nethods. Desirable enbodi nents

of the diaryl si ri dged, bi scycl opent adi enyl | conpounds i ncl ude
di phenyl si | adi yﬂ% %%t r‘%’3| i r%’deaﬁ'??/ 5, %bh@fﬁ?@?ﬂ £0pPRenystanpyldyriflate or

4- pheny! i ndipharylgermyttic g Sko padintd {2 1HEdiBN by | 1i ndenyl ).
20 This nethod of synthesis offeorts) an i npr ové?}enrltyﬂpé\thlydi‘ng?@{%a%m 42 % over

th revi oysl repar.t reparati on of Ph2Si (i ndene) from Ph2SiCl2 with two
Fs P 5rga¥zomepa9}’:c %?:clgpeneadienyl Moiety (2). Refgrring to rgaction (A) above, the

organometallic cyclopentadienyl moiety (1) may be more generally described as

follows:

G

e

20 G G

wherein M is a metal such as Li, Na, or K. M may also be Mg, Ca, Hg or other
suitable metal. One skilled in the art would know that when M has a formal
25 oxidation state of n, n-1 additional anionic are also coordinated to M. For
example, when M is Mg, a second anionic ligand about M is necessary, such as a
halide, or a second cyclopentadienyl moiety. The G group is aé defined for the

diarylsilyldisulfonate (1) moiety.



equi val ents of cyclopentadienyl lithium The diphenylsilyldisulfonate r%l[ﬁf
can also be used for preparing diphenylsilyl bridged 2-al kyli ndene ~hA I
conpl exes ,froom 5 indenes such as 2-nethylindene, 2-nethyl-4-phenylindene
and 2- met AW UF8P. napt hvl i ndene. Conparative exanpl es i nBEEAISBIARA t he
Ph2Si d 2 nmethod is - 4 AUG 2004 WO 01{,58913 PCT/USQ /0-1220 19 ineffective
for bridging 2-al kylindenyi lithiunms such as 2-nethylindenyl lithium and

2- met hyl - 4- phenyl i ndenyl lithium Metallocene Synthesis 5 Diarylsilyl

bri dged bi scycl opent adi enyl conpounds nmay be converted to netall ocenes by
any appropri at elheetyvbpen8dirnyistizg cigstan meayhbel sutisnaltedleidli angcunci@att i on of
the neutral diarylsilyl.bridged bicycl opeg{?gdi ens with I\/ENRZ,)4 (M= Ti,

zr, H) a$ PhorPed BYAFRLafY n dEM e Fanbiiel 49 | 8et adepst ( M) ythe poubl e
depr ot onaidiA9isAf1difupfodiar Y bidsh¥medallicdgegdcib) iORENt A ERS W t agents
such as 0 a?ﬁyﬂ—‘ﬂ o Pl s?‘flek&%ﬂ‘%d ‘?g%ﬁ%?,pe%*ia et

di I'i t hi umcpmpgaents ofithe reacmay rgdiume aic sech aindnnkX2yY 2 €Xnpktay |pabidne

nonoani oni.c_ligand,. Y is a,labi]e, or, a. nop-1abile nonoanionic |igand) as
di gcl osed f?rﬁnaf%nadd‘ar‘?orfﬁ?'allﬁ”iyEsL@%gfd( %ﬁ?&ﬁcﬂ’p&ﬂt&dﬁeﬁyll@"@@é’ﬁ met'&¥fics 3413
(1997) angdrdfERBB34BA gloupSinddyyicitdil anP hiftgieal Rbgy Hiduphiufp reagents
may al so g{a treg’?egAv% tuﬁg)t r iyél kyll.t i lrllphal i deg.éﬂi? %ﬂﬁ%“éﬁg‘t%}‘ Qﬁjg/ﬁl bri dged
syst em maglcheentortheld doetnaeersactheavithdi the y Hisiry lyilddisulféronat erghasoreidled above

and an or netal.li ¢ cycl opentadi enyl 0 ex. An enbodi nent of the
Mvent i ve o8 PRlRieh SHEn0BE R0 kSR ¥onerty REINE ool BacBeGhmiR Sigetni ¢

sol vent, @fan®el Vet a1 ¥éripRiel? BRivekl Ofbr@htish UGFY aofdiﬁlsns%gl ohgapeyret al i c
cyl opentadi enyl ligand with a G oup 4-6 transition netal halide,

pr &f er abl Visgy¢lppemiadigny! gpmperndum or - hafniumtetrahalide, or the
corresponding transition netal tetrahalide-etherate conplex, for exanple
ZrCl4(THF) 2. THE is tetrahydrofuran. Renoval of solvent and byproducts,
such as Me3SnCiTher clytlGbentadieronli diag shremenadyl drenabditeial omige PE@Pduct as a
solid. 25 tal | ocenes enpl oving diarylsilyl bridged bisindenyl |igands are
typi cal | yp%%f’g}lah?’i V'ﬁ%iag’)]l’ ?YkaYylmS*]ﬁ’hr&féméf > FRECafRMoRSEn BRRPIE. [sol ation
of rac or phoRHeniudR S, MRetR?, AGNbEURErd, HPeMAPREGPEIAE YiRiBOdssuch as

crystallization
15 and aluminate groups or any combination of such groups that do not completely
prohibit formation of diarylsilyl bridged biscyclopentadienyl compounds. The

cyclopentadienyl ring system may also contain annulated rings.

Embodiments of the organometallic cyclopentadienyl (2) from reaction

20 (A) above are shown below, wherein "tBu" is a tertiary butyl radical:



or washing wth solvent, as disclosed in W96119488, herein |ncorporated b

30 reference for purposes of U S. patent practice. Subsequent AUG 2004
pol ymeri zavoowsgsah be achieved with either 100 % rac, 100 ngﬁé@(ggy
internedi ate anopunts of rac and neso isoners. - 4 AUG 2006 / 13 20

PCTI USQJI 04220 The process of the presént invention is suitable for the
preparation of netallocenes in high purity for use in olefin
pol ymeri zations as disclosed in the copending application, filing date

February 8, 200 a S|gned to the aSSI gnee of 5 the present applicatjon.
This is of par @@ I mpor t an¢e€ tereospe p |yrrer -- bt al pha
ol efins since ®Y e racemc ...,, oduces a egul ar l@ r\Cyclic
ol efin copolymers, including those of high crystalllne mel ti~hg poi nt will
al so benefit frgmthis nethod foy preparing suifable netall gcene catalysts
where ionic cata
patent 5, 324, 8
pat ent practi Te C}oup 4 _n 3 \
traditional actlvators such as al unoxane actlvators or mnth ionic
activators such as described 15 in U.S. 5,198,401 to forma cat al yst system
useful to polymerize olefins to _polyolefins, e g. polynerigation of C2_20

copol yners of ¢

ytene,
with prese t '

especially for the p e [ Yor
i sotactic polypropylene. Thel catalyst systen1nay be placed on a support by
techni ques known to those of skill in the art, such as disclosed in U S

Patent Application No. 09/339, 128 filed on June 24, 1999, herein
i ncor por at edAl, reference forspurposes of

further be pr epol yner
havi ng from 2 on 25 argnsy -y eFer ab
Pol ynmeri zati o AWV
as an enbodi nent of the present”invention are

(J : = =
B (O (o~ (o




30 netall ocenes, which in turn are useful as part of a netallocene cazihy?%
systemfor the polynerization of olefins to form such polyners as 4
propyl ene honmopol yner, copol yners of propylene et hyl ene, and ot her

al pha- ol Q@ AES89%hd such pol yners as - 4 AUG 2004 WD 01/ 58 9¥G3r/BSii/dw801104220
21 inpact copol yners. Propyl ene |npaq copolynmers ("1 CPs") conprise at

| east two mmjor conponents, Conponent A and Conponent B. Conponent A is
preferably an isotactic propyl ene honopol ynmer, though small anounts of a
comonomer nmay be used to obtain particular properties. The end result is

usual ly a pped wth 51o fness b
strength co o honopo onponen
are conmmonl 2’1 n a vari ey applica
resi stance arle desired such ap nol ded and

e\ f U ni ture

have | ow i npact resistance pa tlcularly at S
propyl ene i npact copolyners are specifically engineered for appllcatlons
such as thesg typlcaI/, ne |npac copol ymer co tal Qs two phases

two conpone usual |y ed i n a Ssggele pol'yge 2t i on process
wherein the honppolyner pr od ced ina first is transterred to a
second reac#oryher € 20 coppd "pr odugeth and Lihcor ~ wirt,hi n t he

conqd o rubbery
characterr s and provi dés ™1 desi r ee” T} resi s¥anms eas t he
honopol ymner conmponent prOV|des_ overal | stlffness 25 Nhny process

vari abl es yeénce the resgfrtivag | npact &0 er and =" have been
extensi vely idi ed and manig ted to obti varlous d effects. For
exanpl e U S. JPatent No. 5, 166]268 describesya "cold form process for

pr oduci ng pr;
fabricated p
inthis 30 3
a properne

B l tBu t8 ] tBu 1B l {Bu 1B ] tBu
o7 Lo o o~
5

The organometallic cyclopentadieny] groups listed above can be stated by

10 their respective nomenclature terms as follows;:



i npact copol ymer conprised of either a honopol yner or crystalline capplmg?gm
matrix (first conponent) and at | east ten percent by weight of an

"interpol ywer¢1/8p13- 4 AUG/004 WO 01/ 58913 PCT/ USOL/ 04220 22 9§£ﬁJﬁQ$ and a
smal | amount of propyl ene (the second conponent). Adding coO onEH22G ¢ he
first conponent lowers its stiffness. fBhe ethyl ene/ propyl ene copol yner
second conponent enables the finished, cold-forned article to better
maintain its shape. 5 More particularly, the nmetall ocenes described above
can be usqu§9 lﬁ@ﬂﬂﬁce propyl ene i npact copol yner conpositions conprising
in one enbo |ﬁen ;10 (a) From 40%to 95% by wei ght Conponent A based on
the total Renehylinddnyl igiilmpact copol ymer, Conponent A conprising propyl ene
honopol ynmer, or . copol yner wherein the copol yner conprises 10% or | ess by

wei ght eth%ﬁ@ﬁ@?ﬂe&dﬂéhwmhhexene or octene conononer; is (b) From5%to 60%

by wei ght @g%q}nﬁnﬁqﬁﬁﬁn}on the total weight of the inpact copolynmner,

Conmponent B ¢ si ng” propylene copol yner wherein the copol yner conprises

frof 20% t &,67ditkckyylindeqiltlitiiuly| ene, butene, hexene and/or octene
cononormer, 2an€\€{ rom 80% to 30% by wei ght propyl ene, wherein Conponent B:
20 (i) has*&-REIeHhYagdanybkthimmecul ar wei ght of at |east 100,000, (ii) a

conposi ti onemﬁgcé_g%étﬂgri{g nglgﬁgtuer than 60% and (iii) an intrinsic

viscosity of greater t ]I/mg. 25 This invention also provides a
process fo?-iwporhydidngrdimapylimiaeyliifpRe, copolyner in a nultiple stage
process wherej.n Co nent A conprising propylene honopol yner or copol yner
wher ei n t h&t ﬁ%?ﬂ?ggﬁn&?ﬁbm}'%, 10% or | ess by wei ght ethyl ene, butene,

hexene or DeiceRg- Lo ' r dina primry stage and Conmponent B
is produced in’a éubse%%llnéfgﬁgﬂ%&%ﬁponent B 30 conprising propyl ene

copol yner awhéyk#b-diopoaybingeni lidoamy i ses from 20%to 70% by wei ght
et hyl ene, &g_tbggzeo,iné]g; ﬂﬁuh?nq,d/ or octene conononer, and from
4,5-benzo-2-methylindenyl lithium,
4,5-benzo-2-ethylindenyl lithium,

15 4,5-benzo-2-isopropylindenyl lithium,
4,5-cyclohexylindenyl lithium,
4,5-cyclohexyl-2-methyiindeny! lithium,
4,5-cyclohexyl-2-ethylindenyl lithium,
4,5-cyclohexyl-2-isopropylindenyl! lithium,

20 4-phenylindenyl lithium,
2-methyl-4-phenylindeny! lithium,
2-ethyl-4-phenylindeny! lithium,
2-i1sopropyl-4-phenylindeny! lithium,
4-phenyl-6-methylindenyl lithium,

25 2,6-dimethyl-4-phenylindeny! lithium,
2-ethyl-4-phenyi-6-methylindenyl lithium,
2-isopropyl-4-phenyl-6-methylindenyl lithium,
4-[1-naphthyl]indenyl lithium,
2-methyl-4-[1-naphthyl}indenyl lithium,

30 2-ethy!-4-[1-naphthyl}indeny! lithium,
2-isopropyl-4-[ 1-naphthyl)indeny! lithium,
4-naphtha-6-methylindeny! lithium,



80% t o 30% by wei ght propylene. In one enbodinent, at |east one of - 4 QH[EU&
2004 WO 01/58913 PCT/ US01104220 23 Conponents A and/or B are pol ymer'ilké
using a netall ocene selected fromthe group consisting of.
rac- di phef 93884 y| (2- net hyl i ndenyl ) 2zi r coni um di chl or i de:PCT/US01/04220
rac-di phenyl si |l adi yl (2- net hyl - 4- phenyI]; ndenyl ) 2zj r coni um di chl ori de, and
rac- di phenyl sil adiyl (2-nethyl-4-[1-naphthyl]indenyl)2zirconi um dichl ori de.
5 The propyl ene inpact copolyners ("1CPs") of this invention conprise at
| east two mmj or conponents, Conmponent A and Conponent B. Conponent A is
pr ef er abl Y.@dimsbyla¢q 1 -maphtbydyingas/ | mewopo! ymer, though snal |l anobunts of a

d to_obtain particular properties. Typically such '0

conononer .na se . ul

copol yner 3'%¥Y€§ﬁg-5ﬁ%‘ﬁbybl\-ﬁcraﬁ%lmdem%lﬁyumi ght or less, preferably |ess
than 6% by;0eiqbf 491 [eX0) S .as et hyl ene, butene, hexene or
oct ene. m‘éwﬁggﬁ‘é?gﬁ%@ﬁﬁ’&? %ﬁ%ﬁnﬁ@%ﬂﬁyﬁ\%ﬁlﬁht ethylene is used. The end
resul t is4-@sudirheth@phemdiiedenyd kihidwer stiffness but with sone gain in

i mpact streng%lg conpared to honopol yner Conponent A. 15 As used herein
Cortponent 2ANFBYkfO gedigeshighenylindenyitbiven.i nsol ubl e portion of the | CP
conposi ti olhhAMLONPRLR r ally to the xylene soluble
portion. V\h_er)gI tﬁ%@@eﬁztpgg?ﬁgﬁgé@(%%?ﬂgﬁ’cI early has both a high

nol ecul ar 2wedghpylebifhonaiimethaiptieaylhiadenmliggumar wei ght conponent, we have 20
found tha tht?x lNgve/ ’Irg)éec | ar wej ght conponent is attributable to anorphous,
|l ow ol eQUPERYWi(gRedipie &Y}@ﬁél)mﬁﬁﬂdlt WE:L. Therefore, Conponent B in such
ci rcunst angesimehALL (PHd¥mdt b& wei ght portion. Conponent A

pr ef erab\INé hals a }ﬁarg_dw rrn11)l E@SP%@%@%&?H%;TH bution 25 M~ Mh ("MAD'),

i. 8., | ondrethrah(345-@imphglpbemid)-¢-hehplindengahliGiwm, nore preferably | ower than

3.0, and r ef I 5 or | r.. These nol ecul ar wei ght

di stri but ?%%;sprg"@‘%@gi%éhngfm?éeﬁwlﬁsmﬂ\}‘i‘@lﬁ‘iﬂeaki ng usi ng peroxide or
ot her p081(3fﬁcﬁﬂrbﬁ*]gﬁéwﬁdeg§§iitgnﬁﬂ to reduce nol ecul ar weight.
Conmponent _A Br ef erably has a wei ght average nol ecul ar wei ght (Mv as

det er m ned-BSthrpty3.8tdigert-putylghesyl)rdendohiupr.ef erabl y at | east 200, 000 and
T TR 0y e e S 01y o e 1505 o
15 2-isopropyl-4-(3,5-di-tert-butyiphenyl)indeny! lithium,
6-methyl-4-(3,5-di-tert-butylphenyl)indeny! lithium,
2,6-dimethyl-4-(3,5-di-tert-butylphenyl)indenyl lithium,
2-ethyl-4-(3,5-di-tert-butylphenyl)-6-methylindenyl lithium,

2-1sopropyi-4-(3,5-di-tert-butylphenyl)6-methylindeny! lithium, and the like.

20
Synthesis of Diarylsilyl Bridged Biscyclopentadieny! Compounds. The reaction of
diarylsilyldisulfonate and the organometallic cyclopentadienyl reagent (two
equivalents of reactive cyclopentadienyl group per diarylsilyldisuifonate) vields a
diarylsilyl bridged biscyclopentadienyl compound and equivalents of sulfonate
25 salt as shown in reaction (A) above. The aryl groups (Ar) shown in the structure

labeled (3) in reaction (A) above corresponds to the G substituted aryl groups of

the corresponding diarylsilyldisulfonate (1).

In general, the diarylsilyl bridged biscyclopentadienyl compound (3) has

30 the following structure:



preferably at |east 155C. - 4 AUG 2004 WO 01/58913 24 PCT/ USO 1/04220
Anot her inportant feature of ICPs is the anmpbunt of anorphous pol ypr'olbep%zp(ﬂ.l‘
they cont &Y@01/98983 | CPs of this invention are characterized msyufiansng | ow
anor phous pol ypropyl ene, preferably Ii%s]s than 3% by weight, nore 5
preferably | ess than 2% by. wei ght, ev nore preferably |l ess than 1% by

wei ght and nost preferably there is no neasurabl e anor phous pol ypropyl ene.
Conmponent B is nost preferably a copol ymer consisting essentially of

propyl ene and et hyl ene al t hough ogher&propyl eng, copol yners, ethylene 10
copolynmers or terpolyners nmay be syj bl(gz dependi ng on the particul ar

product properties desired. For.e hgril

octene copol yners, and ethyl ene

used, and propyl ene/ et hyl ene/ hexeg )

preferred enbodi nent though, Comgonent N¥i s a*topol yner conprising at

| east 40% by 15 wei ght properQp, eferaldy from 80% by weight to 30%
by wei ght propyl ene, even nore g , yn 70% by wei ght to 35% by

wei ght propyl ene. The conononer jpament B is preferably in
the range of from20%to 70% b , hore preferably from 30%
to 65% by wei ght conononer, even m bl y from 35% to 60% by wei ght
20 conononer. Mst preferably Conponent B consists essentially of propyl ene
and from20%to 70% ethyl ene, nore preferably from 30%to 65% et hyl ene,

and nost erably from 35%to 60%.et hyl ene. For ot her Conponent B
copol yners‘?ﬁc'?%g t%eo%g?%srangmgﬁass C{ff}ip?cp § to 25 be adjusted depending
on the specific properties desired. For exanple, for ethylenel/ hexene
copol yners, Conponent B should contain at |east 17% by wei ght hexene and

at 1 east 83% by! hfeltgrtioretimy(Ae rranQorpesdeint sdyernts ableraiiof thasfuacti@tat ow

nol ecul ar I j St i 0. vh,.(" ), i.e.. lower than 5.0,
pr ef er abl &“ﬁ&&gmﬁ'ﬁnﬁ%’%}fl %@‘r’een%p}nw ids a%%WW%F anfl fflugng or hragensor o
pr ef er abl Yoricoemdd) dre @afy1d1yd briagdd HsGtRpaMadie’dyBecdfipoundWRh sulfEse

nol ecul ar mFigpt distrkPutions shoul d be obtained in the absence of 4 AUG
2004 salts may be used directly 1n subsequent syntheses or the sulfonate salt may be

removed at this stage. Removal of the salt may be achieved by filtration of the
10 reaction products in a hydrocarbon solvent or extraction with water. If the
sulfonate is lithium triflate and the diarylsilyl bridged biscyclopentadienyl
compound 1s poorly soluble in ether, the soluble lithium triflate may be fairly
removed by filtration and ether washing. The diarylsilyl bridged

biscyclopentadienyl compound can then be isolated and purified, if necessary, by

15 standard methods.

Desirable embodiments of the diarylsilyl bridged biscyclopentadienyl
compounds include diphenylsiladiy!(2-methylindeny!); diphenylsiladiyl(2-methyl-
4-phenylindenyl); and diphenyisiladiyl(2-methyl-4-[1-naphthyljindenyl).

20

This method of synthesis offers an improvement in yield from 42 % over
the previously reported preparation of PhySi(indene) from Ph,SiCl, with two
equivalents of cyclopentadienyl lithium. The diphenylsilyldisulfonate route can
also be used for preparing diphenylsilyl bridged 2-alkylindene complexes from

25 indenes such as 2-methylindene, 2-methyl-4-phenylindene and 2-methyl-4-[1-

napthyl]indene. Comparative examples indicate that the Ph,SiCl, method is



WD 01/58913 PCT/ US01/ 04220 25 vi sbreaki ng or peroxide or other post f?%ﬁggﬂm
treatnent designed to reduce nolecular weight. Conponent B preferably

a wei ght average nol ecular weight (Mv as determ ned by GPC) of at | east
100, 000, YPMEFHBly at | east 150,000, and nost preferabl yrar/usessizo

200, 000. 5 Component B preferably has an intrinsic viscosity greater than
1.00 dl/g, nore preferably greater tHan 1.50 dl /g and nost preferably
greater than 2.00 dl/g. The term"intrinsic viscosity" or "IV"' is used
conventionally herein to nean the viscosity of a solution of polynmer such
as ConponémiffeBtive fer Igidpenp S0liMaitded] lﬂhiuﬁ'lsVﬁl!ﬁhta@@ﬁ{eﬂﬂirn%erl{‘nymﬁﬂiuhhe pol yrer
conposition is at infinite dilution. According to thé ASTM standard test
met hod D #8&2-mghylr4phemdndemd dthivmayol ves a standard capillary viscosity
measuring device, in which the viscosity of a series of concentrations of
the polynmer in the solvent at the given tenperature are determ ned. For
Conponent MetalleamleiSyniklsesiy Sui t abl e sol vent and a typical is tenperature is
135C. Fromthe val ues of the viscosity of solutions of varying

cofcent r at i ons Piepibsilyy Bridged hiscyqhepentadienyl compevndsamapdedetmeemediad by

ext rapol aty f S a_co sition distribution (CD

of great ewe@ﬁgmﬁﬂ{)f?@ rg‘?‘gf’f‘gg"%m"é' gg?(’ eat gﬁ“%ﬁr{n%{b%s 5\?31‘?3 &

pr ef er abl yeagriemvE thet hanraP Qiarf%ly ledrRipedbicycpeh@adRRb wigl RANEG) i 75%

still nor .p#(efg%gabl greater than 80% and nost preferably greater than

85% CD det:iffes i 38 %Eﬂﬁ%‘s‘ﬁ Yerdar in\ar Degargmetatbiesg4 O (HR6)cAdiuble i n terns

of ethylep g : , c I r .as whol e- The

measur enen‘f?prg?)rng%gl?gf é%gg;raﬁggergfl i)brrlldggd;tbgé?#loﬁ% Ig‘t’agrést g’ﬁ %Sngergs i‘éf%, Ta2 whi ch

i s@her ebyalkyl lithiimcaffedrdiarelilpybridpeéd cerlopen?alidol dilithives aseeits Whizh pat ent

practice. CD.,is define in,as the weight percent of @ the copolyner

nol ecul esnﬁ%herf@a‘ﬁe%?wgr{g%?? ngf érﬁ%% RRGRNGOY6 bRanthe! Medlildhile argt al nol ar

COMDNOMET nGRIHHERt moASnfRHE libRas dsr\ii&l&edeﬁt@‘br%%olr;el}ﬁ%s %%i(ﬁé%l S
y

established by first 30 determ ning the nean e ene (or o conononer)

content o&nd He 1&6oBrdapmmetadyjcsa3&idi (1997 k and FIP6SAR40 AL DEIHMsIyBBAORedNext , t he
copol yner; I issolved in .sqlvent such a exane and a nunber of
fracti onsblggﬁgillgfdél?ﬁhﬁl& &8 e%@ maiy(ﬁirlisogi;ém-a&fﬂ ¢ r?@@ﬂ“@\%ab‘i‘ﬁSSQlS

t5

The diphenylsilyl bridged system may be formed between the
diarylsilyldisulfonate described above and an organometallic cyclopentadienyl
complex. An embodiment of the inventive synthetic process may occur in the
presence of an organic solvent, or solvent mixture, a solution or slurry of an

20 organometallic cylopentadieny! ligand with a Group 4-6 transition metal halide,
preferably a titanium, zirconium, or -hafnium tetrahalide, or the corresponding

transition metal tetrahalide-etherate complex, for example ZrCl4(THF)2. THF is

tetrahydrofuran. Removal of solvent and byproducts, such as Me;SnCl or LiCl,

provides the metallocene dichloride product as a solid.

25
Metallocenes employing diarylsilyl bridged bisindenyl ligands are
typically obtained initially as mixtures of rac and meso isomers. Isolation of rac or
meso 1somers may be achieved from appropriate methods such as crystallization
or washing with solvent, as disclosed in WO96/19488, herein incorporated by
30 reference for purposes of U.S. patent practice. Subsequent polymerization can be

achieved with either 100 % rac, 100 % meso or intermediate amounts of rac and

MESO 150Mmers.



26 PCT/ USO /04220 precipitated by the addition of increnental armunt_sl'
liquid such as isopropanol in which the copolyner is insoluble. Gener

from4 to WOfmagBons are precipitated in this way and the d

et hyl ene (or other conononer) content of each fraction arepﬁg)tl@rﬁtﬁqﬁiebd
after renoving the solvent. Fromthe Z%eight of each fraction and its
ethyl ene content, a plot is prepared of weight percent conposition vs.
currul ati ve wei ght percent of polynmer, and a snboth curve is drawn through
t he points. Conmponent B of the ICPs preferably has | ow crystallinity,
preferably less 10 than 10% by wei ght of a crystalline portion, nore
preferably | essThhgmo&ss by theipghienofinandoy St aulibble PERkd PRepaliRheof here is

a crystalline portion of Conmponent . B, its conposition iS preferably the
sane as orllngEa”B%eé?f ihigh B‘t‘rgy Of Wit HY pledigopabymesjzatigns ps diselasedran thber  of

Conponent & peRdiher451i&tioRY &liak ld EOPNALE! ght ... per.c . .15 The | CPs of
this invent ipgn age@rlealgtbr lp%oélluced' ?ﬁagn}@éﬂc%“‘ nﬁgr{gghi\asﬁﬁ?xeels" are not

physi cal | yther piesestiasprdiahtign. bl Ehideds tofgpartieular Raipdfbnce eYst@e8specific
The final 1CP as obtained from

i nterpolyneni zed in at J|east o reactor. !

t he reac{}%orly BrIR08 gfs?ﬁi‘a\/\@i}g S SHifehENh etiedaskmin erm oprodotdser
conponent ssteréfkepiiat UsHide0t NELCIRO! MOBK Sc eteq L1 flop rate
("MFR") of these Icggjﬁgg_endsg%n t he dgg?ﬁ@ﬂﬁ%n%ﬁaécgg%%o%es 0tfygfi ally in
the range @ysialiipenmzltngipgint will else G@neliy/ from. thismoetod Faf @epdlng fui@pe5 dg/ m n
to 100 dg/man~<.gnifjcantly, .high Rs, i.e., 25 higher than 50 dg/ mn
are obtaina tﬁlégé?ggaﬁa%{gs %%%%fqnégczft?wlg’ﬁﬁ VS HFedads wye-weegHer eammnent A and
from 5% tlh $Opatbyt %Eﬂb@l,%&ﬂmﬁ@&m&at&fE{/Géﬁmﬁéefﬁ)plﬁh %%/gst 8£9éty by wei ght
Component A and from 5% to 50% Conponent B, even nore preferably tTrom 30
60% t o 90RPKY REACYFE: Conponent A and from 10 % to 40% by wei ght Conponent
B In the nost preferred enbodi nent, the ICP consists essentially of

Conmponents A and B. The overall conononer (preferably ethylene) content of
-4 AUG2004 WO Uit/ 688134 Radiallséaht 03E2R@tivek may be activated with traditional

activators, such as alumoxane activators, or with ionic activators such as described

Bl

15 in U.S. 5,198,401 to form 2 catalyst system useful to polymerize olefins to

polyolefins, e.g. polymerization of Cp.20 olefins under suitable polymerization

conditions to form homopolymers or copolymers of polyethylene, polypropylene,
and the like. In accordance with present invention, chiral racemic metallocene
dialkyls formed are especially useful for the production of stercospecific polymer
20 such as isotactic polypropylene. The catalyst system may be placed on a support
by techniques known to those of skill in the art, such as disclosed in U.S. Patent
Apphcation No. 09/339,128 filed on June 24, 1999, herein incorporated by
reference for purposes of U.S. patent practice, or may further be used
unsupported, or prepolymerized with olefinic monomer having from 2-20 carbon

25 atoms, preferably 2 carbon atoms.

Olefin Polymerization
The diarylsilyl biscyclopentadienyl ligands described above as an
embodiment of the present invention are useful for in the synthesis of
30 metallocenes, which in turn are useful as part of a metallocene catalyst system for
the polymerization of olefins to form such polymers as propylene homopolymer,

copolymers of propylene, ethylene, and other alpha-olefins, and such polymers as



the total ICP is preferably in the range of from2%to 30% by wei ght,
preferably from5%to 25% by wei ght, even nore preferably from 5% £ & Aol
by wei ght s(hi |l nore preferably from5%to 15% by wei ght conononer. 5 A
variety ol %U&®*ves may be incorporated into the |1 CP for PERTWGH04220
purposes. Such additives include, for,gxanple, stabilizers, antioxidants,
fillers, colorants, nucleating agents and nold rel ease agents. The | CP
conpositions of this invention nmay be prepared by conventional 10

pol ymeri zati on processes such as a two-step process. It is conceivabl e,

al t hough ¢@PRYROPY!yimeps. abropylene inpag eopelyaiead ('YCPs"ddomeribeCRSledsn tao si ngl e

reactor. ; te y~be independently carried, out in either the gas or

liquid sl 5?“31' Sdeaneney °Té’>‘28?ﬁ§|f§a’?‘?e1g° Wg?“‘sé-e%‘)mnﬁé A BRIGETEY i n the

gas phase aatshtidir SesaecE hcﬁ’m!l):bélklhq@r, 1BOUEH dnd ab@Rs YEE 28moAbhEN 1?1‘3’%5' vel y,
re

each phase may be the sane. erably the 15 ICPs of this invention are
produced PR Wed ¢ pblain particwas propesiesr abhy ehdvoesult it sedly a ppduateih i n

seri es, i referabl olynerized.n a second, gas phase
react or . %rr%gsﬁgﬁq&%b?ts‘%ﬁé?rgf %Y@P ’6‘?%&??"2@&’ F?IPE?"FS it%gamgpefamr slurry or
sol uti on Cealpomesd Zation process. 20 In an alternative enbodi nent,

Conmponent Ais nmade in at least two reactors in order to obtain fractions
with varying nelt flowrate. This has been found to inprove the

processability ed herein "stage" is,defined.as that
portion of a pcI))I?(f" n@%ﬁzéﬁpg?\ﬁ%ﬁﬁ&ﬁgj&sesa ¢ dfﬂ'qmﬁ'ag%iuéﬁd ofe?csfPpdneRt of the
| CP, Conpepglittatidnowhéiergaengitand, impast REQAHESEre (MR EudiEstrhIlEd hfACt Or s may

be used during each sta%te. Hydrogen may be added to one or both reactors to
cofltrol nbFEMRdaravteelyle | party. ahersrigdd” pRBlianses.ofluggage ogoh fomitenech

pur poses pgodMidi 1 J i rf. -4 AUG 2001 WO
01/58913 28 CT/eulskﬁélﬁobjfg%rség%bg‘?‘zﬁf@mguﬁr’e 5|SP%}%:E‘?%‘%8‘I.%3“§|}ifé’?“ss‘?u%%yem i s used
to produceret tpe bidfle guniosi lovomapadt refistancenpanicularly atdodaiethpetatepear s t hat
t he nost s§i8t able nmetall ocenes are those .in e generjc class of bridged,

. h
BYEB IR R dioBRYImer sate PP BEHES enginsessd 108 aPpicatipRtiged,

:EB::: :3% g;thtgsaﬁégadenyl) 5 netal |l ocenes known to produce hi gh nol ecul ar
mﬁgght, hi gh nmelting, highly

A typical propylene impact copolymer contains two phases or components,
a homopolymer component and a copolymer component. These two components
are usually produced in a sequential polymerization process wherein the
homopolymer produced in a first reactor is transferred to a second reactor where
20 copolymer is produced and incorporated within the matrix of the homopolymer
component. The copolymer component has rubbery characteristics and provides
the desired impact resistance, whereas the homopolymer component provides

overall stiffness.

25 Many process variables influence the resulting impact copolymer and
these have been extensively studied and manipulated to obtain various desired
effects. For example U.S. Patent No. 5,166,268 describes a "cold forming"
process for producing propylene impact copolymers where finished articles are
fabricated at temperatures below the melting point of the preform material, in this

30 case, the propylene impact copolymer. The patented process uses a propylene
impact copolymer comprised of either a homopolymer or crystalline copolymer

matrix (first component) and at least ten percent by weight of an "interpolymer" of



i sotactic propyl ene polynmers. Generally speaking, those of the generiicAUG 200!
class disclosed in U S Patent No. 5,770,753 (fully incorporated herein by
ref erence)VOMGEd be suitable, however, it has been found poatstiezaxact
pol ymer obtained is highly dependent dﬁn the netal l ocene's specific
substitution pattern. 10 W have found that the foll ow ng racemc

net al | ocenes are nost suitable for preparing the ICP conpositions of this

i nvention: rac-di phenyl siladiyl (2- methyl-4-[phenyl]indenyl)2zirconium

di chl ori degthamher et di phathainsiunadif yproBylemee (thy | sefodd component).  Addin

- napht hyl ] i nden I%22| r.copi umdichloride. It will be imrediately 15g appar ent
to those skPTPRAMFRLIG Hs Lst componentlewss iodiffiesnt iToasthybendimopyleet al | ocene
speci es ar eontmks t tod QNI | t di f,i ed | CP conposition
Chough act (5 o ead oo PR, eI BEhISHA col TR Rl RIER ohi ng to
be bound bynaimtheotsyhape. i s believed that the critical feature of these
spegi fic metallocenes is their substitution pattern on the base indenyl
group. Thus, it is believed that changing 20 the bridge, for exanple

substituti ng caphps el C i | tal to ,hafni,um or
titanium or changi ngﬂ?ﬁglh}rlr%t g‘:ﬂa é‘?‘%ﬁlﬁé??%egtgséngg%%g? eéa.n 8 n8eAa® or

di met hyl, Raducqoprapyipmief i iogmtt ycopmyge tdenpdGRione MoFprists Bf & S

i nventi On'erg)ﬂodi[*r{]lﬁt-()t her hand, substituting a group at any position on the

i ndenyl for another or adding one or nore groups or substituents is |ikely
toresult in a significantly 25 different conposition which may or may not
be an ICP of this invention. Metallocenes are generally used in conbination
wi th some form 69 Fras i40% tr 958 by weight Gompentre Aahasedtonvke cailabeight syst em

The term " aet.\ tod i~ed hereiin to be any c und or conponent, or
conbi nati on of lc@??%toﬁér{%slyrgglf’oro%orpﬁ%‘én‘foé?prbsé%ﬁ?/oé’y%gg’\?ﬁ&’r?@ilwft‘He ability
of one or mpolymetahéeiedescémlyBer Yompries WoeldrNess BY kydi tuémgféﬂ@s such as
nmet hyl al urrllé)xane MAO arc - 4 AUG 2004 WO 01/58973 PCT/ USO / 0-$220 29

comonly u %H‘%QQ’F@FQII%@%@O@@WW%or s. Generally al kyl al unbxanes contain
5 to 40 of the repeating units: R(ALRO xXAIR2 for linear species and 5
(AIRO x for cyclic species where Ris a Cl--Cg al kyl including m xed

al kyl's. Conpouni®3 Frenwmhi%Ho ROS by metight ICoatiporear Bitakddsn Yhediotfl eidigd-

Al umoxane cﬁ‘qhg 11;[;183%% bolg)(ﬁgzg'lierc,%oarrrl}g(}/nent B comprising propylene copolymer wherein
the copolymer comprises from 20% to 70% by weight ethylene, butene, hexene
and/or octene comonomer, and from 80% to 30% by weight propylene, wherein
Component B:

20
(i) has a weight average molecular weight of at least 100,000;
(ii) 2 composition distribution of greater than 60%; and

(in) an intrinsic viscosity of greater than 1.00 dl/g.

25 This invention also provides a process for producing propylene impact
copelymer in a multiple stage process wherein Component A comprising
propylene homopolymer or copolymer wherein the copolymer comprises 10% or
less by weight ethylene, butene, hexene or octene comonomer is produced 1n a
primary stage and Component B is produced in a subsequent stage, Component B

30 comprising propylene copolymer wherein the copolymer comprises from 20% to
70% by weight ethylene, butene, hexene and/or octene comonomer, and from

80% to 30% by weight propylene. In one embodiment, at least one of



met hyl al unoxane sol utions, nmay be obtained from commerci al vendors as

sol utions having various concentrations. There are a variety of nethoﬁ§U5&M4
preparlnqyalunoxane non-limting exanples of which are described in U S.

Pat ent 0416843208, 4,952,540, 5,091,352, 5,206,199, 5, 2DGTA$E/04220
4,874,734, 4,924,018, 4 908, 463, 4,968, 827, 5, 308, 815, 5, 329, 032,

5, 248, 801, 5,235,081, 5,103,031 and EP-A-0 561 476, EP-B1-0 279 586,

EP- A-0 594-218 and WO 94/10180, each incorporated herein by reference for
purposes of U S. patent practice. lonizing activators may al so be used to
activate fengldneoent addalr B/ ks pol'y"imésecﬁﬁstihg/atrﬂeftsllcareae eletredl fréh thoni c, or
are conpounds such as tri(n, .20

tetrakis( ﬁé‘fﬂpa‘f'(l’rlﬂfﬁ'ﬂéﬁgnﬁcj‘?}BF%ﬁVis W@H"F‘Bﬁh&@“fﬂ@"‘r‘?@ﬁ%l‘j'Chﬂ\%’tqﬁ | ocene
di al kyl C?i@@i?!ﬂ@'n 1§}h‘at}'l{20fiﬁ'e§-ly”9f Pﬂﬁngt no ﬁ?rXoxﬁgﬁ’;t Hidh @f?déc’éb&e acbroton, or

sone ot her cation assoctate coor nate or ‘on Gosel y
coor di nat elipheoylstl#:hyll(bmtlmmg[h-mplﬁiyl}:menybfaimbmgrrcmnbmud.. C0an nat i ons of
act5| vators may al so be used, for exanple, alunbxane and ionizing activator
25 conbi nati on, see for exarrpl e, WD 94/07928, incorporated herein by

reference for Tﬂl‘éﬁﬂ@ﬁﬁén@fmﬁédscngﬁ Riels PrEsd %Fihlﬁé\g PBB'C% riQk af ONi €

catal ysts for coordination poly zation conpris nmet a Iocene cations
act i vat ed l4agt wwonhmaporegmpanentg. Gomnporenappesr Compoteat &ar CpnonewrA i3 n EP- A- O

277 003, EP; 277 004 and US pat 198, 401 and 92/ 00

(i ncor por &t% Efaﬁ] r &1 SR fpé?%‘/,{%ée ?‘BWOB?}VH’SEe OBE}‘ V\Q ﬁé’ﬁ%‘r’i’fs ?a"ttl ce) -
These t eaebmdasmenlhsy ML heds ©f obfafP Padlculh ﬁieB rrerﬁhw %ﬁcl( bi sCp and
- 4 AUG 2004 WO 01/58913 PCT/ US01104220 30 nobnho di al Kyl or d| hydri des

‘ar'@ prot oRAREHMELS @rﬁ@np@wnpﬁem@orw%bh wekght oadﬁsswncﬁarabiydcssdbargr oup is
bstract edof K th ¢
apstrac eg %ggb@§ﬂl ﬁrg@sé A er stugh n?eﬁlylene te{x a,afnex%p% rﬂrco%%et s incl ude

char ge- bal an Ron- coordinat ng- anr’o

tetrakis- Mﬁsstpréfutabcy hes ahen @%b ayum;@hmmﬁkehs ihayddlg Theenddedult is
aryl-constituents 5 such as enyl henyl and napthyl. The term
" noncoor dFfRAYng Pé?ﬁ‘lﬁ‘ﬁ"‘”l @)’ernﬂgﬁ%“&r?“ r\Y'ﬁhS%? @I IR HEWactggEanerpt

coor di nat Qoﬁgaéé'tgh&%b&g)m% whi %He:}t% only weakly coordinated to said

cation thereby remalning su ICI ent y labile to be displaced by a neutral
Lewi s 10 base. "Conpati bl e" noncoordi nating anions are those which are not
degraded to As used herein Component A refers generally to the xylene insoluble
portion of the ICP composition, and Component B refers generally to the xylene
soluble portion. Where the xylene soluble portion clearly has both a high
molecular weight component and a low molecular weight component, we have
20 found that the low molecular weight component is attributable to amorphous, low
molecular weight propylene homopolymer. Therefore, Component B in such

circumstances refers only the high molecular weight portion.

Component A preferably has a narrow molecular weight distribution

25 Mw/Mn ("MWD"), i.e., lower than 4.0, preferably lower than 3.5, more preferably

lower than 3.0, and most preferably 2.5 or lower. These molecular weight

distributions are obtained in the absence of visbreaking using peroxide or other

post reactor treatment designed to reduce molecular weight. Component A

preferably has a weight average molecular weight {Mw as determined by GPC) of

30 at least 100,000, preferably at least 200,000 and a melting point (Mp) of at least

145°C, preferably at least 150°C, more preferably at least 152°C, and most
preferably at least 155°C.



neutrality when the initially forned conpl ex deconposes. Further, the ﬁQ@?ﬂ'ﬂﬁ
wll not transfer an anionic substituent or fragnent to the cation slb

to cause wWwOonDs89i®rm a neutral four coordi nate netal |l ocene FEFR

neut r al

ani ons are those which are 15 conpati Bte,

by-product fromthe anion. Particularly useful noncoor

g °

ng

stabilize the metal |l ocene cation

in the sense of balancing its ionic charge in a +1 state, yet retain
sufficient lability to permt displacenent by an ethylenically or

acetylenically unsaturated nononmer during polynerization.
i oni zing ionic compounds not containing an active proton but

produci ng bot h Ahethact invsoriimi afeheened qatisons afR SnRAE oG dj

al so known. See, for exa

The use of
20 capabl e of

i anion is
le, EP-A-O 426 637 and EP-A- O 573%%51&

npl €. [ :
(i ncor por HAWPTARYENS By reRrtaine ndlet KiPspof pusdovoritias. 8¢ garan¢rizedast i ce). An
addi ti onalj h ' [ @L..C al ysts uses,jqni zi ng ani on
precur sor sla@ﬁw{% @% g{ng%u? ?’Sf‘{bgodﬁ’gﬁer Bfe%%rg&j&s}eé%i %o%t X BFHYHE%%at i on and
ani on uporpresraboniess migar Zadiyi weighi, tleRed hforeptetbiBGERSs 4aR H%"Bg%eié}ﬂr exanpl e
the use of tri S%Eq %tagblltﬂor ophenyl) borane. See EP-A-0 520 732

(i ncor por A4 PHL

lonic catalysts for addition polynerization can also be prepared
oxi dation of the netal centers of transition nmetal conpounds by a
precursors cont@mpengntred as Imast pxéfdiablyng @potpserab@RBEHAL Whdialiperani on

gr oups,
of U. S.

EP-A-0 4 i ncorporated herein by reference for

see 5 375,
pg’t’%‘%e'}% a%ftﬂ\g c ?3’3"-%“91 A{U@L%gozptkm ORIPBElsNe” Polveens, 04thyteng

t heo met al cbj ' highi | Sridhs
& metal cop@an@dss b edrpéiomba ﬂﬁfrbc%h)%l'e%g%ﬁ%?%%g{m c,p%m Ilaser pypdyet

cycl opent adi enyl zirconi um di chl oride

whi apa

FEfepe Atcasyrable gmopplaats petypisilensat ent  practi ce) .

by
ni on

pur poses
1 Were

ni zi ng

abst r act i GFPREFERSrdesirachd Bedexsondd. tHromdend/heyne diexfie: @@RvEkt@@oNinir NOWN

al kyl atio r ions. W th organonctailic conpounds such as lithiu
al uni num %9 rl%g@gén% or G k{’?’%e,%ealoﬁypéﬁeﬂﬁofaﬂ‘ggfn.e@r i GA%r @¢r asgfbntagd

EP- A- 0 50@répidenertahyithe/Mixefe-3 7 Qe@BRnkdrHC RO R egseler eijp %g rgfegrfeﬁ’

pur poses of U.S. patent ractice) for in Situ processes

cripin

m or
etc. See
nce for

g the

> P
reacti on &MPRMRANt dherahs GrAmMRASAPOBNA: epndlymichabopssibg tat tedsedOtebal | ocene
corxpounds IR o 1 . i f10 activating I Qni ¢ compounds.
R L e L BT R

, 0 Methods for 'su g 1onic catalysts

and

20

25

30

propylene, even more preferably from 70% by weight to  35% by weight
propylene. The comonomer content of Component B is preferably in the range of
from 20% to 70% by weight comonomer, more preferably from 30% to 65% by
weight comonomer, even more preferably from 35% to 60% by weight
comonomer. Most preferably Component B consists essentially of propylene and
from 20% to 70% ethylene, more preferably from 30% to 65% ethylene, and
most preferably from 35% to 60% ethylene.

For other Component B copolymers, the comonomer contents will need (o
be adjusted depending on the specific properties desired. For example, for
ethylene/hexene copolymers, Component B should contain at least 17% by weight

hexene and at least 83% by weight ethylene.

Component B, preferably has a narrow molecular weight distribution
Mw/Mn ("MWD"), i.e., lower than 5.0, preferably lower than 4.0, more preferably
lower than 3.5, even more preferably lower than 3.0 and most preferably 2.5 or

lower. These molecular weight distributions should be obtained in the absence of

ations



NCA are described in U S. Patent No. 5,643,847, U S. Patent Applicati,o wm
09184358, filed Novenber 2, 1998 and U. S. Patent Application No. 091é4
filed Novenber 2, 1998 (aII fully incorporated herein by reference for

pur poses WO 0158913, S. patent practice). Wien the activator forusoens2

met al | ocene supported catal yst conposjtion is a NCA preferably the NCA is
first added to the support conpositioff followed by the addition of the

net al | ocene catal yst. Wen the activator is MAO preferably 20 the MAO and
met al | ocene catal yst are dissolved together in solution. The support is

then cont ai:sfoeﬁk'wigt lor t oV arebebet qmaerem@xalmeﬁﬁnemlwsg%d o Refucgret hods
and order of addition wll be apparent to those skilled in the art. The

catal yst SR¢ W§’§B‘toC?JPE‘b%Fr“é hselembbo dias iomeigit averagei mokotizon are 25
f bl t h f
el o, LSTRAMLPE, MBIRRRAE) WP deas) BoRlol Reflgtar B AR o83 rmt e al s

exanple, talc, 1norganic oxi gam

such as p(bﬁ@@ﬂ@,fanld st pmféryh@ratcbeastJMIQOMS Pr eferabl y, the support
materials are porous inorganic oxide nmaterials, 30 which include those
fromthe Periodic Table of Elenents of G oups 2 3, 4, 5 13 or 14 netal

oxides. Sili CaCﬂﬁbﬂbm paé:ﬂﬁgagﬁy ﬁgygﬁ nrﬂrlnﬁgq og(:E r%l?:%lrrtwer ef’ép{ﬁ} @yed ei t her

particul arly preferable. I hor gani ¢ OXi
al one - AMRUCPRGGEbINRIEAESRAA 3. smdlvgmidﬁ@ax/,ﬁéﬂazﬁblp@reamqmn oatdlgn with the
silica, ab.g%n na Qr SI l i ca-al um nq‘?re magnesi a, titania, zirconia, and the

like. Pref8FABM PHISK IS mf el Y afs psed sopyertiosplly daraihic meamdhey sur f ace
area in Sisthety dPSolafiod Bppg%ér%ungs ng;’on@ntt gtlﬂl EIQ’IEI? SE{R' [rzﬁ 4 n the

range of fromO0.1 to 4.0 cc and an avera article Zé I n € range of
frém 10 tswsootqmmratmr ewherr ether ablyyncrt bmnpmmn”cacesaaeanﬁsnd ndildnenr ange of

from50t [d, re olLune is in er fromO0.5 to 3.5
cc/g and g&gv“gé‘géb paeﬁ-ﬂgI %{ g fest r“?fﬂf‘}‘lietd] léﬁggf%ofl f MRARSYOEMERt 200 m
Most desi imblves alveangadl AgRIary e%céﬁty' Iﬂeatshﬁn%a@\gee Qh whicH fhe %&QQHI 8¢ 400 ne/g,
t he pore vol yne |s in the range of fromO to 3.0 cc/g and e average

particle 5%y &f FRceMEationn §é Ust polyorer 3o theosolomt at tﬁﬁwvavmmmatpmr e size
of typica p r S i n. the I r 10 to, 1000A.
hrePRQinsd PRYY (cd rﬁ?ﬁc‘%chfab dle%’l{nhat ﬁu:taabég vg?t @‘E{nﬁo‘P’B‘ gt aneter of

Preferably, a support material s tse
fném 50 temperature is 135°C. From the values of the viscosity of solutions of varying

concentrations, the "value" at infinite dilution can be determined by extrapolation.

Component B preferably has a composition distribution (CD) of greater

than 60%, more preferably greater than 65%, even more preferably greater than

20 70%, even more preferably greater than 75%, still more preferably greater than
80%, and most preferably greater than 85%. CD defines the compositional

variation among polymer chains in terms of ethylene (or other comonomer)

content of the copolymer as a whole. The measurement of CD is described in

detail U.S. Patent No. 5,191,042 which is hereby fully incorporated by reference

25 for purposes of U.S. patent practice. CD is defined herein as the weight percent of
the copolymer molecules having a comonomer content within 50% of the median

total molar comonomer content.

As described in U.S. Patent No. 5,191,042, CD is established by first
30 determining the mean ethylene (or other comonomer) content of the copolymer by
a suitable test such as ASTM D-3900. Next, the copolymer sample is dissolved in

solvent such as hexane and a number of fractions of differing composition are




to 500A, and nost desirably from75 to 350A. It may be particularly _, 04
desirable to 15 dehydrate the silica at a tenperature of from 100C to &HB@
anywhere fwomBs®m 24 hours. The netal | ocenes, activator ar}QTﬁ}étgpIngﬂ
material may be conbined in any nunber of ways. Suitable suppor

techni ques are described in U S Pat ent’® Nos. 20 4, 808,561 and 4, 701, 432
(each fully incorporated herein by reference for purposes of U S. patent
practice). Preferably the nmetall ocenes and activator are conbined and

t heir reactprenippieduei $YPRALtics &M ihdem et erial ,as
described .in U S, Patent NO. 5, 246! 894[?]3%8“%%%?%5865%“19\0?%/ 39243, and
WO 96/ 00245°RTER&R! fuphychi the eppdyaieet insolebla. Geneatlefence th & fradipgses of
U. S. patent - i Alternatively,. the tal |l ocenes may be
arg?épé@g'l{téeolcﬁ) girllsdwtaﬁear?% %’8%"%@&% g‘ﬁ-‘f"leﬂ"e (or athefpermonamen i al

preacti vat ed

ei ther sepavateat wf @ach dgetibeare Hbtethfied %ﬁlrérﬂﬁﬁﬂgglr}%.rsglv papalg lt&ﬁ or

supported, then preferably, they are dried then ined as a po

bef ore use Y#H&Robh mishi fagiamandis relydentt esstentf anplet fieprepednat aklgpcenes and
their activyatar, a raf el recont.acted or whet her the netall ocenes
and acti va;f%r ar e%@ﬁ%ﬁﬁ%d’%?%ﬁ% Ve rhdent ReraERs g&?fﬁy%’@fﬂ%@ﬂ@mh

PCT/ US01/ 0428 i8drdvat htoupdl théBoiafs. r eaction sol ution applied to porous
support is desirably less than 4 tines the total pore volunme of the porous
support, nore desirably less than 3 tines the total pore volune of the

porous support ang, i i.n.the range,.of framppre than 1 to
| ess than 2.5 ti rresﬁ?tﬁﬁgt %@ﬁ%‘r’%%ﬁ%ﬁ% hg ?‘?‘ﬁér)%&"r“b‘ﬂg’ Bredenaplyr kess

Pr d8edur es tagr 10féalsumicight tdfen taiallireopative)] Mk Qfefé}%liqgs§ﬂﬂﬁl$’% e well
known in the?ég@ﬁ&%e%ﬂ?mh met hod is described in | EXPERI MENTAL “METHCDS -

I N CATALYST epspqritge g Whenp theerits afry stallipe poitiog of Shingpanatal yst s

conpri si NgBTeEk &bhPesh i ordinatirig anions,are
described in WO g%/ 09%%(5@%{/&%}%%? 8%%6%96 g%gégt/ lﬁﬂ%fﬁn%\ﬂ&gi(ﬂ"%if‘- E%%(hyng u. S.
Pat ent AppMett) the moairgls 248 @ghnchi Beik Rbgs i ovarall %M drioRfp WAkt ed

her ei n by églfcg];lence for purposes of U S. patent practice). The riethods
general ly tonprise either physical adsorption on traditional polyneric or

i nof gani ¢ supports that have been | argely dehydrated and 15 dehydroxyl at ed,
or using neutral_anion precursors that are sufficiently strong Lew s acids
to activate ret 3?’?1@91)?19&’“&(@"%%6 i'reagtol puelucalitra¢aninggCompogae A

and B are not physically or mechanically blended together. Rather, they are
interpolymerized in at least one reactor. The final ICP as obtained from the

reactor or reactors, however, can be blended with various other components

20 mcluding other polymers.

The preferred melt flow rate ("MFR") of these ICPs depends on the
desired end use but is typically in the range of from 0.2 dg/min to 200 dg/min,

more preferably from 5 dg/min to 100 dg/min. Significantly, high MFRs, i.e.,
25 higher than 50 dg/min are obtainable.

The ICPs comprise from 40% to 95% by weight Component A and from

5% 1o 60% by weight Component B, preferably from 50% to 95% by weight
Component A and from 5% to 50% Component B, even more preferably from

30 60% to 90% by weight Component A and from 10 % to 40% by weight
Component B. In the most preferred embodiment, the ICP consists essentially of

Components A and B. The overall comonomer (preferably cthylene) content of



oxi de supports such that the Lewis acid beconmes coval ently bound and the
hydrogen of the hydroxy group is available to protonate the netal | ocehdUb 200i
conmpounds. 20 The supported catal yst system may be used directly in

pol yneri ZAQ YA the catal yst system may be prepol yneri zBETASPHep22%t hods
well known in the art. For details reggarding prepol ynerization, see United
States Patent Nos_ 4,923,833 and 4,921,825, EP 0 279 863 and EP 0 354 893
each of which is incorporated 25 herein by reference for purposes of U S
patent practice. The catal yst conpl exes of the invention are useful in

pol yneri zabé¢ onaldlCP sryeferabdy edtheoangesSiraariiens 30%aby wekghoyvypre fepalide

pol yneri zabl e d oordi,nati on pol ynerization using metallocenes. Such
condi t i on?‘bcg? é%ﬁ%ﬁ%m%s Y58 More IPRferably Liemorte Hb?@’ﬁé’rﬂ‘l@!ﬁhbﬁ?“ slurry
pol yrer i zm&ym&mpﬂ&sm&ﬂm FAbhQdmdRthepi gh pressure

pol ymeri zation. The ‘catal yst of the 1hvention mnmay be supported (preferably
as descri bed above) and as such will be particularly - 4 AUG 2004 WO

01/58913 PCT/ USP1104220 .34, useful in the known aperati des enpl oyi ng
fi Xed-bed, movi‘hg"BEH o |Afidiives Ry ey eprraraled 1o, i Eﬁg%c % SEEIOEpnduct ed

in singl epusRist€SSiRh ﬂﬁfimésefncfu%@,c?&r&amggé’,%Tﬂﬁﬂi%éﬁ{i%i?&icﬁﬂtsoqill!%%pportEd

catal yst of the invention may al so be us for contfol of polymer
particl e woloptrds.ouyleanng ygintadndshaldriglease agastsphase 5 reaction processes in
accordance with conventional teachings. In alternative enbodi nents of

ol efin polynerization nethods for this invention, the catal yst systemis

ermpl oyed in |i qrHedi(iasBpdssdnstdfaRis isbdhion 1ma)59§91%?§1169n)y Qihvknfliape or
conbi nations thereof), in high pressure liquid or 10 supercritical fluid
phdse, or PPHTRIZAHAR PEOCERSEE Fudlf a3 hdwe-sispauesssses Inycontavatile aldwpgloyed in

si ngul ar, . Ser. reactors. .Th j qui_d. processes .c rise

cont act i néB%F{(?atH ﬁ'l'r?{%%%%grté%\gmmpﬁ??‘%@y %rlﬁ’g%eelégissgpfiﬁ ]%%ﬁaﬁtlof/s{:‘a‘g'&/ngf%m in a
sui tabl e nahyl beiidependenlly asdiriedutain €tHe Ghs ahd oNTREIAESISrY BhaACEof Or a
sufficient ti E]o gr oduce the invention copolyners. Hydrocarbyl solvents
are sui taﬁ?‘%",‘glgd f fi13 siapi BRMPE condigtedrin b 235 Phasscanfetheseppnsriarliadd  Bul k and

SLUMTY DU QRRRSGSVIRE Sershy AlIfRGhAN AL REIP KO HACH R LR C ' th a
slurry of liquid _m_)normar , t?%e c t’a?‘ils%‘ syst%ébg?ng sUp%Ig?elt%ta.&%]&ga\\As phase
priécesses €Y piot tis ynwestiom apuppdnteddn multiple reactors, preferably two or three,

operated in series, Component B is preferably polymerized in a second, gas phase

reactor. Component A is preferably polymerized first, in a liquid slurry or solution

polymerization process.

20 In an altemative embodiment, Component A is made in at least two
reactors in order to obtain fractions with varying melt flow rate. This has been

found to improve the processability of the ICP.

As used herein "stage" is defined as that portion of a polymerization
25 process during which one component of the ICP, Component A or Component B,

1s produced. One or multiple reactors may be used during each stage.

Hydrogen may be added to one or both reactors to control molecular
weight, IV and MFR. The use of hydrogen for such purposes is well known to
30 those skilled in the art.



catal yst and are conducted in any nariner known to be suitable for et hx Ge{hﬁ\
honmopol ynmers or copol yners prepared by coordi nation pol yneri zati on. U b
[llustrati we® @@l es may be found in U S. patents 4,543, 399 ijsg '2 790,
5,028, 670, 5,382, 638, 5352, 749, 5,408,017, 5,436,304, 5,453 47T CH%d20
5,463,999, 5,767,208 and WO 95/07942.28Each i s incorporated by reference
for purposes of U S patent practice. 25 CGenerally speaking the

pol ymeri zation reaction tenperature can vary from 40C to 250C. Preferably

the pol ymeri zat iQp 8¢t r evvlll be from 60C to 220. The
pressure can vary fr oygb%mﬁ@%% ?—%gl% SEU biSr USeSr Kt dvediiog ther R 0. 1 bar
to 1600 balcpmmsost:omrr @lf ethésblinywehtiom 176 3;9651@63@351,5 a0 The jRvetian. i s hence
especially suitable for use with solution polynerization using aryIS|IyI

bri dged syé’leé CERRE nalpnhtthgse cint Bk nigsgenon-clasporodi ratdged, amtﬁﬂﬁnaptl m zed

for higher gt L.ahe ul ar 4 AUG 2004 WO 01/58913

PCT/ USOL/ 04252(%}Eﬁ{§ \%\gpgﬁ?ﬁpro ll.IJ(;&F ig%h S%?mfécé/’@ﬁfel? Hiaffjes?tﬁtlgﬁ%%“(@fie%ﬁb or even

1705C and uptetlb)car&@ kidwil it groduyzel igh ybRBSar IVAG M ry,fgg %\ tra hi gh
- an

nol ecul ar wej % ol yet hyl enes, i ncluding bot rrers W th
ot her al phE°H H‘Flfﬁo APl mess. pRanesaldy |Sn¢aixnamdﬂmsc nﬂnﬁtogq:mgat eldss

di ol efi ns, dk& di.olefins 0 clJ]ic olefins, are
produced by agéﬁ(]gﬁglt%ylfa?nhe‘%gn%%(gﬁf@m”%’|'9°°dﬁ%mb°rd %Fé E\f refReengther
MONOITEr S, $1‘@Uéd be switdbds) hoessal itas®eed fand RRASAY ERack PRIk (%B(amedsg bar), at
a typi cal gpvéatu‘i{:e of 40-250C with the 10 invention cata yst that has
been sl ur r MEHNGPANIENL 81 teripetalerene s spasificaswbsioutionpaterre.  Heat  of

pohyneri zation is typically renoved by cooling. Gas phase polynerization
can be conducted, for exanple, in a continuous fluid bed gas- phase reactor
operated at 200¥e3E0e il tadtHe(oll 60Ty tasdmia hyENoeaas a& ﬁaostrs%é’t%l'eo”

nodi fier (&00: p CS conmononer feedstream (0.5 1%, 15 and
C2 feedst rigeog %%5_"% ER%DF Cogé’é’smﬁr‘%rr% thasy anvegiony f%@‘PFQ'@’lSleQZ@ 670 and
5, 405, 922 raetiyb44pend Behdeil) ehcaifm! NECRIBARAL eghPY Ofeé g,gg%s,}ag nyﬁl(zour poses

of U S. patent practice. Ethylene-cc-olefin (inclu cyclic
ol efin and“ hyf-[waphibyliadenyl)zoccdivgh etﬁmhﬂ)onéb astloneils kef ifingdis@yecul ar

weight  andLbownCioySba! difdd % 82 8at certain modifications to these metallocene

species are not likely to result in significantly modified ICP composition though
activity or ease of synthesis may be impacted. While not wishing to be bound by
theory, it is believed that the critical feature of these specific metallocenes is their
substitution pattern on the base indenyl group. Thus, it is believed that changing
20 the bridge, for example substituting carbon for silicon, or changing the metal to
hafnium or titanium, or changing the metal dichloride 10 some other dihalide or
dimethyl, will not significantly change the ICP compositions of this invention. On
the other hand, substituting a group at any position on the indenyl for another or
adding one or more groups or substituents is likely to result in a significantly

25 different composition which may or may not be an ICP of this invention.

Metallocenes are generally used in combination with some form of
activator 1 order o create an active catalyst system. The term “activator” is
defined herein to be any compound or component, or combination of compounds

30 or components, capable of enhancing the ability of one or more metallocenes to

polymerize olefins. Alkylalumoxanes such as methylalumoxane (MAOQ) are



prepared utilizing the catalysts of the invention under traditional__4AUGZM4
solution polynerization processes or by introducing ethylene gas into a
slurry utiIizipg the a-olefin or cyclic olefin or mxture thereof with

ot her nmonY &YKol yneri zable and not, as a pol yneri zat i omrcdiiissent22i n

whi ch the invention catalyst is suspe%ged. 25 Typical ethylene pressures
wll be between 10 and 1000 psig (69-6395 kPa) and the polynerization

di luent tenperature will typically be between 40 and 160C. The process can
be carried out in a stirred tank: reactor, or nore than one operated in

series or cpainddiiglusedSeemehtlogeeeicalatdtss CGesdhy afkyldinoRakeRbnai091, 205 for
general process conditions. See also, international application 96/ 33227

and 30 WO9# 2bEmaergqtinggditiment s are incorporated herein by reference for
purposes - 4 AUG 2094 WD 01/58913 PCT/ US01/ 04220 36 of U.S. patent practice
for description of polynerization processes, netall ocene selection and

useful scavengi ng conpourrRiAIROHRAIR Ok flinBarCspletivs s at ur at ed nmononer s

besi des those specifically 5 descrjbed above may be pol ynmerized using the
catal ysts according to the i FAYERIXdAr cyelic enesiwsl e, styrene,

al kyl -substituted styrenes, isobutylene and other gemnally disubstituted
ol efins, ethylidene norbonene, norbornadi ene, di eycl opentadi ene, and

ot her ol efherc&l isya hsaguikylemhchidingmaiised bIkglsUdidighdnBein v¥Eh iFC ;01 ef i ns,
such as cycl opent ene, norbornene, al kyl-substituted norbornenes, 10 and
vinyl groopthedntaenipgtipddrly  podoret. s capabiozand  edlatichs)atgadticularly
pol ymeri zation... See, for exanple, U S patepts 5,635,573, 5,763,556, and
WO ~ 99/ 30@%‘2}.'3;]7&8810?%%%[‘?9“%%3- B efhraicd nEE%ﬁBWH??é‘PéI oEndgrst & 1000 mer
uniot S,  OBolWEBAS hﬁﬁMFaﬂ#a‘iﬁuonh&ﬁ@FaQQﬁ@t efhehy aﬁ?QOJJ%{‘[%)'; | #ahk@Bay 6! di ng

e I go

branch- contai ni n?ﬁ olefin polymers. Additionally o merization,
di meri zat PERAINS Hy@p¥enarndmitiol ef¥ampdes bbrnwinonoxe diesaied| mér.5zat i on,

hydr of or ' [ ' ' ' a I t talytic
rgactiongpg%%‘gg}ﬁbgégéggﬁ%gg%gﬁ}iggggggghagbégﬁ%lgggéﬁignsggggéﬂoﬁplished
usi ng theddadanal ysa08,450mal Eo8cs2 70fs, I0%8 1 91V nL9 oM W biag 861 e6bad 031

organonet al | i.c_conmpounds as known in the art. 20 :25 The cafal yst

conposi ti ond38B 1t ERvAf: 3In4¢anEBB 148 27928861 B -BetPdabid end WO

15 94/10180, each incorporated herein by reference for purposes of U.S. patent

practice.

lonizing activators may also be used to activate metallocene dialkyls.

These activators are neutral or ionic, or are compounds such as tri(n-

20 butyl)ammonium tetrakis(pentafluorophenyl)borate, which ionize the neutral
metallocene dialkyl compound. Such ionizing compounds may contain an active

proton, or some other cation associated with, but not coordinated or only loosely
coordinated to, the remaining ion of the ionizing compound. Combinations of

activators may also be used, for example, alumoxane and ionizing activator

25 combination, see for example, WO 94/07928, incorporated hereiri by reference for

purposes of U.S. patent practice.

Descriptions of ionic catalysts for coordination polymerization comprised

of metallocene cations activated by non-coordinating anions appear in the early

30 work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5,198,401 and WO-A-
92/00333 (incorporated herein by reference for purposes of U.S. patent practice).

These teach desirable methods of preparation wherein metallocene (bisCp and



i ndi vidually for coordination polynerization or can be m xed to pr ega{Jﬁ 2004
pol ymer blends with other known ol efin polynerization catal yst conpo H@

By sel ectiwop o18k9i3ononers, bl ends of coordination catal yst R
pol ymer bl ends can be prepared under polynerization condi tllgor{sggﬁzbg?%'gous
to those using individual catalyst coi¥positions. Polyners having increased
MAD for inproved processing and other traditional benefits available from
pol ymers nade with m xed catal yst systens can thus be achieved. 30 The

formation - e achieyed ex.situ throu mechani cal

bl endi ng ogioingbg?]tg ﬁd%%}ﬂ?%ﬁgﬁ; df]ﬁg@%s?g’ rgfn leﬁi\(’%e% %?rh?rﬁg‘fm%%’%gﬁbatl@ i's
general |y blglyl/Bydritiet fvatip iNalsihoted fiomdh EinBkioM irtas) @ A5t BOFOIEBERUS
product and : 4 AUG 2001 WO 01/58913 PCTI USOLl 0- 1220 37 allows the blend to

be producefd Ah3Rebakagped by theyren-eFordinglent esipal \witaldy Somasalts brchide si t u

bl endi ng i 1Nyl ; on atalyst in the sane reactor to
si mul taneoi&gri%l\égs?g%&g? drrr%ﬂ({}tgtlep eﬁclfling | ncstaﬁf)g]la§W§rﬁlb‘?’@%ﬁc‘i@'f“ﬂﬁi'%‘e%t hod

reqbi r es asigthtas phahylchipbénidtandyapthglsi s and the various catal yst conponents
must be 5 matched for their activities, the polyner products they generate
at specific conditions, and their response to changes in polynerization

condi tions. Weirg, e, Mg i S, NG drocar byl noieti e %for
exanple, rac- d i%ﬁenyl Sérﬂgg%d;/ - naer{"?}fll W@éﬂﬁﬁaﬂﬁﬁln i H‘ihff%'t ﬁ'@f that are
suscept i bl @dasoolGobohnat mg saldstatiaa tdronhich o Whiyowe QY \WoBFdidadd QNSai@f

nmononers can be effected by conbination of such netall ocenes wth ionizing
agents of ‘E%‘Q%%FW&V&F’@?W% E‘Rﬁl‘@f@ﬁy.l?b‘tﬁ Yo badéspinsed bal 2 newiral laids such as
trie(perf | seeopuempalide aBfcodmlih i e IRS(Ghith 262008 any of those
known to be sui_tag?ﬂe for the fS%%és%?ggﬁﬂgﬁH(gﬁc ‘gf'llf}l)' S foreghded hydri de,
al kyl , or wuehtyhyheotaibiyially formedraogidydaiomposdsi Fandisr, o afiganemet al | ic
conpounds r?olfitfa%:ts)fe? as, I nsertli) on Bol neri zati &r% catal ysis, or scission of
coval ent et al - cat BOFTHC SPOFfUSnh ShALeEnt 1,1 GHERABFELAICRYSE & ddpounds.

Pref er abl yfotthea aaitrDfouscRI8RBlel MblallofR8-confPoRthd Ghil AOn ¥ taD b%)— Sodffi C
catal yst conpl exes_ formed with the organonetal catalyst 10 ecursor

conpounds. frafdhe janiany Fartiuiarbgusefilonansoaidinptiogtaniorns sechosaswhink arani | i ni um

angs anmoni S of.: 5.198, 401, and WD _97/35893, the trityl
car beni umdggﬁﬁ%gh%’ SPA bﬂ%st’“ﬁﬁﬁ éetgl[]]&gngﬁg%én i ose 8&31aﬁ)W§{"ge‘.t§g!9“‘%g+, t he
silylium chaigenin oft IVxB63€8GEM saffitidnhealiBty @npedfit ERplabyAERIRdaFal ts of

Goup 1 . . .
ethylenically or acetylenically unsaturated monomer during polymerization.

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

20 capable of producing both the active metallocene cation and a noncoordinating
anion is also known. See, for example, EP-A-0 426 637 and EP-A- 0 573 403
(incorporated herein by reference for purposes of U.S. patent practice). An
additional method of making the ionic catalysts uses jonizing anion precursors

which are initially neutral Lewis acids but form the cation and anion upon

25 ionizing reaction with the metallocene compounds, for example the use of
tris(pentafluorophenyl) borane. See EP-A-0 520 732 (incorporated herein by

reference for purposes of U.S. patent practice). lonic catalysts for addition
polymerization can also be prepared by oxidation of the metal centers of transition

metal compounds by anion precursors containing metallic oxidizing groups along

30 with the anion groups, sec EP-A-0 495 375, incorporated herein by reference for

purposes of U.S. patent practice.



or 2 netals of U S_ patent 5,767,248. Additionally suitabl ‘e cations include
25 nitrogen and carbon based cations described in WO 97135$93, and i AUG 2004
copending U.S. Patent Application Nos. 60/160,942, filed 22 Cctober 1999,
and 60116WOe@891¥ il ed 9 Decenber 1999. Thus hydrocarbyl, pcT/usei/es220

hydr ocar byl - am ne, hydrocarbyl-silyl, preferably Cl1-C20, and Goup 1, 2,

11 and 12 netal based cations, are suiftable in accordance with the

i nvention. The teachings of these references are referred to - 4 AUG 2004
WO 01/58913 38 PCT/tJS01/ 04220 for information and i ncorporated by

reference for tWaeRURRORRSIOfigdddS- m@l%H@rHal O%QE%Blcﬁgs (e 8l rﬁdﬁgt big® Group

8-15 el enent ani oni ¢ cocat al yst conpl exes i'nventi ar €,
pr ef er abl éYélﬁPé@ia@r@m’l zirepnived dichdomide) Mchmhc asalot capablel SIfNHnizing

4- coor di naf up ment . ani | ex, ere A- can be
represent € traCt'OP("f{}%‘EfI%ﬁ“d%rf@'}dﬁt‘OI?ﬂq\% %? welpd vigrknenineliylaten 10- 15

met al | oi d resctivpt ahth Wg@rﬁ(ﬁﬁémlﬁé &%pﬁ?ﬂn@f sudﬁl AR oﬁﬁﬂgﬁh&rlﬂet{ dragh Qis
| igand effective for provid geectronlc or steric ect's ren ering
n

[(M)QLQ ©°r a@'ﬂl&ﬁkﬁl%lbmest enardatafientst ¢tng SanEBRA -ds54thd4 mﬁd ERnder st ood

in the art,,@r cient n reschthat .Q1" !5
as a whol é |§ a‘ﬁ) gg %e APRET IS‘EE%G?BO}N’a%ta'&nB‘? %Hﬂws%‘né’glﬁ—a ERaPl ary O
subst i t ueptractizppdbf | makiky procésde dekdttingah@creadnidn QFCMRSE AMBHSHAD! Y
perfluorinated aryl groups, and include substituted Q groups having

subst i t ueSPEPRHRAS Wéhadlhﬁlﬁsphﬁéltutﬁﬁ woetiliesene bempounds gmior socin \aish theuor i nat ed

hydr ocar byljqd Xor ted aryl groups include phenyl,
bi phenyl , nap{Oﬁ%Facnv ti é%fd\’?gl?c sp({uﬁ'g ‘eof . The 20 di sclosures of U S

patent s 5 198, 401, 5, 296, 433, 5,278,119, 5,447,895, 5,688,634, 5,895,771,
WO 93/ 02099, V\&QKIZ 45, WD 99/43717, WO 99/ 42467 and copending U S.
appl i cation serY&ho SYPROgY B nEALalysts @unpnm@ntallgm catings dnds

equi val enty0 99/45024 3k %) R ieGH hey r s
substituents and are incor gr f!lattdleg&ll\?J % "é’@cﬁ ygter?t %83%% 181"6&%’8 pat ent
pract i ce_09584948 ﬁ1®hb1bv@ub¢rabll@98mrﬂri§ SalPetdnnmwlltdtlohmoaOQI@G@,W Il be
suitabl e fﬁ%d ﬁg'?ember 2, 1998 (ali fully incorporated herein by reference for purposes of

15 U.S. patent practice).

When the activator for the metallocene supported catalyst composition is a

NCA, preferably the NCA is first added to the support composition followed by

the addition of the metallocene catalyst. When the activator is MAOQ, preferably

20 the MAO and metallocene catalyst are dissolved together in solution. The support
is then contacted with the MAQO/metallocene catalyst solution. Other methods

and order of addition will be apparent to those skilled in the art.

The catalyst systems used to prepare the compositions of this invention are
25 preferably supported using a porous particulate material, such as for example, talc,
inorganic oxides, inorganic chlorides and resinous materials such as polyolefin or

polymeric compounds.

Preferably, the support materials are porous inorganic oxide materials,
30 which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5,13
or 14 metal oxides. Silica, alumina, silica-alumina, and mixtures thereof are

particularly preferable. Other inorganic oxides that may be employed either alone



with the netal |l ocene catal ysts of the invention. See U S. 5,483,014, m%&m
coordi nati ng ani ons from boranc, carborane, borate, carborate,

nmet al | obor an@ p1/68913 net al | ocar bor ane conpl exes are descri bedLFa([S]jg

exenpl i fied. See also, the review 30 articles by S. H Stradss/US0i2280,5r ch
for Larger and More V‘éakly Coordi nati ng2 Anions", 93 Chem Rev. 927-942
(1993), and C A Red, "Carboranes: A New -4 AUGL004 WD 01/58913

PCT/ US01/ 04220 39 Cl ass of Weakly Coor di nati ng An| ons for Strong

El ectrophi | eraci ds"” Chern. Res. 133 -139
(1998). The&tsjlgec% |o}n| z‘?’ﬂgthe llp%a é Bﬁﬁﬁlé‘%‘r‘i WHRE AT hiMagnea, ddanie pr ot on
but 5 capahbtoeniy a:wmdumeng both the active netall ocene cation and a
noncoordi nating anion is also known. See, for exanple, EP-A-0 426 637 and
EP-A- 0 573 403 (incorporated herein by reference for purposes of U S

patent practice)p d tio of making the ionic catalysts uses
i oni zi ng ani on pr ecf:égarbs] ¥ S”%R?'%I‘Paé?r ql?‘l?‘?rio‘aﬁ F’}L'C?\é‘(!l‘tl?}hlllas@ewrﬁﬂca@masn but form

th t t t tall
compounds, ‘Tor BeSTA TP Pt B FRrYlPrEh Sy Agt 7! Bomedd.o see

EP-A-0 520 %chelamdcnmweaig%bdmrelsmebm thé @AEACROMOT0 REERPSGE Rord S
patent practice). lonic catalysts for addition polyneri zatl on can al so be

pr epar ed byPrefriatt itbe soffatchereass ah thenhegesoDffroht 30Stot 56N mBL Ak GREPOUNdS

by ani on pr rs cont ai allic oxidizing groups along 15 with the
ani on gr oupgﬁl%rle IERIeAapecy ‘g“lgn(%?ge{ 1ot o £p8raat dke feragerpacle efzensinabe f or

pur poses ofrarlgeSof fdth €Ik toPFRCKINC EYost nbodl nment.,s one group,
or ligand, of the anionic coErlrp ex &SP’QP@’ t%g st ARAEG? D ™ et389 At al | oi d

oxil@e suppémm 060 pot QB2 tiRURRORbI nﬁe,es, a{k,fag I atents
5,427,991 E\]d 5,939, 347, each |ncorupor atue éeg g?@n(?gt€3%cu$5%d§es of

U S. paten ep?"ﬁ&‘iﬁedﬁm%ﬁlﬁ ioin tﬂ?étraﬂlaeo@fcfrm&ﬂ)etoshmmnt T hecrfve’tdge pdescri bed

bondi ng ne f h de any netal/ allojd oxi
pr ef er abl ygl?ﬁg)sfe '5%1, %HOE%S 0(}pﬁﬁader iﬁ/l‘s E"’ﬂéﬁrﬂ rn Y 4o dRQOlgqual to

or | ess t h8referahly, abgeronadatt sl :amdlh@ﬂ&s%hlarvg@ e pofe: d,aﬂag@r bﬁﬁg pidpan or
equal to ZF W %l Accordingly any of the conventl onal | nown silica
support ma Ancimast degipaby, Ingirg Y D3y B Sk ol payalhet Bﬂrl‘tlduilawlrdamrarbﬂe tor eat nent

nmethods W lidhy@eats tHel Gl L] ar\emggr&ﬂfrg 3¢ ?romwl(é[?::’ {] n$ q&&sﬁg{ylﬁ CEFX 'g'g%g é gegf

availability, both of silica srlica
supports, 24)h0marrpl e, silica-alumna, are preferred

The metallocenes, activator and support material may be combined in any

number of ways. Suitable support techniques are described in U. S Patent Nos.

20 4,808,561 and 4,701,432 (each fully incorporated herein by reference for purposes
of U.S. patent practice). Preferably the metallocenes and activator are combined
and their reaction product supported on the porous support matenal as described
in U. S. Patent No. 5,240,894 and WO 94/ 28034, WO 96/00243, and WO
96/00245 (each fully incorporated herein by reference for purposes of U.S. patent
25 practice). Alternatively, the metallocenes may be preactivated separately and then
combined with the support material either separately or together. If the
metallocenes are separately supported, then preferably, they are dried then

combined as a powder before use in polymerization.

30 Repardless of whether the metallocenes and their activator are separately

precontacted or whether the metallocenes and activator are combined at once, the



Silica particles, gels and gl ass beads are nost typical. 30 PoI yneric
supports are preferably hydroxyl -functional -group-containing pol ymerll AUG 2004
substr at e@ t functional groups may be any of the primary al kyl - 4 AUG
2004 WO oY/EBSPE1%0 PCT/ USO1/ 04220 ani nes, secondary al kyl PEAU8%042a61d
others, where the groups are structurglly incorporated in a polymeric
chain and capabl e of a acid-base reaction with the Lews acid such that a
ligand filling one coordination site of the Goup 13 elenent is protonated
and repl aced by the polyner incorporated functionality. See, for 5 exanple,

t he funct itetabiolgmegd reamivaisniutign pppedetoposdusldnBpord i288irbW7 JedsNBan 4
functionalize 427,991 and the descriptions in copending

appl i cati ¢ lrﬁ%esﬂihg?‘)téd)toé%f’ OlR%Iq%élé? PURUNBIPPOYY more desyablyiiess ghane3 Nmesh 1999,
and its eghiiofd foné vEahOAURE PBA3R su %#é e\:ﬁ?lex{]bl%l de@f}abl??A Ql?etzl‘aag% filed 5

June 1998, and its equival ent WO 98/555 are 1ncorporate
ref erence Ofcfrommmr@sibsn 1110 leﬁs tlhaJSZ pétrestthprasit pare . volimhe bf K}MMOU?'[ hods for
sugporu ng cat noncoord| nati ng ani on cocat al yst

willl also ﬁé“o‘i‘% 5}‘?%5 éaﬂ% PPiggralnee of pospupstuppeRexes of
this i nvemduonnoémti% iH&eaﬁat ehxsstucﬁqm'h%% d%fs?rtllne% H“‘ieﬁklaéi{imé%ﬂay al so

physmall&EeposMed on or affixed to a suitable support erial? See,

for exanpMETHARS INE2TALNEBRBSEAROHIT-POAQE]). WO 93/ 11172 WD 96/ 35726 and
U S. patents 4,463,135, and 5,610,115. Wen using the above catal ysts of
the invention, the total catalyst system 20 will generally additionally

conpri se one OM&R6Es SCANPOARIL IGRAIRRANAS c%ﬁk'%ﬂ?@&%@%e@tﬂ@i g P Lhis

application and its clainms is neant to incl ose oun fective
f o' r enovPRBCqeEFARtIRgNFaINS jass deswihetinio Méécﬂh/@ﬁBSénwWGn%ﬂISOéanWG or

e L i A B R R R

sol vent, 25l %enGnmipaatdciaréh\tst rdfaefce R huapyRE 2!y sabheft p ﬁé&@é yst
activity ei_gd st abi I|t It can result in decreasing or even el |m nati on of

catal ytic ‘86t P¢t EQWW?IBUI%RH%WCH ahysz¢ahga@a¢rmmnproa eadgiomg! acti vat e
the cat al ysiynyiRt e,rln ]Jd;garggl grggbﬁpum a%fse %’f v as% Ie% ehr%@ra s, el ude

Wat er, oxygén, netal uriti etc
dehydroxylated, or using neutral anion precursors that are sufficiently strong
Lewis acids to activate retained hydroxy groups in silica containing inorganic
oxide supports such that the Lewis acid becomes covalently bound and the

hydrogen of the hydroxy group is available to protonate the metallocene
compounds. |
20
The supported catalyst system may be used directly in polymerization or
the catalyst system may be prepolymerized using methods well known in the art.
For details regarding prepolymerization, see United States Patent Nos. 4,923,833
and 4,921,825, EP 0 279 863 and EP 0 354 8§93 ea_ch of which is incorporated

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

The catalyst complexes of the invention are useful in polymerization of
unsaturated monomers conventionally known to be polymerizable under
coordination polymerization using metallocenes. Such conditions are well known

30 and include solution polymerization, slumry polymerization, gas-phase
polymerization, and high pressure polymerization. The catalyst of the invention

may be supported (preferably as described above} and as such will be particularly



taken before provision of such into the reaction vessel, for exanple {xs 200
chem cal 30 treatnent or careful separation techniques after or during the
synt hesi s} 0/BPBpar ati on of the vari ous components, but sewaymSMQ¥22&NDUNE S
of - 4 AU6 2004 WO 01/58913 PCT/ US01/9A220 41 organonetal |ic conpound will
still normally be used in the polynerization process itself. Typically

t hese conpounds w Il be organonetallic conpounds such as the 5 G oup-13
organonetal i c conmpounds of U S. patents 5,153, 157, 5,241,025 and

WO- A- 91/ 098821 iMEhAKAdWO 3FREINAONAIA3MPIbS g AREI-bEAI meTindBe35407R41.

Exenpl ary l}%‘a ounds include triethyl alumnum triethyl borane, triisobutyl
al um num t AT UnOREIRE, PIRR%Fs¢ssepdugted dn singlentsxianer pTtadisk raactmpounds

havi ng bulgy. s i Y, rhyl substituents, caval ent bound to
the 10 metal Py erArTach DERFO BIARR ihe I RRY Fishi oo Y o
i nteract i dirtisrt éoritioé of geilyver patialey siorpHokeyplie3ypiodl g8y tdri gishyhak un num
but_ nore preferably, bulky conpounds such as triisobutylal Um num
trid sopr ed§IHPRRTGFGHES HhACOHFCE Wilh sonysnieag! tereynessubst i t ut ed al umi num
conpounds, such as tri-n-hexylalumnum tri-n- octylal um num or
tri-n-dodecyl al um num Wen al unoxane is used as activator, 15 any excess
over the anountlnndedediveoerabbdinahs bheldfimt ablsheiAaties aAtth6dN fGCkhids a
poi son scaven%gjrl fc}}o?xngou d and additional organonmetal lic conpounds nmay not

u

be necessal{f? HRYSYEPeRal srBPlg¥edl innhiguidy Bhase ngolionntlirgi t h ot her
nmeans of agijewabho e dfr: | - al um noxane with
pe¥dbh OBulke pHase HF%B%BFHaH?P%ﬁe@Q if Hl%lioé}gstsgée Eﬁgm Fth

boron-based activators. The anount o hpoun use
catfal yst 20peremiadifliied phaseher imganphasas Bashnifntheiez pdcelsed n@ayRddy/BRri zati on

reactions to,that. anmount effective to enhan ctivity (and with that
amount negg?é%;?/ lp&}nguga& P¥a ?qo‘ﬁ et ﬁ"é‘:@éﬁ-aﬁsj@ﬁ‘ BRFRERSS iCPmMpsiedl in a

dual rol ekostabtiry SXGR KfondFRWNYEL tHBMhoIE He@SiHed B alh #sﬁ?&rﬁ%‘ﬁ suitabld €
foll ow ng exanples are presented to illustrate t or egoi ng I 'scussi on.

Al'l part s Silgem a0l went angh @llpwingestid geenomees by revst gt a snffesent atrherwi se
i ndi cat ed 4 . wer arried i r oxygen-free environments
and sol vgﬁdt%iéJ .L:e %ﬁ ?@gﬁgﬁf&?@é}ﬂgﬂsw Jﬁ’%‘éﬁf&?ﬂo%@(‘fﬁrﬁgﬁﬁi Sé’l“aglﬁu g%’é*é
Algni num alipydiie anie raeomatic; hies@te as pfdreg.ar Bk slduiluR)Sploteisqparer ci al
sources. The 30 conmercial pethyl al unoxane ("MAO') was purchased from
Al berrar | e MgC lyscgpnc by contacting the catalysts with a slurry of liquid monomer, the
catalyst system being supported. Gas phase processes typically use a supported
catalyst and are conducted in any manner known to be suitable for ethylene
_ homopolymers or copolymers prepared by coordination polymerization.
20 Illustrative examples may be found in U.S. patents 4,543,399, 4,588,790,
5,028,670, 5,382,638, 5352,749, 5,408,017, 5,436,304, 5,453,471, and 5,463,999,
5,767,208 and WO 95/07942. Each is incorporated by reference for purposes of

U.S. patent practice.

25 Generally speaking the polymerization reaction temperature can vary from
40°C to 250°C. Preferably the polymerization reaction temperature will be from
60°C to 220°. The pressure can vary from about I mm Hg to 2500 bar, preferably
from 0.1 bar to 1600 bar, most preferably from 1.0 to 500 bar.

30 The invention is hence especially suitable for use with solution
polymerization using diarylsilyl bridged systemns and naphthyl containing non-

coordinating anions optimized for higher temperature and/or higher molecular



wt % sol ution in toluene. Although the exanples may be directed to certain
enbodi ments of the present invention, they are not to be viewed as |4 mAUb a6
the -4 AUXR004 WO 01158913 PCT/ USOL/ 04220 42 invention in any specific
respect. WRUWHBYE exanpl es certain abbreviations are used PEHUSAEHMRIL at e
the description. These include standajd chem cal abbreviations for the

el ements and certain comonly accept ecf abbrevi ati ons, such as: Me = nethyl,
Et = ethyl, t-Bu = tertiary-butyl, Ind = indenyl, Flu = fluorenyl, THE (or
thf) _ 5 tetrahydrofuran, and Ph = phenyl. EXAMPLES Inventive Ligand

Synt hesi s wexghplréducRoe pateaipe aturefin RR2Sis (df 1de e kven 110 °Crantihg w@Wrasbdx, a 100
m. flask was charged with Ph2Si (OSQ2CF3)2 (4.81 g, 10 mol), diethyl ether
(40 L) t ken i ndenyl lithium(2.44 g, 20 mol ). After stirring overnight,
the m xture was renmoved fromthe dry box and treated with water (50 nL).
The aqueous | ayer was renoved and the organic layer filtered to obtain the
product as a Whinkear ppcetgdthylend, eincidimgl Hifh omdf nlttLhigh38hlg@ula3. beighol , 81 15
% Preparatjon of Ph2S; 2-meth 1-4- hen lindene 2 In the drybox, a 100 nL
f1 dsk wasPe aﬂqifdlcw mslusiEsbehshpmpes)and gopplymers wohnethey alphagtleln et her
(40 mL) t - net -4- Ly J 1 hi 4 O~mpol ). After
stirring g‘f/‘dtglro ﬁieg tam%ée%ﬂgﬁ%&ﬁ@%%%{ﬁ%%#mrotq)%'%h(gmérg))(/aq%‘())lé’ gggg? reat ed

wi th wat eolefind, miglefifheretyrdic ekfimactase wabuded! ber adling hahylesguaid was
obtained as .the precipitate., Yield 3.6 g, 6.1 mol, 61 % -4 AUXR004 WO
01/ 78913 pm?@glq_@49rzgwﬂgoﬁlﬂyp3ﬂl§f imQQERers, to a reaction vessel under low

char ged whihhisE G ieEBbEr bafo % % By Saprla s RoBst M 3 WY ¢ hen
2-1get hyl - 4njehtiompithlykd] thixden Weedh slubiedwith alsol@nt, 48cHBDhoxanébt &fluddel rring for

two days, half the solvent was renoved and the 5 slurry filtered through a
4-8 pin fHeat ghepdyrpdzayeaditt Dnicallxashragved t by agriilingonalGas  phase

polymerization can be conducted, for example, in a continuous fluid bed gas-
phase reactor operated at 2000-3000 kPa and 60-160°C, using hydrogen as a
reaction modifier (100-200 ppm), C4-Cg comonomer feedstream (0.5-1.2 mol%),
15 - and C; feedstream (25-35 mol%). See, U.S. 4,543,399, 4,588,790, 5,028,670 and
5,405,922 and 5,462,999, which are incorporated by reference for purposes of

U.S. patent practice.

Ethylene-a-olefin (including ethylene-cyclic olefin and ethylene-a-olefin-

20 diolefin) elastomers of high molecular weight and low crystallinity can be
a prepared utilizing the catalysts of the invention under traditional solution
polymerization processes or by introducing ethylene gas into a slurry utilizing the

a-olefin or cyclic olefin or mixture thereof with other monomers, polymerizable

and not, as a polymerization diluent in which the invention catalyst is suspended.

25 Typical ethylene pressures will be between 10 and 1000 psig (69-6895 kPa) and
the polymernization diluent temperature will typically be between 40 and 160°C.

The process can be carried out in 2 stirred tank reactor, or more than one operated

in series or parallel. See the general disclosure of U.S. patent 5,001,205 for

general process conditions. See also, international application WO 96/33227 and

30 WO 97/22639. All documents are incorporated herein by reference for purposes



diethyl ether (2 x 25 nL) then dried in vacuo. Yield 10.9 g, 15.7 nrt lAUGﬁﬁD&
% Preparation of Ph2Si 2-neth |-4- 1-na th 1 indene 2 2-nethyl _4[11[7?

- napt hy1] ia@én§821B8i t hi um (5.5 g, 21 nmol) was added to a 1f-HpsulleR of
Ph2Si (OS2CF3)2 (4.8 g, 10 mml) and di ethyl ether (50 nL). The m xture was
stirred overnight then the product was’%i sol at ed by filtration, washed wth
diethyl ether (4 x 50 nL) then dried in vacuo. Yield 4.71 g, 6.8 mmol, 68
% Preparation of Ph2Si (-nethyl-4-phenylindenyl lithium2 is

2- met hyl - 4opheayhbiagiertttidel i ' i-n toluene at C. Ina
drybox, a i ask g/a{s ' g’?\}artbgdﬁo\?\ddg %?rmgﬂ@%aﬁmggr%s&s, %taﬁ%ﬁme, t ol uene
(100 ), sdletion-ametusgiul deapbremiyg covdpoydds) i thium (9.3 g, 42.6 mol). The

m xture was heated at 50 C overnight. The mixture was filtered through
celite. The celite and solids were washed with additional toluene (2 x 50

mL). The tol uen | Widms {2 | - 4- phenyl i ndene). S treated
with 2 M BuLi i?tﬁgnﬂér%@g %Ew’i%?n‘fi’?“(m%f}?‘}f'n%?i s?SZ%eso&?Sﬁi Ght lf'ﬁ"é heat ed
at 50 C f odestribed rebove anhedhd olyondrizet e ogiag athur atalJ&ie dddbfdng AbUlHeon vas
poured into Eenta e gSOO m.) causéh}ggl a yellowsolid to precipitate. The
sol i d was 'CSFPEUY 187 e¥amRle.aityrghe, Halstituted styrerrsarsebyiglene 8d athgr t hen

dried inv i i i hyl -4- lindenyl 25 |[ithium)2. Yield
10.6 g, 1%_1 nafly Y %é&gﬁgf%%ﬁfﬁ{&gnee‘ﬁyé@r%ﬁ%s’?c’é Wgﬂﬁvhﬁrk%ﬁéﬁ%g 2
Met al | ocendcyclopmbpticrat iand odlier rodeefiREAG- ridaniatby mohoRfee YhclhAigg Mo H C1 2 In

t he drybox m.xture of Ph2Si (2- et hyl - 4-phenylindenyl lithium2 30 (3.07
g, 5.1 mmcMCﬁﬁr?detﬁ'bsl’ L?Bﬁbafi SYCIARINSHSs NOFRosReY. wikyhsubstituted netboprenes; chl ori de

(Lt mi, lanh Ry - N S r e mxture-was filtered
through - 4 Auc;_i(o_oi"M oG ol btk Gt o T ¢ Soatagtigne urry of
Hf C14 (1. odymsriration). Sed foolewample( 10S.npgtentAS635,973Si769,556 Nenc @bt e pad
with tolu . . the reaction was allowed to stir overnight. The
m xture V\g)}%é@gé %ﬁd‘% - § hB‘(??eé‘tr&ﬁH‘aFIoﬁ%‘&?"W% of Wit B0 er unis0 nl) to
renmove tricreriyre! infayC QY ibde incdRfork L | ds.wer tystallized from
toluene 5 at - 30 beo obt ai F\ncr gg)—rPtﬁggF%z- Opﬁéﬁr%?%\ﬁeﬁf/@f[}/ ebﬁ"i'/'?c)hZHf C12_
Three cropéniainiggaplefinepalymess g, 1Addmonblly 2igtervEitaldng cdinRriBatidy, epar at i on

of 1sPh2Si (%‘ﬂ?&ﬁgﬁ&geg}gﬁ)ﬁé%&z monoxide copolymerization, hydroformulation,
hydrosilation, hydroamination and related catalytic reactions employing
organometailic cationic complexes can be accomplished using the cocatalyst

complexes of the invention with selected organometallic compounds as known in

the art.
20

The catalyst compositions of the invention can be used as described above
individually for coordination polymerization or can be mixed to prepare polymer
blends with other known olefin polymerization catalyst compounds. By selection
of monomers, blends of coordination catalyst compounds, polymer blends can be

s prepared under polymenzation conditions analogous 1o those using individual
catalyst compositions. Polymers having increased MWD for improved processing
and other traditional benefits available from polymers made with mixed catalyst

systems can thus be achieved.

30 The formation of blended polymers can be achieved ex situ through
mechanical blending or in situ through the use of a mixed catalyst system It is

generally believed that in situ blending provides a more homogeneous product and



In the drybox, a flask was charged wi th Ph2Si (2-net hylindenyl lithi unzei %
(2.5 g, 5.5 nmmol) and ether (80 nL) then cooled to -35 Cin the freez UG 2004
The m'xtw0 V%g renoved fromthe freezer then treated with ZrCi4 (1.28 g,
5.5 mol ) WO UYRP stirring for 2 h, the sol vent was renoveBCHEEOVHE260! i ds
treated with toluene then filtered t4yrough Celite to renmove LiCl. The
volunme of the filtrate was reduced and the solution cooled to -35 Cto

achi eve crystallization. Yield 0.128 15 g, 0.21 mml, 3.8 %of 92%rac-
Ph2Si ( 2- rret hyI i nderiyl)2zrCl12. Metallocene C. Prepar ation of rac-Ph2Si
2-met h | - Alipwg the hkﬁeﬂ tq bzmrqxilzrednntones@pyu'&»c usg afimixed ea@lyst systems

(20 L) vad! Bt PRAHE I OBRRY eombiia b et Bl s ORLseie repfiorml ) -
After stingisigufiieods!$ ﬁmdh&e nﬁﬂlﬁﬁllércﬂsm%ﬁ ﬁdlﬁx@rr %deut:ﬂroqgﬁ GRthdf onto a
slurry of ZrCl4 él 17 g, and tol uene After rinsing the

celite padediiteh af @Flg{éﬁéa(a?ﬂst smhea_s andtlhe vmﬁaamiyﬂmsmbhﬁmemutobfstl r
The m xture dried in

over ni ght red t hr. ter

vacua at niag@l-%d ﬁ?té‘flgﬁgvﬁhfe hpop%rﬂ'f Il?éoct“ﬂfoﬂ"r?ﬁ) L Wafsffg sol i ds
were 25 Cl’cyﬁdlﬁbhd éﬁﬂtﬁeﬁﬂ%ﬁ@sé‘%aﬁ%&s m%QIygletr&a@(m &t s Ph2Si (2- met hyl - 4-
phenyl i ndenyl )2H C 2. Yield 0.4 g, , 11 % Metallocene D

Preparation of rac-Ph2Si 2-nmeth |1-4- 1 -na th 1 inden 12Zrd 2 A slurry of
Ph2Si (2- met hyl «d: [ 1- t byl 11 ngen lithiu 2vvas re ar ed 0 from
addition of a 2. r%/It B'lﬁl%ic}#agg HYE@NWH Yhma Mt FFER%.BCn, 3.0 -
4 AUG 200diphen 3 RBRiB nfeHy114304 lﬁﬂ&%mn{l%m@ﬁwl)tmata dfbxsﬁ%eptm‘l to

Ph2Si (2- met hyl - 4-[ 1- napt hyl ] i ndene) 2. ( mmol ) and d| et hyl ether

(26 ). MHEPS §1b§tr4qtlﬁg ﬁ@pn@womnr@an@w cvfemwbnmrsncambmffdaeq ky6 g, 3.0
o) s caiffdod N Cohon iR LAR Aatiys THam At LAt ShsgL Gl ant

yel l ow. The et enbve ttane (3 x

20 5 nl) [(mal @] aalneattal Vévak deds W&%Qﬁs(peyﬂﬂ%bﬂ)fgcﬁﬁ)lﬂ)mrﬁ. 86 mmol, 60
% A 100 nL flask was charged with ZrCl4 (180 , toluene (20

m.) then Ph2Si (2- et hyl -4-[1-napthyl]indenyl SnNES)Z (0.815 g, 0.8 nmol).
The m xture was stirred overnight then heated in vacuo at 90 C for 48h. The
10 orange powder was taken up in toluene (5 nL) then filtered through a

and the sol ut SR EUOIHTE QT A0 bt BPot e @ BEFFAPIEGS I s vier
I 96l at ed abRAcH&@sFdany of monoanionic hydride, alkyl, or other hydrocarbyl or
hydrocarbylsily! ligands on organometallic compounds suitable as insertion
polymerization catalysis, or scission of covalent metal-carbon n' or n? bonds in
such organometallic compounds. Preferably the cation is essentially non-
interfering with the ionic catalyst complexes formed with the organometal catalyst
0 precursor compounds. Such include nitrogen-containing cations such as the
anilinium and ammonium salts of U.S. patent 5,198,401, and WO 97/35893, the
trityl carbenium cations of U.S. patent 5,387,568, metal cations, e.g., Ag’, the
silylium cations of WO 96/08519, and the cations of the hydrated salts of Group 1
or 2 metals of U.S. patent 5767208 Additionally suitable cations include
25 nitrogen and carbon bascd cations described in WO 87/35863, and in copending
U.5. Patent Application Nos. 60/160,942, filed 22 October 1999, and 60/16%,768,
filed 9 December 1999. Thus hydrocarbyl, hydrocarbyl-amine, hydrocarbyl-silyl,
preferably Ci-Cyo, and Group 1, 2, 11 and 12 metal based cations, are suitable in

accordance with the invention. The teachings of these references are referred to



with cold toluene (3 x | nL) then pentane (3 x 5 nL). After further \A@imﬂ]ﬂ
with toluene (3 x I nL) and hexane (3 x 5 nlL) the sanple was driedt J
obtai n prod0e®t/s89135 Yield 17 ng, 2.6% Conparative Ligand Sypthesie

Conpar ative exanple: Reaction of 2-methylindenyl [ithiumwth thé 8‘1 I'n

the drybox, a scintillation vial was éharged with Ph2SiCl2 (0.26 g, 1 20
mml ), Et20 (5 nL) then 2-nethyl indenyl lithium (0.277 g, 2 mol). The

m xture was allowed to stir for 4 h, 20 mn then water (5 nL) was added to
guench the i T, m t he box t he et her

| ayer sepg{rgﬁ g%ﬂrgggnr@gulce(ﬁ-&)%ﬂ?gﬁl %E@hgdfgl | RS RS Bf @gg paieRipRCl 2.
After dryipgctiwi.th MgSO4, the sanpl e was exanmi ned by I H NVR spectroscopy.
No Ph2Si (2- 25 Methyl indene)2 was observed. Conparative exanple: Reaction
of 2-meth |-4-hen linden | lithiumwith Ph?Si Cl2 In the drybox, a

scintillation v Wist 12. (0. 2 nmo Et20 (5
m) then 2-met hgﬁé f\ﬁgﬁtéﬁé;ﬁrﬁggnyls FIF‘% uﬁ‘qg 610 AR iﬂlgﬂ‘ fé’"?ﬂiﬁff-)s St h& AUG 2004
VO 91/ 589 1iBveBidACELUS@ brdf&éﬁlEQm'H&ﬂlmﬂmthrﬁzeﬁﬂﬁorﬁi'ah%Qséip C%H isih@’ 4 h, 20
m n then water (5 m.) was added to quench the reaction. r%xt re was
renoved frdmEARIIBBIE de@up hE0-d¢ helemeny emniomiepesraplesl, avtere educmh the an oil .

The oil p% @Wd in CD2Cl2. After drying wth MJSO4, the sanple was
exanm ned by spectroscopy. No Ph2Si (2- 5 nethyl -4-phenylindene)?2 was
observed. Supported Catal yst System Catal yst System A. In a 100 nL round
bottom fl ask, di phenylsiladiyl (2-methyl4- indenyl)2 hafniumdichloride (
0.018 g) was added to the MAO t d(MEd€:s0lQffT,on (1.7 g) and stirred twenty
inutes. This was filtered through a nediumglass frit 10 funnel and washed
with toluene (5.3 nm.). To the conbined filtrates was added dehydrated

silica (1.Whdge NDa¥idneror98reREailpA1o- 1§QQQaﬁ§§ eitaqn%rcfc-[gbl Soerr Iy ~was

stirred. for twenty m nutes, then dried a der
vacuum orf l&“ﬂ’@ﬂhrayld@s‘hpfo‘?aah&mhganﬂ effeetivé mnpioeMmgoﬂadtﬁﬂu@ﬁdstt«,hen t he

solid was f t al ut 2 hours and twenty m nutes. The
support ed Cfaé%{glf}gé erﬁj) ﬁg/lfbbo Qn su1ta easanoncoord?nanng amonyas that is

understood in thc art, or a sufficient number of Q are such that [(MYQQz .. .Q.)
15 as a whole 1s an effective noncoordinating or weakly anion. Exemplary Q
substituents specifically include fluorinated ary! groups, preferably perfluorinated
aryl groups, and inctude substituted Q groups having substituents additional to the
fluorine substitution, such as fluorinated hydrocarby| groups. Preferred fluorinated
aryl groups include phenyl, biphenyl, napthyl and derivatives thereof. The
20 disclosures of U.S. patents 5,198,401, 5,296,433, 5278.119, 5,447,895,
5,688,634, 5895771, WO 93/02099, WO 97/29845, WO 99/43717, WO
99/42467 and copending U.S. application serial number 09/261,627, filed 3 March
1999, and its equivalent WQ 99/45042 are particularly instructive as to suitable Q

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

25
Additional suitable anions are known in the art and will be suitable for use
with the metallocene catalysts of the invention, See U.S. 5,483,014, weakly
coordinating anions from borane, carborane, borate, carborate, meltalloborane, or
metallocarborane complexes are described and exemplified. See also, the review
30 articles by S. H. Strauss, "The Search for Larger and More Weakly Coordinating

Anions”, 93 Chem. Rev. 927-942 (1993), and C. 4. Red, "Carboranes: A New



1 s recovered as an orange, free flowing solid (1.2 g). Polynerization
results showmn in Tables I A and 1B. Catal yst SystemB. In a 100 niL r“o‘ufWﬁ 2004
bottom fl ask, di phenylsiladiyl (2- nethylindenyl)2 zirconiumdichloride (

0. 050 @) ‘Mﬁé"fa%?dgd to the MAO-tol uene 20 sol ution (4.8 g) BEEYUSti/HRzd
twenty mnutes. This was filtered thr3 ugh a nmedium glass frit funnel and
washed with toluene (10 nL). To the conbined filtrates was added
dehydrated silica (2.85 g, Davison 948 Regul ar, 600C dehydration). This
slurry was stirred for twenty mnutes, then dried at 40 C for one mnute

under vaCuasn cMMeakigt oyrdevaingr Ahidhs Usk idirohBeEleL@bliflesY aRAledhaNd then
the solid was 25 further dried a total of about two hours and twenty eight

m nut es. PHBeratifpoll ddc. mralRest 13dad 3P LPBdred as a purple, free flow ng
solid (3.90 g). Polynerization results are shown in Tables 2A and 2B.
Catalyst S stemC 1In a 100 nL round bottom fl ask,

di pheny! si | adi Thé 2seef filziflg i8c RBRPSLARIRNohRiRhE G8HcHDE G j de (0.033
g) was added to thé I\/AOtzolI %e]necsol l?ti on (3.??7 ér)ﬁhéa%grggtllmﬁ (rggggl!t]%gfnty

m Aut es. Taableppisproidpeiag dwth ithe agfiveampailipcane- catioAldBd 20 @dnatbndingdg5 8913

the conbi ABANHT APPSR S SobEHToRlA P 2 D o ¢1kebd BPEET T SBedon oss
Regul ar, GRG&peiatdhéereinoBy - refetbice frUhir¥o@SofSU ST palehiObrd BN Y AN NUt s,

then dried at 40C for one minute under vacuumon a rotary evaporator until
the |iqui adduendmgtbed afdnakieg) thehionio catalyStswesss fionigingrardon edecarsoat al  of

about two,Rour g.a Eﬁigel},gpﬁglytraqi ﬁ@\kisnlcq@stoﬁ%h f%%& e ;C%ng}:’g] %’:"%L l?‘;"o\rllvafesul ts

recovered as a pur ree flrowng

ane shownidnizidghtfsiodAwatRdthBmetalorbes coPpdtifds, Dor | dkamplOQndlygeopnd bottom
fl ask, di Ehenyl siladiyl (2-nmethyl-4- 10 {1-naphthyl]indenyl)2 zirconium
di chl or i d&is(eEngrfipoppphiged) hosans. t See HeP-MAD 1281 ddhdincoimeraton heteibdbyg) and

ti dt ' hj j h di frit
Funnel  ant oEdiee P ERotesy bE ST gt BRSCL B BatEE foF) flefibes e
added dehyadlyaicadatiin daaalspdbelprapartihibi SRidalédiB ol g uhald], ceQ28 o @altnehnat i on) .

Thi s slur%g\i\as stirred for twenty mnutes, then dried at 40 Cfor is two
mi nutes u COMPRRRAS Y AIQHPECYSBF£981aipE mavet|ie oxidezing goupselengor at ed and
then the gghide Washf e b ad | ¢;.0f 0 nty

m nutes. The supp%rg?%%la’(:%eteg@;/& Oagg%?}gc(ggglr@gag&s hgﬁn'o‘rgg%%%%%f' %\é\% fl ow ng
solid (1.p&pgjesof U.S. patent practice).

In particular embodiments one Q group, or ligand, of the anionic complex
may also be bonded 10 a metal/metalioid oxide support or polymeric support. See,
20 for example, U.S. patents 5,427,991 and 5,939,347, each incorporated by
reference for purposes of U.S. patent practice. Metal or metalloid oxide supports
of the described bonding method for the invention include any metal/metalloid
oxides, preferably those having surface hydroxyl groups exhibiting a pKa equal 1o
or less than that observed for amorphous silica, i.e., pKa less than or equal to
25 about 11. Accordingly any of the conventionally known silica support materials
that rétain hydroxyl groups atter dehydration treatment methods will be suitable in
accordance with the invention. Because of availability, both of silica and silica
containing metal oxide based supports, for example, silica-alumina, are preferred.
Silica particles, gels and glass beads are most typical.
30
Polymeric supports are preferably hydroxyi-functional-group-containing

polymeric substrates, but functional groups may be any of the primary alkyl



Pol yrmeri zation results are shown in Tables 4A-4D. 20 Pol yneri zations
Pol ypr opyl ene Honmopol yner. The pol yneri zati on procedure for produci ﬁg‘ AUG 2004
hor nopol ymarcsomisefs t he supported catal ysts was as fol |l ows. r:&L cI ean dry
two liter autocl ave whi ch had been flushed with propyl ene v 5

scavenger (0-3 nmL, I.SM was added, H§@rogen gas was added at th| s |0| nt.
The reactor 25 was closed and fi IIed with 800 nL liquid propylene. After
heating the reactor to 70 C, the catalyst was added by washing in with

propyl ene dicated tine, typically one hour, the
react or wa(s?%ggeogt%?mﬁm ahké/h]g%géés}s § %SVISE% IFeﬁ‘Fe%IOUH%émpSFWﬁ yvas
removed andnmht-p@dted3m RapoHerericoely BBl $apa tﬂ@%f)a Sa§csn% @ﬁ; &n the

pol ypr opyl ene hong ymer procedure was fol excep ter heating
tQ 60C, a iéw ap! ﬁP@s@m@hs@d @Ilngmn@om@aamaede efme@aalﬁmmélew@nall 58913
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typbcal ly o0 4 QaknP es, the reactor was vented and cool ed under N2.
The gr anul%r C%a {/Qﬁ{g‘?bt was renoved and dried. Polyner Analysis 15

Mol ecul ar wei ght det erm nati ons were made by gel perneation chromatography
(GPC) according .to tRP follow ng techni que. Ml ecular weights and
mol ecul ar wei ghPUfTs ?%t@éﬁ?d%\épé WPReingd calslysig spstabis exosnptBOg gel

erneatio ho e Shovva nko) AT-80 MS
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colums and a differ ract| ve'rn
145C wi t h catalyst complexes of IhlS 1nvenuon. Thus the catalyst complexes of the invention

15 may also physically deposited on or affixed to a suitable support material. See,
for example, the teachings of WO 91/09882, WO 93/11 172, WO 96/35726 and
U.S. patents 4,463,135, and 5,610,115.

When using the above catalysts of the invention, the total catalyst system

20 will generally additionally comprise one or more scavenger compounds. Such
compounds as used in this application and its claims is meant to include those
compounds effective for removing polar impurities from the reaction environment

and for increasing catalyst activity. Impurities can be inadvertently introduced

with any of the polymerization reaction components, particularly with solvent,

25 monomer and catalyst feed, and adversely affect catalyst activity and stability. It
can result in decreasing or even elimination of catalytic activity, particularly when

ionizing anion pre-cursors activate the catalyst system. The polar impurities, or

catalyst poisons include water, oxygen, metal mmpurities, etc. Preferably steps are

taken before provision of such into the reaction vessel, for example by chemical

30 treatment or careful separation techniques after or during the synthesis or

preparation of the various components, but some minor amounts of
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be appr echatahlyl-subsistetedfalomivnacgmpdinds, sunh ab ai-n-hexylaluminum, tri-n-
octylaluminum, or tri-n-dedecylaluminum. When alumoxane is used as activator,
15 any excess over the amount needed to activate the catalysts present can act as a
poison scavenger compound and additional organometallic compounds may not
be necessary. Alumoxanes also may be used in scavenging amounts with other
means of activation, e.g., methylalumoxane and triisobutyl-aluminoxane with
boron-based activators. The amount of such compounds to be used with catalyst
20 compounds of the inventions is minimized during polymerization reactions to that
amount effective to enhance activity (and with that amount necessary for
activation of the catalyst compounds if used in a dual role) since excess amounts

may act as catalyst poisons.

25 The following examples are presented to illustrate the foregoing
discussion. All parts, proportions and percentages are by weight unless otherwise
indicated. All examples were carried out in dry, oxygen-free environments and
solvents. All solvents were purchased from commercial sources. Aluminum alkyls
were purchased as hydrocarbon solutions from commercial sources. The

30 commercial methylalumoxane ("MAQ") was purchased from Albemarle as a 30
wit% solution in toluene. Although the examples may be directed to certain

embodiments of the present invention, they are not to be viewed as limiting the
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invention in any specific respect. In these examples certain abbreviations are used
to facilitate the description. These include standard chemical abbreviations for the
elements and certain commonly accepted abbreviations, such as: Me = methyl, Et
= ethyl, t-Bu = tertiary-butyl, Ind = indenyl, Flu = fluorenyl, THF (or thf) =
tetrahydrofuran, and Ph = phenyl.

EXAMPLES
Inventive Ligand Synthesis Examples

Preparation of PhpSi(indene)?
In the drybox, a 100 mL flask was charged with Ph2Si{OS0O2CF3); (4.81

g, 10 mmol), diethy! ether (40 mL) then indenyl lithium (2.44 g, 20 mmol). Afier
stirring overnight, the mixture was removed from the dry box and treated with
water (50 mL). The aqueous layer was removed and the organic layer filtered to
obtain the product as a white precipitate. Yield (from filter) 3.35 g, 8.1 mmol, 81
%.

Preparation of Pthi(2-mcthy1-4-phcnylindenc)g_

In the drybox, a 100 mL flask was charged with Ph2Si(0SO2CF3)7 (4.81
g. 10 mmol), diethy] ether (40 mL) then 2-methyl-4-phenylindeny! lithium (4.24
g, 20 mmol). After stirring overnight, the mixture was removed from the dry box
and treated with water (50 mL). The ether extracts were filtered. The product

was obtained as the precipitate. Yield 3.6 g, 6.1 mmol, 61 %,

clainms for purposes of determ ning bhg sk
of the present invention. Al 25 applications to which priority 1s C

i med

NIl-p N
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Preparation of Pthi(2—methyI—4—[I -napthyl]indcnc)g
In the drybox, a 250 mL flask was charged with PhpSi(OSO2CF3)2 (9.6 g,

20 mmol), diethyl ether (100 mL) then 2-methyl-4-[1-napthyl]indeny] lithium (11
g, 42 mmol). After stirring for two days, half the solvent was removed and the
slurry filtered through a 4-8 pm frit. The solid product was washed with additional
diethyl ether (2 x 25 mL) then dried in vacuo. Yield 10.9 g, 15.7 mmol, 79 %.

Preparation of Ph2Si(2-methyl-4-[1-napthyl]indene)?

2-methyl-4-[1-napthyl}indenyl lithium (5.5 g, 21 mmol) was added to a
solution of Ph2Si(OS0O2CF3)) (4.8 g, 10 mmol) and diethyl ether (50 mL). The
mixture was stirred overnight then the product was isolated by filtration, washed
with diethyl ether (4 x 50 mL) then dried in vacuo. Yield 4.71 g, 6.8 mmol, 68 %.

Preparation of Ph78i(2-methyl-4-phenylindeny] lithium})?

2-methyi-4-phenylindenyl lithium was dissolved in toluene at 50 °C. Ina
drybox, a flask was charged with Ph2Si(0OS0O2CF3)2 (9.61 g, 20 mmol), toluene
(100 mL), then 2-methyl-4-phenylindenyl lithium (9.3 g, 42.6 mmol). The mixture
was heated at 50 °C overnight. The mixture was filtered through celite. The celite
and solids were washed with additional toluene (2 x 50 mL). The toluene solution
of Ph2Si(z—methyl-4-phénylindene)2 was treated with 2 M BuLi in pentane (20
mL, 40 mmol), stirred overnight then heated at 50 °C for 4 h then cooled to room
temperature. The thick solution was poured into pentane (500 mL) causing a
yellow sohid to precipitate. The sohd was collect by filtration, washed with
pentane (4 x 100 mL) then dried invacuo 1o vield Ph?Si(2-methyl-4-phenylindenyl
lithtum )2. Yield 10.6 g, 17.1 mmol, 85.5 %.

Metallocene Synthesis via PhoS{OSO,CF3),
Metallocene A: Preparation of rac-Pthi(2-mcthy!-4-phenylindene)g_HfClg

In the drybox, 2 mixture of Ph2Si(2-methyl-4-phenylindenyl lithium)?

(3.07 g, 5.1 mmol) and toluene (20 mL) was treated with 1 M trimethyltin

chloride (11 mL, 11 mmol). After stirring for 3 h, the mixture was filtered through
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celite onto a slurry of HfClg (1.6 g, 5 mmol) and toluene (10 mL). After rinsing
the celite pad with toluene (3 x 15 mL), the reaction was allowed to stir overnight.
The mixture was dried in vacuo at 50 °C and rinsed with pentane (3 x 50 mL) to
remove trimethyltin chloride. The remaining solids were crystallized from toluene
at — 30 °C to obtain rac-Ph3Si(2-methyl-4-phenylindenyl)2HfClp. Three crops,
total yield 0.95 g, 1.1 mmol, 22 %.

Metallocene B: Preparation of Ph2Si(.’).—methylindenyl)zZrCIg

In the drybox, a flask was charged with Ph2Si(2-methylindenyl lithium)p
(2.5 g, 5.5 mmol) and ether (80 mL) then cooled to 35 °C in the freezer. The
mixture was removed from the freezer then treated with ZrClg (1.28 g, 5.5 mmol).
After stirring for 2 h, the solvent was removed and the solids treated with toluene
then filtered through Celite to remove LiCl. The volume of the filtrate was
reduced and the solution cooled to =35 °C to achieve crystallization. Yield 0.128
g, 0.21 mmol, 3.8 % of 92% rac- Ph2S1(2-methylindenyl)2ZrCl5.

Metallocene C: Preparation of rac-Pthi(Z—methyl-4-phenylindcnyl)ngClg

In the drybox, a mixture of Ph28i(2-methyl-4-phenylindenyl lithium)?
(3.09 g, 5.1 mmol) and toluene (20 mL) was treated with 1 M trimethyltin
chloride (11 mL, 11 mmol). After stirring for 2-3 h, the mixture was filtered
through celite onto a slurry of ZrClg (1.17 g, 5 mmol) and toluene (10 mL). After
rinsing the celite pad with toluene (3 x 15 mL), the reaction was allowed to stir
overnight then filtered through a 0.45 pm filter. The mixture was dried in vacuo at
50 °C and triturated with pentane (100 mL). The remaining solids were
crystallized from toluene at — 30 °C to obtain rac-Ph2S1(2-methyl-4-

phenylindenyl)pHfCl7. Yield 0.4 g, 0.53 mmol, 11 %.

Metallocene D: Preparation of rac-Ph)Si(2-methyl-4-[1 -napthyl]indeny!)ngCIz

A slurry of Ph)Si(2-methyl-4-[1-napthyl]indenyl lithium)? was prepared

from addition of a 2.0 M solution of n-Buty! lithium and pentane (1.5 mL, 3.0
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mmol) to a mixture of Ph28i(2-methyl-4-[1-napthyljindene)?.(1.0 g, 1.44 mmol)
and diethyl ether (20 mL). After stirring for two hours, trimethyl tin chloride (0.6
g, 3.0 mmol) was added. The color changed instantly from an intense to light
vellow. The ether was removed and the product extracted with pentane (3 x 20

mL). Removal of solvent yielded product. Yield 0.88 g, 0.86 mmol, 60 %.

A 100 mL flask was charged with ZrCl4 (180 mg, 0.77 mmol), toluene (20
mL) then Ph28i(2-methyl-4-[1-napthyl)indenyl SnMe3)> (0.815 g, 0.8 mmol).
The mixture was stirred overnight then heated in vacuo at 90 °C for 48h. The
orange powder was taken up in toluene (5 mL) then filtered through a 0.45 um
filter. Diethyl ether (2-3 mL) was added to the toluene solution and the solution
cooled to -30 °C. After prolonged cooling crystals were isolated then washed
with cold toluene (3 x 1 mL) then pentane (3 x 5 mL). Afier further washing with

toluene (3 x 1 mL) and hexane (3 x 5 mL) the sample was dried to obtain product.
Yield 17 mg, 2.6%.

Comparative Ligand Synthesis
Comparative example: Reaction of 2-methylindenyl lithium with PhaSiCly

In the drybox, a scintillation vial was charged with Ph2SiCly (0.26 g, 1
mmol), Et2O (5 mL) then 2-methyl indenyl lithium (0.277 g, 2 mmol). The
mixture was allowed to stir for 4 h, 20 min then water (5 mL) was added to
quench the reaction. The mixture was removed from the box and the cther layer
separated and reduced to an oil. The oil was dissolved in CDCly. Afier drying
with MgS504, the sample was examined by 1H NMR spectroscopy. No PhpSi(2-
Methyl indene); was observed.

Comparative_example: Reaction of 2-methyl-4-phenylindenyl lithium with
PhaSiClp

In the drybox, a scintillation vial was charged with PhpSiCly (0.26 g, I
mmol), Et20 (5 mL) then 2-methyl-4-phenylindeny! lithium {0.0.424 g, 2 mmol).
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The mixture was allowed to stir for 4 h, 20 min then water {5 mL) was added to
quench the reaction. The mixture was removed from the box and the ether layer
scparated and reduced to an oil. The oil was dissolved in CD2Cly. After drying
with MgSO4, the sample was examined by 'H NMR spectroscopy. No PhSi(2-
methyl-4-phenylindene)) was observed.

Supperted Catalyst System
Catalyst System A. In a 100 mL, round bottom flask, diphenylsiladiyl(2-methyl-4-

indenyl); hafnium dichloride ( 0.018 g) was added to the MAO-toluene solution
(1.7 g} and stirred twenty minutes. This was filtered through a medium glass frit
funnel and washed with toluene (5.3 mL). To the combined filtrates was added
dehydrated silica (1.0 g, Davison 948 Regular, 600°C dehydration). This slurry
was stirred for twenty minutes, then dried at 40 °C for two minutes under vacuum
On a rotary evaporator until the liquid evaporated and then the solid was further
dried a total of about 2 hours and twenty minutes. The supported catalyst was
recovered as an orange, free flowing solid (1.2 g). Polymerization results shown

in Tables 1A and 1B.

Catalyst System B. In a 100 .mL round bottom flask, diphenylsiladiyl(2-

methylindenyl), zirconium dichloride ( 0.050 g) was added to the MAO-toluene
solution (4.8 g) and stirred twenty minutes. This was filtered through a medium
glass frit funnel and washed with toluene (10 mL). To the combined filtrates was

added dehydrated silica (2.85 g, Davison 948 Regular, 600°C dehydration). This

-slurry was stirred for twenty minutes, then dricd at 40 °C for one minute under

vacuum on a rotary evaporator until the liquid evaporated and then the solid was
further dried a total of about two hours and twenty eight minutes. The supported
catalyst was recovered as a purple, free flowing solid (3.90 g). Polymenzation

results are shown in Tables 2A and 2B.

Catalyst System C. In a 100 mL round bottom flask, diphenylsiladiy}(2-methyi-4-

phenylindenyl); zirconium dichloride (0.033 g) was added to the MAO-toluene

solution (3.37 g) and stirred twenty minutes. This was filtered through a medium

a.
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glass frit funnel and washed with toluene (10.6 mL). To the combined filtrates
was added dehydrated silica (2.85 g, Davison 948 Regular, 600°C dehydration).
This slurry was stirred for twenty minutes, then dried at 40°C for one minute
under vacuum on a rotary evaporator until the liquid evaporated and then the solid
was further dried a total of about two hours and twenty eight minutes. The
supported catalyst was recovered as a purple, free flowing solid (2.69 2).

Polymenization results are shown in Tables 3A and 3B.

Catalyst System D. In a 100 mL round bottom flask, diphenylsiladiyl(2-methyi-4-

[I-naphthyl]indenyl); zirconium dichloride (0.017 g) was added to the MAO-
toluene solution (1.52 g) and stirred twenty minutes. This was filtered through a
medium glass frit funnel and washed with toluene (3.2 mL). To the combined
filtrates was added dchydrated silica (4.0 g, Davison 948 Regular, 600°C

dehydration). This slurry was stirred for twenty minutes, then dried at 40 °C for

two minutes under vacuum on a rotary evaporator until the liquid evaporated and
then the solid was further dried a total of about 2 hours and twenty minutes. The
supported catalyst was recovered as an orange, free flowing solid (1.06 g).

Polymerization results are shown in Tables 4A-4D.

Polymerizations

Polypropylene Homopolymer. The polymerization procedure for producing

homopolymers with the supported catalysts was as follows. In a clean, dry two
liter autoclave which had been flushed with propylene vapor, TEAL scavenger
(0.3 mL, }.3M) was added, Hydrogen 2as was added at this point. The reactor
was closed and filled with 800 mL liquid propylene. Afier heating the reactor 1o
70 °C , the catalyst was added by washing in with propylene (200 mL). Afier the
indicated time, typically one hour, the reacior was cooled, and the excess

propylene vented. The polymer was removed and dried.

Random copolymers ("RCP"). The 1sotactic polypropylene homopolymer

procedure was followed except that afier heating 19 60°C, a partial pressure of

cthylene was added.

3
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Impact Copolymers (ICP). The polymerization procedure for producing ICP with

the supported catalysts was as follows. In a clean, dry two liter autoclave which
had been flushed with propylene vapor, TEAL scavenger (0.3 mL, 1.5M) was
5 added. Hydrogen gas was added at this point. The reactor was closed and filled
with 800 mL liquid propylene. After heating the reactor to 70 °C, the catalyst was
added by washing in with propylene (200 mL). After the indicated time, typically
one hour, the reactor was vented to about 170 psig pressure and then an
ethylene/propylene gas mixture was passed through the reactor at the rates
10 indicated while mai-ntaining 200 psig. At the end of the gas phase stage, typically
90 to 150 minutes, the reactor was vented and cooled under N;. The granular ICP

polymer was removed and dried.

Polymer Analysis

15 Molecular weight determinations were made by gel permeation
chromatography (GPC) according to the following technique. Molecular weights
and molecular weight distributions were measured using a Waters 150°C gel
permeation chromatography equipped with Shodex (Showa Denko) AT-80 M/S
columns and a differential refractive index (DRIJ) detector operating at 145°C with

20 1,2.4-trichlorobenzene as the mobile phase at a 1.0 mL/min. flow rate. The
sample injection volume was 300 microliters. The columns were calibrated using
narrow polystyrene standards to generate a universal calibration curve. The
polypropylene calibration curve was established using k = 8.33 X 10-5 and a =

0.800 as the Mark-Houwink coefficients. The numerical analyses were performed

25 using Waters "Millennium” software.

MFR is determined by a conventional procedure such as ASTM-1238
Cond. L. The ICP preferably has a melting point of at least 145°C, preferably at
least 150°C, more preferably at least 152°C, and most preferably at least 155°C.
30
DSC melting points were determined on commercial DSC instruments and

are reported as the second melting point. The polymer sample wag heated 10
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230.0°C for ten minutes and then cooled from 230°C to 50°C at 10°C/minute.
The sample is held at 50°C for five minutes. The second melt is then recorded as
the sample is heated from 50°C to 200°C at a rate of 10°C/minute. The peak

lemperature 15 recorded as the second melting point.

Aylene Solubles. The ICP polymer was dissolved in hot xylene and then
allowed to cool overnight. After filtration the insolubles are dried. The xylene
soluble portion was evaporated and the soluble material recovered. The IV of the
recovered soluble material was measured in decalin at 135°C by using know

0 - methods and instruments such as a Schott A VSPro Viscosity Automatic Sampler.

FTIR analysis for the ethylene is done by standard techniques known to
those skilled in the art. Calibration curves are generated from NMR techniques

also known to those skilled in the art.

The improved impact strength at comparable modulus results from a
higher molecular weight, as measured by IV, of Component B. The higher the

molecular weight of component B, the better the impact test values.

20 While the present invention has been described and illustrated by reference
to particular embodiments, it will be appreciated by those of ordinary skill in the
art, that the invention lends itself to many different variations not itlustrated
herein. For these reasons, then, reference should be made solely to the appended
claims for purposes of determining the true scope of the present invention.  All

25 applications to which priority 1s claimed and all named testing procedures arc

fully incorporated herein by reference.
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transition netal to forma netall ocene catal yst conponent suitable for

ol efin polynerization processes, the nmethod conprising conbining i n-d AUG 2004
sui tabl e solvent a diary]netal di sul fonate noiety Wth a organonetafic

cycl opent adi enyl noiety to forma diar%lneta] bri dged 10

bi scycl opent adi enyl conmpound. 2. A method of formng a diaryl bridged

bi scycl opent adi enyl netall ocene conponent, the nmethod conprising conbining
in a suitable solvent a diarylnetal disulfonate noiety with a
organonetal lic cycl opentadienyl noiety to forma diarylnetal bridged

bi scycl opent adi enyl conpound; and conbi ning the diarylnietal bridged

bi scycl opent adisgnyl compound with a Goup 4 netal. 3. 15 20 The nethod of
Claims 1 or—2,—wherein the diarylnetal disulfonate is described as follows:
25 wher ei n"Wkxtis ddhmmedasre or different and are a hydrogen, al kyl, hal oal kyl,
vinyl dry), all:ynyl, silyl, gerny], Amte, ammonium phosphinc; 61 5
phosphoni um ether, thioether, fiuoro, chljoro, brono, iodo, borane, borate.
al gne or g' um nat.e. 858 WP Rk ndiYospsRidnabille opbosdioh withaupsiupgnd wher ei n
adjacent G groups ?ron1each aryl group may join to forma ring systemof 2
to 8 carbon at onspsiich alesdiachmna merhownt Gatalyst ¢yPporspt d élﬁ ’gFoup; and
e A s R no 08 ph2ened B pLhRacarhespandina.geine (2)

positions by a B&VEIRENM™ rein the ar roups may al so be

het erocycl es t hat;, AiEsALQRali Sy s dwbEsehdintdhey anit a orgagsmealical so be
substituted by arunul ated ringS such annul ated ar rings are naphthyl,

ryl
tetrahydronaphtbyﬂopmhmhanﬁhm¥ﬁy&mﬂﬂﬂf¢@éﬂéﬁ9mﬂbﬁ§é§b and wherein the ary]

“]rg)gs may al so %iesc}s}ctlggénlutl&;lén% Cg%pggx%‘tl onal silylsulfonates;

2. A method of forming 2 diaryl bridged biscyclopentadienyi metallocene
component, the method comprising combining in 2 suitable solvent a
diarylmetaldisulfonate moiety with a organometallic cyclopentadienyl

moiety 1o form a diarylmetal bridged biscyclopentadienyl compound; and

combining the diarylmeta) bridged biscyclopentadienyl compound with a

Group 4 metal.

3. The method of Claims 1 or 2, wherein the diarylmetaldisulfonate is described
as follows:
15
G G
G
G
O\ 0
0-5ZR
20 G
\O S5.R
G — ) e
o/ O
\ / &
G
25 wherein G s the same or different and are a hydrogen. alkyl, haloaikyl,

\)jny]: 23'}!]__‘ Zlk}ln}d? 3]1'_\1’1P gcn‘ny]: amine, amm{mium-_ PhDS]}hiI’)C;



and Wherein the two aryl groups bound to the si]yldisulfonate fragnen{ nﬁy.
al so be joined together directly, as in a substituted biphenyl deriva AVR 2004
or by linker groups; wherein the linker group is an alkyl, vinyl, phenyl;

al kynyl, silt'], gerrnyl, am ne, anmmonium phosphi ne, phosphonium ether,

t hi oet her, borane, borate, elane ornzhurninate groups; wherein M is Si, Sn
or Ge; and 25 wherein the R groups y be the sane or different, and are an
al kyl, perhal oal kyl, phenyl; perhal ophenyl. 4. The nmethod of Clains | or

2, wherein the organonetal lic cyclopentadienyl noiety is described as
follows: 62' 5 wherein Gis the sane or different and are a hydrogen,

al kyl, hal oal kyl, vinyl, aryl, alkynyl, silyl, gernyl, am ne, amoni um
phosphene, phospltonium ether, thioether quQro,_&g{ﬁro, bggng, i odo,
borane, bor at ephcsahameneeter.uhiostes Thosvgdl g B et R8N Sf “such
groups; and wherein =p adj acent 0 - af Yo OLRERHERYN j OI N T O
forma ring s F%%?b#B”ER%SSé“%SEEg%‘g@ﬁ%@ggﬁ%%gﬁgg‘égﬁ?gfn an ani ne,

sily), or ethegs:group; «@Rds Waer eich Mii Godp mababisuceras g skem6f K. 15 5.
The met hod of Cl'aim 4, "wherein the organornetallkﬁ cyclqgentqplggy) noi ety
i § an indenyl o Gtaprb®n abives anst Wew cORaT &1 ATHNE WHER & FUERE TP

di ary)rnetal di su]lfonate iety is__select r Rl Gemsi @i ng of .

di phenyl si |yl dMPEiEH 3?%3%8 %fi°¥§§ #éaﬁhg?H91”§?|%| g}g]t‘th |Sgdt5e © ®
(2-)-nethyl -4- %5%@%-§§Q%§@thkkAdgrineth),lsiloxy)si lylditri Hate di (2;
4,6-tri methyl phenyl)si Jylditriflate |

di -5-tetr2hydronap) hthylsilylditnflate

di (tt-triethylsi henyl )silylditri#l e aromalic;
o o S BRS A S T P e Bhjepetes e cromt
(4-dinmethysi]yitriflate)(Phenyl)silylditri#late

di (di phenylsilylditriflate) bis(4-nethylphen;. I%% , o di tert
bur yi pyri di ne) shé uhegiinihg @ngama@@ihﬁrlférmbfgf/‘i‘ ﬁ# Bppyapdhings such

annulated aryl rings are naphthyl, tetraliydronaphthyl, phenanthryl and

fluorenyl;

1> and wherein the aryl rings may also be substituted by additional

silylsulfonates;

and wherein the two aryl groups bound 10 the silyldisulfonate fragment
may also be joined together directly, as in 2 substituted bipheny) derivative
20 or by linker groups; wherein the linker group is an a]k>f], vinyl, phenyl,
alkynyl, silvl, germyl, amire, ammonium, phosphine, phosphonium, ether,

thioether, borane, boraie, alanc or aluminate groups;
wherein M* is Si, Sn or Ge; and

wherein the R groups may be the same or different, and are an alkyl,

23 perhaloalkyl, phenyl, perhalophenyl.

4. The method of Claims 1 or 2, wherein the organometallic cyclopentadienyl

moiety 15 desciibed as follows:



;0 di (2-ethy]phenyl)siiylditnfiate 4',~-(9;10 _ 00
di hycl rophe~zanthr)' J)silylditrifiate 4,4 -methyl ene- 3-'siJdyldit7itt Ak
63 5 a 15 20 25 bi phenylsi]ylditri;late phe3;anthra-4,5-si)yldi triflate
napi ha -4;5-sily)ditriflate 4.4 -ethylene-3,3 -silylditriflate di- ] , ]
'-oxypheny]-2.2"-si J )d,triflate di®] ,1"'_
nmethylaini-ie-2,2"-silylditriflate di-1,1"'-dinmethylsilyl-2,2"-silyldi
triflate. 7. The nethod of Caim5, wherein the organornetallic
cycl opentadi eny] noiety is selected fromthe group consisting of indenyl
lithium 2- nethylindenyl lithium 2-ethylindenyl lithium
2-isopropylindenyl Jithium 4,6-dirnethylindenyl lithium 2,4,6-trinethyl
i ndenyl lithium 2-ethyl-4,6- dine yl lithium
2-isopropyl -4, 6-dirnethy]indenyl lith u . 6- diisopropylindenyl lithium
2- met hyl - 4, 6- d||sopropyI|ndenyI I|th| 2- ethyl -4, 6-diisopropylindenyl
lithium 4,5-benzoi ndenyl |ithium 455- b@nzo- 2- met hy]lndenyl lithium
4 5-benzo- 2-ethy}indenyl |ithium 4,5-benzo-2- isopropylindenyl ]ithium
g cyOohexyl i ndeny] lithium 4,5-cyc)ohexyl- 2-net hyIindenyI l'ithium

cycl ahexyl - 2- et hyl i ndeny) i th| m 4,5 cycl exyl 2] )
fOPLOpy)I gde?KI\TIIlﬁirfalﬁL@riflUAﬁ Sﬁ'éﬁ?ﬂ'l h@é’ﬁ’)}l ar|di2‘l3 I%mpirf 6%933}53 h béf;;‘f};‘élh?/l i ndenyl
i thium 2 et hyl.. 4- phenyl indeny | 25mPkO nRvENWhbateRy
lithium 4-pheny ‘? thal”rgg SI’] I ?’h 28~ di P net hyl - f phenyl i ndenyl

Lithium 2-ethylodp lﬁﬁ?@tﬂ’ﬂ' etﬁemiﬁlbmhemﬂemﬂ chlbrd tiramg, iodo, borane, borate,
2-1 sopropyl 4- phenyl -nmet hyl i ndenyl lithiu

hth |
lithium 2-met W*mﬂm[?]l“mnémwgwp; 94 Wecﬁmb“ilﬁttoﬁﬂﬂH‘c"zg’@Pﬁiz|a”¥zti’ie“‘§ny

1- napht hyl ] i nd h 1 g
4-} r[f]’]alo- na)p/)h% hul 2 XE&B #b%“ nsd%ﬂ}% &Pk ¢ ﬁyéf&p[rl gﬁ:ﬂé&g\eﬁﬂ ﬂﬂﬁ?)ﬂsl htdni um

2 1o 8§ carbon atoms and also contain an amine, silyl, or elhex group; and

wherein M is a metal such as L1, Na, or K.

15 5. The method of Claim 4, wherein the organometallic cyclopentadieny)

moiety is an indényl mosety.

6. The method of Claim 3, wherein the diarylmetaldisulfonate moiety fis
selected from the group consisting of: diphenylsilyldiuiflaie

20 di-2-naphthylsilylditnflate
(2-methy!—4—phenyl-5-methy1)(4—1rimethylsiloxy)si]y]dinﬁﬂaie
di(2,4,6-timethylpheny))silylditrifiate
di-5-tetrahydronaphihylsilylditriflate
diga-riethylsilylphenybsilylditriflate

25 di(3,S-dil'riﬂuoromc‘th)’}phen}’]}silyldilriﬂale
(4-dimethysilyhriflate)(phenyl)silylditriflate
di(diphenylsilylditriflare)
bis(4—mc1h}’1phcny})(2:S»di-len-bu'rylp)-'ridine)si]y]dilriﬂa{e
di(pipheny))silylditriflate

30 di(2-ethylphenylsilylditriflate
4 5-{9 10-dihydrophenanthryljsilylitrifizte

4 4'-methvlene-3,3-'silylgitriflate



napht hyl ] i ndenyl lithium 2-ethyl-4-[]-naphthyl]-6-nethylindenyl ]|th|%£1
2-isopropyl -4-[]-napht hyl ] -6-net hylindenyl lithium 4-(3,5- 4 AUG'2004
di rnet hy] phenyl )i ndeny] lithium 2-methyl-4-(3,5-dineth}+l phenyl)indenyl
l'ithium 2~ethyl-4-(3>5-di~netttyl phen)' 1)indenyl )ithium 2-isopropyl-

4 methyl-4-(7?;5 64 5 dinethyl pheny]}ichdent] lithium 2,6-dinethy]-4-(3;5-

di ) - net hyl pheny] )i ndeny] lithium 2-etl,y3 4 (3;5 di nmeth~l phen~!]}
nmet hyl i ndeny] lithium 2-isopropyl-4-(3,5-dirnetLy]pheny))6- nethy]indeny]
lithium 4-(3,5- di-tert butylphenyl)indenl] lithium 2- niett,;

7]1-4-(3,5 d|-t§ 5 ~en)] Unden ;1| lithium 2-ethy]-4-(3,5-di-tert-
bU|y|pheHVE§?H %Lﬁ WPY8Ri um  2-isopropyl-4-(3;5-di-tert-

buty) phe L hE 6- met hyl- 4- (3, 5-di -tent-butyl phenyl )i ndeny]
Iithiunlq%]% ﬂﬁﬁig¥%§>luh%%ﬂ% di -tent-buiyl phesiy])indeny] l|ithium

2- et hyl - 14¢ﬁ 55dginiérrifddet yl phen), 1) -6-nmeth)flindenyl lithium and 2-

"I sopr opyl 53 5-di-tert- b%k | pheny)) 6-nmet hyl i ndenyl lithium 8. The
net hod 0F4€T§-Hk853whéréWh”k ¢ di aryl met al di sul fonate noiety is

P@ZSI ( OS%Q{%)_@X}JD%WJ-Q,Q -silylditriflate

di-1,1-methylamine-2,2"-silyldiuiflate

di-1,1 ‘-dimelhylsi]yl—2,2'-sik}f}ditriﬂale.

7. The method of Claim 5, wherein the organometallic cyclopentadienyl

10 moiety is selecled from the group consisting of indeny] lithium, 2-
methylindenyl lithium, 2-ethylindeny] lithium, 2-isopropylindeny! lithium,
4 6-dimethylindeny] lithium, 2,4,6-trimethylindeny] lithium, 2-ethyl-4,6-
dimethylindeny] lithium, 2-isopropyl-4,6-dimethylindeny] Jithiurn, 4.6-
diisopropylindenyl lithium, 2-methyl-4,6-diisopropylindeny] Jithivm, 2-

15 ethy!-4,6-diisopropylindenyl lithium, 4,5-benzoindenyl lithium, 4.5-benzo-
2-methylindenyl lithium, 4,5-benzo-2-ethylindeny] lithium, 4,5-benzo-2-
isopropylindenyl] hithium, 4_5-cyclohexylindenyl Jithium, 4,5-cyclohexyl-
2-methylindenyl lithjum, 4 5-cyclahexyl-2-ethylindenyl Jithium, 4.5.
cyclclohexy!-2-isopropylindenyl hithium, a-phenylindenyl lithium, 2-

20 methyl-4-phenylindeny] lithium, 2-ethyl-d-phenylindeny! lithiuin, 2-
propyl-4-phenylindeny} lithium, 4-phenyl-6-methylindeny] lithium, 2,6-
dimethyl-4-phenylindeny} lithium, 2-ethyl-4-phenyl-6-methylindeny!
lithium, 2-3sopropyl-4-phenyl-6-methylindenyl lithium, 4-[1-
naphthyl]indeny] Jithium, 2-methyl-4-[] ~naphthyl)indeny! lithium, 2-ethyl-

25 4-{1-naphthylJindeny! lithium, 2-isopropyl-4-{1-naphthyllindenyl lithium,
4-[1-naphthyl}-6-methylindeny! hthium, 2.6-dimethyl-4-{)-
naphthyl}indenyl lithium, 2—eihy]-4-[l-naphthyl]-6~methylindenyl Jithiumn,
2-isopropy!-4-{1-naphthyl]-6-methylindeny! lithium, 4-(3,5-
dimethylphenyl)indeny} lithium, 2-methyl-4-(3,5-gimethylphenyl)indenyl

>0 lithium, 2-cthyl-4-(3,5-dimethyiphenyl)indeny) lithium, 2-1sopropyl-4-

(3.5-dimethylphenyl)indeny) lithivm, 6-methyl-4-(3,5-



- & AUG 200¢

64

dimethylphenyyindenyt Hihium, 2,6-dimethyl-4-(3,5-
dimethylphenylindenyl lithium, 2-ethyl-4-(3.5-dimethylphenyl)-4-
methvhindenyl hithyum, 2-isopropy]-4—(325—dimeihy]phenyl)(S—
methylindeny) lithium, 4-(3,5—di-16n—bury]phenyl)indeny] Jithium, 2-
1ncihy]-4-(3,5—di—lcn-butylp]‘men}*l}indenyl lithium, 2-ethyl-4-(3,5-di-tert-
butylphenyindeny] Hithium, 2-isopropyl-4-(3,5-di-tert-
butylphenyl)indeny! lithium, 6-methyl-4-(3,5-di-tert-butylphenylindeny!
hithium, 2,6—dimethyl—4—(3,5—di-ten-bmy]pheny])indeny] Jithium, 2-ethyl-
4—(3j-di—lcn-buly]pheny])-6—methylindenyl Vithium, and 2-isopropyl-4-
(3,5-di-tert-butylphenyl)6-methylindenyl lithjum.

The method of Claim 3, wherein the diarylmetaldisulfonate moiety is
PhSi{OS02CF3)2 .




