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Bl SCYCLOPENTADI ENYL LI GANDS 5 FI ELD The present invention relates to

| i gands am@lot/p@1xynt hesis of those |igands for use in nepal/UsEa220

conpl exes. More particularly, the present invention relates to the
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 o di |_i re f i

di aryl si |’§*§%‘f‘)§u‘ﬁgﬁg‘i‘\é‘lg§t oup 4 8%%%%&% iggﬁﬁﬁﬁ%‘éﬁ%’?&&&é%% 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
substi tut Lgn of the cycl opentadi enyl |igands used in these netall ocenes is

w del y rel é%Pzed to play a critical role in determning the catal yst

system s pol ymehd prbémNn@@tioN rélited gk Qad ithd %Mx{helsis dfShé¥edak@® | known
that if two cycl opentadienyl |igands are bridge 0 by a common substituent
such as afodiups dywetaHesane spmplexes: oMpre partieulardy.dhe present prvspeen fedafescan change
dramatically . yel afi fo the nsi |yl bridged. anal o , For exanple, the
unbri dgeglo(z-drireet?1ls Pﬁl‘r%éleny%’?Zr%%ﬂsm ( vV eg gml@s %cy?pfﬁ%ﬁll@e%g%e)usf% a poor
catal yst digstigiidiaunfinaebackven moteyproihmdy)ethe Freenothiehti@ndesskibése i n
contrast, rac-Me2Si(2-nethylindenyl)2ZrC12/ MAO pol yneri zes propylene to a
hilghl y i sSfPtd Bepdlogerss coptaing didnilsbyl badged hls-%%@@m%tﬁnxléi s can be
observed i e, | A A g (o) i 23 %

i ncrease pﬁpﬁﬁ?égﬁfg?ﬁagﬁgﬁ%h?8$§§@ﬁ§ﬂgﬁgﬁﬁg 9&5#&%%?@%%ﬂagguk§%gerved upon
changi ng tehgenbri dgi ng group from Me2Si in 30 Me2Si (i ndenyl)2ZrCl 2/ MAO to
Ph2Si in Ph2Si (i ndenyl)2ZrC12/ MAO in 193 Makronol. Chem 1643 (1992), and
EP 0399348A2. SUBSTI TUTE SHEET (RULE 26) WO 01/58913 PCT/ US01/ 04220 2

BACKGROUND

15 Metallocene complexes of Group 4 from the Periodic Table have been

widely used as precursors of catalysts for olefin polymerization. The substitution
of the cyclopentadienyl 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 cyclopentadienyl ligands are bridged
20 by a common substituent such as a dihydrocarbyl silyl group., The catalysts

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

For example, the unbridged (2-methylindenyl)ZrCl,/ MAO (MAO =

methylalumoxane) is a poor catalyst system for isotactic polypropylene

25 production, while in contrast, rac-Me;Si(2-methylindenyl),ZrCl,/MAO

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 Me,Si in

30 Me,Si(indenyl),ZrCl,/MAO to Ph;Si in Ph;Si(indenyl),ZrCl,/MAO in 193
Makromol. Chem. 1643 (1992), and EP 0399348A2.
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The Ph2Si (i ndene)2 |igand was prepared from Ph2SiC 2 and two equival ents
of indenyl lithiumin only 42%yield, as disclosed in EP 0376154, herein

i ncor por av@edi/k8p13 ef erence for purposes of U. S. patent praeCT/wso1/06bm
preparation of the netall ocene Ph2Si 22- met hyl i ndenyl )2 ZrCl2 from Zr Cl4 and
5 Ph2Si (2- et hyl i ndenyl lithium 2 has been reported but was w thout the
procedure for preparing Ph2Si (2-nmethylindene)2, as in EP 485822A1, EP
485823A1, herein incorporated by reference for purposes of U S. patent

practice. SilyThdrpilgrthdeid)al h?&ﬂ G&asar;ﬂ-eﬁa\f&l CbmY MM,SiA) eshd r&yp reaction
of 10 organonetal | ic cycl opentadi enyl gands and
di hydr ocaerqyy\raédnltsypﬂir@nmdrhthw lfl'iﬁ)ebe42%aﬂeldl. 89 db?éb)ﬁedam &EPaPI6d Sbf usi ng

di met hysi 4%69 ltnr rgPr ‘ief\e‘:fs":ﬁ: {I at |r§%see§gcﬁnb S. gllltoélg(cjtlc n \/3@l 99/ 38871.

However us as "Tio? FVEd sif | ar

scruti ny. prépaston Gﬁgl@d’lfrrietzﬂr(ﬁeﬂi@QH&SWZ petyinéshyl)s AFCIdier ¥3Cl,yard chl ori des
and silver triflates or protonol ysi s of tetraaryl si | anes wth 15 triflic

achd di sclieSKd-methylpdenyldithiupgy hasglyen rapprtsy:bug s yithopy s gweteduchem 377

(1991). f

di aryl sil yfgfégg*?%iﬁ%@g m@?é%%?étag?’afﬂy)?@ ?f%@r |Eg)3ejgﬁg |3é>}c opent adi enyl

| i gands aindorpetasdd byaefeeasnce dort mirposes of UiSapylest ﬂ»rg&tinm dged di cycl opent adi enyl

| i gands and polynmers prepared with netall ocenes containing

di aryl silyl bridged dicycl opentadi enyl |igands. 20 SUMVARY The pr esent

i nventi on enco%‘%ﬁsb@d% né@qﬁ%ih)célf‘esf aFaithgicallsc grerAter fremapEgscaombfothondi ng
fh a G conponent

SUI tabl e #}g&&}?é@ﬁgé%&{)ené@éz %n(%%{l)lg]esﬁ 6%1%?9&%&%&%}1%%3%5 ng 25

conbi ni nghasralso beent @abkxaanggié \oeﬁntsn@ diinsethyylsiteldittiflate udsf tha ssflglanng efggntwi t h a

or ganomet gl Lol AR A ey Lo L | R Dl doed
fol lows: redQved BT ereiiBET (TR ?r@;)geM‘Q Qké S8Ry PRI R/ R6:%20
diarlysilyldichlorides and silver triflates or protonolysis of tetraarylsilanes with
15 triflic acid discussed in 103 Chem. Ber. 868 (1970); 409 J. Organomet. Chem. 377
(1991). 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
SUMMARY
The present invention encompases a method of forming a compound
capable of bonding with a Group 4 transition metal to form a metallocene catalyst
component suitable for olefin polymerization processes, the method comprising
25 combining in a suitable solvent a diarylmetaldisulfonate moiety with a
organometallic cyclopentadienyl moiety to form a diarylmetal bridged

biscyclopentadienyl compound.

The diarylmetaldisulfonate is described as follows:

30
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3GGG GGO O R GGO G Gwherein Gis the sane or different and
are hydrogen, alkyl, haloal kyl, vinyl, aryl, alkynyl, silyl, gernyl,

am ne, awoni/s8n3 phosphi ne, phosphonium 5 ether, thioether/psélodero,

chl oro, brono, iodo, borane, borate, alane or alum nate groups or any

conbi nation of such groups; and wheréin adjacent G groups from each aryl
group may join to forma ring systemof 2 to 8 carbon atons and al so
contain an amne, silyl, or ether group; and wherein the aryl groups nay be
joined at the corresponding orgho €2) positions by a coval ent bond; 10 and
wherein the aryl groups may al so\beg heterocycles that are aromatic; and
wherein the aryl rings nmay al so p 3t i tuted by annul ated rings such
annul ated aryl rings are naptﬁ@ tetrapydronapt hyl, phenant hryl and
fluorenyl; 15 and wherein the at ing§)q§§%also be substituted by
additional silylsul fonates; and wher®in the two aryl groups bound to the
silyldisulfonate fragmnent 20 ma$ al sg¥be joi ned together directly, as in a
substituted bi phenyl derivatige @ IYankerrgroups; wherein the |inker
group is an al kyl, vinyl, phen kynyl ,a#s0l yl, gernyl, amne, anmmonium
phosphi ne, phosphoni um et her, Ger, borane, borate, alane or

al um nate groups; 25 wherein M is.Si, Sn or Ge; and SUBSTI TUTE SHEET ( RULE
26)

wherein G is the same or different and are hydrogen, alkyl, haloalkyl,
vinyl, aryl, alkynyl, silyl, 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 a ring system of 2 to 8 carbon atoms 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;
10

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

and wherein the aryl rings may also be substituted by annulated rings such
annulated aryl rings are napthylene, tetrahydronapthyl, phenanthryl and fluorenyl;
15
and wherein the aryl rings may also be substituted by additional

silylsulfonates;

and wherein the two aryl groups bound to the silyldisulfonate fragment

20 may also be joined together directly, as in a substituted biphenyl derivative or by
linker groups; wherein the linker group is an alkyl, vinyl, phenyl, alkynyl, silyl,

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

borate, alane or aluminate groups;

25 wherein M* is Si, Sn or Ge; and
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WO 01/58913 PCT/ USOL/ 04220 4 wherein the R groups nmay be the sanme or
different, and are an al kyl, perhal oal kyl, phenyl, perhal ophenyl. The

or ganonewal 1158918y cl opent adi enyl noiety is described as f@drw®10480G G G
G G wherein Gis the same or different and are a hydrogen, alkyl,

hal oal kyl, vinyl, aryl, alkynyl, sityl, gernyl, anmine, anmonium
phosphine, phosphoniun1 10 ether thloether, quoro, chl oro, brono, iodo,
borane, borate, al ane or al uni nat e groups or any conbi nati on of such
groups; and WRRliR (AR ERAIps Gubf BURf SRR or CHERrcAf YindIhAUM HRYLI O N tO
forma ring system of to carbon atons and also contain an”am ne,
silyl, orpestatmatkydrphepyl, perialophedybrein Mis a netal such as Li, Na, or K
The Iigand t hus descri bed and synthesi zed can be used to nake a G oup 4
nmet al | ocene suitable for olefin polynerization, in particular honopol yners
or copol yner Sn@for%%mmm& eﬂfétdleﬁlii| bRAEIs defdibedRa€dllow@pol yner s

t hereof. 20 DETAI LED DESCRI PTI THE I NVENTION Definition of Terns The
term "cycl opentadienyl" is used to refer to cycl opentadi enyl, indenyl,
fluorenyl, azul enyl, azaindenyl, azapental enyl, thiopental enyl groups, and
other 25 ring systens capable of binding to a netal center. These

cycl opent adi enyl, indenyl, fluorerny 6t her ring systens may be
substituted or unsubstituted. The u "bi scycl opentadi enyl " refers to
any conbi nation of two of these or o4 pSTBSUBSTlTUTE SHEET (RULE 26) WO

01/ 58913 PCT/ USQL1/ 04220

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

vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine, phosphonium,

10 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 a ring system of 2 to 8 carbon atoms and also

contain an amine, silyl, or ether group; and
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 to a metal center. These cyclopentadienyl,

indenyl, fluorenyl and other ring systems may be substituted or unsubstituted.
The use of "biscyclopentadienyl" refers to any combination of two of these

groups.
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5 The phrase "catal yst system refers to the netall ocene and ot her
activators and cocatalysts used in olefin polynerization, including MAO
and bor awe o1#st13vat ors. 5 The term "hydrocarbyl" refers troTarspl/adRyl ,

al kenyl, al kynyl or aryl group; the two hydrocarbyls of a dihydrocar byl
may be the sanme or different. The tetm"sul fonate" refers to a functional
group of the structure -0OSO02R, where R may be a hydrocarbyl, hal ogenated
hydr ocar byl , perfluorocarbyl, or CF3. 10 The term"triflate" refers to a

trifluoronet hythe phkdsenedtalybtsysiein® Réfersat Abdmetal I0SSHeand ot aptivapases of this
invention, all Periodic Table "G oups"” recited herein 15 are based upon

t he not atehéncashtalysts meed dali elefrabpdywerizatione indudisg oMAQ i aned bprane HAW EY' S
CHEM CAL a@gi%'[{rg]\lARY, 11t h Ed., Van Nostrand Rei nhold, New York (1987).
Synt hesi s of igand 20 Diarylsilyl bridged cycl opentadienyl |igands are
prepared by contacting a diarylsilyldisulfonate with an organonetallic
i ndenyl reagent, as shown below in reaction (A): SUBSTITUTE SHEET (RULE
26) WD 01/ 5891heperm Ukygroqanpydorefess to any akylgalkenyl; dkypyleragrlgrowps + 2 + 2

MBSR - {2 &R l%d%ah%ﬂ@&ﬁa &"ﬁklarocarbyl may be the same or different.

The term "sulfonate" refers to a functional group of the structure -OSO3R,
where R may be a hydrocarbyl, halogenated hydrocarbyl, perfluorocarbyl, or CFj.
10
The term "triflate” refers to a trifluoromethyl sulfonate functional group: -
0O3SCF;.

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, /Ith 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):
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GG GG (1) Darylsilylsulfonate (2) O ganonetallic G cycl opentadi enyl
(3) Darylsilyl bridged biscyclopentadienyl (A 5 wherein the

di aryl si Iwbdi/ssif onate (1) noiety has two conponents: theparykoigueps and
sul fonate groups. The aryl groups nmay be the sane or different. The aryl
groups may contain any functional gréup containing any elenments that do not
react with the diarylsilyldisulfonate, organonetallic indenyl reagent or

ot her conponents of the reaction nediumin such a manner as to conpletely
prevent 10 formation of a diarylsilyl bridged bisindenyl conpound. In one
enbodi nent, the aryl groups may contain any functional group containing

G oup 13- 17 elenents that do not react with thg di ¢yl silyldisul fonate,

or ganonet al Ri |ndenyl reagent og other conpon of the reaction nedium
in 15 suc as to conple ely prevent f g of a diarylsilyl
bridged bi denygy onpounds\ﬁzé§¢,®e the g different. Non-limting
exanpl es of G ude hyds oge Myl+_naloag yl, Winylawarl , al kynyl,
silyl, gerng annDnlu 2@ phosphi a#, pho phoni um ether

rat e, sdimié&ltand al um nate
G conpl etely prohibit

thloether ar%<fchloro bronD |odo bor ane,

groups or %. combi nati on of such groups that "d
formation ofs diarylsilyl bridged bisindenyl cQ nds. Adjacent G groups
of 2 to 8 SUBSTITUTE

fromeach aryl .graup may j oi a ring syste
SHEET ( RUL % gV\%81/589 gd%% 1 04220 7 carb%L atons and al so contain

an ani ne, 5|Iyl or ether grouﬁ“b%wﬁﬁw'the aryl groups may be joined at
t he correspondlng ortho (2) positions and/or the ne@ﬁggﬁzgxﬁxla coval ent
bond.

(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 a 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

SUBSTITUTE SHEET (RULE 26)



5 Metals other than Si nmay be useful for the diaryl nmetal di sul fonate group
(1) above such as Sn or Ge. The aryl groups may al so be heterocycl es that
are aronmawoo1/581dmati ¢ heterocycles contain 4n + 2 pi el pcT/USOIR4EWher e n
is a non-zero integer) in the 10 heterocycle ring directly bound to
silicon. The aryl rings may al so be dubsti t ut ed by annul ated rings.
Non-limting exanples of such annulated aryl rings are napthyl,
tetrahydronapthyl, phenanthryl and fluorenyl. 15 The aryl rings may al so

be SubSt i ab&fl aldynsasldi lsoRBhtafi hoy lafilithd, OGNS, &6t ethdt FoLS. ABBNEE, argoNMPOUNdS
containing greater than two indenyl rings may be prepared allow ng the

pr epar at i geups may e i oraechat the copesparpding arthe (2)pestona lapd/os thexpetF () t wo ar yl

groups bound to.t | yl di sul fonate fragment nay al so be joined together
dlrectly?g%%c?ﬁﬂmgga(gtltuted bi phenyl derivative or by linker groups. The

linker group nmay be an alkyl, vinyl, phenyl, alkynyl, silyl, gernyl, am ne,
anmoni um phosgklne phosphonlun1 et her’, thloether borane borate, al ane

or3 al um nat e Mieklpatherthan §\/\@aié|9‘§/}15‘?§‘1‘1(fﬂbﬁler%%ry B%etﬁéisykfgmt? %TOHM})OC ar bons

with 25 c g irectly coordinated to silicon.
Di arylnetg#ﬁlsul%oég?%ﬁ%g) The diarylsilyldisulfonate (1) fromreaction (A

above can be described nore generally as a diaryl netal di sul fonate, and

i nclude as a ngt al or Eﬁggrtlcu mg%, (1 is,de% cri bed as

fol | ows: 30 SUBETRAPLEE 0@%-19@%(%9 CIRCEFS/ BR0AS BOHMALZOLIYRIFD 8 G G G
GOO heterocycles contain 4n + 2 pi electrons (where n is a non-zero integer) in the

10 heterocycle ring directly bound to silicon.

The aryl rings may also be substituted by annulated rings. Non-limiting
examples of such annulated aryl rings are napthyl, tetrahydronapthyl, phenanthryl

and fluorenyl.

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

allowing the preparation of multimetallic polymerization precatalysts.

20 The two aryl groups bound to the silyldisulfonate fragment may also be
joined together directly, as in a substituted biphenyl 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
aluminate groups. The two aryl groups may be polycyclic hydrocarbons with
25 aromatic rings directly coordinated to 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:

30
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O'=R GGO G Gwerein Gis the same or different. Non-limting
exanpl es of G include hydrogen, alkyl, haloalkyl, vinyl, aryl, alkynyl,
silyl, g®omatsgeiam ne, anmoni um 5 phosphi ne, phosphoni umCTatdoens220

t hi oet her, fluoro, chloro, brono, iodo, borane, borate, alane and al um nate
groups or any conbi nati on of such gr%ups that do not conpletely prohibit
formation of diarylsilyl bridged bisindenyl conpounds. Adjacent G groups
fromeach aryl group nmay join to forma ring systemof 2 to 8 carbon atons
and al so contain an anine, silyW, & ether group. Al so, the aryl 10 groups
may be joined at the correspondi rtho (2) positions by a coval ent bond,;
and wherein the aryl groups y e heterocycles that are aromatic;

the aryl rings may al so be subst £ ed by ganoul at ed rings such annul ated 15
aryl rings are napthyl, tetrahygy on.-thygLﬁgﬂpnanthryl and fluorenyl; the
aryl rings may al so be substituted b irtional silylsulfonates. In this
manner, conpounds contai ni ng gr &t er an two i ndenyl rings may be prepared
all owi ng the preparation of maltpgesall ro_galRyneri zati on precatal ysts; and
20 the two aryl groups bound .@ silyl of Xul fonate fragnment may al so be
joined together directly, as inta gubstituted bi phenyl derivative or by
linker groups. The linker gr&ip dmy be an al kyl, vinyl, phenyl, alkynyl,
silyl, gernyl, am ne, ammonium phosphine, phosphonium ether, thioether,
borane, borate, alane or 25 alum nate groups, wherein the two aryl groups

o si i con: . SORSHTGTE Gemre (s Ersg “eroim b 5oelss bEF b330 o™

wher ei n Mydicges! alky¥Nh&lbaled, 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 ring 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 containing 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 biphenyl 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;

SUBSTITUTE SHEET (RULE 26)



Al so, the R groups nmay be the sane or different, and are an alkyl, 5

per hal oal kyl , phenyl, perhal ophenyl. In one enbodi nent, The R group is a
per fl uor weubsis ut ed group, and in yet another enbodi menpPCTAiI80IR4gI0UP IS a
CF3 group. Non-limting exanples of diarylsilyldisulfonates (1) from
reaction (A) are 10 as foll ows: SUBTI TUTE SHEET (RULE 26) WD 01/58913
PCT/ US01/ 04220 10 Me3Si- "0 /P Q/OS-CF3 S/IOSCF3 /O S-CF3 S dOCF3 O CF3
OCF3 000000 P UEt3S /POS CFR3CLPO eOSCFR3 0qgS-~ CF3 S~
S/ 0--, OCF3 CF3 "KI-" / O EE3S F3\:--~/ \ /OS F3 OSCF3 F3C 'p S~

OS-CF3 OCOH CF3 - ~p pCF3 0 OO0
wherein M* is Si, Sn or Ge.

Also, the R groups may be the same or different, and are an alkyl,
5 perhaloalkyl, phenyl, perhalophenyl. In one embodiment, The R group is a

perfluoro substituted group, and in yet another embodiment the R group is a CF3

group.

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

10 as follows:
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O/ CCFa3 M F3(r)S\ F3CO/S/S. CF3F300p M F3C- "' OO tBu
91,0 tB\\ OR;S~-CSCF3 OS-CF3 /OS-CF3 O,  CF3 OCFR3 O, CF3 OONO
Ot 00 Weot/siaryl groups bound to the silyldisul fonat ep€T/agommat2onay al so
be joined together directly, as in g substituted biphenyl derivative or by
| i nker groups. 5 The linker group may be an al kyl, vinyl, phenyl, alkynyl,
silyl, gernyl, am ne, ammoni um phosphi ne, phosphonium ether, thioether,
borane, borate, alane, or alum nate groups, wherein the two aryl groups

may be a pol ycyclic hydrocarbon TI TUTE SHEET ( RULE 26) WD 01/58913
PCT/ US01/ 04220 11 with aromatic directly oegi-dqgnated to silicon.
Non-limting exanp of these ar s follows: 0- CFR3-+~Q S? CF3 9\OCF3 S
S S<O CFR3 0" 9 S_AO O O% -CF3 8s (CR;OOIHO CF3
OS CF3 OK CF3 Oos20rD Pama —s%cr,
2N PR N
O 0—ASCFs O—S—CFa 0—ScCF,
o O o © o ©
P
Et,Si
/o— /—-CF3 /ojsé—)c& o]
0—S%CF
\o—f\_CFs SI\o— < CF PN 3
d I3 S
Et;S

The two aryl groups bound to the silyldisulfonate fragment may also be

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

5 The linker group may be an alkyl, vinyl, phenyl, alkynyl, silyl, germyl, amine,
ammonium, phosphine, phosphonium, ether, thioether, borane, borate, alane, or

aluminate groups, wherein the two aryl groups may be a polycyclic hydrocarbon
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00O ~-OSCF3 OS-CF3 OSCF3 ~SOT,S~CF3SO// J CF3 OSTCF3 OO0 O

OO 5 The diarylsilyldisulfonate groups |listed above can be stated by
their ravpersdove nonencl ature terns as foll ows: di phenyl BCTkdidseiof | at e
10 di -2-naphthylsilylditriflate (2-nethyl-4-phenyl-5

-methyl) (4-trinethyisiloxy)silylditriflate

di(2,4,6-trinmethyl phenyl)silylditriflate

di - 5-tetrahydronaphthylsilylditriflate

di (4-tri ?tvﬁ}i'a?bﬂnﬂﬂi@'ﬂi%%ﬂd)r%btll)y lcbiinafedadoesilidéh. Non-limiting examples of

di (3,5-ditrifluoronethyl phenyl)silylditriflate

(4- di net hihesd are as falloawse) (phenyl )silylditriflate

di (di phenylsilylditriflate)

bi s(4- et hyl phenyl ) (2, 5-di-tert-butylpyridine)silylditriflate

PCT/ US01/ 04220
4,5-(9, 10- di hydrag

4, 4" - met hyl ene @

0
\ 0
o—\s’—CF3

CF, ) g
S|Iyld!tr! skate 5

bisgheny!

phenant hr a- 4, 5- ditviflate naphhat 4035k yl ditsf | aloe s _cr
4,4' -ethylene-3,8 -4l yl%g/tg*rdz;fsl ate 1,:)?\0 O AN
' -oxyphenyl -2,2' -s#& ylditriflate

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)silylditriflate
(4-dimethysilyltriflate)(phenyl)silylditriflate
di(diphenylsilylditriflate)
bis(4-methylphenyl)(2,5-di-tert-butylpyridine)silylditriflate
di(biphenyl)silylditriflate
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di- 1,1 '-nethylamne-2,2'-silylditriflate 10
di-1,1"-dinmethylsilyl-2,2"-silylditriflate, and the |ike. The Sn or Ge

anal ogs, woni/sseapl e, di phenyl stannylditriflate or PCT/US01/04220

di phenyl gernyl ditriflate, are also pgssible for the diphenylnetalditriflate
(1). 15 Organonetal lic Cycl opent adi eF?yI Moiety (2). Referring to reaction
(A) above, the organonetallic cyclopentadienyl noiety (1) may be nore
generally described as follows: G GG 20 G G wherein Mis a netal such as
Li, Na, oai(j(ethMpmyylygﬂ?mi@ma{\gg, Ca, Hg or other suitable netal. One
skilled in the art would know that when M has a formal 25 oxidation state
of n, n-14ad8ilOrdbhedrophenentheyaieldirifatecoor di nated to M For exanpl e, when M
is My, a ggcon LOMN Gl about Mis necessary, such as a halide, or
a second %éﬁ%@éﬁ@%@?éﬁ%‘dﬁ%ﬁeey. The G group is as defined for the

di aryl si | yipHérgUdifyediaifiatd 1) noi ety. SUBSTI TUTE SHEET (RULE 26) WO 01/58913
PCT/ US01/ 04220 13 The. cycl opentadi enyl ring system may be substituted with
any functphﬁﬁamhraﬁétfﬁ}’ldglﬂé@nt ai ning any el enents, that do not react with
the diary, Itl?dh%'sﬁjlgﬁﬁl{r pate, organonetal lic cyclopentadienyl reagent or

ot her conponents e reaction nediumin such a manner as to conpletely
prevent 54 feethulened,3ofilyddidifkaty| si |yl bridged bi scycl opent adi enyl conpound.
More preferably, aryl groups. contain any functional group containing
G oup 3o dirl. Temvnbsmd 2 B eact with the di aryl si l'yl di sul f onat e,

or ganonet @l{ i tmehyahfiRenbadielinifdieagent or other conponents of the
reaction mediumihn such a ranner as to conpletely prevent formation of a
dilar yl si | §it1,brdichgthylsily023i-sitylditrofetertaaditenlke. conpound. The cycl opent adi enyl
ring systemmy be substituted with al kyl,

The Sn or Ge analogs, for example, diphenylstannylditriflate or

diphenylgermylditriflate, are also possible for the diphenylmetalditriflate (1).

15 Organometallic Cyclopentadienyl Moiety (2). Referring to reaction (A) above, the
organometallic cyclopentadienyl moiety (1) may be more generally described as
follows:

G
Dy
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 antonic 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 as defined for the

diarylsilyldisulfonate (1) moiety.
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per hal oal kyl , vinyl, aryl, alkynyl, silyl, gernyl, am ne, ammoni um

phosphi ne, phosphonium ether, thioether, fluoro, chloro, brono, iodo,
borane, hooat/s891al ane 15 and al um nate groups or any conbPapUs@m42f0 such
groups that do not conpletely prohibit formation of diarylsilyl bridged

bi scycl opent adi enyl conpounds. The b’ycl opent adi enyl ring system may al so
contain annul ated rings. Enbodi nents of the organonetal lic cycl opentadi enyl
(2) fromreaction 20 (A) above are shown bel ow, wherein "tBu" is a
tertiary butyl ThadiQapentad®BBhihd WicRHRRT bé Bibdnald Wil Y/ Ba%ichal

PCT/ USO1/ 04220 14" co 00--f "Li* Li* \ O co--~ Li+ Li+ Li* Li* 001, \ O\ O
\ O\ O Quioup, 6O L¢ontaini@g Liany” e€bemients, Yihaty-doy pt k¢aet Liwith i the O\ O\ O

OLi* Li* [ Li* Li* LI\ O\ Q\ OLi* Li* Li* Li' 000 o,Li* Li* O
Y 0 L wiapyilsdisafpsale Toreramestlic pGyEopeTidenty Sagrd mey S8 04n20 15
l O\ Qdmpdrents df the lrbdctibh tddien Gh\suéh b Bhnner @s to Completdly @revent Li* Li*
5

formation of a diarylsilyl bridged biscyclopentadienyl compound. More

\
L
(0]
Li
preferably, aryl groups may contain any functional group containing Group 13-17
elements that do not react with the diarylsilyldisulfonate, organometallic
cyclopentadienyl reagent or other components of the reaction medium in such a

manner as to completely prevent formation of a diarylsilyl bridged

10 biscyclopentadienyl compound.

The cyclopentadienyl ring system may be substituted with alkyl,
perhaloalkyl, vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine,
phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane, borate, alane

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:
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& \ O\ O tBtButBtBu tBtBu tB/ tBu Li* Li* / Li* Li* tBtBu tB tBu
tBtBu tBtBu Li* Li* Li+ Li*\ O\ O700\ O 5 The organonetallic

cycl openwadiissyi3 groups |isted above can be stated by 1®drebor/o42e6pective
nonencl ature ternms as follows: SUBSTI TUTE SHEET (RULE 26) WO 01/58913

PCT/ US01/ 04220 16 indenyl lithium *2-methylindenyl 1ithium

2-ethylindenyl lithium 2-isopropylindenyl lithium 5 4,6-dinethylindenyl

lithium 2,4,6-trimethylindenyl lithium 2-ethyl-4,6-dinethylindenyl

lithium 2-isspraopyls4, 6-di neryLindenyl |itkium 4, 6-diksopropyl i ndenyl
lithium 10 2 ‘) -4,6-dii @@) indenyl ©®—< ‘
2-ethyl -4, 6-& opyl i ndeny i um 4,8 74 ndenyl um

4, 5-benzo- 2- et hyl i ndenyl lithium 4,5-benzo-2-ethylindenyl |ithium 15
4, 5-benzo- 2-i s@propylindenyl |ithium 4, 5-cycl ohexylindenyl |ithium

4, 5-cycl ohexy, t Hyl i nden LRI Hh o 4, hekyl - i tdgnyl
l'ithium

.

Li*

B

Li*

©

G

Li*

O D o
©r

e

0
o
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4, 5-cycl ohexyl - 2-i sopropylindenyl lithium 20 4-phenylindenyl lithium

2- et hyl - 4- phenyl i ndenyl lithium 2-ethyl-4-phenylindenyl lithium 2-i
sopropyl wb @bssensl i ndenyl lithium  4-phenyl - 6- net hyl i nderga/usattolmt2am 25

2, 6-di net hyl - 4- phenyl i ndenyl lithium_ 2-ethyl-4-phenyl-6-nethylindenyl
I|th|un1 2-1 sopropyl - 4-phenyl - 6- netﬁyllndenyl lithium 4-]
-napht hyl ] i ndenyl lithium 2-nethyl-4-[1-naphthyl]indenyl lithium 30

2- et hyl - 4- [I-naphthyl]lndenyl lithium 2-isopropyl-4-[I-naphthyl]indenyl
l'ithium =2 i th| U LBSTI TUTE_SHEEL _( RULE 26) WO

[z

01/ 58913 l/ 04220 1 nmet hyl - pht hyl @ l'ithium
2-et hyl - A hyl ]-6-ne denyl H

2- |sopropyl-1-[l-naphthyl] 6 nethyllndenyl 4-( 3,

5- dlnethylo ndenyl | i#

2- met hyl - met hyl ph enyllit - &t hyl

-dinethylphe yl )i ndenyl lithfum 2-isopropyl-4-(3,
-dlnethylphenyl)lndenyl lithium 6-nethyl-4-(3, 5- dlnethylphenyl)lndenyl
[ithium o< di i I 1 2

2-et hyl - 4-(
5-di net hyl piye
4- (3, 5- dl-tert butyI phenyl )i
-di-tert-butyy
&)

The organometallic cyclopentadienyl groups listed above can be stated by

10 their respective nomenclature terms as follows:
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2-ethyl-4-(3, 5 -di-tert-butyl phenyl) indenyl lithium 15

2-isopropyl -4-(3,5-di-tert-butyl phenyl)indenyl lithium 6-nethyl-4-(3,
5-di -t er twoot/gdophenyl )i ndenyl lithium 2, 6-di et hyl - 4- ( 3PCT/US01/04220
5-di-tert-butyl phenyl)indenyl lithium 2-ethyl-4-(3,

5-di -tert-butyl phenyl )-6-methylindend 1ithium

2-isopropyl -4-(3,5-di -tert-butyl phenyl) 6-net hylindenyl |ithium and the
like. 20 Synthesis of Diarylsilyl Bridged Biscycl opentadi enyl Conpounds.
The reactjn@ny@ithidmar yl sil yl di sul fonate and the organonetal lic

cycl opent adi enyl reagfen_t (two equival ents of reactive cycl opentadi enyl
group perZ2-heshylindenylildhivm, f onate) yields a diarylsilyl bridged

bi scycl opgnt adi .compound and equi val ents of sulfonate 25 salt as shown
in reacti%ﬁ*hélf{?g%’%%hﬁn%he aryl groups (Ar) shown in the structure |abeled

(3) in reagdobpy(iAderdDiMpuBor r esponds to the G substituted aryl groups of
the correspondi ng diarylsilyldisulfonate (1). In general, the diarylsilyl
br dged bf-8djmrdybndeny] Bum.conpound (3) has 30 the fol | owing structure:

SUBSTI TUTE, SHEET. 30 01/ 58913 PCT/ US01/04220 18 GGG GG GGG
GGG G%‘%Hﬁ@e&()&#grg%aghtn e’ G groups and M are as defined above. 5 The

reacti on 2-athiyA#, cedimephydimdead! lithism| vent s tol erant of the functional groups

present. Jypical . 50l yents i ncl .di ethyl ether and toluene or benzene.
Once forn® ,OpforPé(l'gi A lmeglmhyﬁefwﬁ'ﬁﬁ@@a: bi scycl opent adi enyl conpound and
sul f onat e4 6_diisopropylindenyl lithium,

10 2-methyl-4,6-diisopropylindenyl lithium,
2-ethyl-4,6-ditsopropylindenyl lithium,
4,5-benzoindeny! lithium,
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-methylindenyl 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-phenylindenyl lithium,
2-isopropyl-4-phenylindenyl lithium,
4-phenyl-6-methylindenyl lithtum,

25 2,6-dimethyl-4-phenylindenyl lithium,
2-ethyl-4-phenyl-6-methylindenyl lithium,
2-isopropyl-4-phenyl-6-methylindenyl lithium,
4-[1-naphthyl]indenyl lithium,
2-methyl-4-[1-naphthyl]indenyl lithium,

30 2-ethyl-4-[1-naphthyl]indenyl lithium,
2-isopropyl-4-[1-naphthyl]indenyl lithium,
4-naphtha-6-methylindenyl lithium,
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salts may be used directly in subsequent syntheses or the sulfonate salt
may be renoved at this stage. Renoval of the salt nay be achi eved by
filtrati omoof/sfome 10 reacti on products in a hydrocarbon spCT/®R801/03220
extraction with water. If the sulfopate is lithiumtriflate and the
diarylsilyl bridged biscyclopentadieH@l conpound i s poorly soluble in
ether, the soluble lithiumtriflate may be fairly renoved by filtration
and et her washing. The diarylsilyl bridged biscyclopentadienyl conpound

can then Qe4ﬁ§@ﬂ@Leq1a@€mﬁﬁm%ﬁ&gdhﬂﬁ&npecessary, by 15 standard nethods.
Desi rabl e_enbodi nents of the diarylsilyl bridged biscycl opentadi enyl
conpounds2ehyl-ddé-neppthstf-methytindanyblithearny | i ndenyl ) ;

di phenyl sil adi vl ¢ 2-met 14 i ). and

di phenyl 2 ﬂ%g%%yé %-[ﬁa%‘{hﬂﬁ @Qﬁ‘%*ﬁ‘?‘%‘gﬂ)%ﬁ&e‘hy| ). 20 This method of

synt hesi s4-¢3 falimetylphepylindsmghlithiumyi el d from 42 % over the previously
reported preparation of Ph2Si (indene) from Ph2SiCl2 with two equivalents
of Pcycl opgﬁ?eé\lébflé‘n%5'ﬁlmqﬁhﬂﬁheWH@d&PﬂH§h‘}‘%i | yl di sul fonate route can al so
be used f#¢ apard. 3mn§ i hridged 2-al kyl i ndene conpl exes from 25
i ndenes s%%ﬁgggqgékggﬁg}in E%Q§H%¥hgtlyﬁ34-phenylindene and 2-nethyl-4-]1-
napt hyl ] i 2vikepenpyGar(p A ditriethy Igheaylindenyil hichiomt e t hat the Ph2Si O Z nethod is

SUBSTI TUTE_SHEET, (RULE 26), WD 01/58913 PCT/ USOL/ 04220 19 ineffective for
bri dgi ng gﬂéﬂqkﬁ‘ﬁ'{?ghweﬂi‘ﬂ?bﬁ"qﬁﬂ“@ﬂgﬁ“B‘é‘mz- met hyl i ndenyl 1ithium and
2- et hy| -ﬁsmﬁeshlyl-aqg,rsydimulhtymhuﬂm)imr@h liggne Synthesis 5 Diarylsilyl

co

bridged biscycl opentadi eny nmpounds ‘may be converted to netallocenes by
arly appr oprihyl-4-(ddtdiogthyfdhenyld damethy indestyhbidhénmncl ude direct reaction of

e 120 R SN, L0 (0

depr ot onad{ NnP-dpdtert-betytihanylhiaddnyl lithidged bi cycl opent adi ens with reagents

such as 10 al kyl lithiuns afford diarylsilyl bridged cycl opentadi enyl

di |'i t hi udMeayaricS,Whi-te-butylphenyl)indenyl lithium,
2-ethyl-4-(3,5-di-tert-butylphenyl)indeny] lithium,

15 2-isopropyl-4-(3,5-di-tert-butylphenyl)indenyl lithium,
6-methyl-4-(3,5-di-tert-butylphenyl)indenyl lithium,
2,6-dimethyl-4-(3,5-di-tert-butylphenyl)indenyl lithium,
2-ethyl-4-(3,5-di-tert-butylphenyl)-6-methylindenyl lithium,
2-isopropyl-4-(3,5-di-tert-butylphenyl)6-methylindenyl lithium, and the like.

20
Synthesis of Diarylsilyl Bridged Biscyclopentadienyl Compounds. The reaction of
diarylsilyldisulfonate and the organometallic cyclopentadienyl reagent (two
equivalents of reactive cyclopentadienyl group per diarylsilyldisulfonate) yields 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:
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may be reacted with MX2Y2 (X is a labile nonoanionic ligand, Y is a labile
or a non-labile nonoanionic |ligand) as disclosed in 13 Organonetallics 964
(1994) wlo1/3s9mE Organonetal | ics 3413 (1997) and EP66934BAYUSMDioazr2gl sil yl
bri dged bi sindenyl d|||th|un1reagents may al so be treated with trialkyltin
hal i des. 15 The di phenyl silyl brldgeé system may be fornmed between the

di aryl silyldisul fonate described above and an organonetal lic

cycl opent adi enyl conpl ex. An enbodi nent of the inventive synthetic process
may occur in the presence of argorganic solvgnt, or solvent mxture, a
solution or slurry of an 20 organquos i@ cy opentadlenyl ligand with a

G oup 4-6 transition netal hali titanium zirconium or
haf ni um tetrahal i de, or the correSpaQdi é5 Ansition netal .
tetrahal i de-etherate conplex, fo
tetrahydrofuran. Renoval of solvént an@
Licd, provides the netallocege dichkori
Met al | ocenes enpl oyi ng di aryl si ridqg
typically obtained initially as es o
of rac or nmeso isomers may beCachieved fg/Om(appropriate nethods such as
crystallization or washing with sol vent, as@lisclosed in W96/19488,
herei n incorporated by 30 reference for purposes of U S. patent practice.
Subsequent pol yneri zation can be achieved with either 100 %rac, 100 %

meso or ﬁ%%# H&p% so isoners. SUBSTI TUTE SHEET
(RULE 26)‘9(7@&5?9%@&% ?LI}ZO% eoaﬁg% po e process of the present
invention is suitable for the preparation of netallocenes in high purity

for use in ol ol.ynmerizations as .di sclosed in the endin
appl i cati on, fe‘f H-% &0 €8 3qrRrogeed digosolvents it pragt ©f b BnoPdnee of 5

the pres eg}Buﬁ’spﬁlebéiﬁt T@Rcal T8l venksS 1rf2fud@ad1&h9PE@1Er AP S LERE Br bEnRher eospeci fic
pol ynmeri zation of al pha olefins since only the racem c form produces

Once formed, the diarylsilyl bridged biscyclopentadienyl compound and sulfonate

byproducts, such as Me3SnCl or

e préduct as a solid. 25

si ndenyl |igands are

Gand nmeso isoners. |solation

salts may be used directly in 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 is 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 diphenylsiladiyl(2-methylindenyl); diphenylsiladiyl(2-methyl-
4-phenylindenyl); and diphenylsiladiyl(2-methyl-4-[1-naphthyl]indenyl).

20
This method of synthesis offers an improvement in yield from 42 % over
the previously reported preparation of Ph,Si(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
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stereoregul ar polymer. Cyclic olefin copolyners, including those of high

crystalline nelting point will also benefit fromthis nmethod for preparing

sui t abl ewomwtraabizocene catal ysts where ionic catal yst systmimesm/otzobe use.

See, for exanple, 10 U S. patent 5, 324,801, herein incorporated by

reference for purposes of U S. pat elft practice. The G oup 4 netall ocene

derivatives may be activated with traditional activators, such as

al unoxane activators, or with ionic activators such as described 15 in

U.S. 5, 198eAQ%ivE Fof sﬁaglag czaém&lmnﬁymhﬁmsua@fltﬂs A-reBRANABIV Zhi@hef i ns to

pol yol efi ns, ymeri zatl on of 20 ol efins under suitable

pol ymeri zmdﬂemegwbﬁmhtemdnsienﬂ lithinm. hom)pol ymers or copol ymers of

pol yet hyl ene, pol ypropylene, and the like. In accordance with present

invention, chiral racem c netallocene dialkyls forned are especially

usef ul fmetmmca{mguﬁhém of stereospecific polymer 20 such as isotactic

pol ypropyl ene. The catal yst system nmay be placed on a support by

t e¢hni ques knodiartlgin rm@ée@ﬁm%mlppemﬁ 1gHyd camoulsd;cmawecﬁog&m@e@ inUS.

Pat ent 0 I

i ncor por 2}?9"]8“‘%‘%‘!’5 E’fer eng%oﬁﬁgteéﬁe? %%dseg&g?gﬁﬂgé}g %59%?’211((:1 ?l(ﬁ:rgéft or may

further beacuﬁ)ﬁd)f the sempd rdigastsilor bridged diyyoboperadiens tMt}oNENRa)4c(Mreznorrer

havi ng from_2-20Q carbon 5 atC? ref erably é carbon atons., Qefin
‘H’l'é‘c{/)%

polyror 1 284 Corfr i Brir i ROF3 Q1D Biowblr bed above
as an gfgt%tonclﬁ t\f}ﬁ%ld?{ll@ﬁﬁnﬁn #@H Wﬂcﬁ@e%&el& it retalgé' ntd BuchNg synthesis

of 30 rret | ocenes Inturm are "us as part of a netallocene
caoal yst zdly)dtltelntufrmaﬂbi’tbdlpqdlgxkyébnd@diaynlopént@dllemylmhllmmnﬁ cragergsivhichol yner s as

| ene_h | yirer. | .ene, | d oth
01 phae of GnfnEs RSt MEERGAE SleBle el ONE il FReteTSey o 01/ 58013

PCT/ US01/ rQ)‘hZIRQile fibnbaR6Git 162RE) HdMBIsSlosdd Qplli Qﬂ%ah&ﬂ?é’tﬁlhc&?%@'(}l ggpys ("1 CPs™)
conprise at |east two ma) or conponents, g})onent A and Conponent B.

Conponentand ins16Qsgeraimntgllics 3413 41980 i and pEBAAPBANA | h Brasplsilyinbridgedhough smal |
armount s %lSlgden?/iTBﬂ%]nﬁm rggéénts may also be treated with trialkyltin halides.

15
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 cylopentadienyl 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 isomers may be achieved from appropriate methods such as crystallization
or washing with solvent, as disclosed in W(096/19488, 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 isomers.
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be used to obtain particular properties. The end result is usually a
product with 5 lower stiffness but with sonme gain in inpact strength
conpar ed wo ohissyopol ynmer  Conponent A. Propyl ene i npact copol/ysew@22y e
commonly used in a variety of applications where strength and i npact
resistance are desired such as nol det! and 10 extruded autonobil e parts,
househol d appli ances, |uggage and furniture. Propyl ene honopol yners are
often unsuitable for such applications because they are too brittle and
have | ow i npact resistance particularly at | ow tenperature, whereas
propyl ene inpact copolyners are specifically engineered for applications
such as t hese. Th& procesppE dhe prese| @M@lthiilp%%m@bgofoy rBe Peensrationsof wo phases

or COWO“&Q&?gcen%s Wﬂ%@xﬁé\ff&g?rg%ggggﬁﬁn g@@ﬂri%lfo%'s%éggdﬁic?&%% . These

two conponeéen are u equent al pol'ynerization process
wher ei n tdupendiagepplisanien, filing dateFebruaay 18, 2801, r8sighal td thetassipsdecof ed to a

second reactor where 20, copolyner i proched and inQorporatedHyAthin t he
mabrix of thEnBrepdiofRAligainn.  cERgolent . Parularo HBPSTHBFE dBpiSTRaRREC rubbery

char act er hSying oA RrOUIGIES olckile dish ! 8ty ThaCkckiR] SHARCGodier eas the

honmopol yner” conponent pr ovi overal | ness. 25 Many process
var i abl esstemebtegelac epdlireer esGytlicngldfmpaopolyoen, yinelndmgd thashesfe higlve been

ext ensi vel y studi ed.and .mani,pul at ed obtai n varjous desired ffects. For
oxanpl e FESEIHRE afip poiBt vebaise bt drmats Mol B Prsping Stabiocess f or

produci NgmBfaABYdnR Ratal y¥RAGKers RN VAR S sphemearé tbsiRd REL fof kREmAEE _
fabricated at tenperatures below the nelting point of the preformmterial,

i N0t hi s 30. Sapetent ha2ph80pyheseia ineqraetatesoby rgfmence Torepypeseatodd LhBocess uses
a propyl ene, ti npact copol ymer conprised of either a honopol yner or

crystall i e %(S)po yier matrix (first conponent) and at | east ten percent by
wei ght of an "interpolyner"” of SUBSTI TUTE SHEET (RULE 26) WO 01/58913

PCT/ US01/ 04220__ 22 o ) i .
The Group 4 metallocene derivatives may be activated with traditional

activators, such as alumoxane activators, or with ionic activators such as described
15 in U.S. 5,198,401 to form a catalyst system useful to polymerize olefins to

polyolefins, e.g. polymerization of Cy_7q 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 stereospecific 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
Application 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
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et hyl ene and a small anount of propylene (the second conponent). Addi ng
conononer to the first conponent lowers its stiffness. The

et hyl ene/po opsd9ene copol ynmer second conponent enabl es t heCcTiusoizisez,
cold-forned article to better maintain its shape. 5 More particularly, the
met al | ocenes described above can be tised to produce propyl ene i npact

copol ynmer conpositions conprising in one enbodinent: 10 (a) From 40%to
95% by wei ght Conponent A based on the total weight of the inpact

copol yner imgaetpsitditherd PRIFYldng iim@aqiicopyllyfizes ngbMﬁﬁﬁseCHt ledSORR Yy Mer
wherein the copol yner conprises 10% or [ess by weight ethylene, butene,
hexene or MaioF épmpersith Soatpone® A pid Copposenttly” Gompreniedl i§irefembponent B

hexen SpeRsns: . B
or oyl anchasaroGEroHCAF bonBbolk e RS e IR ot SO P 200 by

wei ght et bylsdeto dbtdie partichiex propertid/ The end essalt domnptdpey prodd Witkom 80% t o
30% by wej ght ﬁropylene, wherein , Conponent B: 20 (i) has a wei ght average

moPecul ar loXsT ghitfngss bat withsemegaen pownpacy ptrangth eyapased 19 bemepdymPhut i on of

greater tbﬁ& 80% aand (iii) an intrinsic viscosity of greater than 1.00
dl/g. 25 T |g Invention also provides a process for producing propyl ene
i npact copolynmer in a nultiple stage process wherein Conponent A

conprising pr | ene honopol r or copol ymer wherei.n the copol yner

Conpr i ses 1006 BIoPYeBE STBRFCheoBRY sty Fen oM BRI dSed dRe eV Bitbobbne.
CONDNONET drficAi HUGIRGe biferfth Rid MRYa¥t RERBRCARE dBNRPARA s BadiGedPiRAuced in a
subsequent” stage, Conponent B 30 ‘conprising propyl ene copol yner wherein the

cdpol ynerexiowped i getonfobden p@%s, t bouszbokibyappbiangies, duggagenend biitreitere. hexene
oo och SRS BB LR R S P g LSRRG 1 one
are too brittle and have low impact resistance particularly at low temperature,
whereas propylene impact copolymers are specifically engineered for applications
such as these.
15
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
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WO 01/ 58913 PCT/ US01/ 04220 23 Conponents A and/or B are pol ynerized using
a netall ocene selected fromthe group consisting of.

rac- di phewoylissdiadi yl (2- met hyl i ndenyl ) 2zi rconi um di chl or i d€T/US01/04220

rac-di phenyl si |l adi yl (2- net hyl - 4- pherl%l i ndenyl ) 2zi rconi um di chl ori de; and
rac- di phenylsiladiyl (2-nmethyl-4-[ ¥ naphthyl]indenyl)2zirconium
dichloride. 5 The propyl ene inpact copolyners ("ICPs") of this invention
conprise at |least two nmjor components, Conponent A and Conponent B.

Conponentetifyléde amdf af @hablayhoant bs Préslide ARORYIMACcHiRpaRA)Y MBddinghough smal |
amounts of a conononmer may be used to obtain particular properties.
Typi cal | yosgwapmen ta HigofisstreerperenClemsh atststiffnessnt Bha etm%]s&rwde@m or |ess,

pr ef er abl 9 i conp ) t hyl ene,
But ene. . 150efERs pRaRY SR OhelcerdBles e LfRReq, GBIPRRES ASME0 GRed” eyt ene
i s used. nifigtafinitk ghapell t is wusually a product with |ower stiffness but with

sone gain in inpact strength conpared to honopol yner Conponent A 15 As
ustd herein Conponent A refers generally to the xylene insoluble portion

of the |CP conpgs mgulaﬂg,d )EI%QP&&%F%% H&dcAbSd %%B@{ AlghYbd Uskigoxy! ene

sol ubl e portion. ere t ene so e portion clearly has both a high
nol ecul arprodiicg htpregyigen einipaan d capdlymemodamepdsaionseicghtprisimgpanerdne we have 20
found that the | ow nol ecul ar wei ght conponent is attributable to anorphous,
|l ow ol SSRGS ght propyl ene honopol yner. Therefore, Conponent B in such
circunstances refers only the high nol ecul ar wei ght portion. Conponent A
preferably has a narrow nol ecul ar wei ght distribution 25 Mv Vn ("MAD"),

i 1®., |ower tHKanFrm, 403 &f S58bby wewhe Cotpane8 . ASbasedoa the wiad vedigly | ower

than 3.0, d. nos refera 2.5 or, lower.. These nmol.ecul ar wei ght

i ot 11 butt N PSR SRRy RER YimPomnCns bR ane BOSIERRRRAIHE Ber oxi de or
ot her  pawbolyRRE WHerdih @R RBPHS1y B cBMBHsdsOl (%duqessma;( agdibir ethied)t .
Conmponent A preferably has a wei ght average nol ecul ar wei ght (Mv as

det er m newtdsy, lgmene groctene comonomer;

15 (b) From 5% to 60% by weight Component B based on the total weight
of the impact copolymer, Component 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) a composition distribution of greater than 60%; and

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

25 This invention also provides a process for producing propylene impact
copolymer 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 in 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
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30 at | east 100,000, preferably at |east 200,000 and a nelting point (M)
of at least 145C, preferably at |east 150C, nore preferably at |east 152C,
and nostwomsBemsabl y at | east 155C. SUBSTI TUTE SHEET ( RUPETASN1WM2201/ 58913
PCT/ USOL/ 04220 24 Anot her inportant _feature of I1CPs is the amobunt of

anor phous pol ypropyl ene they cont ai’Xl. The ICPs of this invention are
characterized as having | ow anor phous pol ypropyl ene, preferably | ess than
3% by weight, nore 5 preferably | ess than 2% by. weight, even nore

pr ef er ablGorhgsienish@Rnd/ Y By alepIiheri 2A0usish nitaiREM bdledtbE idn thenO

measur abl e anor phous pol ypropyl ene. Conponent B is nost preferably a

copol yrrergr@lmm@@ﬁtlng ofs aerdip I1Y$G1léﬁlyl(Bm&rylmn}dbﬁlré@mymediéhlatldﬂough ot her
propylen mer

sui t abl e @’%ﬁg ﬂﬁfa%}ylﬁ&% grt i h%Q 1&%@@%9‘? 0“6&6 1éeir Eh Foglsd)édeasnlsdr ed Fo

exanpl e, dipmylsﬂﬁkﬁylbl’,l-frﬁﬂ@d 4hﬁxﬁa1ﬁtl@'ll]1rﬁiéhﬂf)ﬁlr6@ﬁ@ﬂn}d‘fﬁﬂ6mde.and

et hyl ene/ but ene, hexene or octene copol yners may be used, and
propyl ene/ et hyl ene/ hexene- 1 terpolyners may be used. In a preferred

enbodi ment t hogg i t 40% by 15
wei ght propyl enekb ngﬁgpegr %*@yl??%%pg&%n%&f ﬁﬁ) tﬁtltléc:r%%b/pllﬂ)yaﬁt/el ght

pr opyl endeasewen nmgmecompeherrte,tﬂ:gmﬁasrmm A(H}fdhyommr@ht Bt oC&@hporent weisght

propyl ene. CONMoNOITEr cont onen% B |sg{%illeferabl y n the range

of frompﬁﬁ%agl?’ ?e%sw%mgmy %%9 MG Bopghs s bF‘SPOf‘?‘én? 38%to 65% by

vei ght  CQURIAAGREr WXL HeMRES RBeB&'éﬁ&blertfcﬁBfn prepertifs. 6 0%y Bycaltei glah 20
conononer. Most prefierably Conponent B consists essentially of pr opyl ene

ahd  fr ormop@¥snes afi@omapdnent Aecontamn d 0%r bt wewght gr fase mrefdeablole8 s tant hyI ene,

d f 35%to 60% eth th
ggpol ;Drr; rb§ h‘gglggtn%rn %r%;gogboﬁ‘togf‘?f st e ﬁ’ggene Bute%qﬁég%edjoﬁgﬁgﬂe dependl ng

on the spasitfy rEfePIbDP BIsE Ithdn 48 by Q)delglﬁoé’thﬁém fsedf Or Theebhy @/ igexene
copol yrrers nponent B should contain at |east 17% by wei ght hexene and

at | east uS29yby nredughtwidt Igwvengifiness but with some gain in impact strength

compared to homopolymer Component A.
15
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.
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Conmponent B, preferably has a narrow nol ecul ar wei ght distribution 30

MV Mn ("MAD'), i.e., lower than 5.0, preferably |ower than 4.0, nore

pr ef er ablwo oi/ssae3 t han 3.5, even nore preferably | ower thpaT/8s@/@nm nost
preferably 2.5 or |ower. These nol ecul ar weight distributions should be
obtained in the absence of SUBSTI TUWYE SHEET (RULE 26) WO 01/58913

PCT/ US01/ 04220 25 vi sbreaki ng or peroxide or other post reactor treatnent
designed to reduce nolecular weight. Conponent B preferably has a wei ght
average nol ecul ar weight (Mv as determ ned by GPC) of at |east 100, 000,
preferably at |east 150,000, and nost preferably at |east 200,000. 5
Conponent B pr &hethabl ynpeaeniarfeathrer ialsilEPyi scdbé t gmeurdaoér amprphous 00 dl / g,

nore preferabl regter than 1.50 d most ..pref erabl reat er than
2000 0 1 po Bty Bhf Iha! s RE ERS TS TRRhiGh SHELhRattedFOAT i onal 1y
herein top 13vh @moYpHeei® Polypropylene Sprebdratili 16ds tROh BVEDy SHGghtamokedMponent B

in a given solvent at a 10 given tenperature, when the pol ynmer conposition
i sSat i nf pisfarablnilesgitham2% ycweight syen morhprefsatly desaribray Hottysweight hod D
1601- 78, i i i scosity neasuring
devi ce, i%*Qﬁ?%ﬁ“%ﬁ%ﬁgﬁggég¥E§M§?ﬂ9§ﬁég@@@%ggfﬁ@kh@§&¥p§tiOns of the
polynmer in the solvent at the given tenperature are determ ned. For

Conmponent B, decalin is_a suitable solvent and a typical 15 tenperature is
135C. From t heCompRBRAt Jb T fmos) ipeiera bya sopelymst iconeisyie essegially of

concentrag thed " ¥@vi8e Althdddh ih& di ' detgpubned by
extrapol a ioggl.éne Conpone %é % prte Lt[;éfrhalr}%ty hgﬂ;hg}%@“ﬁpg@&%}?@% “di st}?ﬂl; ution (CD)
oflogr eat ecopohamers O¥gterpolyeepy mhgp rheiujtable elzpending an tbS partievlen prsluet pr ef er abl y

t th .20 ,70% en nor,e preferabl eater than 75% till nore
Or of er abl BFOBFHET S¢Sl a OF SYRPIGHIORIEHS B Ehea PERIRG oF PEGPS PORIMRAS S50 | D

defines thRl canpesd/bueRal heXdkl i @BteAED BEpAIPMMRE MANaBNSuded, t fidTs Of
et hyl ene (or other conononer) content of the copolynmer as a whole. The
measur eneproppienehylengfbexanetle defpelymass aimayU.t8. wadent INoa  Brefertedd42 whi ch

I's her ebye&%cii%eriltnﬁl%{lgfgré(gxggonl%}{t hefseg gglgoqymer comprising at least 40% by
15 weight propylene, more preferably from 80% by weight to 30% by weight
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
20 comondmer. 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 to
25 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
30 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
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25 for purposes of U S. patent practice. CDis defined herein as the weight
percent of the copol yner nol ecul es having a conmononer content within 50%
of the madanssoidtal nol ar comonomer content. As descri beBCT/msal/@8220Pat ent
No. 5,191,042, CDis established by fijrst 30 determ ning the nean ethyl ene
(or other conononer) content of the Topolyner by a suitable test such as
ASTM D- 3900. Next, the copolyner sanple is dissolved in solvent such as
hexane and a nunber of fractions of differing conposition are SUBSTI TUTE

SHEET ( RULiEbr2ain¥Vr0 péroRide 3o Cillel)SEukt G42516r tiébtnfune cdepighed ad fduédie addition
of increnental anounts of a |IqUId such as isopropanol in which the
copol ymer ™0 chlgs syqighte. Coppapent| § pretsrably thes e Merghtt | aygiage apelepylati pi t at ed

in this n ( cgj;g’tqg& tent of
each fra\(/:\?’?l f %S;/\ge‘rt%neﬁ g %&r?%\%lﬁéﬂﬁdﬁggr ent. Bg{%)lm &E{e] 5 wei ght
of each ftﬁb@@ﬂ)anﬁnﬂsuprsfeeibhyhtda&st@Oﬁnﬂmt a plot is prepared of weight

percent conposition vs. cumnul ati ve wei ght percent of polyner, and a snooth
cuPve is drawn t hrough the points. Conponent B of the I CPs preferably has

low crystal li nghy Poﬂn@@ﬁﬁ?&ré[bl%’%§ anjigtrlhgﬁ@rblgcggﬁybgre‘ﬁf%k% phoqgrystalline
portion, nore preferably | ess than 5% by weight” 6f a crystalline portion.

Wer e t hemerd preferahly gteater ithva b0 ﬂl/gland)fn@bm@&n@biy gradterithan 2.60hdbgi tion is

pr ef er abl e sane as or ast,,siml r to n 15% b |ght) t he
Fermai nder 11 Remmatrade Berfiby Foa Vot vl S SutaaliO TR s gfen P cene 15
The | CPs ﬂfscdshy%flan%ﬁﬁidnodf PlPmer QRELRBICdth ﬁeB"mrwgi%ﬂgolC@mrwnts A and
B are not physically or mechanically bl ended t oget her. Rather, they are

i ifer pol yeksen Zemperstuge, [véwst theneolwsagrt ¢PMPT¥EOM | isaht |infnises dibtighned from
component 2 cLfine P ASTM S (A ARop SRR, 1Y W SRl 15 o
("MFR") oinvblvese stafilRsd dq&ﬂm@wlmm)hﬁleasuring device, in which the viscosity of
a series of concentrations of the polymer in the solvent at the given temperature
are determined. For Component B, decalin is a suitable solvent and a typical
15 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
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desired end use but is typically in the range of fromO0.2 dg/mn to 200
dg/mn, nore preferably from5 dg/mn to 100 dg/mn. Significantly, high
MFRs, i.avQo/aB1hi gher than 50 dg/ min are obtainabl e. ThepcOBSOIC@RPr i Se
from40%to 95% by wei ght Conponent and from 5%to 60% by wei ght
Conponent B, preferably from50%to 95% by wei ght Conponent A and from 5%
to 50% Conponent B, even nore preferably from 30 60%to 90% by wei ght
Conmponent A and from 10 %to 40% by wei ght Conponent B. In the npst

pr ef er r edpexipitdiedehy , thehedditbh cohsnatmedsk antduatsl pfod liqtodparknhs A and B.
The overall conp oner(%@%efer Iy ethgleqe) cont ent. of %HSTITUTE SHEET
(RULE 26) 'S0B5O0470J40 MRiqpCihs cepslymin By nsolsolen Cepgially fomp4 g oiastigphp) y in the

range of fLieQiRaYdied 30 WiDWayeinahe vpéléﬁteﬁrﬁbét}iyleﬁé R Sifer SordHinfe) vet ght.

even nore preferably from5%to 20% by wei ght’, stil nor e preferably from
5%t o 15%:duyenmofg¢ach dostinoraee de@rmingdrafier yembwagdhfe |svle'sntrra§rcbm thercor por at ed
i ri.ous Such additiwves inclu for gxanple,

h
LLani | 1 eehEieht O A Aktan BR RRGRyIe SPuBE A bIOF B pRER DT e A o o

rel ease agadés. coljRsitioR \Gﬁréﬂﬁﬁlldtiv@nﬁelgﬁt pércenti 6tV ps1YineR aﬁfﬁya hendofiepar ed by
conventional 10 pol ynerization processes such as a two-step process. It is

concei vabférye & drawnghoughuthe @Aty i npractical, to commercially produce | CPs
in a single reactor. Each step my be |ndependently carried out in either
the gas or liquid slurry phase. For exanple the first step may be

conducted in tOempasenp BasetharndPt pecferabBnshsilowldrgstallinitys | préfleyabbr leys ce ver sa.
Alternatively, each phase nay be the sane. Preferably the 15 I1CPs of this

i fdenti on h&F‘elop/P &au‘é@ahti of w%ll@e pPagtong more M#f—'f@bbzble;% ffm o Bhree,
oper at ed bvelg%%f;? ﬂfbtn BWhér RB&E% é‘gﬁgp aﬁﬁl'e%ﬁ cﬁ‘bdxﬂp&m second, gas

phase reactor. onen Als pre erab y ynerlze |rst inaliquid
smwym%wmmmmmmmmmMme%wmmmmmWMmme
enbodi nent, . onent. Ais actors in orgFr to

1
R P T N L S g S R S

percent.
15
The ICPs of this invention are "reactor produced” meaning Components 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 including 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% to 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 ethylene) content of
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found to inprove the processability of the ICP. As used herein "stage" is
defined as that portion of a polynerization 25 process during which one
conponenwoafl/sgée | CP, Conponent A or Conponent B, is predadesdi/one or

mul tiple reactors may be used during each stage. Hydrogen may be added to
one or both reactors to control nol &ul ar wei ght, 1V and MFR The use of
hydr ogen for such purposes is well known to 30 those skilled in the art.
SUBSTI TUTE SHEET (RULE 26) WO 01/58913 PCT/ US01/ 04220 28 Preferably a

net al | ocepeRAtIaPYS reabEMni the WiRE of o 9%630%%y!m%ht99fw&§151 i ons of
this invention. To date it appears that the nost suitable netallocenes are

t hose i n frame SHeteakSPe by haight,even pogpigferaklpy drom ditoctd 20fs BY wgighbptilt adi enyl )
nmet al | ocepes, i fd calcby, brd . i d bis(indenyl) 5 netall ocenes
known to r%?r&%e?gr%mygfl OIﬁrgl/ée/té)uﬁao/?ggg‘{eéé# ?gﬁPéﬁ%l ting, highly isotactic
propyl ene pol yners. Generally speaking, those of the generic class
disclosed in U S. Patent No. 5,770,753 (fully incorporated herein by

ref erence) s Hoagiele of gdBHER MayoReiBrorPPRatedaite dbp KCEUFRT YHIRUSt he exact

pol ymer %g[%jsgse.d&jcﬁ a&@f?&%nﬂﬁ@@rﬂﬁ%&%ﬂ?ﬁt Qt%bﬂ%&xg!o {S0Garts, SARELT T C

substi t ut’ pattern. avé tfoun at t OW ng racem’c

met al | oc enksards, muniestingagenatind mdld relpasepgeritnng t he | CP conpositions of this
i nvention: rac-di phenylsiladiyl (2- methyl-4-[phenyl]indenyl)2zirconium
dichloride; and rac-di phenylsiladiyl (2- _ _ _ _

et hy! - 4- [ 1- nepftiop JuidBMohh SFis el R R rEred by WhidenBGndimmedi at el y

15 apparent to those sKilled in the art that certain nodifications to these
mt al | oc pelymearpretive progessesouch| dskaetwo-stop peesess It ns sonpeiviableanlthonghodi fied | CP

iti t h i Vit : f t hesi. i ted. Wil
ot v shicgeRt BB s Bl o ot Rie odlee JERS AL b Ba AR HIRERRE ot ¢
feature Ghay BesRlepOrIRhily CaffRidabltan @@sr the ddiedr! liqudRRirht phdsen Frttern on

t he base i ndenyl group. Thus, it is believed that changing 20 the bridge,
for exanmskamplghiBe firsisiendnavabherndugied & thean phase anddheypecgnd Heligidal to

slurry or vice versa. Alternatively, each phase may be the same. Preferably the
15 ICPs of this invention are produced in 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 alternative 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,

is 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.
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haf nium or titanium or changing the netal dichloride to.sone other
dihalide or dinethyl, will not significantly change the | CP conpositions
of this wowarsg9ien. On the other hand, substituting a gr ®qI/@Ed01/64220 posi ti on
on the indenyl for another or adding one or nore groups or substituents is
likely to result in a significantly?®25 different conposition which may or
may not be an ICP of this invention. Metallocenes are generally used in
conmbi nation with some formof activator in order to create an active

catal yst syst qipferdd8 eiitalideédevadt@lyst sypsterdshinied tepRidicd hdecprny conpound
or conponent, or conbination of conpounds 30 or conponents, capable of
enhanci ngompesitipng iof ythist imieation. mbeedatetisl dppeanetbat ghe pudsynwitable ol ef i ns.

Al kyl al uno es _such as, net hyl al, unoxane (NMAQ) are, SUBSTI T HEET

(RULE. 26) MR85 8% 3 e ot asgete (e 8, }’“ﬁ%% LB o ne

acti vat orss(c hadleyyB! fiythRbdeaess 3pasficiipt ridged, substithtedobistildnyppeat i ng
units: R(ALRO xXAIR2 for |inear species and (ALRO) x for cyclic species
where R imetallacenesgkagwy (to predyussi high ninglegular wyaight, bighpmehéng, iehbi ch R i s
met hyl ar; ot V. r ane t icons, 39 arly
nethylald%%%gﬁebgg#%@%dﬁgﬁgégy gagﬁia necn’r§ﬁ$%5ﬁﬁ@§c$%%héé% ors as 10
sol ut i onslisebsedign LA PatsntcNoc 170,353 ¢fudly ihb@peragadehaeivaly edfgrende)met hods f or
preparing, al ynoxane, non-limting exanples of which are described in U S
pat ent Nahould dssusiile, hevor, s hsep daindsbat the syast polymes obginedis.

4,874, 71340h1¢ dSeehdt®n the %Q?aué@e%e's%;é%e ﬁ?oétitu%oﬁ%ﬁméﬁéi >, 329, 032,
5,248, 801,° 5, 235,081, 5, 103, 031 and EP-A-0 561 476, EP-Bl-0 279 586,

EP A-0 594-218 and WO 15 94/10180, each incorporated herein by reference

f . S. t ti.ce. lonizing activator al so be ed
o Dove® b s, Bt i ROV ik Rl FeBo SRS SRR AL o 6
or are cagPRHPAEnSURE [@P Lompssitild BELME ) AVERIONY Fhc-diphenylsiladiyl(2-

t etraki s(pent af | uor ophenyl ) borate, which ionize the neutral
methyl-4-[phenyl?mdenyl)zznconlum dichloride; and rac-diphenylsiladiyl(2-

methyl-4-[1-naphthyl]indenyl);zirconium dichloride. It will be immediately
15 apparent to those skilled in the art that 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 to 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 in order to 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 (MAOQO) are

SUBSTITUTE SHEET (RULE-26) —



met al | ocene di al kyl conpound. Such ionizing conpounds nmay contain an active
proton, or sone other cation associated with, but not coordinated or only

| oosel y woor/siomat ed to, the renmaining ion of the ionizi NBCT/URP4RZD.

Combi nations of activators may al so_be used, for exanple, alunbxane and

i oni zing activator 25 conbi nati on, s&e for exanpl e, WO 94/07928,

i ncorporated herein by reference for purposes of U S. patent practice.
Descriptions of ionic catalysts for coordination polynerization conprised

of met al | @GRRBnSAlst® RS ntedliokaiceattiMitoRONGERIEIN FRYIaNEnARLh&NSomARSAr iNn the
early 30 work in EP-A-O 277 003, EP-A-0 277 004 and US patent 5,198, 401

and WO A ©40e3B8repenio putsat ed herein by reference for purposes of U. S.
patent practice). These teach desirable nmethods of preparation wherein

met al | ocene (bisCp and SUBSTI TUTE SHEET (RULE 26) WO 01/58913

PCT/ US01/ 04220 30 nonoCRJANGAKKYR, €t libichyspetideandr e protonated by an anion
precursor such that an al kyl/hydride group is abstracted froma transition
nmefal to make it both cati ofPERO¥NEr Gyshigerasiesanced by the non-coordi nating
anion. Suitable ionic salts include tetrakis-substituted borate or

al um num salts having fluorided aryl-constituents 5 such as phenyl,

bi phenyl wheterRpt hy C1-Ogelklyk imalidion etred iatkads. nGonaguunds if MBAYh Re&Ns an ani on
whi ch either does not coordinate to said cation or which is only weakly
coor di nat mdthyb srd dpartiqulady trivefenby. r erdiumaxgne ukdlutiosmt Iparticakirlye t o be

di spl aced_b neut r al Heyﬁs 10 bq;e. ngHp?tible" noncoor di nati ng ani ons
are thosem\?%i) UIBPXANG o SOTHANS » JRY 105 OREEHa O, QREHTE Re VERIYF 1S y £ or ned

cqgpl ex des@raeSESind VAR cordcBRraithON Thdrk ar®Qt viday YfethethBdLHbOoNi C
substituent or fragnent to the cation so as to cause it to forma neutral

four coorPleRHing phIEAXape eren-baifeu Axpreples #f nwhich are Hesgitsduiix U-$rom t he
ani on. Pagl.] rly, ul oL Gl hn 18RS o] Leh are 15
conpat i bl g%t&gt?g%i I4i6z6§’§'?)&’e4f?§? ’ragﬁﬁ’oég)ﬁg’%ré%’t ?t)zﬁ)@ilga’t ﬁ%bg’é‘t}lg’eagg W’ggzlf’anci ng its
ionic chappk0ld 49068,463,a4,068 821, 5.808805,S63LDOBRNE,248/801,i 53508per m t
di spl acenent an_ethylenically or_ acetylenicall nsat ur at ed nononer
G o orE TPy aa J-A%0 S31 Fo, 15137519588 BBIAY $91R518'50 o

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

practice.

Ionizing 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 herein 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
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The use of ionizing ionic conpounds not containing an active proton but 20
capabl e of producing both the active netall ocene cation and a

noncoor diwabi/fy13 ani on i s al so known. See, for exanple, EREBUSIXRE20637 and
EP-A- 0 573 403 (incorporated herein by reference for purposes of U S
patent practice). An additional met ffod” of maki ng the ionic catal ysts uses
ionizing anion precursors which are initially neutral Lewis acids but form
the cation and ani on upon 25 ionizing reaction with the netall ocene

conpoundsmoh8Cprsiapl 6r diigdritke a8 protdnatdn8Nimadi® brebebYy buchR4tame. See
EP- A-0 520 732 (incorporated herein by reference for purposes of U S

pat ent pr@lky¥hyslyide jegonrcis absteacyash fsom gy trangition wefal fpomgkeeitibeth ¢asienican al so be
prepar ed B'Yd %rgeqﬁélmeﬁfb ttﬂ@ ngﬁ-tcg{)rdﬁedﬁhg aBio f $JiABR! itohl%nsaltg?ﬁc% conpounds
by ani on precursors contglnlng metal 'Tc®oxi1di zing groups along 30 with the

ani on gr owepakissabstiiitedA-Horad or Afiminufic stlRoliAigd flherid¢sdal-cosstiareance f or
purposes of U S, patent practice. -SUBSTITUTE SHEET (RULE 26) WO 01/58913
PCH/ Us01/ $h 2 pheylikgpheayt #d napthyl- | i gands i ncl ude hal ogen noieties (for
exanpl e, bis- cycl opentadi enyl zirconiumdichloride) which are not capable
of 1onizing abstraction under standard conditions, they can be converted
via known al kyTht itom "nomacdrdoratngvahtond (y@irgnetais| arc acionpehicldsitberch as

l'ithiumor alum num hydrides 5.or al kyls, alkylalunmoxanes, ,Gri gnard
eagent s oot SBarti o, SE] saudh o ndats G Bkl GRRTTRA G stiat ed her ei n

by ref er egiRnfl BEreBY rPASIBMOSurlkiSutlPBIbABLo Y @SHIaER) b A nduftaBLEWisPr OCESSEs
describing the reaction of alkyl alum num conpounds with
dilBal o- subasti t"Goagpanbleanbaverdtinamgpoinngsirg those whichoarewiot Hegraded wddi ti on of

activatin ni.oni £ conpounds. 10,Met hpds, for supperting.ioni c catalysts
corpr 1 oi nie Al e bERRHARD ot S5mRER sk Sadeer Pt e 8k Bl Ko,
5, 643, 847potUrdnsfePah emiontd PlbstflehOsr Migmerll%d S oftiorf §d edtdNeasdiei 2, 1998
and U.S. Patent Application No. 09184389, filed Novenber 2, 1998 (all

ful Iy i nclrpor aswepl Hewesaordipate anpetalioreae comppwichanda nspitral by-product

from the anion. Particularly useful noncoordinating anions are those which are
15 compatible, stabilize the metallocene cation in the sense of balancing its ionic
charge in a +1 state, yet retain sufficient lability to permit displacement by an

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 ionizing 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). Ionic 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, see EP-A-0 495 375, incorporated herein by reference for

purposes of U.S. patent practice.

-SUBSTITUTE SHEET (RULE 26)



15 U. S. patent practice). Wien the activator for the netall ocene supported
catal yst conposition is a NCA, preferably the NCAis first added to the
support oooposstd on foll owed by the addition of the netabPCDusoien4ent al yst .
When the activator is MAQ, preferabl é{_anO the MAO and netal | ocene cat al yst
are dissolved together in solution. e support is then contacted with the
MAQ net al | ocene catal yst solution. O her nmethods and order of addition
will be apparent to those skilled in the art. The catal yst systens used to

prepare the comaRsd ithengetdll lifdhds inbledtHaRiperMBoicBEs Rfoef &faaiple IsisHopor t ed
using a porous particulate material, such as for exanple, talc, inorganic
oxi des, i Arslepeniadicat giicemiymy thcerde) ouhichaees ingt scapabls &5 9BIZAR ef i n or

pol ymeric ' . th i,al e S | norganic
i do- rmat SPGB eB uhPBE LofBHEN LB KhoRBRALRYS |
El ement s gfacti@mupish drgadométalliz, cohpouads dubhrastlithivax b ekimiirhilgdrided um na,

silica-alum na, and m xtures thereof are particul arl referable. O her
i nér gani cob¥KpEsalkHalumexgnese CEgptg Fergeatst #er Ss¢ EReA'OS{%g%“]@F'EE%I-IEET ( RULE

26) \WO 01A§§9|35§0 Righ/ {J&?Ql—g%t%aoheréiﬁ & réfrenO N 3hiBles Vot m.’s.hgﬁtghtl | ca,

alum na or silica-alumna are magnesia, titania, “zirconia, the |iKke.
Pr ef er abl prattiee) sfoppor tsitmapecesaks | des@dingisthe i teacmnwoif clilkplashanmumf ace ar ea
in 5 the range ,of from 10 to.70Q n2/g, a total pore.vaolume in the range of
ffom 0. 1 eonpaings axfy OG- whtsged abeeisetc crpbarBs WMot R T 11 om 10
to 500 m addih ofcl &IRPInYonié BSmpdligace area is in the range of from50 to
500 n2/g, the pore volune is in the range of fromO0.5 to 3.5 cc/g and the

aViérage particle size is in the range of from20 to 200 m Most desirably

the surface ar is.i.n the range.of 10 from 100 to. 400 nP/ t he pore
volume i o 1t Ul 6 SPPeBRRGiG vy bRk R Bt At ol e
size is i NOAard @gebadl inf UBN Bflerdt Nd.09)648, 84h e 8 arge Applicatiodi K. of typi cal
porous support materials is in the ra’r;]gsei of from10 to 1000A. Preferably,

a support 8p§.afiled Nayseher Bal 9%¥aandH-SRateng ernphication NeePRI8438%f r om 50
filed November 2, 1998 (all 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 MAO, preferably

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

SUBSTITUTE SHEET (RULE 26)



to 500A, and nost desirably from75 to 350A. It may be particularly
desirable to 15 dehydrate the silica at a tenperature of from 100C to 800C
anywher ewioraarss®3t o 24 hours. The netal | ocenes, acti vat orrcandsos/ogpor t
material may be conbined in any nunber of ways. Suitable support

techni ques are described in U S Pat¥nt 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 hei r reagtih @BmBinadse WithURP Silic8hl@Aidae sHRAQMEM TG RBO FaghBi £ titdlia as
described in U S. Patent No. 5, 240,894 and WD 94/ 28834, WO 96/00243, and

WO 96/ 0Cx48nigcandrihg likd.y i ncorporated herein by reference for purposes of
U S. patent 25 practice). Alternatively, the netall ocenes may be
preactivated separately and then conbined with the. support materi al

ei t her separ atetféradly the@appiet maletial RgorsBisaidacsigsieBasd sursrparatial y
supported, then preferably, they are dried then conbined as a powder
bef or e ugke ramgpof fomr 1(Za)t7(l§)rm2[g0amghpm‘h esBingf invthetdnge of iwmBtlabl ocenes and

their actjyator gre separatel precontacted_.ar whet her the tal | ocenes
and acti vl 67/2nd Do aepadicle ige It {oraner BERORUTE (SRREHT R 26) WO
01/58913 PCI/ 1S01/ 04220 33 total, vol une reget i sopution applied to
por ous. S ETAPSy dheiSEResyfigR 1648 theh e ot iraeRt b S ML UReP IR e of "t he
porous suppekd is iltHeaafi@sofifadth V.9 0SS5 tdigandtheiaveiBge phrdicleqial is pothe vol une of
t he porous support and even nore desirablgéin the range of from nore than

1 to | esdangsaef fpom 30 200 wa. tMesl dassaldy g srfacsfareanis 1pdhe tangs ofupport .
ort are well

Pr ocedur f measurihbng the total pore volune of parous su

cHown i n TEam 109 £0 A0 e Rhst K6 megsaé%rr%oofiffwr&%é@ RPAE  METHODS

| N CATAL YT o RESFARRHE 18 % (nl 869 RE30Qh 18DRRET Thodviagl forcat al yst s

conpri si ng %Eta | 'ocene %ggionsédﬁgﬁwﬁg no?gggrggﬁgfigg gﬁ?@%iﬁﬁfe descri bed

in WO 91/s02882typisal payo0850ppori\Matg el #3iothendnga of drque @i 1og1Q008. Pat ent
3.1994 (incor

Applicati 08/ 248, 284.. f.i | ed, August ; orat ed herein by
FoF or oncd B b SbaRt BRCpIdS o P b el Port WARABRSAAGE 50
to S00A, and most desirably from 75 to 350A. It may be particularly desirable to
15 dehydrate the silica at a temperature of from 100°C to 800°C anywhere from 3 to

24 hours.

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 material 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 Regardless of whether the metallocenes and their activator are separately

precontacted or whether the metallocenes and activator are combined at once, the
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The net hods generally conprise either physical adsorption on traditional
pol ynmeric or inorganic supports that have been | argely dehydrated and 15
dehydr oxya@besgoidr using neutral anion precursors that arepcpukéimaemnt!|y
strong Lewis acids to activate retained hydroxy groups in silica

contai ning i norganic oxide supports3%uch that the Lewi s acid becones
coval ently bound and the hydrogen of the hydroxy group is available to
protonate the netall ocene conpounds. 20 The supported catal yst system nay

be used dioidGblumd 6f R tORBOILERL aPPlidl to JohSusGRbAorY &t deSH a1 ¢ MesiManke _
prepol yneri zed usi ng nethods well known in the art. For details regarding

pr epol ynetingaithedetal pare vohimesef tat pereys supperi: mieesdesualgp desggrin dtirdess, 921, 825,
EP 0 279 863 a P 54 i i S_incorpgnate 25 herein by
B p BB et fr Y oRRE o MER oG RM TN B Bl cres of

reference r rpos practi ce.

the i nvensf iomamerelith@ah Ul to RsPai 1T kinds ithd tA¥il pordSaluhic b thenBuroner S
conventionally known to be pol ynmerizabl e under coordi nati on polynerization
using net BIPPBte fecedgirshior mirapiringniie 4ptal patel volpaaP FOTeH§SUPPRT @fe sol ut i on

pol yner | Z@E]{l Whowdl Hf e BR! YEHE! 4R ix?x@thogaiﬁ'c%a%ﬁed '1yﬁ‘§§réa;<§1@} 4Pq); and high

pressure polynerization. The catalyst of the invention e supported
(pr ef er abMgTaSDSIRSCATAAET RiESHARCHOHI@EI 9$8Eh Wi || be particularly

SUBSTI TUTE SHEET (RULE 26) WO 01/58913 PCT/ US01/ 04220 34 useful in the
known operating nodes enpl oyi ng fixed-bed, noving-bed, fluid- bed, slurry

or sol ution proRARISSI SHOHEALRnlcaBlI A @or?ﬁl@sriﬁgﬁle@dfllogé{eaéah@ﬁs afpctors.

Pre-pol yneri zati on of supportied catalyst of the invention nay al so be used
fdp furthecoomdmatiof apfionsoargndascrlzadt inc MO N/ PPR’R20 gyW ON94/9piasal WEl urry or

o al tor nt P UOTRIRPRBREERE TS orh Al e o e Bl st g o™
i nvention3 10he (BRbRPoyEEd BNBIEEY réfeRABd BHepurpOsesi FUIS. phRACplstdeyl | ON,
slurry, suspension, bulk phase or conbinations thereof), 1n high pressure
i quid or The methods generally comprise either physical adsorption on traditional
polymeric or inorganic supports that have been largely dehydrated and
15 dehydroxylated, or using neutral anion precursors that are sufficiently strong
Lewis acids to activate retained hydroxy grbups 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 0 354 893 each 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, slurry 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
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10 supercritical fluid phase, or in gas phase. Each of these processes may
al so be enployed in singular, parallel or series reactors. The liquid
processew@onpvise contacting olefin nononers with the abov@Sdaseri bed
catal yst systemin a suitable dilue or solvent and allow ng said
nmononers to react for a sufficient time to produce the invention

copol yners. Hydrocarbyl solvents are suitable, both 15 aliphatic and
aromatic, hexane is preferred. Bulk and slurry processes are typically
done by casfidcini thg knbencaerdtingt modést émplogingr fiyedobed, irgonink-bed)ofiE@d, t he
catal yst system bei ng supported. Gas phase. processes typically use a
suppor t edbeds stuaryyen solwpm processiy eRrdugteq An sHigleraiHes ok RyAlel sadierssui t abl e
for ethyl pne r 0, r: . ndi

ol yrrer | 24t T AR K R shoflrt GORRIYTRINE I ARALGY ot SR0'HY 80 B0 1

4, 543, 399furthe588nt7d0of pSlydRB paitlle H10BERIGRBIn HREE 74@ry Br 408, i
5,436,304, 5,453,471, and 5,463,999, 5, 6767, 20%. and WO 95/07942. Each is
i ndor por ateatHMPIPERsESdARecardancy Wilhsopyentionaljeaghings ot practice. 25

General | y speaking the polynerization reaction tenperature can vary from
40C to 250C. Preferably the polynerization reaction tenperature will be
from 60C to 2Bk0altamatiye esbodienentmn off asfint polynadsization metheds fow @500 bar,

preferably fromp.1 r to 1600 bar st preferably from1.0 to 500 bar.
B0 he. 1 ntestiogh e taliad Sup Rl i PRSP Ko B s P o

pol yneri zaish&dioss i bigk dihasey losi doydbitdtioflgaersyS] @mrthigin hresdiiet Myhidcent ai ni ng
non- coordinaLan ani ons optim zed for hkgher t enperature and/ or hi gher
noPecul ar supsYBETRITlIE phass pr (IRGRE Phee- \ilab19f5BesespocTsessmey @lsR2® 35 wei ght

producti o I - to 250 C
Li near po??@%ﬁ%fgﬁg?gyﬁéﬁﬁgﬁﬁgéﬁggﬁsg%ﬁkﬁgtﬁg@ﬁ¥ 1dk%%§%%?§&n H%bht 5
pol yet hy| enesting pidfindhogorbeat kvithah® abavediesaribet warlyst v stdim i heditablepha- ol ef i n
nononers,,g#pha-olefinic gpdﬁor ngn- conj ugat ed di ol efips, for exanple,
C3-C20 offibferher sefvetendnaliayying yrid; raorqrisgry {g reagt domp sHjtcadt teatdi ng
ethyl ene, ,@Atke the invention copolymers. Hydrocarbyl solvents are suitable, both
15 aliphatic and aromatic, hexane is preferred. Bulk and slurry processes are
typically done 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 [lustrative 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 1 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 systems and naphthyl containing non-

coordinating anions optimized for higher temperature and/or higher molecular
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optionally one or nore of the other nonomers, to a reaction vessel under

| ow pressure (typically < 50 bar), at a typical tenperature of 40-250C
with thewaooi/sseenti on catal yst that has been slurried w thCHUS@loset, such
as hexane or toluene. Heat of polynerization is typically renoved by
cooling. Gas phase polynerization c#h be conducted, for exanple, in a
continuous fluid bed gas- phase reactor operated at 2000- 3000 kPa and

60- 160C, using hydrogen as a reaction nodifier (100-200 ppm, C4-C8

conmononer wepad siddaan(f t&nperdufPin’@xcessofand de2veLens e aadnupdd-236° mol %) .
See, U.S. 4,543,399, 4,588,790, 5,028,670 and 5,405,922 and 5, 462, 999,

whi ch areCincorporated by reference for purposes of U S. patent practice.
Et hyl ene-a-ol efin (including ethylene-cyclic olefin and ethyl ene-cc-ol efin-
20 diolefin) elastomers of high nolecular weight and |low crystallinity can
be prepared uLineazipolyethyteneatindlydihg Wight i)l iultvehighomolsedri Wweigdi t i onal
solution polynerization processes or by introducing ethylene gas into a

sl @rry ut Polysthrlgngs,ancludigg diathy hamasyanq copplpmers withppthey alphatpdétibs with

ot her m)”&%ﬁ&%erspgfﬁ}ﬂﬁt%féf@ﬁpLx’?d/oxaﬂgn-BQﬁagﬂéd gigﬁ%a/s[“%&: éﬁﬁ@?,ﬁ%-@&”t in

whi ch the i nvention catalyst 1s suspe prca ne pressures
wi || be beletfingndiblefandorl @PEliq silgfin(s6 %ré 8podided) banaddishectivdbyayeandzat i on

diluent tenperature will typically be between 40 and 160C. . The process can
be. arri cOPBHENY 15 DT el Ha MY TBERBRE o Hors IPRAFBhandfela ed i n
series orppanal l(f?%irféﬁfek tsbebeggnﬁr |ty St SClATHaFRurRf ofUa@250&E &3th 01, 205 for

gener al p?ocess i ons. e al so, I nternational application WO 96/ 33227
and 30 WOn9@htikoealyshlithat Hechrwarslgriad evithrecad o, stield ahkax@ne obtoluenker ence f or

pur poses . SUBSTI TUTE SHEET (RULE .26) WD 01/58913 PCT/ USOL/ 04220 36 of U.S.
patent pr Hedti @E PB*yntFé‘gﬁ??rbt‘@soﬁy%F*ﬁt}'olE?Wé’lyf"gagl’ oﬁoﬁT}”@pegéf’é, %l 1 ocene
sel ecti onp@PgheHSfion! cafCY BOAEIRRAC PBPOURGe, & Dggmﬂiu%hb Mgdlbey gagsat ur at ed

mononers besi des those specifically 5 describ above may be pol ynerized
usi ng t hepluse abactersomeaed ci 2§00-3000&kPai ande(-160°C.f wringe hzdipigen astayr ene,

al kyl - SUbPetalctEoLrllt gquﬁitew(ledb?f()o 1|)psncl))l3%4}/&8egc?mg£]o(¥nec}ttje1§c{stream (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
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 polymerization diluent temperature will typically be between 40 and 160°C.

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

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

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

30 WO 97/22639. All documents are incorporated herein by reference for purposes
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gem nal ly disubstituted ol efins, ethylidene norbornene, norbornadiene,

di cycl opent adi ene, and other ol efinically-unsaturated nononers, including
ot her cwoldissaBefi ns, such as cycl opent ene, norbornene, paiTkydoi/sashet it ut ed
nor bor nenes, 10 and vi nyl group-containing pol ar nononers capabl e of

coordi nation polymerization.. See, Tor exanple, U S. patents 5,635,573,
5,763,556, and WO 99/30822. Additionally, alpha-olefinic nacronononers of
up to 1000 mer units, or nore, may al so be incorporated by

copol ynergfaaisi phkedt prablidedfopdeitGiptios O Rilythéteaabe prstehRk Y iefalloceddi ti onal |y
ol i goneri zation, dinerization, 15 hydrogenation, ol efin/carbon nonoxi de
copol ynerselegtiomand ysgt esayerging eompoundsy dr osi | ati on, hydroani nati on and

rel ated catal ytic reactions enploying organonetallic cationic conplexes
can be acconplished using the cocatal yst conplexes of the invention with

sel ect ed or garoitet adltfiticAlMmeundatals kogoifers Nbesides alidse 2pecifiwligat al yst
conpositions_of the invention can_be used as descri bed above individually

for coor dleraitednalyry mayi batnobymesizedansipe the xetalyss prcspuhing gol fiser bl ends
ith oth l.ef i hzat o : | ecti f
L B A e A G g 1 o

nononers, atiron catalyst c yner ends can be
25 prepargechintier dzabstineted z adlefdus, c osthylidenns morboéragoys tarbdinadiendlsi ng

i ndi vi dua. atal yst conposi tiops. Polynmers having increased MAD for
i mpr ov_edajpw_c‘}@w&gﬁaﬁkjne,awgp Shster Rl b ﬂmoggersavaﬁvisg @%Tom pol ymers
made Wt RyBhXBRAGR! AcH S cyRiopbaie, GRAbdriutR, Bk REMBHARLL ndfbofificl o7 Mal i on of

bl ended pdl yners can be achieved ex situ throug nmechani cal bl ending or in
si@ u t hrendh tihgd ugmupicontaming:dpelat almatonzyst eapable 0§ cgerdematiohy bel i eved

(T Sk B Sk e 1 S5k, oG plomBOTaEs gy gy SUBSTI TUTE
produced gorB8ne. HdARiondie ASR-SIEfiMc XeLr&BbRInYSt 0B UP t@MB00 fRF uhils,Si t U
bl endi ng i nvol ves conbi ning nore than one catalyst in the sane reactor

or more, may also be 1incorporated by copolymerization yielding branch-

containing olefin polymers. Additionally oligomerization, dimerization,

15 hydrogenation, olefin/carbon monoxide copolymerization, hydroformulation,
hydrosilation, hydroamination and related catalytic reactions employing
organometallic 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

25 prepared under polymerization conditions analogous to 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
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to simultaneously produce nultiple distinct polyner products. This nethod
requi res additional catalyst synthesis and the various catal yst conponents
nmust be womdatssfied for their activities, the pol yner prodecrsudnesz2gener at e
at specific conditions, and their r,esponse to changes in polynerization
conditions. Were the netal |igandsinclude hydrocarbyl noieties (for
exanpl e, rac- diphenylsiladiyl (2-nethylindenyl)2hafniumdinethyl) that are
susceptible to 10 ionizing abstraction, solution polynerizations of
nmonomner s atlaws biec Blehided be phyducad oat stom  The sive bf mEkal tardlgsiaystainkh | oni zi ng
agents of the,f%rnula_Ct+ and neutral Lewi s acids such as

tris(per APLIGSHY &Wi%&?f%}w@% éohl%?%igétlﬁéfé%Eqrsﬁétaés@f iny the $AMB &I of t hose

known to - S f e : -ract i L@AjlC hydride,
Aoyl | OO SimdaRBLay | AoiaembhilOAREL pON R AR PR T
conpoundseduiies abdidosad catabyest symimesispml yhevarmamks iconlysat@hpsiests must bei ssi on of
coval ent netal.- ar?@n ril.or r%Z bonds in , such organonetallic _.conpounds.
Pref er abiMAtehed fot, ihH PivalEse iBS 40 XM o Rrodpets ethe  §50gral 2h PRYETiF oni ¢

catal yst .6RdRb&X8Rd fHRIrTeshonsd f dhheyR i 9pAoAR 2ticndloaliXRhs.20 precursor
conpounds. Such include nitrogen-contalning cations such as the anilinium

and ammonium salts of U S. patent 5,198,401, and WD 97/35893, the trityl

i1yt um cati Ongets fhoels Bk meRd R p iy Bkt Ydsd ipaRaties ar s of
G oup 1 dighedylSiddyI62-alethylindeddhRithiutn 7@iheddB) thetdiakd ofidédpyibRuitbabl e

cations include 25 nitrogen and carbon based cations described in WO
910 35893 jonAAE i akstErsHend peigtionupalymmrizatians gfpmpeemers randes eentabby 942, fil ed

22 ot obety 0on Ao 050E0B e §th oy iR SEARE o ARSIl Y ocarbyl,

hydr ocar byl'-am ne, hydrocar byl -si| and oup 1, 2,
11 and 12(My )@, . bagFhndaicuals.evds ecidsibuchbk @id(perflasophéelamberanet h t he

i nvention. The teachings of these references are referred to SUBSTI TUTE
SHEET (RULE 26) WO 01/58913 PCT/ USOL1/ 04220 38 for information and

i ncorporated by reference for the purposes of U S. patent practice.

Effective cations (Ct") can be any of those known to be suitable for the

15 abstraction of any of monoanionic hydride, alkyl, or other hydrocarbyl or
hydrocarbylsilyl ligands on organometallic compounds suitable as insertion
polymerization catalysis, or scission of covalent metal-carbon 1' or n2 bonds in

such organometallic compounds. Preferably the cation is essentially non-
interfering with the ionic catalyst complexes formed with the organometal catalyst

20 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 5,767,208. Additionally suitable cations include

25 nitrogen and carbon based cations described in WO 97/35893, and in copending
U.S. Patent Application Nos. 60/160,942, filed 22 October 1999, and 60/169,768,

filed 9 December 1999. Thus hydrocarbyl, hydrocarbyl-amine, hydrocarbyl-silyl,

preferably C,-Cj¢, 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
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The effective Goup 8-15 el enent anionic cocatal yst conplexes of the 5
invention are, in a preferable enbodinent, derived froman ionic salt,
conpri si mgo oass¥ixoordi nate G oup 10-14 el ement ani oni ¢ cor@l/@R)1/0sBr € A-
can be represented as: [(MQLQ . ] 10 where Mis one or nore G oup
10- 15 netalloid or netal, pref erably oron or alumnum and either each Q
is ligand effective for providing electronic or steric effects rendering
[((M)QLQ2 ...Q, f suitable as a noncoordinating anion as that is
under st 0ogyiiRfdhiatian tand Qficorpsibifell i 161 RiFérenel & thef pubetes oFUSK. phRht [ (M) Q Q2
.Q'] 15 as a whole is an effective noncoordi nati ng or weakly anion.
Exerrpl ar ypréctiegubst i t uents specifically include fluorinated aryl groups,
preferably perfluorinated aryl groups, and include substituted Q groups
havi ng substituents additional to the fluorine substitution, such as
fl uorinated hyg#hoedebite Graipd8-15Pslementr &doiik UdichtaBisedomplexés of Gheps i ncl ude
phenyl , bjphenyl, napthyl and derivatives thereof. The 20 di sclosures of
U. & pat eiventsnagg in@ preferolajg emrpgdimeny Agriyadyfrom &mrr)n@@alt COMEEHH34,
5,895,771, 0 2 1,42 nd
copendi ng U oo ngl?e ﬁ??&@ééi%ﬁégﬂtnb\/&%g C%rﬁ%xz? |IéAd g%l?ech 1999,
and its e@ptega{tecnas WO 99/ 45042 are particularly instructive as to suitable
Q substituents 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 wth b\zf\%@t ald2 ene catal ysts of the invention.
See U. S. 5,483,014, weakly co i'ng | ons from borane, carborane,
bavat e, carborate, netall oborane, nmet al | ocar borane conpl exes are
descri bed and exenplified. See al so the review 30 articles by S. H
Strauss, Wieie Meisraiis romoreafgen 40rd S vBetalleidaen jieteharaterbly ﬁgronAW ons", 93

e oA O g B, R BT T

effects rendering [(M")Q,Q- .. .Q,] suitable as a noncoordinating anion as that is
understood in the art, or a sufficient number of Q are such that [M")QQz . . .Q,]
15 as a whole is an effective noncoordinating or weakly anion. Exemplary Q
substituents specifically include fluorinated aryl groups, preferably perfluorinated
aryl groups, and include substituted Q groups having substituents additional to the
fluorine substitution, such as fluorinated hydrocarbyl 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, 5,278,119, 5,447,895,
5,688,634, 5,895,771, 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 WO 99/45042 are particularly instructive as to suitable Q

substituents 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, metalloborane, 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. A. Red, "Carboranes: A New
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Cl ass of Weakly Coordinating Anions for Strong El ectrophiles, Oxidants and
Superaci ds", 31 Acc. Chem Res. 133 -139 (1998). The use of ionizing ionic
conpoundwonatsseidnt ai ni ng an active proton but 5 capabl e paff/ygsoodsecd ng bot h
the active nmetall ocene cation and a noncoordinating 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). An additional nethod
of making the ionic catal ysts uses ionjzing anion precursors which are
initiallyRgubf freakBWMCRoRIhARPAhichO 1B} SR8ng atlbARANES, a0k tYReA 10
ionizing reaction with the rre{gal | ocene conpounds, for “exanple the use of
tri s( pentSuperacidey Bé mel) Cham. dtes. 138ed 3EPLIBD 520 732 (i ncorporated herein by
reference for purposes of U S. patent practice). lonic catalysts for
addition polynerization can al so be prepared by oxidation of the netal
centers of trarkidse OF ionTBinaliokie pAIpBGEsot ABh@MIRY 86 UESRS profdhidi ni ng
metal lic oxidizing groups along 15 with the ani on groups, see EP-A-0 495
375 (i nccﬂap@ﬂ%ltoé@rqsglﬁ@?gnb%ly th@ﬁ@p%@étailgeenemaﬂg@@eg aonongogrdingsingnt

practice)_.ln particul ar LPEN 16, 0 OO0, . Of ohi g the anionic
conpl ex ar?:l%l E R %né)%nc'mgg%t}?gegﬁn lﬁ’a@?r\e?aﬁpo% %n% Eié /gﬁggg%?ﬁ)%r pol ymeric
support . (Beerporaéd hefeirebanfdf@endd. for papeses SofSUMR 7pA&ik prackide) 938n347, each

i ncor porated by reference for ﬁegr,poses of U S. patent practice. Metal or

met al | oi qdgiond @ethed af making the 1es srtplysly UsehETHENEEIBIPIEYSTie | nvent i on
i ncl ude l: -E‘QIE;@I ' td {6 ayi face

hydr oxyl a”g%i%}g%g@é’ﬁé I |t4eg{éQaLg%is g%ﬂ%{%t?o o?h?ectgg&t?ﬁagﬁ %{lhgl? lgjgfslerved for
ah®r phousomizingceactiane withpilee Inesaldchee compeonds, foo eXdmakodlie Lie oficcordi ngly

any of the conventiqgnally known sili uppo terials, .that retain
oyl s GEE T oy b RSR | sieet B Pz TRaSRaRT BeBLbY bl b i n
accor danGgfeWinkd hhuigheNbr AN.S. BagalsRad@ke BV abhigbidiihits BPtd@bnsi 1 i ca and

silica containing netal oxide based supports, for exanple, silica-alumna,
are pr ef eobyeriza@pn cancalypnbe prsparsd by ekislaior ofjtha seetdegasreefdramsigiont ypi cal . 30

Pol yneri ¢ pports are pr.eferably hydroxyl -f fional.- group-cont ai ni ng
pol ymer | dP&tRRRRRd By s Brprgraeripilip mhlle sEHIL 8RR mary al Kyl
15 with the anion groups, see EP-A-0 495 375 (incorporated herein by reference for

purposes of U.S. patent practice).

In particular embodiments one Q group, or ligand, of the anionic complex
may also be bonded to a metal/metalloid 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 to
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 retain hydroxyl groups after 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 hydroxyl-functional-group-containing

polymeric substrates, but functional groups may be any of the primary alkyl
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SUBSTI TUTE SHEET (RULE 26) WO 01/58913 PCT/ USOL/ 04220 40 am nes, secondary
al kyl am nes, and others, where the groups are structurally incorporated
in a pol ywepi/ssochai n and capabl e of a aci d-base reacti on nCTASeINE220LewW S
acid such that a ligand filling one %Ooordi nation site of the Goup 13

el enment is protonated and replaced by the pol yner incorporated
functionality. See, for 5 exanple, the functional group containing polyners
of U S. 5,288,677, the functionalized polyners of U S. 5,427,991 and the
descri pt i anges,nsecopdingiatigy] anfipes, @atli @hars UnBerePiik egtbuppirei eaictupallyNo.

09/ 277,339, filed 26 March 1999, agéj its egui val ent PCT/99US/ 06135, and

U. S. seri#corpgrateshme pohyperic; chagnyand gapable gbg acidsprse;reactioguviththsht Wo

98/ 55518'L€Ms a@fcﬁs&'cﬁ?l% E(Piggﬁdaﬂllf‘ﬁ% Jg@fcﬁéﬂﬂféﬁoﬁgfte PEhE GG 13Qieffent S

pat ent practi ce. er known nethods tor supporting catal yst systens

conpri si ng @otonated cowddieplatédnby aind polyowme abairyeratedi fuhctminglitybeSsyjifonbl e as

means for supporting the  catalyst conplexes of this,i tign. Thus the
cafal yst %xébf g‘l‘nclnﬂgali APERt F‘E)‘H?‘fg%nﬁ?ﬁ'gﬁ% °5h§f€$c§1\él§g682’pél§? ted on or
af fi xed tQugistilized | BlypRP ViU KRILII7249]1 XL the fd@icrl?ﬁ@ﬁ@'ir?’co delideachi ngs of
WD 91/09882, WD 93/ 11172, WO 96/35726 and U.S. ents 4,463,135, and

5, 610, 115apphkationsdi.fgPatert AqindicatieralNal QX2E7,539, fi fﬁwh’bmli 99, arkits ot al
tal yst t j L, ddi ti i
e BN For A BRI 520 LAY SRTEELES RS, RBA™S 1

cl ai ms i saridIEquliGaleriOWO0E8/55718e Al QRPRIUBESr#Ed BE tdfv@nédfor paFfdéENg pol ar
inpurities fromthe reaction environnent and for increasing catalyst

adfi vi t y. off Uypupptentayaetigs. be i nadvertently introduced with any of the

pol ynmeri zati on reaction conmponents, particularly with solvent, 25 nononer
and catal yst feed, and adversely affect catalyst activity and stability. It
can result in Odefelasiwiy meth@lse forebuppontidg @atabfst cgbtamgt campridingid y,
particularly when _ionjzin ni on_pr.e-curso activate the catal yst system
The pol ar"qrifpRFdinatiag anigp copatepy el 3% e%ﬁgt$ﬁﬁsm%?ré#?pwvégﬁ met al

I mpuriti eéatal%t%on@[&%?gfilmsyin%rlﬁﬂaﬁb %ﬁ% tﬁeﬁ%galfl‘ys?@&ﬁf)l%x&r&*{héin%nt‘fﬁn such into

the reaction vessel, f exanpl e by chem
15 may also physically deposited on or affixed to a suitable support material. See,

for example, the teachings of WO 91/09882, WO 93/11172, 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 impurities, 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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30 treatnent or careful separation techniques after or during the synthesis
or preparation of the various conponents, but sone m nor anounts of

SUBSTI | UNBgRBRMST- eR FMu f- nnE WO 01/ 58913 PCT/ USOL/ 0422@T/¥sD1/04220
organonetal | ic conmpound will still nornmally be used in the polynerization
process itself. Typically these conﬁbunds wi |l be organonetal lic conpounds
such as the 5 G oup-13 organonetallic conpounds of U S. patents 5, 153, 157,
5,241,025 and WD A-91/09882, WO A-94/03506, WD A-93/14132, and that of WD

95/ 079410r%a55§1'€¥hl11?6 )60&198@&}“%&1151 §tNF ndcigally it Rydd &b umd rpmméruaﬁbﬂyl bor ane,
triisobut al um num net hyl al unoxane, ‘and i sobutyl al um nunoxane. Those

corrpounerOChwlsmif bul ky or C6-C20 |inear hydrocarbyl substituents
covalently bound to the 10 netal or netalloid center being preferred to
m nimze adverse interaction with the active catalyst. Exanples include

triethyl al um myicalylthed® eempHieids iald b, ,orguﬂometam@wﬁpmﬂs Sthasafe

trii sobut | al um num triisoprenylal um num and chain |inear

alkyl - ovr-U? eugznomstalliencennpaus f, Usu giatenss éflﬁ3&5he§<%bp%§nan@m tri-n-
octyl a' “%6@91%98%5'%%%@90%‘ W, kigh  When gﬂd%}mxo%”@/d ?5/6?%

activator 8%cEss over 1he andunt needed to activa e cat al ysts

present Eaemphiry adnepoufids siwudec aiceingd eslusdmpou fittian dbadas, t iridsodlityl
organonetal |.ic conpounds nmay not . be necessary Al unpxanes al so may be used
in scaveﬁbinﬁ@u@namﬁlmalwnpnarm ﬁ%ﬁ’ lsor‘i’%}’rlnsa ‘amné.l&qx@%@c i gROSEecqMpounds

met hyl al yormy rb%l gr g id.5 2 E& é’Mt§ BOTM@%%@Q@ gt ivators.

The anpunt 0 corrpoun cat al yst “20 conpounds of the
i vent i onstdlor mmemallmd edltehhennmprpmny:dm nnanmwad\&mtmtamtmm withathe anount

effective to enhance_acti VII and with that anpunt necessar or

act i vat i 8116t C*lt‘ﬂ@“ g‘%’éﬂ’%}g?s Pr"b ?:fgg']iathnﬂg%' Bﬂt EIOEﬁJBregqr%t?ﬁ&) B/‘élI(-‘r‘nce excess
amunts  chHRpodfds fehCAal t%éb%t RRL AR, tﬁ%oﬁk%yfaﬂlﬁﬁiﬂnnﬁn@naﬁ@lb%n are
presented to illustrate fyoregm ng discussion. All parts, proportions

and per célnceag:él@ylanbstbyted\elughnum PEpQUIstsh el asdTi-Ni-heky bpduraumati-ne x anpl es
were car ro&:tefiah?rlrjl}numn drt1¥ n- d%)élngqaﬂumqneu?n eQ\Yhen NIRO e 5 gsed 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 ("MAOQO") was purchased from Albemarle as a 30
wt% 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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solvents. All solvents were purchased from conmercial sources. Al um num

al kyl s were purchased as hydrocarbon solutions from comercial sources.
The 30 cwomarse?1ial rnet hyl al unoxane ("MAO') was purchased frcovuSAibenarl e as a
30 W% solution in toluene. Althou t he exanples may be directed to
certain enbodinments of the present Tnvention, they are not to be viewed as
limting the SUBSTITUTE SHEET (RULE 26) WO 01/58913 PCT/ US01/ 04220 42
invention in any specific respect. In these exanples certain abbreviations
are used inventib@ i Ayt gecifichespdess i thetd @ampldazetainnabbuseatvinaacausdd chem cal
abbreviatigns for the .elenments and certain comonly accepted

abbr evi ati¢ fisditate therdeseriptign. JThess mglude standard chegprcal abbeyviatigng forthey - put yi |

Ind = in =Ml . tyhy, kan, and Ph =
phenyl . %%Esgd%eﬂ\?@n#%@&ﬁ S%Cngﬁ g\(/a(r]%tB ﬁggt %nséfg%pkﬁésM@Prlg%tg gtE? on of Ph2Si
i ndene 2 =l&hyly tiBie=drtyiviary-batyll A6d L irfdeagk Fhvas haegdd THE torRhDSF ( OSO2CF3) 2
(4.81 g, 1 ), di,ethyl ether (40 nmL) then indenyl lithium (2.44 g, 20
mrol ) . Af?t@?‘ygg?‘f‘)ﬁ?’iq‘i‘&%%\/%l’?ﬁ“ént, the nixture was renoved fromthe dry box
and treated with water (50 mL.). The aqueous | ayer was renoved and the
organic layer filtered to obtain the product as a white precipitate. Yield
(fromfilBDAMPLEES g, 8.1 nmmol, 81 15 % Preparation of

Ph2Si ( 2- et hyl - 4-.phenyl i ndene) 2 1 n the drybox, a 100 niL flask was charged
with thg‘ﬁ(‘?ﬁﬂfé#g?'k‘r%&'.‘@ S‘S& aT’é’?‘?’?lml), di ethyl ether (40 ni) then

2- et hyl %@Mﬁﬁldf%gsxindéﬁa)@i um (4.24 20 g, 20 mmol ). After stirring
overni ght, the m xture was renoved fromthe dry box and treated with water

(50 nL). The &b therdrykox,act(® merflask was ehanged With PhaSi@S02Gk2 ¢bB8hi ned as the

precipitate. Yield 3.6 g, 6.1 mmol, 61 % SUBSTI TUTE SHEET (RULE 26) WO
01/ 58913 gpdﬁ'myg@)_,/cbgg_ngbether (40 mL) then indenyl lithium (2.44 g, 20 mmol). After

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
15 %.

Preparation of Pthi(Z-methyl-4-phenylindene)g
In the drybox, a 100 mL flask was charged with PhpSi(OSO2CF3)2 (4.81
g, 10 mmol), diethyl ether (40 mL) then 2-methyl-4-phenylindenyl lithium (4.24
20 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 %.
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43 Preparation of Ph2Si (2-nethyl-4-[ 1-napthyl]indene)2 In the drybox, a
250 nL flask was charged with Ph2Si (OSQ2CF3)2 (9.6 g, 20 nmol), diethyl

et her (190 arispoiBhen 2- et hyl - 4-[ 1- napt hyl ] i ndenyl |t hi urrqritso1/g42262 nmol ) .
After stirring for two days, half the solvent was renoved and the 5 slurry
filtered through a 4-8 mfrit. The ¢8lid product was washed with additional
diethyl ether (2 x 25 nL) then dried in vacuo. Yield 10.9 g, 15.7 mol, 79
% Preparation of Ph2Si(2-nethyl-4-[] -napthyl]indene)2

2- met hy| -pledalatRARIIPROBI(PGNY1-4-[ LRipaDI{ird&ep 21 mmol ) was added to a 10
solution™ g, —and diethyl ether (50 nL). The
m xture was stlhthedtybasgrard5gmL ﬂlaﬂnwahehapg@ﬂ\unh PhpSi(OSobarg By d,il tration,
washed wth diethyl ether (4 x 50 nL) then dried in vacuo. Yield 4.71 g,

6. 8 nmol ,20g8me4), dlpﬂé’ﬂ)aﬁlat(l@ k) thap Simethyed-hl-naghpliadonsl Ageng (1L t hi um) 2 15

2- met hyl - L i thi V. I 5 In a
drybox, & f4? ﬁ%v?a%% rlfgrén }% gwo\éﬁg§q‘k§%ﬁég‘ﬁeﬁpﬁ§g %ﬁg&edz%jdn%%gl) t ol uene
(190 n) ,slwﬂt&em&@hmmﬁmﬂm THEBHd pro&itit s (WhsBeDwith ddBitioma! ) . The
m xture was heated at 50 C overnight. The m xture was filtered through

celite. Tirthdetther € x2adnkuiheeidriedineagne h¥itldd .8 gaddi7mmoak 9 Vol uene (2 x 50
m.). The toluene solution 20 of Ph2Si (2- net hyl - 4- phenyl i ndene) 2 was treated
with 2 MBuLi in pentane (20 nlL, 40 nmol), stirred overni ght then heated
at 50 C fregpafationtdf®h) 8§ nadhyiol-Jlomipthyll ingedept ure. The thick solution was
poured into pentane (‘500 n_.) causing a yellow solid to precipitate. The
soI i d was col [Zemtthiyl-44[il inapthy | Jodenyldshieeh @b 6I‘g, Ztiemnmi)a“(aa adddd® al) then

edlnva 0 i 2-neth nyl ithium)2. Yield
67, "Hafionof P uOs B PR ke g L eSS Bhep B b dbi) 5
'VE‘t al | Oc%‘iﬁtu%e wa %Hﬁé@%bélﬂ itHeﬂCchEP%%hé@waIsB}é'ted“BdPhﬁf&'xbh ndgdey2H Cl 2 1 n
the drybox, a m xture of 2-met hyl - 4-phenyl i ndenyl 'tthium2 30 (3.07
g, 5.1 mwalh diathg] etbén(én(eSC(mD) the)l dwiad in vasabe K ieldtdn7 11g,M.8 mnmdt 68%ot i n
chloride (11 nli, 11 nmol). After stirring for 3 h, the mxture was filtered
t hrough SUBSTI TUTE SHEET ( RULE 26)

Preparation of PhZSi(2-methyl-4-phenylindenyl lithium)2

15 2-methyl-4-phenylindenyl lithium was dissolved in toluene at 50 °C. In a
drybox, a flask was charged with Ph2Si(OSO2CF3)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
20 of Ph2Si(2-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 solid to precipitate. The solid was collect by filtration, washed with

pentane (4 x 100 mL) then dried invacuo to yield Ph2Si(2-methyl-4-phenylindenyl
25 lithium ). Yield 10.6 g, 17.1 mmol, 85.5 %.

Metallocene Synthesis via Ph;Si(OSO,CFs3),
Metallocene A: Preparation of rac-PhgSi(2-methyl-4-phenylindene)ngClg

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

30 (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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WO 01/58913 PCT/ US01/ 04220 44 celite onto a slurry of HCl4 (1.6 g, 5
nmmol ) and toluene (10 nL). After rinsing the celite pad with toluene (3 x
15 ), woeirseasti on was allowed to stir overnight. The pdnpaison/eds2zaes dri ed
in vacuo at 50 C and rinsed with pentane (3 x 50 nmL) to renpbve
trinethyltin chloride. The remainind4solids were crystallized fromtol uene
5 at - 30 Cto obtain rac-Ph2Si (2-net hyl -4-phenyl i ndenyl)2H C12. Three
crops, total yield 0.95 g, 1.1 nmol, 22 % Metallocene B: Preparation of
Ph2Si ( 2- \V I with

Ph2Si ( 2- n%;%“ﬁy‘*‘%‘ﬂﬂéw %.F%%n%s érﬁ”ﬁ{z&g% t%%‘kﬁ?;%u AR gi?lg(so )
then coolteslcdlite patbwith itdluérie(3Tx Bme)),. thd hactioh thlﬁlﬂ)WﬁStol’sﬁﬁBV@*ﬂlghf omthe
freezer then treated with ZrCl4 (1.28 g, 5.5 nmol) After stirring for 2
h, the sdihgenixtyiasvas skisdd vaste atRd iR cHR B U6 FSTQ 0t hon
filtered V, Jl te was
reduced a&ﬁgaﬁg SO J%lbgﬁfoglgél I%mlain% %?T{ag %c%eg\gltgﬁczregglﬁmf é%ltgl on. Yield
0.128 1%tg, 3@ Cltonvthin AcPhIB2-nBRplrdaphenihiddsing Do HEC Iy Thrateerppy, 2Zr C12.

Met al | ocene C. Preparation of rac-Ph2Si (2-nethyl -4-phenylindenyl)2ZrCi12 In
t he drybdstal vieldiG@ugel.bmmi2} ¥2- net hyl - 4- phenyl i ndenyl lithium2 (3.09 g,
5.1 mmol) and toluene (20 nL) was treated with 1 Mtrinmethyltin 20
chloride (11 nmL, 11 mmol). After stirring for 2-3 h, the m xture was
filtered Metablldghhed®! Piepanatib® oAPBISI(- ey lidddplyHrZAC127 g, 5 nmol ) and tol uene
(10 nL). After rinsing the celite pad wth tolfueng (3 x 15 nlL), the
reaction was dnitesdarbes, xflask wes ehangeghwith PhaSH2imeshihdehyldithiung20. 45 m

fil T dried d d h
(100° i) (251 3 5ol AL SE1F 480 i 9B caplgd fa 35 S MorfeearudhE ai © 80 C.
to obt a' | mikdfe RAZrIMAedatdmy khe“f‘ree%l%ﬂéfr{ ir&ﬁ@d“%it)@‘tg @:28Y4,8 fmbhah).9. 0. 53

nmol % Metallocene D: Preparation of

r ac- Ph 2 Sl/ﬁ(f&r rmtrmgl foﬁ 2[hl tiegal Vent vas emplell 240 Ghe2sol s Stedted Wil toluene
Ph2Si ( 2- met h§ Q{agﬁt hyl]indenyl ljithium?2 was pre&%red 30 from
addi ti on thn Hlter é wrawghubeles 6 remiaxgt LICL g yehvwme efplst Bty vas ni, 3.0

SUBSTI TULEquebtF&dd #RYoRuti cooled to =35 °C to achieve crystallization. Yield 0.128
15 g, 0.21 mmol, 3.8 % of 92% rac- Ph2Si(2-methylindenyl)2ZrCl).

Metallocene C: Preparation of rac-Pthi(2-methyl-4-phenylindenyl)ngClg
In the drybox, a mixture of Ph2Si(2-methyl-4-phenylindenyl lithium)?
(3.09 g, 5.1 mmol) and toluene (20 mL) was treated with 1 M trimethyltin
20 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 pum filter. The mixture was dried in vacuo at
50 °C and triturated with pentane (100 mL). The remaining solids were
25 crystallized from toluene at — 30 °C to obtain rac-Ph2Si(2-methyl-4-
phenylindenyl)2HfCl. Yield 0.4 g, 0.53 mmol, 11 %.

Metallocene D: Preparation of rac-thSi(2-methyl-4-[1-napthyl]indenyl)zZrClz

A slurry of Ph2Si(2-methyl-4-[1-napthyl]indenyl lithium) was prepared

30 from addition of a 2.0 M solution of n-Butyl lithium and pentane (1.5 mL, 3.0
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WO 01/58913 PCT/ US01/ 04220 45 mmol) to a m xture of

Ph2Si (2-met hyl - 4-[ 1-napthyl Jindene)2. (1.0 g, 1.44 mmol) and diethyl ether
(20 L) .wefaiesgoigtirring for two hours, trinethyl tin chl edrdesof4280 g, 3.0
mol ) was added. The col or changed |gstantly froman intense to |ight

yel l ow. The ether was renoved and t H product extracted with pentane (3 x
20 5 nmL). Renoval of solvent yielded product. Yield 0.88 g, 0.86 mpl, 60
% A 100 nL flask was charged with ZrCl4 (180 ng, 0.77 muol), toluene (20
L) t hen dihdBit6 2- mbitivgl of PHOSi(@apéthylk4-{ Ragnly1iddvie$).A .¢ ¢, 848 rgmol. 8 mol ) .
The m xture was stirred overnight then heated in vacuo at 90 C for 48h. The
10 or angeng chiadley! etlees (2Gikods). u’gfteur stitrimig fentva Bours,)trimisthyl tinlchloridd (6.6r ough a

0.45 m f||t et hyl h to the toluene solution
and the Sl FismeD St o Thesolor et BrBRR dia” abdfieh BTGNS s wer o
i sol at ed yiellgw. Wars®ether Wak ReitoVed 4ndl tﬁ@gﬁbc(uat Extractdd) with@enta@n{areo(3 x 5 ni).
After further washing wth toluene and hexane} X 5 nm) the

i)
safpl e waBLHrResgovao mlmmymldﬁélm@duct 1%ield @184 219.8funmol, §90%.Conpar at i ve
Li gand Synt hesi's Conparative exanple: Reaction of 2-nethylindenyl [ithium
with Ph2Sicd 2 In the drybox, a scintillation vial was charged with Ph2Si C12
(0.26 g, 1 2QA Mm@l fl&skAas(charpell witherCl4 (E3OML, 0.77 emmydl), ltoluneu@0( 0. 277 g, 2
mol ). The mixture was allowed to stir for 4 h, 20 min then water (5 nL)

was addednko theguBiafhi(2: methb’éédﬂ1n@nthyfihiléemﬁlx$ILM@3)\2/a@ §l6mey 88 fmmh.t he box and
the ether_| ayer separated and re .an oil 0 i ssolved in
coecl2. Ae lxalﬂrﬁﬂﬁfg* stiFfedro VoL ?IFIh e%ts éa%bé’sate%gn‘?rf@{j“g@ T?lFl NVR

sSpgctros ( {Olmélnl rative
e>ﬁ<)§1rrpl e: Qfl%@aégt%fg%% t%k'eenz"‘rbl Mjf phenyFll e%?@?{%ﬁdﬁ% Qg%% a2 1In the

drybox, dileci Riéthylagthem(2vi allL)ww adted gzetihe\mltuhnd?krﬂ@n@ and thezelugion1 30

m: g S¥a St?[r}?é @E%‘fge( IQX% c 1ngyclr§1sqdlerw4reliéc;[l§ d rg?le(nowasheg4 g9, 2
w1th cold toluene (3 x 1 mL) then pentane (3 x 5 mL). After further washing with
toluene (3 x 1 mL) and hexane (3 x 5 mL) the sample was dried to obtain product.

15 Yield 17 mg, 2.6%.

Comparative Ligand Synthesis

Comparative example: Reaction of 2-methylindeny] lithium with PhpSiClp
In the drybox, a scintillation vial was charged with PhpSiCl) (0.26 g, 1
20 mmol), EtDO (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 ether layer
separated and reduced to an oil. The oil was dissolved in CD2Clp. After drying
with MgSO4, the sample was examined by IH NMR spectroscopy. No PhSi(2-

25 Methyl indene)) was observed.

Comparative example: Reaction of 2-methyl-4-phenylindenyl lithium with
Ph2SiCly

In the drybox, a scintillation vial was charged with Ph2SiCl2 (0.26 g, 1
30 mmol), Et2O (5 mL) then 2-methyl-4-phenylindenyl lithium (0.0.424 g, 2 mmol).
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WO 01/ 58913 PCT/ US01/ 04220 46 The m xture was allowed to stir for 4 h, 20
mn then water (5 nL) was added to quench the reaction. The m xture was
renoved Wwoamss#e box and the ether |ayer separated and reducsedo420an oil .
The oil was dissolved in CD2C 2. After drying with MgSO4, the sanple was
exam ned by 1H NWMR spectroscopy. No 4en2si (2- 5 nethyl -4-phenylindene)2 was
observed. Supported Catal yst System Cat al yst System A In a 100 nL round
bottom fl ask, di phenylsiladiyl (2-methyl-4- indenyl)2 hafniumdichloride (
0.018 g) MRSmAdeNsalbVed MG furuqn@osxﬁimﬂqh@mvate(rl(shm wadddglitered twenty
mnutes. This was filtered through a nediumglass frit 10 funnel and washed
with tol mﬂ@ch(thsemlpn Tee ﬂﬁ’@u&m@? m@vremftmatt@b%snchme@herdwdr at ed

311108 (et BRY-0RS1 JREPLITAL o1 SOACIIRINA AL EBIY, TS BUETY | Ve

stirred mnutes rie M AUt 2sSunder
vacuum on.a orator unti th ora hen the
o ] N{gﬁéﬂ ﬁ& W?%mmlg?é b 25 M RO ARG S NS PRI O NS

suppor t ednGR{1d-Y¥idny Wﬁ@en%? Wasovehrd as an orange, free flowing solid (1.2
g). Polyrrerlzatlon results shown in Tables | A and 1 B. Catal yst System B.

I'n a 100 Suppbrtedidalyed Syaverh| ask, di phenylsiladiyl (2- nethylindenyl)2
zirconium di chl ori de ( 0.050 g) was added to the MAQO tol uene 20 sol ution
ﬂf’&uf

(4.8 g) d&rielystiSystem Aydng 0 quigd betipr flasls diphenylsdadiy K2wegyl4-medi um

| ass fri n Mﬁ’% tQl ed
19| | trat esfh(\i/\eélgﬁ Gﬂgd;ﬁgﬁ gtrqg? d81I8| V%Erh dé%% %géggﬂ%ﬁgggﬁgﬂl ar, 600C
dehydr at i(dM)g) a]idlsarred; twnty miastest | Thtsevhsffdtered/\&ml;ghm meatlmen ghaksefnitdr i ed at 40
C for der .vacuum a rot evapar unti | e liquid
olhpor ar damehang nete i GPREREDS S0r 4 thercetrast BriarsiiEhout o
hour s andjehykﬁﬁlt%bl s@icah. 0”% rl!)&\%on MI?Ré%g&O%b@‘ft dERRAt¥cH). Vidss §Iggpvered as a

purple, free flowng solid | ymeri zation results are shown in
Tabl es ZMaamderthor@afcaﬂyysmu&%stthewﬂnﬁd A a°Q 60 twio mmuted ubdtrt\@nwm ask,

o pheny! 31 a1 (2o e 30 REPTML LOGERNLd o 6 SN GRG ¢ (0. 033

dried a total of about 2 hours and twenty minutes. The supported catalyst was
15 recovered as an orange, free flowing solid (1.2 g). Polymerization results shown

in Tables 1 A 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
20 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 dried at 40 °C for one minute under
vacuum on a rotary evaporator until the liquid evaporated and then the solid was
25 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). Polymerization

results are shown in Tables 2A and 2B.

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

30 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
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solution (3.37 g) and stirred twenty mnutes. This was filtered through a
medi um SUBSTI TUTE SHEET (RULE 26) WO 01/58913 PCT/ USOL/ 04220 47 gl ass
frit funweloimsdswashed with toluene (10.6 nL). To the comamiedihHider at es
was added dehydrated silica (2.85 g, Davison 948 Regul ar, 600C
dehydration). This slurry was stirr€d for twenty mnutes, then dried at
40C for one mnute under vacuumon a rotary evaporator until the liquid
evaporated and then the solid 5 was further dried a total of about two

hour s and;i448Rt YurfleDMd Wame@ithm@enesgmpﬁmd AR dhalbiNasfiliReavered as a
purple, free flowng solid (2.69 Q). ol ynerization results are shown in

Tabl es 3Avasnilde® deltdratkq silicgy(286rg, MavisenaH4B80Regvlary 600FE Bettydeation).ask,

di phenyl sil.adj vl (2-nmet hyl -.4-. 10, [ 1-.napht hyl l,i.ndenyl.) i rconi.um di chl ori de
(oP057 oy g Shay o SR ot RS Bt KPS AT S S8 pRe ek oo
twenty mundeesacudkiion d@dtary eVipdiadr Gt akOhqAd eVEHdrated Shdhen fid doliiunnel and
washed with toluene (3.2 nlL). To the conbined filtrates was added

dehydr at etpssfurthen drigd @ tptal rfvalaaih toeshaey anditwesyodehidenyesat ilde) . Thi s
slurry Wasﬁaécgljterdr gg[al thr\i\}agexlr%%vé?‘édq Uatseg ’&&é’?%n ffje:reI ﬁ?w@#eéghg (]&33(9(3% two

m nut es undter vacuu ary evap tounti qu ipor at ed and
t hen t he Rxdymetizaasn tasulth@e sHowe th Raliled BA and 3Bbout 2 hours and twenty
m nutes. The supported catal yst was recovered as an orange, free flow ng

solid (1.06 g). Polynerization results are shown in Tables 4A-4D. 20

- U0 i Ve g ‘
Pol yrrer i Z@étélgﬁ%?;g’h‘ghb’lﬁ{ g’rp\hlfmlt@ﬂﬁ%ﬂhﬂﬁﬂﬂ%Mgf’ﬁrﬂéasly}ﬁ%kfé%%ég?%@%é?@l -ocedure Tor

produci n e supported cat s as follows. In a
ch®ean, dr[y-maplthyl]intflenylauticohame didhlaidenéd0 e gh wak uslded twi thtt MAGRY! ene

vapor, TEAL scayenge (Q.3 M., 1.5M was added. d e as was added at
VhPe. poi dplueiiucyl 2 Sntireg sSEhyARRoRe 10 W Ag60 Biovek gui g

propyl engnediith&JladI&Ait ifithel B MRBRIPWithQoluéfle B2 MDE T8tiaé Xebwra added by
washing in with propylene (200 nL). After the indicated tine, typically

one hour filtrites rwesc nddedvashydsateddsiliend4Ohe, dXavéson B8 oReduare G8fEed. The
pol ymer V@ﬁyérﬁt@n\ﬁ.e dl"h?sngurq'gf 'v?a%'stirred for twenty minutes, then dried at 40 °C for

15 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.

20 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, 1.5M) was added. Hydrogen gas was added at this point. The reactor
25 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 cooled, and the excess

propylene vented. The polymer was removed and dried.

30 Random copolymers ("RCP"). The isotactic polypropylene homopolymer

procedure was followed except that after heating to 60°C, a partial pressure of

ethylene was added.
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30 Random copol yners ("RCP"). The isotactic pol ypropyl ene honopol yner
procedure was foll owed except that after heating to 60C, a partial pressure
of et hyWwena/ssms added. SUBSTI TUTE SHEET (RULE 26) WO 01/P6891S81/04220

PCT/ US01/ 04220 48 | npact Copolyners (I CP). The polymnerization procedure
for producing ICP with the supporté‘é catal ysts was as follows. In a clean,
dry two liter autoclave which had been flushed wth propyl ene vapor, TEAL
scavenger (0.3 nmL, 1.5M was 5 added. Hydrogen gas was added at this point.
The reactor was closed and filled wth 800 nmi Iiquid propylene. After
heating the reactor to 70 C,_the catalyst was added by washing in with

pr opy! endmpad(Cepolymexs (KiP)t ke polamezizattbn proesdurs, foir paddugingol{d wathr , t he

react or s vented to about 17 Si g, pressur nd .t hen a .

Gyl enelths SIFPERS ctfy A s dOUBES DER SRR Fy Bk 1Rk Bleveortish (he rates
10 i ndi cafagthedhiflighémivithapropylene? 98pdas TEAIAbcdvBRgee0.30MmLL hesaasvaghase st age,
typically 90 to 150 m nutes, the reactor was vented and cool ed under N2.
The gr an@dded. | Brdrogen gatewasiadsled sirivia goimad The ireagtor pesyclesed and Ififleds 15

Mol ecul ar, wej ] Lon . el t r.omat ogr aphy
(0 acculEbeing dRhEL RoBPeheSn e AP R Bt A CTRR Cebllya W0

nol ecul aradded Byhivashing i with propylene (RO0RAS.UASFEr theiindicated\ébey 8 pl&allC gel

per neati on chromat ogr aphy equi pped with Shodex. (Showa Denko) AT-80 MS

col urms &W8 Bowi thee reastqraras e‘FF‘{;ét f, @bpigd 40 (kY Preseviscarst Bt i ng at

145C wi t 20 rk/&g%‘y‘rlr%fei g %ise{%ﬁ@z\%epggea hﬁrdagﬂi e RHASE Atth@ chidd ML/ mn.

flow rate. Tehe e Injection volune was 300 mcroliters. The col ums
wer e cal iihdiedtedi whde nintaamgd00psigy sAytherrad of dredzas ghasestagengmpadallya uni ver sal

cal i bration ve. Th ol ypropyl ene calibration curye was. e bl i shed
oing k 9040330 RNnwes; e et BV ARV gl i sonll iRt Noun PR FRDIF AT  ents.  The
nuner i calpofRdrieRTeMEvd Hardeamed 25 using Waters "M I enniunt software.
MFR i s determ ned by a conventional procedure such as ASTM 1238

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 (DRI) 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 10-3 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 was heated to
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Cond. L. The ICP preferably has a nelting point of at |east 145C,
preferably at |east 150C, nore preferably at |east 152C, and nost

pref er ablwoat/sdsenst 155C. 30 DSC nelting points were det PCVUSED4QIV
commercial DSC instruments and are reported as the second nelting point.
The pol ymer sanple was heated to SUBSTI TUTE SHEET (RULE 26) WO 01/58913
PCT/ US01/ 04220 49 230.0C for ten mnutes and then cool ed from 230C to 50C
at 10C mnute. The sanple is held at 50C for five mnutes. The second nelt

i's then respo@edy@gn hittes B! tBed Sobleditiih DROTT 39G0PC £ 4QCCAhindter at & Of
10C/ m nute. The peak tenperature is recorded as the second nelting point.

5 Xyl ene ot sdynple is Mtk at FPCplor Yive minatss.dilbe stoped nieit lhcblnemayt@ded and then

al | owed t cool ,ove h tion th e ried. The
xyl ene UBMPIH By ?6‘% @@%Q/E‘p@r ({)d g/aﬁtn%l IR s]&raé&uélu{?a ?QF ecover ed.
The 1V oftehﬂeratureqmeemed§§>ihulaé@ma&ﬁaﬁh@bom/as measured in decalin at 135C
by using know 10 net hods and instrunments such-as a Schott A VSPro Viscosity

Ausomatic Sanpler. FTIR analysis for the ethylene is done by standard
techni ques known to those skilled in the art. Calibration curves are
generated fr om’@W Selebies.qUbs ICEI dyrkerowas desdlhabkm Isitixylend and thére art. 15

The i nproy, act strength | us r | t roma higher
mol ecul ar %Yeélhn'?’ cagl OP?‘EQ@S‘F eéﬁﬁﬁﬁ{%’t g‘édf‘r%ﬂg?ﬁ arg d%FHe ﬁ? ﬁgl?’n"t he

mol ecul ar soMb18 PbrtRh wAREHRRed Bnd tREsHES1E %{atérﬁ?récﬂpé’r@& tl"ﬁé‘lv\éﬁt'tl‘a@s 20

Whil e the present invention has been described and illustrated by reference

to partl crecayeredrisolbleematerial wagj m¢asmdampde@llataédl3l’5y€tb)ogemefkmmm nary
inth art .. that the nve I S tsef many.di fferent

Va0 at i oneise® pq psPRhphbicdy GhchoRa TRRBUIF G oM P o ence

shoul d be nade solely to the appended clainms for purposes of determning

the true scope of the present invention. All

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.

15
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 illustrated
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 is claimed and all named testing procedures are

fully incorporated herein by reference.
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25 applications to which priority is clainmed and all nanmed testing
procedures are fully incorporated herein by reference. SUBSTI TUTE SHEET
(RULE 26)WoWD/88bA58913 PCT/ US01/ 04220 50 ~'~ cNV 0 0 N RCT/AUSO1M4320 co~ O
OUW an NN CL - ~,~wV/ M CeSr. o0OOU .o~ ro Qo0 z~NU
SUBSTI TUTE SHEET (RULE 26) WD 017958913 PCT/ US01/04220 51 rl- rn o NN OO

Time
(min)
22
60

C; (delta psi)
20
20

Efficiency
(kg/g cat)
0.06
0.06

Yield (g)
22.6
21.6

Table 1A. Supported Metallocene Catalyst System A

Catalyst
Amount (mg)
405
383

Description
RCP'
RCP

RCP = random copolymers

Run Number
1
2

—
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SUBSTITUTE SHEET (RULE 26)



G\O G G 15 wherein Gis the same or different and are a hydrogen, alkyl,
hal oal kyl, vinyl, aryl, alkynyl, silyl, gernyl, am ne, anmoni um
phosphi nayo opks9sphoni um et her, thioether, fluoro, chloropCbsemm42z00do,
borane, borate, 20 al ane or al um nat® groups or any conbinati on of such
groups; and wherein adjacent G groups fromeach aryl group may join to
forma ring systemof 2 to 8 carbon atons and al so contain an am ne,
silyl, or ether group; and wherein the aryl groups may be joined at the
corresponding ortho (2) positions by a coval ent bond; 25 and wherein the
aryl groupsames al so be heterocycles that are aromatic; SUBSTI TUTE SHEET
(RULE 26) WO 01/ 58913 PCT/ USQO1/ 04220 61 and wherein the aryl rings may

al so be sWhstistdlgimgdyy annul ated rings such annulated aryl rings are
napt hyl ene, tetrahydronapthyl ene, phenanthryl and fluorenyl; 5 and wherein
the aryl rings may al so be substituted by additional silylsulfonates; and

wherein the twa mgibd 6f Pupmhghaishthouad thribid dfidotiimgWianaGeodpragment 10 nmay
al so be joined together directly, as in a substituted bi phenyl derivative
or by |inker giesyion mgfalieifprm Hé‘lqt‘illﬂ@@Pe eptalygs crmpapendpwiiable fot ny| | phenyl |

al kynyl, silyl,) ARN Rﬂ@@ m et her,

t hi oet her, boraneﬁli)gﬁllmeri%ﬁ arﬁe or J[ ?’nﬁtﬁ‘gﬁ&@ ouﬁ)’s R&Bnﬁgl n ¥ is Si,

Sn or Ce; and sdimbkisolvichea ﬂlagﬂmat]akhsmmnm nidietyseittea organderhétellient, and are an

al kyl , i . . .
cyclopentadienyl moiety to form a diarylmetal bridged

10 biscyclopentadienyl compound.

2. The method of Claim 1, wherein the diarylmetaldisulfonate is described as

follows:

15

wherein G is the same or different and are a hydrogen, alkyl, haloalkyl,
vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine,
phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane, borate,

20 alane or aluminate groups or any combination of such groups; and wherein
adjacent G groups from each aryl group may join to form a ring system of
2 to 8 carbon atoms 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, '

25

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

SUBSTITUTE SHEET (RULE 26)



per hal oal kyl , phenyl, perhal ophenyl. 20 3. The nethod of Claim1, wherein
the organonetal lic cycl opentadienyl noiety is described as follows: G GG
G 25 whened n/B913 t he same or different and are a hydr ogerCT/akikiyd4220

hal oal kyl, vinyl, aryl, alkynyl, siéyl, gernyl, am ne, ammoni um

phosphi ne, phosphonium ether, thioether, fluoro, chloro, brono, iodo,
borane, borate, alane or alum nate groups or any conbi nation of such
groups; and wherein SUB&T4TU; E-SHEET (RULE 26) WD 01/58913 PCT/ US01/ 04220
62 adj acent G groups fromeach aryl group may join to forma ring system of
2 to 8 carbon atons and al so contain an amne, silyl, or ether group; and
wherein Mis aambWhére'mLthh aad; ribps nﬁl&alsorbeléubﬁitdted‘Blyemnmlhteddingﬁ sidhai m 3,

wherei n the organone clo tadienyl . noiety is_an ind m)lety
5. “The et hod GGG # bigaALs BRTY e r ARy BERP LS PGS BT y | <
selected from Hﬁl&eg* joup con5| sting of: diphenylsil yI ditriflate

di - 2-naphthyl si I'ylditriflate (2-nethyl-4-phenyl -

-rréthyl)(4-trimethyIS|ony)S|IyI ditriflate

di (2,4,6-trinet hen silyldi.triflate
di - 5-t et r ahydr aa% ?( ? yla Iltngﬁ dpay also q)e substituted by additional

di (4-triethyl sgllyygugpﬁ@qmg)swyl ditriflate
di (3,5-ditrifluoromethyl phenyl)silylditriflate

(4-dinethysilyltriflate)(phenyl)silylditriflate
di (di phenyl si lyxldd{zvthéljem ﬁ{eet)wo aryl groups bound to the silyldisulfonate fragment

10 may also be joined together directly, as in a substituted biphenyl derivative
or by linker groups; wherein the linker group is an alkyl, vinyl, phenyl,
alkynyl, silyl, germyl, amine, ammonium, phosphine, phosphonium, ether,

thioether, borane, borate, alane or aluminate groups;
15 wherein M* is Si, Sn or Ge; and

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

perhaloalkyl, phenyl, perhalophenyl.

20 3. The method of Claim 1, wherein the organometallic cyclopentadienyl

moiety is described as follows:

C
G G
25 wherein G is the same or different and are a hydrogen, alkyl, haloalkyl,
vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine,

phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane, borate,

alane or aluminate groups or any combination of such groups; and wherein

SUBSHTUTE-SHEET (RULE 26)



20 bi s(4-net hyl phenyl) (2,5-di-tert-butylpyridine)silylditriflate

di (bi phenyl)si lylditriflate di(2-ethylphenyl)si | ylditriflate

4,5-(9, 1ovdohysdudphenant hryl )silylditriflate 4, 4" -met hyl paBUS)1A4220
-'silylditriflate 25 biphenylsilyldié¢xiflate
phenanthra-4,5-silylditriflate naptha-4,5 -silylditriflate

4,4 -ethylene-3,3 -silylditriflate di- 1,1

' -oxyphenyl-2,2"-silylditriflate 30 di- 1,1

' -met hyl am ne- gy &end ! bﬁ’ﬁstﬂérﬁleﬁélﬁarég%foﬁ |n'1a:F(§'om3{okﬁS¥m a ring system of
silyl-2,2"-silylditriflate. SUBSTIT SHEET "( RULE 26) 1/58913

PCT/ US01/ 042202 t68 c@boiT Awmssnd etbosbni@insdmantine yshlyt, eir gtheh groopgandonet al | i ¢
cycl opentadi enyl noiety is selected fromthe group consisting of indenyl
lithium 2- nethylindenyl lithium 2-ethylindenyl lithium

2- i sopropyl i ndgRyein Mtibawidtal stelPagdiim®ahod Kndenyl [ithi um
2,4,6-trimethylindenyl lithium 2-ethyl-4,6 5 dinmethylindenyl 1ithium
2- Psopropyl -4, 6-di net hyl i ndenyl lithium 4,6- diisopropylindenyl |ithium

2- et hyl - 4, 6- di-i [ |2l 0t hi - - - dii opyl i ndenyl
lithium ﬁ 5- byr‘\ei‘g’?{r}fgg)r@;%wﬁﬁ%i‘Yjﬂr%ket‘Q?%%%%fgg&gﬁér%fﬂ‘gﬁﬁqﬁé%ﬁ [Pt hi um
4, 5- benzo- 2- et myletyidenyihddnyt oiety. 4, 5- benzo- 2- i sopropylindenyl lithium

4, 5-cycl ohexyl i ndenyl lithium 4,5-cyclohexyl 10 2-nethylindenyl [ithium
4, 5-cycl ohexyl - 2-et hyl i ndenyl lithium 4,5- cyclclohexyl-2-isopropylindenyl

l'ithium 4-ph inw | vt oo Vdiz [ Vb oiledf b um
2-et hyl - 4§pheﬁ§%@| ndeny bfi(%lh%%mvﬁ}?“%@ﬁ%’ﬁgﬁ%ﬁy %u#ggﬁgll{lﬂ%%?yum
4-1phenyl - 6- met $ejdctatdeomithd griohp aonsiking-of:di net hyl - 4- phenyl i ndenyl 1ithium

2 sopr ond PSRRI et hyt 1 nenyl 11 Ui um 41 -
di-2-naphthylsilylditriflate
(2-methyl-4-phenyl-5-methyl)(4-trimethylsiloxy)silylditriflate
di(2,4,6-trimethylphenyl)silylditriflate

15 di-5-tetrahydronaphthylsilylditriflate
di(4-triethylsilylphenyl)silylditriflate
di(3,5-ditrifluoromethylphenyl)silylditriflate
(4-dimethysilyltriflate)(phenyl)silylditriflate
di(diphenylsilylditriflate)

20 bis(4-methylphenyl)(2,5-di-t¢rt-butylpyridine)sily1ditriﬂate
di(biphenyl)silylditriflate
di(2-ethylphenyl)silylditriflate
4,5-(9,10-dihydrophenanthryl)silylditriflate
4.4'-methylene-3,3-'silylditriflate

25 biphenylsilylditriflate
phenanthra-4,5-silylditriflate
naptha-4,5-silylditriflate
4,4'-ethylene-3,3'-silylditriflate
di-1,1'-oxyphenyl-2,2'-silylditriflate

30 di-1,1'-methylamine-2,2'-silylditriflate
di-1,1'-dimethylsilyl-2,2'-silylditriflate.

SUBSTITUTE SHEET (RULE 26)



napht hyl ] i ndenyl lithium 2-nethyl-4-[1-naphthyl]indenyl lithium 2-ethyl-
4-[ 1-napht hyl ]Ji ndenyl lithium 2-isopropyl-4-[1-naphthyl]indenyl |ithium
4-11 -napho bysg916- met hyl i ndenyl |ithium 2, 6-di nethyl - 4- [ PCT/US01/04220

napht hyl ] i ndenyl lithium 2-ethyl-4-61-naphthyl]-6-nethylindenyl Iithium
20 2-isopropyl -4-[1-napht hyl]-6-nethylindenyl |ithium 4-(3,5-

di net hyl phenyl )i ndenyl lithium 2-nethyl-4-(3,5-dinethyl phenyl)i ndenyl
l'ithium 2-ethyl-4-(3,5-dinethylphenyl)indenyl lithium 2-isopropyl-

3, 5-di neghyl ot t %:ﬂ%! - .
((jl met thI pﬁe%ylp?ﬁﬁﬁjgn Q)?:@%{ Pluén‘hgéﬂ%hdl% rr(gg I _eté‘l é?%é%%?madlenyl
di {Tﬁt IhyI Shenlyl ?n:omdgeLs?rsllelek:teitlslfgqmrlrthe&fe\zfmgdnmn(@pﬁmﬁen;dﬂll:}ahmh@nyI )tﬁ-l o deny
ne i nden . - =.4-
R R A Iy A e RS R R N R AT A y

met hyl - 4- (3, 5- glig- &1&%%hth&éﬂylPhﬁﬂYxh)2 ﬂl@ﬁﬂﬁletﬂ}ﬂllhﬁédymlt}gmﬁt ﬁ‘-Bé{hyf’al(63 5-di-tert-
but yl phenyl )i ndenyl [ithium 2-isopropyl-4-(3

butsyl phenyl ) i ndiereghylindemy!dihiua, aﬂsdpycbpylw(@d@qﬂnylmﬁmylbmlmymphény| )i ndenyl

l'ithium 2,6- dlrret 3 -di rt b hen |t | um 2-ethyl -
SUBSTI TUTE SHEEH® EEKHQE“‘%%&‘” | ot e PR on i BIEHY bigpileh3-

4- (3, 5-di 'tertethyltybmﬁﬂgrb})yl%dm huhﬂuﬂﬁawbedzbmaemhﬂﬁnﬂl 35Lseaps-opyl - 4-
(3,5-di-tert-butyl phenyl met hyl i ndenyl lithium 7. The met hod of O aim 2,

wherein the di Wthaémﬁwlsmhmmaét%quoétgrhylmdesylmlzlsm decharey?2 . 8. The

diaryl si 11 br i gge RIRGYFRARGRAILRMex ARRAY iiun? 3 G G AC G G G ©

10 2-methylindenyl lithium, 4,5-cyclohexyl-2-ethylindenyl lithium, 4,5-
cyclclohexyl-2-isopropylindenyl lithium, 4-phenylindenyl lithium, 2-
methyl-4-phenylindenyl lithium, 2-ethyl-4-phenylindenyl lithium, 2-
propyl-4-phenylindenyl lithium, 4-phenyl-6-methylindeny! lithium, 2,6-
dimethyl-4-phenylindenyl lithium, 2-ethyl-4-phenyl-6-methylindenyl

15 lithium, 2-isopropyl-4-phenyl-6-methylindenyl lithium, 4-[1-
naphthyl]indenyl! lithium, 2-methyl-4-[1-naphthyl]indenyl lithium, 2-ethyl-
4-[1-naphthyl]indenyl lithium, 2-isopropyl-4-[1-naphthyl]indenyl lithium,
4-[1-naphthyl]-6-methylindenyl lithium, 2,6-dimethyl-4-[1-
naphthyl]indenyl lithium, 2-ethyl-4-[1-naphthyl]-6-methylindenyl lithium,

20 2-isopropyl-4-[1-naphthyl]-6-methylindenyl lithium, 4-(3,5-
dimethylphenyl)indeny] lithium, 2-methyl-4-(3,5-dimethylphenyl)indenyl
lithium, 2-ethyl-4-(3,5-dimethylphenyl)indenyl lithium, 2-isopropyl-4-
(3,5-dimethylphenyl)indenyl lithium, 6-methyl-4-(3,5-
dimethylphenyl)indenyl lithium, 2,6-dimethyl-4-(3,5-

25 dimethylphenyl)indenyl lithium, 2-ethyl-4-(3,5-dimethylphenyl)-4-
methylindenyl lithium, 2-isopropyl-4-(3,5-dimethylphenyl)6-
methylindenyl lithium, 4-(3,5-di-tert-butylphenyl)indeny! lithium, 2-
methyl-4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-ethyl-4-(3,5-di-tert-
butylphenyl)indenyl lithium, 2-isopropyl-4-(3,5-di-tert-

30 butylphenyl)indenyl lithium, 6-methyl-4-(3,5-di-tert-butylphenyl)indenyl
lithium, 2,6-dimethyl-4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-ethyl-

SUBSTITUTE SHEET (RULE 26)



10 which is the reaction product of one nole of a diaryl netal di sul fonate
miety: GGG GOO O? R GG\O'10 G G 15 wherein Gis the sanme or
di f f erentwandssaze a hydrogen, al kyl, haloal kyl, vinyl, arglt/usaldeywyl ,
silyl, gernyl, am ne, ammonium phosghi ne, phosphonium ether, thioether,
fluoro, chloro, brono, iodo, borane, borate, SUBSTITUTE SHEET (RULE 26) WO
01/58913 PCT/ US01/ 04220 65 al ane or alum nate groups or any conbination of
such groups; and wherein adjacent G groups fromeach aryl group may join
to forma ringsgysigRlbut ?pHeHy1§-6%étﬁgﬁh&h9lnI§thﬁﬂ¢, a8l 20s6RBpALAN an am ne,
silyl, or ether group; ang wherein the aryl groups nmay be joined at the
correspondi ng Gri-Hoteftutylphepdi6rmethglilbdenyl letbived.ent bond; and wherein the
aryl groups nmay al so be heterocycles that are aronmatic; and wherein the
aryl rings may al so be substituted by annulated rings such 10 annul ated
aryl rings. ar eTRapkinol € laitrel, vaeyslh @rRaRifithasdisuibenafiosty s and

fluorenyl; and wherein the aryl rings may al so be substituted by additional
si Pyl sul f onat eBh2Si(OSO2CF3)2 .

8. The diarylsilyl bridged biscyclopentadienyl compound:

10
which is the reaction product of one mole of a diarylmetaldisulfonate
moiety:
G G
G
G 6]
0]
o_bzR
G
G \O_S_R
g
G
G
15

wherein G is the same or different and are a hydrogen, alkyl, haloalkyl,
vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine,

phosphonium, ether, thioether, fluoro, chloro, bromo, iodo, borane, borate,

SUBSTITUTE SHEET (RULE 26)



15 and wherein the two aryl groups bound to the silyldisulfonate fragnent
may al so be joined together directly, as in a substituted biphenyl
derivati weo oDs890y | i nker groups; wherein the |inker groupPCEUSO/@ERI0Y! ,
vinyl, phenyl, alkynyl, silyl, gernyd, am ne, ammoni um phosphi ne,
phosphoni um ether, 20 thioether, borane, borate, alane or alum nate
groups; wherein M is Si, Sn or Ge; and wherein the R groups nay be the
sanme or different, and are an al kyl, 25 perhal oal kyl, phenyl,

per hal ophenyl ; e al | \ e ' noi et y:

G GVGGG 3613%{11%}5%”?@& %ﬁ@@@%@“@@@%ﬁ%ﬁé@%@ﬁ‘? %@%ﬁmzzo 66
wherein G is thdazane groumh fidrareect ahdrompenay joyrdodigan a radgsyistenhaf oal kyl |
vinyl, aryl, alkynyl, silyl, rpyl, amne, anmonium phosphi ne,

phosphoni um e%ﬁégfmlﬁmdﬁéﬁéﬁggﬁﬂ%d¥@f“%ﬁ?6@8?3Bﬂﬂﬂﬁfe@@ﬂ@guBowghe, borat e,
al ane or al um GALRIORRUAST QrodRYmEP HRI RdOR ME SWelhHaMIPSHha s wherein 5
adj acent G groups fromeach aryl group may join to forma ring systemof 2
t 058 carbon at postiensdyal woealeotraidn an anine, silyl, or ether group; and
wherein Mis a netal such as Li, Na, or K 10 9. The conpound of C aim 8,
wherein the organonetal lic cycl opentadienyl noiety is an indenyl noiety.

10. The conpouggl Whertindhdu§l grfups Biak) aldSedicRiddyiRt Mot beWré@n@s;e Moiety is
selected fromthe group consisting of. diphenylsilylditriflate 15

di - 2-naphthylsilylditriflate (2-nmethyl-4-phenyl-5 -nethyl)(4-trinethyls
loxy)silylditr %u{d Jh&ein the aryl rings may also be substituted by annulated rings such
10 annulated aryl rings are napthylene, tetrahydronapthylene, phenanthryl and

fluorenyl;

and wherein the aryl rings may also be substituted by additional
silylsulfonates;

15
and wherein the two aryl groups bound to the silyldisulfonate fragment
may also be joined together directly, as in a substituted biphenyl derivative
or by linker groups; wherein the linker group is an alkyl, vinyl, phenyl,
alkynyl, silyl, germyl, amine, ammonium, phosphine, phosphonium, ether,

20 thioether, borane, borate, alane 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,

25 perhaloalkyl, phenyl, perhalopheny];

and two moles of a organometallic cyclopentadienyl moiety:

G

G G
=
G G
30
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di (2,4,6-trinmethyl phenyl)silylditriflate

di -5-tetrahydronaphthylsilylditriflate

di (4-tri eavdrgl/seohy | phenyl)silylditriflate 20 PCT/US01/04220

di (3,5-ditrifluoronethyl phenyl)silyleéitriflate
(4-dimethysilyltriflate)(phenyl)silylditriflate

di (di phenylsilylditriflate) bi s(4-nethyl phenyl) (2,

5-di-tert-butyl pyridine)silylditriflate di(biphenyl)silylditriflate 25

di (2-ethyl phenyhgid & dithé sdth@bf different and are a hydrogen, alkyl, haloalkyl,

4,5-(9, 10-di hydrophenanthryl)silylditriflate

4, 4' - met hyl eneviByB- ‘agil] yalkjinyt,i fsilpl e getmydheaying, |aprdonining | phasphishenant hr a- 4,
5 -si lylditriflate 30 napthg-4, 5-silylditriflate .

4, 4' - et hyl ene- %}}%p_ﬁ%r}q;% %B?rl, ﬂ}l?éégeé’ ha%/r_o, i}}lﬁro, Ibromo, iodo, borane, borate,

' - oxyphenyl - 2, 2angbd athiliratd frbagsorSHBSHBiEESHEREh(dRVE; 26) wiQefl/ 58913
PCT/ USCL1/ 04220 67 di- 1,1 "-nmethylamne-2,2'-silylditriflate di- 1,1

' - di et hyl si | yadigeent Gsgrpypsdfram jep¢hagrs! gropp mayeodbteffouna@ rofe osgmeB, wherei n
t he organonet al | | t adi_enyl I -S4 sel ram the group
consi sting of H\%gﬁ%}g% ?@ﬁgtﬁg a%@ e aﬁny |thlrglté%y+®f’i0? ﬁﬁ%i‘?l%ﬂb’e%r@yl i ndenyl
lithium 2-isopropylindenyl lithium 4,6-dinmethylindenyl |ithium
2,4,6-trinethylindenyl lithium, 2-ethyl-4,6- dinethylindenyl lithium

2-i sopr opy! - 4, BheteweVy p meded §Y¢h 25 NG9t 5. 6- di i sopropyl i ndenyl it hi um
2-nmet hyl - 4, 6-di i sopropylindenyl lithium 2 10 ethyl-4,6-diisopropylindenyl
lithium 4,5-benzoindenyl lithium 4,5-benzo- 2-nethylindenyl lithium
4,18- benz09.2- et Tik¢ comiprupd off Hdimunwhérda enagarbmata bpcupydentedemyl | it hi um

4, 5-cycl ohexyl r'nrc')fie?y”%’s'an'ihée@'yf‘r@oie?y’s' cycl ohexyl -

10. The compound of Claim 8, wherein the diarylmetaldisulfonate moiety is
selected from the group consisting of: diphenylsilylditriflate

15 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

20 di(3,5-ditrifluoromethylphenyl)silylditriflate
(4-dimethysilyltriflate)(phenyl)silylditriflate
di(diphenylsilylditriflate)
bis(4-methylphenyl)(2,5-di-tert-butylpyridine)silylditriflate
di(biphenyl)silylditriflate

25 di(2-ethylphenyl)silylditriflate
4,5-(9,10-dihydrophenanthryl)silylditriflate
4.4'-methylene-3,3-'silylditriflate
biphenylsilylditriflate
phenanthra-4,5-silylditriflate

30 naptha-4,5-silylditriflate
4,4'-ethylene-3,3'-silylditriflate
di-1,1'-oxyphenyl-2,2'-silylditriflate

SUBSTITUTE SHEET (RULE 26)



2-met hyl i ndenyl |ithium 4,5-cycl ohexyl-2-ethylindenyl lithium 4,5-
cycl cl ohexyl - 2-i sopropylindenyl lithium 4-phenylindenyl lithium 2 15
met hyl - 43phengdoindenyl 1ithium 2-ethyl-4-phenylindenyl |PChiosem04220
propyl - 4- phenyl i ndenyl lithium 4-ph&nyl-6-nethylindenyl lithium 2,6-
di met hyl - 4- phenyl i ndenyl [ithium 2-ethyl-4-phenyl-6-nethylindenyl
lithium 2-isopropyl-4-phenyl-6-nethylindenyl lithium 4-[ 1-
napht hyl ] i ndenyl lithium 2-methyl-4-[1-naphthyl]indenyl [ithium 2-ethyl
20 4-[1 - naphiykibiRefv oL GiNitMa2- | Sopropyl - 4-[ 1-napht hyl 11 ndeny!
1-napht hylT-6-net hyli ndenyl lithium 2,6-dinethyl-4-[ 1-
napht hyl ] dindé'rdimethiylshiylsg2'-alyddityflate- [ | - napht hyl | - 6- met hyl i ndenyl

[ithium 4-[

2-i sopropyl - 4-
di met hyl phenyl

l'i thium 2t et hyhe dorhgound &f ORIV, PR tHe st
(3, 5-di et hyl phenyl )1 ndenyl l'ithium 6-net

[1-napht hyl ]-6-nethylindenyl lithium 4-(3,5-

[ithium

)Yindenyl lithium 2-nethyl-4-(3,5-dinethyl phenyl)indenyl 25

%Mmdtalhbbmpe%tadmropyl 4-

di fret hyl phenyl I)mmwewplepﬁedrﬁlioamhegr@lnmm@ﬁhw Oﬁmé@%hﬂamﬁe%w phenyl )i ndenyl

a4t KRG B ARS8

2- |sopropyl
4- (3, 5- di-tert
met hyl - 4- (3, 5-

4 delmlemlyBﬂd/dn}/l mﬂﬁmy 12,4 6Iti‘imethyllﬂdenyl hthlum 2-ethyl-4,6-
dl-tert but

phen I)|ndenyl lithium, 2- th | - 4- (3 5-di-tert-

but yi phenyl ) i ndigkylindenyl i‘ﬁhlu@; SOPFUIT 64d1(1§ﬂﬂ§/1'&fieltYélllfhl‘s§UB%ﬁ TUTE SHEET

R

2,16- di met hyl - 4et(181, ‘Bédiusd)mopylbﬂbwmhhnyi ﬂ;SHbm)myilndényﬂ hithinm, 2,5 tehgo--

6- et hyl - 4- (3,

4-(3,5-di-tert
5 -di-tert-but

15
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P PR e e AP SOt s RS neStound of

ound of

Caim8, wher eisapxbbﬂumeaymlmﬁh@u,cb c%%'léﬂéﬂ?lti&ieﬂ?l 1@hdn, 3, 5-EticHek (HSO2CF3) 2.

2-methylindeny] lithium, 4,5-cyclohexyl-2-ethylindenyl lithium, 4,5-
cyclclohexyl-2-isopropylindenyl lithium, 4-phenylindenyl lithium, 2-
methyl-4-phenylindenyl lithium, 2-ethyl-4-phenylindenyl lithium, 2-
propyl-4-phenylindenyl lithium, 4-phenyl-6-methylindenyl lithium, 2,6-
dimethyl-4-phenylindenyl lithium, 2-ethyl-4-phenyl-6-methylindenyl
lithium, 2-isopropyl-4-phenyl-6-methylindenyl lithium, 4-[1-
naphthyl]indenyl lithium, 2-methyl-4-[1-naphthyl]indenyl lithium, 2-ethyl-
4-[1-naphthyl]indenyl lithium, 2-isopropyl-4-[1-naphthyl]indenyl lithium,
4-[1-naphthyl]-6-methylindenyl lithium, 2,6-dimethyl-4-[1-
naphthyl]indenyl lithium, 2-ethyl-4-[1-naphthyl]-6-methylindeny! lithium,
2-isopropyl-4-[1-naphthyl]-6-methylindenyl lithium, 4-(3,5-
dimethylphenyl)indenyl lithium, 2-methyl-4-(3,5-dimethylphenyl)indenyl
lithium, 2-ethyl-4-(3,5-dimethylphenyl)indenyl lithium, 2-isopropyl-4-
(3,5-dimethylphenyl)indenyl lithium, 6-methyl-4-(3,5-
dimethylphenyl)indenyl lithium, 2,6-dimethyl-4-(3,5-
dimethylphenyl)indenyl lithium, 2-ethyl-4-(3,5-dimethylphenyl)-4-
methylindenyl lithium, 2-isopropyl-4-(3,5-dimethylphenyl)6-
methylindenyl lithium, 4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-
methyl-4-(3,5-di-tert-butylphenyl)indeny! lithium, 2-ethyl-4-(3,5-di-tert-
butylphenyl)indenyl lithium, 2-isopropyl-4-(3,5-di-tert-
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13. A method of formng a diaryl bridged biscycl opentadi enyl netall ocene
10 conponent,

conbining the diarylmetal bridged biscycl opentadi enyl conpound with a 15

the nmethod conprising conbining in a suitable solvent a
diary | mwabds®u f onate noiety with a organonetal | i ¢ cycl ppEUsS@di4evy|
noiety to forma diaryl netal bridgedssi scycl opentadi enyl conpound; and

Goup 4 netal. 14. The nethod of Caim 13, wherein the

di aryl netal di sul fonate is described as follows: GGG 3~ OO G O-KR

- e i Qr~differne hydr ogen,
SRR i SRl LA A e e
p hivthpine, 2, eHdymethlet-( 3, 5 di-ceet-braty | phE byl indeny€ hihauro,, 2-tthphko,

G\O"10 G
al kyl ,

phosphi ne,

bor ane,
gr oups;

hal oal ky

vin al kyn

form a ring_syet=a ot b3 BT TSy RiEn| Abifur®) VO 0L/ 58913

PCT/ US01/.04220 69 2 to

carbon atons and al so contain an am ne,

et her group; and wherein the aryl groups may be joined at the

corr SPongh 19 914 000 RS0 el RS UBLA bR Ry ter i Lhe
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13.

14.

PhpSi(0S02CF3)3 .

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

moiety to form a diarylmetal bridged biscyclopentadienyl compound; and

combining the diarylmetal bridged biscyclopentadienyl compound with a

Group 4 metal.

The method of Claim 13, wherein the diarylmetaldisulfonate is described

as follows:

c ©
G
G o

0

o_%7R
G

G \O_S_R

o

G
G

wherein G is the same or different and are a hydrogen, alkyl, haloalkyl,
vinyl, aryl, alkynyl, silyl, germyl, amine, ammonium, phosphine,
phosphonium, 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 a ring system of
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i odo,
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silyl,

G

or



and wherein the aryl rings may al so be substituted by annulated rings such
annul ated aryl rings are napthyl, tetrahydronapthyl, phenanthryl and

fl uorenylwotp0ssamsl wherein the aryl rings nay al so be subspCT/us@d4230
additional silylsulfonates; and whet%ein the two aryl groups bound to the
silyldisulfonate fragnent 15 may al so be joined together directly, as in a
substituted biphenyl derivative or by linker groups; wherein the |inker

group is an alkyl, vinyl, phenyl, alkynyl, silyl, gernyl, am ne, amonium
phosphi ne, phospN@NakYBn £646and alsbicBRaliEsn aRMe288y], BPE@RELgroBb 24 OF
al um nate groups; 20 wherein M is Si, Sn or Gg; and wherein the R groups

may be the sanwhereinditfef aybmroupandaybe jaimed| &ythe copsspradogl wyho (Phenyl ,

per hal ophenyl . 25t.15.b Thevnptygd of Claim 13, wherein the organonetallic
cyclopentadien@SIKﬁBiéfvxﬁgeﬁeégvibed as follows: G G G G G SUBSTI TUTE
SHEET (RULE 26) WO 01/58913 PCT/ USOLl/ 04220 70 wherein Gis the sanme or
different and are a hydrogen, alkyl, haloal kyl, vinyl, aryl, alkynyl,

si Pyl , gernyl , ashwheseinghewi giourprex lsp e heteprrysish dieit aiparenafes | t hi oet her,
fluoro, chloro, brono, iodo, borane, borate, alane or alum nate groups or
any conbi nati on of such groups; and wherein 5 adjacent G groups from each
aryl group mayarjdowhertin theaml aings mgy alsstbersubstitutdd by agnulatebeimgatwiis and al so
contain an amne, si]Jyl, or ether group; and. wherein Mis a netal such as
Li, Na, or K %M%?J YR REEHGHE gIRED A ﬁﬁtrfb,ydaseﬁéméyln rhsaashyhridiet al 1i ¢
cycl opent adi enyf;orenyl;

10
and wherein the aryl rings may also be substituted by additional

silylsulfonates;

and wherein the two aryl groups bound to the silyldisulfonate fragment
15 may also be joined together directly, as in a substituted bipheny! derivative
or by linker groups; wherein the linker group is an alkyl, vinyl, phenyl,
alkynyl, silyl, germyl, amine, ammonium, phosphine, phosphonium, ether,

thioether, borane, borate, alane or aluminate groups;
20 wherein M* is Si, Sn or Ge; and

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

perhaloalkyl, phenyl, perhalophenyl.

25 15.  The method of Claim 13, wherein the organometallic cyclopentadienyl

moiety is described as follows:

G

G G
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noiety is an indenyl noiety. '17. The nethod of C aim 14, wherein the

di aryl netal di sul fonate noiety is selected fromthe group consisting of.
di phenyl svoyi/shouz i fl ate 15 di -2-naphthylsilylditriflate PCT/US01/04220
(2-nmet hyl -4-phenyl -5 -nethyl ) (4-trinmet hylsi loxy)silylditriflate

di (2,4,6-trinmethyl phenyl)silylditriflate

di -5-tetrahydronaphthylsilylditriflate

di (4-triethylsilylphenyl)silylditriflate 20

di (3,5-ditrifl | o idh t ridflat
(4-di met hysi | y#’??r?ﬁ gth{)é tﬂgﬁé}ﬁs op 'd f%f‘ér?ﬁ : %drdl g aehydrogen alkyl, haloalkyl,

di (di phenyl si | yingl,t aryf) aetlle})nylblsﬂylfl genrrmlj Fﬂmny,l )an@néniuoh, phesphinbut yl pyri di
ne)silylditrifl di (bi ditriflate 25
di (2- et hyl pheng}msgﬁqryw& ?t:hgrp elagg?lerﬂf éorc)gchltiro gromo 10do, borane, borate,

0- di hydr ophenagihfi¢ ¥ dlgintnakedétolpd rang cofhbf’nanBEbh¥&&rﬁﬁo§p33anc§bvhé’rleﬂi triflate
bi phenylsilylditriflate phenanthra-4,5-silylditriflate

napt ha- 4, 5- si | ydjakent Ggravgps fram sacteattyy Eronp nBiy3oinsiol fptrdiatning $ystea offi - 1, 1

- oxyphenyl | I I d| trifl SUBSTI TUTE SHEE LE 26 01/ 58913
T UB01 9220 7 oo glois anfafip Rl e s 57, o e s 0
di-1,1"- dlnethyIS|IyI 2 2'-silylditriflate. 18. The nethod of Cl ai m 16,
wherein the organonetalllc cycl opent adi e S moiety is selected fromthe
group consi st i Wgetsm Mrigamatalisuehaglah, Na, o n%t hyl i ndenyl 1ithium
2-ethylindenyl lithium 2-isopropylindenyl lithium 4, 6-dinethylindenyl
lithium 2,4,6-trinethylindenyl lithium 2-ethyl-4,6-

10 16.  The method of Claim 15, wherein the organometallic cyclopentadienyl

moiety is an indenyl moiety.

17.  The method of Claim 14, wherein the diarylmetaldisulfonate moiety is
selected from the group consisting of: diphenylsilylditriflate

15 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

20 di(3,5-ditrifluoromethylphenyl)silylditriflate
(4-dimethysilyltriflate)(phenyl)silylditriflate
di(diphenylsilylditriflate)
bis(4-methylphenyl)(2,5-di-tert-butylpyridine)silylditriflate
di(biphenyl)silylditriflate

25 di(2-ethylphenyl)silylditriflate
4,5-(9,10-dihydrophenanthryl)silylditriflate
4 4'-methylene-3,3-'silylditriflate
biphenylsilylditriflate
phenanthra-4,5-silylditriflate

30 naptha-4,5-silylditriflate
4,4'-ethylene-3,3'-silylditriflate
di-1,1'-oxyphenyl-2,2'-silylditriflate
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di met hyl i ndenyl lithium 2-isopropyl-4,6-dinmethylindenyl lithium 4,6-

di i sopropylindenyl lithium 2-nethyl-4,6-diisopropylindenyl lithium 2 10
et hyl -4, &vaoi/sops opyl i ndenyl [ithium 4,5-benzoi ndenyl |ipréT/wus1/0425%- benzo-
2-met hyl i ndenyl |ithium 4,5-benzo-27ethylindenyl lithium 4,5-benzo-2-

i sopropylindenyl lithium 4,5-cyclohexylindenyl lithium 4,5-cyclohexyl -
2- et hyl i ndenyl lithium 4,5-cycl ohexyl-2-ethylindenyl lithium 4,5-

cycl cl ohexyl - 2-i sopropyl i ndenyl |ithium 4-phenylindenyl lithium 2 15

met hyl - 4 heny, t -et hyl - 4-phenyl i ndenyl lithium 2-
propyl - 8 gny‘]In geny #’:2t Mu&r%hl%d-tghenyl -6-net hyli ndenyl lithium 2, 6-

di et hyI 4}-nﬂ1'eah;ﬂethydm11yylz,2r silyiditnifilat®- et hyl - 4- phenyl - 6- et hyl i ndenyl
l'ithium 2-isopropyl-4-phenyl-6-nmethylindenyl [ithium 4-[1-
napht hyl Ji ndenyl lithium 2-nethyl-4-[1-naphthyl]indenyl lithium 2-ethyl

20 4-[1-ngpht hy}d hﬁ%ﬁlblfdldlﬁlhlwmhe?elﬁ %Wr?ﬁ%beﬁﬂﬁé—c hiviehindenyl
lithium 4-[1-naphthyl]-6-nmet Ayl i ndenyl hium 2, 6-di net hyl -4-[ 1-

napht hyl ] i ndenyloidty istselgnted Zropt thelgrdurf ¢0nﬁ6phg bfyinflergd ﬂnﬁtlhlyll 2ndenyl lithium

i ot by ! phenyl TERBERGISY R <Y HhEgT Mt S ea BRI neny 25

l'i thium 2-et hylo-dimeyfindinyEfithutrp EM l}hﬂtiﬁymhd i lithiwtA) 2-2thiysajer opy| - 4-
(3, 5-di net hyl phenyrln)l ndgn Fﬂglllthl um’%Gt 1math I-e4-yl( HiT) 2ty

di met hyl pheny!| Ylimedisaipdenyl dithivg ZQSomnyrlrétwllrne&by(l@d@ylémthmmhg}ﬁphenw )i ndenyl

2. i sopr opy! - 4. L5 AT PR FRBIGAIORAN i 27

4-103, 5-di -t ert ethyly, anedspfbbylhdeﬂyﬂllthlluhbl4Lﬂ”-fben201ndenyl hthlum 4,5-benzo-
met hyl - 4-(3,5-di -tert-but Iphenyl)lndenyl ithium. 2-e I-4 3,5-di-tert-
but yl phenyl ) i nédeirhylindemylikihium, f Sohsngpyret hxl(r@ewldithw@sf‘@ﬁesm TUTE SHEET

6ot hy 4 (3, BORTY B ERUT G iy T sy ety PRI, . SERTMexy LRI U
2, 6-di met hyl - 42(nﬁ£;t]5ylﬂidem)ddltthlbmlt ¢5phyeinheXylrethylindeny hiithmam, 2k et hy| -
cyclclohexyl-2-isopropylindenyl lithium, 4-phenylindenyl lithium, 2-

15 methyl-4-phenylindenyl lithium, 2-ethyl-4-phenylindeny! lithium, 2-
propyl-4-phenylindenyl lithium, 4-phenyl-6-methylindenyl lithium, 2,6-
dimethyl-4-phenylindenyl lithium, 2-ethyl-4-phenyl-6-methylindenyl
lithium, 2-isopropyl-4-phenyl-6-methylindenyl lithium, 4-[1-
naphthyl]indenyl lithium, 2-methyl-4-[1-naphthyl]indenyl lithium, 2-ethyl-

20 4-[1-naphthyl]indenyl lithium, 2-isopropyl-4-[1-naphthyl]indenyl lithium,
4-[1-naphthyl]-6-methylindenyl lithium, 2,6-dimethyl-4-[1-
naphthyl]indenyl lithium, 2-ethyl-4-[1-naphthyl]-6-methylindenyl lithium,
2-isopropyl-4-[1-naphthyl}-6-methylindenyl lithium, 4-(3,5-
dimethylphenyl)indenyl lithium, 2-methyl-4-(3,5-dimethylphenyl)indenyl

25 lithium, 2-ethyl-4-(3,5-dimethylphenyl)indenyl lithium, 2-isopropyl-4-
(3,5-dimethylphenyl)indenyl lithium, 6-methyl-4-(3,5-
dimethylphenyl)indenyl lithium, 2,6-dimethy1-.4-(3,5-
dimethylphenyl)indenyl lithium, 2-ethyl-4-(3,5-dimethylphenyl)-4-
methylindenyl lithium, 2-isopropyl-4-(3,5-dimethylphenyl)6-

30 methylindenyl lithium, 4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-
methyl-4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-ethyl-4-(3,5-di-tert-
butylphenyl)indenyl lithium, 2-isopropyl-4-(3,5-di-tert-
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4-(3,5-di-tert-butyl phenyl)-6-nethylindenyl lithium and 2-isopropyl-4-
(3,5-di-tert-butyl phenyl)6-nethylindenyl lithium 5 19. The nmethod of Caim
14, wher avaot/bso13li aryl net al di sul fonate noiety is Ph2Si ( OBCRCR®)Y@220

SUBSTI TUTE SHEET (RULE 26) 72

butylphenyl)indenyl lithium, 6-methyl-4-(3,5-di-tert-butylphenyl)indenyl
lithium, 2,6-dimethyl-4-(3,5-di-tert-butylphenyl)indenyl lithium, 2-ethyl-
4-(3,5-di-tert-butylphenyl)-6-methylindenyl lithium, and 2-isopropyl-4-
(3,5-di-tert-butylphenyl)6-methylindeny] lithium.

19. The method of Claim 14, wherein the diarylmetaldisulfonate moiety is
Ph2Si(OSO2CF3)2 .

SUBSTITUTE SHEET (RULE 26)



