POLYMER-B NB-LI GANDS, AND METALLOCENES USEFUL | N CATALYST SYSTEM5S FOR
OLEFIN PCLYMERI ZATI ON The-pr.esent ‘i nvention relates to pol yner bound -~

| i gands, -pol ymer bound netal | ocenes, catal yst systems, processes-for
preparing sane, and the use of _.._v__“___-w___--:h.cat al yst systems ¢g.n..olefin _

pol yaeri zation. Background of -the Invention Metal |l ocd#& cat'al ysts have been
used:i n honogenous seluti.an pol ynerizations. Since such honpgeneous

catal ysts are soluble in the polynerizatiord nediumit is generally observed
t hats t-he resul ting pol ymer has law bul k density.” Attenpts to use soluble
nmet al | ocene catalysts in a slurry or particle 4ormtype polynerization are
currently not conPOLYMERJBOUND ¢AGANDSe. AND: MBTBALLOEENESOUSEFULeIN CABALYSMen such
particle form polynerizati o8¥STEMS FORr OLEFANORALYMERIZAZIQN esence of a sol ubl e
met al Focene catal yst, large anounts of polynmeric material are fornmed on the
surfaces of the polynerization vessel. This fouling 2 produces an
adverse effect on the heat transfer and al'so results in the need for

periodic, if not continuous, cleaning of the reactlor.$t V&ﬁl d herffore be
desirable to produce econbif prgsensinventionrelatesto polymenpoun E%‘%Qtsup° yrner
pol ymeri zati on processes free of reactor fouling. Summary of the Invention

An obj ect of the,nresenllobaeaNEte %{s‘?s{e?nsoﬁgﬁﬁeﬁ%getb?ﬁféggglﬁ@m an@ gl

| i gand useful in preparing heterogenéous ene’ ¢ yst's.

use of such catalyst_systems in olefin polymerization.
Background of the Invention

Metallocene catalysts have been used in homogenous solution
polymerizations. Since such homogeneous catalysts are soluble in the
polymerization medium it is generally observed that the resulting polymer has
low bulk density.

Attempts to use soluble metallocene catalysts in a slui'ry or
particle form type polymerization are currently not commercially-f;ea.sible. It
has been observed that when sﬁch particle form polymerizations are carried out
in the presence of a soluble metallocene catalyst, large amounts of polymeric

material are formed on the surfaces of the polymerization vessel. This fouling



Anot her - obj ect of the present invention is to provide an econonical process
.for preparing a solid polymer bound |igand useful in preparing netallocene
catal ysts. Another object of the present invention is to provide a solid
pol ynmer bound netal | ocene useful in olefin polynmerization which does not
progduce significant reactor fouling in a.pgrticle form pol yneri zation _
process Anot her obj ect of the present I nvéntion is to provide an efficient

and econom cal pr.ocess f a, pol ou ne catal yst.
Stitl anot her. R}'Bfilé%qsad’fa‘f‘ﬁéspep‘?eéhﬁp %hggﬁ%@;fqrsaqd&q Ph% e need for
pol ynmeri zati on process free of significant reactor foullng, especially in a

particle for mperike df nbticotiimods, tvl€anihg 6f theereac@eent i nvention, a pol ymer
bound |igand represented by the formula QU R)m and a process for preparl ng

gfnﬁ aegch R3| grgwh%?c) %ﬁd@gﬁﬁ"?EB%SF@%‘E?’SQ%%BEOW%#E@ pr ovi so

that at |east one Ris a cyclopentadienyl-type group and when Mis C at

| east™.two R grpestloeese catalysmasefiliin pulyrhatieativhoprosesses fiee of remtdrefoulin §
defined, and mis 2 or 3, said process conprising reacting a netallate

pol ystyrene and an organohal i de ng e el n_ the polystyrene is
netallated wwth an al kali netal, d@rdi8fyanohal i de conpound is
represented by the fornul a [err] vvhereln Xis a halide. O her aspects of

the present invention indnuwtjest ofthe/presertduvention il toprovide asolidpolymer by

the formula [err], wherein Zis a

bound ligand useful in preparing heterogeneous metallocene catalysts.
Another object of the present invention is to provide an
* economical process for preparing a solid polymer bound ligand useful in
preparing metallocene catalysts.

Another object of the present invention is to provide a solid
polﬁm bound metallocene useful in olefin polymerization which does not
produce si gniﬁcarrt reactor fouling in a particle form polymerization process.

Another object of the present invention is to provide an efficient
and economical pfocess for preparing a p.olymer bound metallocene catalyst.

Still another object of the present invention is to provide a
polymerization process free of significant reactor fouling, especially in a

- particle form process.
In accordance with the present invention, a polymer bound ligand

represented by the formula QM(R)m and a process for preparing same are



transition nmetal, Y is a halide, methyl, hydrogen, or a

cycl opent adi enyl -type group,. and n iss 2 or 3, and a process for preparl ng
same .conprising reacting the polymer bound |igand and an al kali. met al
conmpound to produce a netal |l ated pol ymer bound |igand and then reacting the
netal | ated pol yner bound |igand and a tral_a,5|t|on metal halide, ZY4. O her
aspects of the present invention include a catal yst system corrprl SI ng t he
pol yner bound_net ene. and an an 0 th arlng
sane, and a pBﬂYH‘g‘?(* 2’2‘?‘?’8\’? r’%é@?g’sg'r’r'ﬁrll Mﬁﬁgf’ﬁgné%t%’;gtorﬁs a| | ed
Description of the Invention A polyner bound |igand represented by the

formul a [err] hydfoeaehyl geoupsimlividhialby selented, with théSproviso at atSleastoneoR ibla
each Ris a hydrocar byl 4 group indivi dual | y selected, with the proviso

Lo Bty NP A SR AT, AR R ol § 1,

prepared by reactl ng a netal |l at ed poI ystyrene and an organohal i de conpound,

wherein said gy ﬂapmmmlwuﬁs, las hersiafterdefiieldyaridim 5@ orBssdidr r ]

wherein X is a halide and R and m are as descri bed above.

Cycl opent adi enyl - y defin are ing a
cycl opent adi eﬂé?@ﬁ%e PG, W@P%iﬁﬁ?@yém%ﬁ @%%HBWG

cycl opent adi enyl , indenyl, substltuted i ndenyl, fluorenyl, and substltuted

fluorenyl. Theomipound] whetein ﬂm:polyktyimdrismmdiwtecgmm akkaliahdjahgmﬂ_ to 12

carbon atons, al koxy groups containing 1 to 12 carbon atons, or halide.
wherein said organohalide compound is represented by the formula XM(R)
wherein X is a halide. Other aspects of the present invention include a polymer
bound metallocene represented by the formula QM(R)  ZY , wherein Z is a
transition metal, Y is a halide, methyl, hydrogen, or a cyclopentadienyl-type
group, and n is 2 or 3, and a process for preparing same comprising reacting the
polymer bound ligand and an alkali metal compound to produce a metallated
polymer bound ligand and then reacting the metallated polymer boundl ligand
and a transition metal halide, ZY,. Other aspects of the presént invention
include a catalyst system comprising the polymer bound metallocene and an
organoalumino;cane, a method for preparing same, and a polymerization
process employing the catalyst system.

A polymer bound ligand represented by the formula QM(R),.,

wherein Q is a polystyrene, M is Si, C, Ge, Sn, P, or N, each R is a hydrocarbyl



Preferably the substituents are al kyl groups containing 1 to 10 carbon
atoms, nore preferably 1 to 6 carbon atons. Sorre exanpl es of substituents

i nclude methyl, ethyl, propyl, butyl, tert-butyl, isobutyl, anyl,.isoanyl,
hexyl, cycl ohexyl, heptyl, octyl, nonyl, decyl, dodecyl, 2-ethyl hexyl,
pentenyl, butenyl, phenyl, chloride, brom de, and iodide. The term

pol ystyrene, as used herein, includes pol yStyrene, crosslinked polystyrene,
pol ystyrene derivatives, such as nethyl ated polystyrene,

pol ¥st yryl cyclgspemindividually selectedewithithe provise that at leastcgng Bgs @t adi ene, and

functionalized pol ystyrene, such as hal ogenat ed pol ystyrene, which are

Comor ci al 1y SYSIPERPE A BouBhod Wl MIEC ot 1ol #RRESERS S e art

A typical exanple for preparing pol ystyrene conprises reacting styrene and
di vi nyl benzen&ystopsatadienyl-type groupsand mda2. orthds prspared by 58acHiRgfondi ti ons
can vary broadly. Cenerally the polynerization tenperature is in the range

of from about é%[lkteﬂﬁ:ﬁﬁﬁﬂenk%a]ag %ﬁ%@ﬂﬁ‘g?ﬁggﬁﬁﬁpy%%iﬁmdbe pr epar ed

by any nethod known i theart. On I'nvol ves reacting

pol ystyrene with an al kali metal, conpound, Al kali tal conpoynds, sui.tabl e
for  prepari ng argarehalidecopmapnd,is W‘H&bﬂ@s@ﬁ@g‘i@'@% aXA%a

wherein Ais an alkali metal selected fromthe group consisting of lithium

sodium and p ﬁ?ﬁi %ﬁpﬁ,e‘{rg dw’ edabovear byl group selected from

the group conglis II‘%WO@EH yl, cygﬁoa kyl, and aryl groups containing 1 to
12 carbon atons. Preferably R is_ an alkyl group cog;t_lai Ei n(%nl to 10 carbon
atoms. Lithium alkyls cdayélppentadienyltype groups, as defined herein, are groups

containing a cyclopentadienyl-type group and include cyclopentadienyl,
substituted cyclopentadienyl, indenyl, substituted indenyl, fluorenyl, and
substituted fluorenyl. The substituents include hydrocarbyl groups containing 1
to 12 carbon atoms, alkoxy groups containing 1 to 12 carbon atoms, or halide.
Preferably the substituents are alkyl groups containing 1 to 10 carbon atoms,
more preferably 1 to 6 carbon atoms. Some examples of substituents include
methyl, ethyl, propyl, butyl, tert-butyl, isobutyl, amyl, isoamyl, hexyl,
cyclohexyl, heptyi, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, pentenyl,
butenyl, phenyl, chloride, bromide, and iodide.

The term polystyrene, as used herein, includes polystyrene,
crosslinked polystyrene, polystyrene derivatives, such as methylated
| polystyrene, polystyrylcyclopentadiene, and (methylated

polystyryl)cyclopentadiene, and functionalized polystyrene, such as



carbon atons are especially . preferred. Exanples of preferred |lithiumalkyls
i nclude methyllithium ethyllithium propyllithium butyllithium. , :
pentyl l'ithium and hexyllithium Excellent results have been obtained with
n-butyllithiumand it is especially preferred. The conditions for
mekal | ati ng pol ystyrene can vary broadly._Generally the tenperature is in
the range of from about [err] to about [e‘1"r]. When preparing the netall ated
pol ystyrene, the alkali netal conpound 6 is generally present in an
ameunt i n t hehalogenatest polystiyrensowhich areeapable of bping mewallatedavith aqpalkaliet
conpound per kil ogram of polystyrene, preferably about 0.2 nole to about 25
nol es, and r Roim O . fmjzher
effective ne%g?l?'f gg’ﬁﬁ?’g%%??ng mt@rgﬁl te‘?ﬂggﬁystyrene l‘r?\g%%\?eg reacting the
al kali metal conpound descri bed above wi th hal ogenated pol ystyrene. A
typi cal met hometroddmoyen intheiast. oY sypicalexgmple forprapanng pe Wg’é%cti ng
polystyrene, [err], and [err] in chloroform as disclosed in J. Og. Chem
Vol . 41, No. 4 gi wndiﬁon .
%o‘el?gﬁﬁ&gr;a?%?gg r nné %ﬁ&@m%%ﬂéﬂt%xﬁeﬁia%ﬁ ) s

I ncor por at ed ce. The ¢ L1 ons "f or hal ogenati ng

pol ystyrene by this nmethod can yvary broadly. neral | tl{\f reaction .
tenperature i epoimmewdnmmawl}/@agfit e%&s%lbl %Pgl]?'mwgl ly
the Br2 is present in an anount in the range of fromabout 0.1 nole to
about 50 nole ¢ 5! tR FAIBe R frcih ¥HBRE20 7T &5 scuIls0alout 0.2 mole to
about 25 nol e{s‘?,nﬁé‘f% ﬁ?rmre preferably about 0.5 noles to about 20 noles. The

hal ogenat ed pol ystyrene_ is then reacted with the alkali netal ound. The
al kalgi met al pco?/rpoﬁnd iMetaltlatedpolystyrene can be prepared by any method knéwn'in

the art. One such method involves reacting polystyrene with an alkali metal
compound. Alkali metal compounds suitable for preparing metallated
polystyrene are represented by the formula AR, wherein A is an alkali metal
selected from the group consisting of lithium, sodium, and potassium and
wherein R' is a hydrocarbyl group selected from the group consisting of alkyl,
cycloalkyl, and aryl groups containing 1 to 12 carbqn atoms. Preferably R is an
alkyl .group containing 1 to 10 carbon atoms. Lithium alkyl§ containing 1 to 8
carbon atoms are éspecially preferred. Examples of preferred lithium alkyls
include methyllithium, ethyllithium, propyllithium, butyllithium, pentyllithium
and hexyllithium. Excellen_t results have been obtained with n-butyllithium and
it is especially preferred. The conditions for metallating polystyrene can vary
broadly. Generally the temperature is in the range of from about 0°C to about

100°C. When preparing the metallated polystyrene, the alkali metal compound



generally present in an anount in the range of fromabout 0.1 nble to about
50 noles alkali netal conpound- per kilogram of hal ogenated pol ystyrene,
preferably about 0.2 nole to about 25 noles, and nore preferably about 0.5
nol es to about 20 nol es. 7 Anot her nethod for preparing netall ated
pofystyrene involves reacting chloronethytated polystyrene, with a

net al | at ed cyclopentadienyl-type conpoun The chl oronet hyl at ed pol ystyrene

i s prepared rene with chl oro her to
prdduce chl o?yﬁﬁﬁgg&fg&o YRAE 10 the range q o%qaﬂ“tb&n'@& 60 abqwy 6
carbon atons, preferably 1 to 3 The netal | ated cycl opent adi enyl -t ype

conpound i s 50 molealaikatimatal setpourid penkilogtaai 6flpolyatyrans) prefepably abiie
conmpound contains a cyclopentadlenyl-type group, and i ncl udes the groups

cycl opent ad| C ent ad| nd, substituted
i ndenyl , @g@olgg&g%%yy rﬂgf%,t F%P‘éﬂ gﬁla@?}@%mqﬁ%ﬁ% tz;ope
corrp;ounds are commerci ally avail abl e, exanpl es include sodi um

cycl opent adi exddesir sodi um i ndene. Metal | ated cycl opent adi enyl -type
conpounds can be prepared by any nmethod known in the art. Generally a
cycl opent adi enyl -type e wth an a such as
sodium or an al kal i W&?fﬁé&% “%‘%‘i}f?ﬁ p’ﬂ?ﬂ?ﬁg&%@?tgg N€or
nmetal | ati ng pol ystyrene and disclosed in J. Am Chem Soc. 73, pages

5135-5138. Fmvalvesieacting theyalkali metab compairid/deseribedabove withdsalegetiatédi ng 1
to 8 carbon atons are especially effective. The reaction conditions for

preparing t hg ihiend! Altypiced ARFASESF SR pariny BaISRTRRE P17 &P rer ivatvagd! ¥

reacting polystyrene, Br,, and FeCl3 in chloroform, as disclosed in J. Org.

Chem. Vol. 41, No. 24, pages 3877-82 (1976), the disclosure of which is
incorporated herein by reference. The conditions for halogenating polystyrene
by this method can vary broadly. Generally the reaction temperature is in the
range of from about 0°C to about 100°C. Generally the Brz is present in an
amount in the range of from about 0.1 mole to about 50 moles Br, p& kilogram
polystyrene, preferably about 0.2 mole to about 25 moles, éed more preferably
about 0.5 moles to about 20 moles. The halogenated polystyrene is then
reacted with the alkali metal compound. The alkali metal compound is
generally present in an amount in i:he range of from about 0.1 mole to about 50
moles elkali metal compound per kilogram of halogenated polystyrene,
preferably about 0.2 mole to about 25 moles, and more preferably about 0.5

moles to about 20 moles.



depend| ng on the reactants errpl oyed. Cenerally the reaction terrperatures
for preparing the metallated cycl opent adi enyl -type conpound are i'n the
range of 8 fromabout [err] to about [err] The nmetallated

cycl opent adi enyl -t ype conpound is then reacted with the chl oronethyl at ed
pol ystyrene -to produce a cycl opent adi enyl -type pol ystyrene, such as

(met hyl ated pol ystyryl)cycl pentadi ene or (rfethyl ated pol ystyryl)indene. An
al kali metal conpound of ,th descri bed, above is then reacted with the
cycFopent adi enyl - t ype po’ﬁ?@%é{%@q %mm&mﬁ@mﬁd&(ﬁnwm%wp bigs. A
typical nethod is disclosed in J. Am Chem Soc., 95, pages 2373-75 (1973)
and J. Am Chemgactiog chlofoinéthyhaed poBrsPerse] wiflPa tﬂetéll%ted@i@bgeﬁtﬁéxenyl-

di scl osures of which are |ncorporated her €i n by reference he anolnt” of
chl oronet hyl kyl et ative. t nount Of y rene,is in the
range of from%%ﬂ?mﬁppﬁi\% Of‘HnﬁtBBfﬁ‘e‘gEO Wé%nep’ﬁlpr Géi’ M8t yr ene,
preferably about 0.2 nole to about 25 noles, and nore preferably about 0.5

ol es t o aboutpal§stypdmeswith lehictomett l@llq*l‘&liﬁr't@ wex Chiviohietisylated - t ype
conmpound r el atlve o the amount of chI oronet hyl'ated pol ystyrene is in the

Chl or onet hyl alBAVHR i) Sarsics WhEFon the SR SORPTIIA 6 GO G PrEGERIY st b os,

and nore preferably about O. 5 nol es to about 20 roles. The amount of al kal i

et al corrpoundmerﬁiewmkd ey el md&nthfp@caonﬁdmarigahamaﬁ mbeal salgThef from
about 0.1 nole to about 50 nol es per ogram pol ystyrene, preferably about

ol e, $hé°r cavtalfsied Prsionentadiofriynd ool SoBRas g cyclopentadienyl-fpe *°

| group, and includes the groups cyclopentadienyl, substituted cyclopentadienyl,
indenyl, and substituted indenyl, as described above. Suitable metallated
cyclopentadienyl-type compounds are commercially available, examples
include sodium cyclopentadiene or sodium indene. Metallated
cyclopentadienyi-type compounds can be prepared by any method known in the
art. Generally a cyclopentadienyl-type compound is reacted with an aikali
metal, such as sodium, or an alkali metal compound; such as those described
above for metallating polystyrene and disclosed in J. Am. Chem. Soc. 73, pages
5135-5138. For example, alkyllithium and alkylsodium compounds containing
1 to 8 carbon atoms are especially effective. The reaction conditions for
preparing the metallated cyclopentadienyl-type compound can vary broadly
depending on the reactants employed. Generally the reaction temperatures for

preparing the metallated cyclopentadienyl-type compound are in the range of



9 preparing the nmetall ated polystyrene will generally include a tenperature
within the range of fromabout -{err] to about [err]. The netall ated

pol ystyrene is then reacted with an organohal i de conpound. .The organohal i de
conpound is represented by the formula XM Rym wherein X is a halide, Mis
Si,.C, G Sn, P, or NN each Ris a hydrocarbyl group independently

sel ected fromthe group consisting of alkyl, cycloal kyl, aryl, and

cycl opent adi enyl -t I S, CO ng 1 to 36 on a eferably 1
eYCloPentad ey R BIC YR BSTARLL P oiuiedy Hopes iy B 2
cycl opent adr enyl -type group and when Mis C at |least two R groups are

cycl opent adi epmpatind i§ tierdeacted dvith tife élﬂefoﬁethﬂaxédlpommm préduce a
conmpounds, chl orosil anes are preferred Exanpl es of ‘suitabl e organohalide

conpdunds i ncl ud entadlen ) en si | ane,
(chl or o) (di cy@D’SMP ?'H{’M PRTPY iﬂq,anéhaéglﬁgar t%tféycl opent adi enyl ) ( 9-
fluorenyl) (nethyl)silane, (chloro)(difluorenyl)(nethyl)silane,

(chloro)(cycl WYG@@l}ﬁwlﬁeﬁWﬁénd or( (phethylated ay Binidene.) Aln alkaléi aieeal) ( 9-

fl uorenyl) (phényl )silane, (chloro)(diphenyl)(9-fluorenyl)silane,
hi 9- fl th h I
Eghl g 8 g di rretqlé’%ﬂe‘? ‘ié&gﬁ%‘%ﬁws&ﬁg&)f@h"%&%’e’aF?%Wl?‘(th’ﬁt hyl ) si | ane,
(chl oro) (cycl opent adi enyl ) (di phenyl ) net hane,
(chl or o) (di cycdyetapentidiensitype pblystyrend tproduceaanetaliated pobpstyredecay | ) ( 9-

typical method is disclosed in J. Am. Chem. Soc., 93, pages 2373-75 (1973)

and J. Am. Chem. Soc., 97:8, pages 2128-32 (April 16, 1975), the disclosures
of which are incorporated herein by reference. The amount of chloromethyl
alkyl ether relative to the amount of polystyrene is in the range of from about
0.1 mole to about 50 moles per kilogram polystyrene, preferably about 0.2 mole
to about 25 moles, and more preferably about 0.5 moles to about 20 moles. The
amount of metallated cyclopentadienyli-type compound relative to the amount
of chloromethylated polystyrene is in the range of from aboﬁt 0.1 mole to about
50 moles per kilogram chloromethylated polystyrene, preferably about 0.2 mole
to about 25 moles, and more preferably about 0.5 moles to about 20 moles. The
amount of alkali metal compound employed relative to the polystyrene is in the
range of from about 0.1 mole to about 50 moles per kilogram polystyrene,
preferably about 0.2 mole to about 25 moles, and more preferably about 0.5

moles to about 20 moles. The reaction conditions of the various steps in



10 f1uorenyl) (net hyl ) net hane, (chl or o) (di f I uorenyl ) (et hyl ) met hane,

(chl oro) (cycl opent adi enyl ) (et hyl ) (phenyl ) net hane, (chl oro) (1-indenyl) (9-
fl uorenyl) (phenyl ) met hane, (chl oro)(di phenyl) (9-fluorenyl) net hane, .
(chloro) (9-fluorenyl) (methyl) (phenyl) et hane, (chloro)(dimethyl)(1-

i ndenyl ) ret hane, and (chl oro) (diindenyl) (nethyl)nmethane. O the

or ganohal i de conpounds, (chl oroXdi phenyl )(%-fl uorenyl )sil ane and

(chloro) (cycl opent adi enyl ) (9-fl uorenyl) (nmethyl)silane are preferred. The

or ganohal i de quepaingithegnetalated polystyrene ywill igenerailyjuciudewiemperatyraart . One
such nmethod is disclosed in J. Am Chem Soc.,73, pages 5135-5138,

"Silylindenes @hginth %d@f‘ﬁ 6 I scl osure of which is
i ncor porated herern Ei‘/’h} fere%%leﬁam (r:n?aé ﬁgéuﬁ fnqgoblqées reacting

or ganohal osi | anes, such as di net hyl di chlorosilane, with netallated
cycl opent adi enyl -t ype cohisometallated polystyrene.is themrenetediwith an organohalide
i ndenyl l'ithium Typical exanples of other suitable conbinations include

reacting dichl 'lgﬂp j ' B*P&{n@ 'rggeéﬁ' &

f1 uor enyl )(net(ﬁ{/iﬂ |_ém§r%§g§fii anedevrh\not cycriggéeént adi en?/??(l)édlﬁﬁrfrnm%r

methyl trichlorosilane with two equjvalents fluorenyllithium Mtallated

cycl opent adi enm@)ﬂ?wbm%ﬂémbﬁl isr¥ip6s 6ie, 88, BeorddN; each Risge. The
or pre

reaction conditions paring the organohal i de conmpound can vary

broadly dependgnfiofatbylgroupdfidéithdeMPsé¥&ed from Hle group consisting of alkyl,

cycloalkyl, aryl, and cyclopentadienyl-type groups containing 1 to 36 carbon
atoms, preferably 1 to 24 atoms, with the proviso that at least one R is a
cyclopentadienyl-type group and when M is C at least two R groups are
cyclopentadieﬁyl-type groups, and m is 2 or 3. Of the organohalide
compounds, chiorosilanes are preferred. Examples of suitab_le organohalide
compounds include (chloro)(cyclopentadienyl)(diphenyl)silane, |
(chloro)(dicyclopentadienyl)(methyl)silane, (chloro)(cyclopentadienyl)(9-
fluorenyl)(methyl)silane, (chloro)(difluorenyl)(methyl)silane,
(chloro)(cyclopenﬁdienyl)(methyl)(phenyl)sﬂane, (chloro)(1-indenyl)(9-
fluorenyl)(phenyl)silane, (chloro)(diphenyl)(9-fluorenyl)silane, (chloro)(9-
fluorenyl)(methyl)(phenyl)silane, (chloro)(dimethyl)(1-indenyl)silane,

“(chloro)(diindeny!)(methyl)silane,
(chloro)(cyclopentadienyl)(diphenyl)methane,

(chloro)(dicyclpentadienyl)(methyl)methane, (chloro)(cyclopentadienyl)(9-



When reactmng'the'organohalide conmpound and the netall at ed polystyréne, the -
or ganohal i de" conpound is generally present in an amount in the range of =~

fromabout 0.1 nole to about 50 nol es organohali de conpound per kil ogr am "

netal | ated pol ystyrene, preferably about 0.2 nole to about 25 noles, and.
nore preferably about 0.5 noles to about %3 nol es. The netall ated

pol ystyrene and the organohal i de conpound*dre reacted at a tenperature in
the range of from about [err] to about gerr]. Exanpl es of typical polyner

bound | i gands flustenyd} meshyl)methangd(chiorp)(diflyorenyl)(nigtbyDmethane) si | ane,
(di cycl pent adi enyl ) (nmet hyl ) (pol ystyryl)silane, (cyclopentadienyl)(9-

1 uor enyl ) ( molp s DRSS SRty ) By e RS TehlbrO) 1-indeny (O-
(di fluorenyl) (et hy):;&(l(pi;ol ystyryl)sil ane

(cycl opent adi arsg snyQmisthane) (chlarpdipheny(9-SnerenyDmethans,| ) ( 9-
fl uorenyl) (phenyl) (pol ystyryl)sil ane,

di phenyl ) (9-f ] j ; -
Edi Bhengl 329 fqﬂtl}gg@g?/l ;% s%x&%%t%%tﬂyﬁi )e3| §h{§,m?’3?ﬁ§h%‘ﬁtﬁy)l)&-
fluorenyl) ((pol ystyryl)cycl opent adi enyl ) sil ane; (19-
f1 uor enyl )(metmgﬂ) yhethans, ang (ghloye)(diindenyh)methylraethang.  ©f the
i ndenyl ) (pol ystyryl)silane, (1-indenyl)(nethyl)(phenyl) (polystyryl)silane,

)50 S ot ARy v sl
(i ey el pent ad N Eyelopentatien i, Moteny D methylysitie até predurred. )
The organohalide compounds can be prepared by any method

known in the art. One such method is disclosed in J. Am. Chem. Soc., 73,
pages 5135-5138, "Silylindenes and Silylindans", Sommer et al. the disclosure
of which is incorporated herein by reference. The method involves reacting
organohalosilanes, such as dimethyldichlorosilane, with metallated
cyclopentadienyl-type corhpounds, such as 1-indenylsodium or 1-
indenyllithium. Typical examples of other suitable combinations include
reacting dichlorodiphenylsilane with ﬂuorer;yllithium, or (9-
fluorenyl)(methyl)(dichloro)silane with cyclopentadienylsodium, or
methyltrichlorosilane with two eqixivalents fluorenyllithium. Metallated
cyclopentadienyl-type compounds can be prepared as described above. The

reaction conditions for preparing the organohalide compound can vary broadly

depending on the reactants employed.



“f1uorenyl) (nethy yst y'r'yI ) met hane, (cycl opent adi enyI ) (9-

fl 1) ( pol

fl uorenyl) (methyl ) ((polystyryl)nethyl)nethane,

(di fluorenyl) (methyl) (polystyryl)nmethane, _ o
(cyclopentadienyl)(nethyl)(phenyl)(polystyryl)nethane, (1-indenyl) (9-
fl uorenyl’) (phenyl) (pol ystyryl ) net hane, (di phenyl) (9-
fluorenyl) (pol ystyryl) nmet hane, (di phenyl) q9-

fluorenyl) ((pol ystyryl)cycl opent adi enyl ) nret hane, (9-

f1 uorenyl ) (et hyl) ( phenyipémord g?'hm/

i ndenyl ) (pol ystyryl) net ﬁg%e, %@%W‘%%@B@nyﬁ ‘;“%HB yst yryﬁen%?tr?gﬁteed and
(diindenyl) (methyl)( phetﬂyl )(po ‘%yryl ) met hane t he pol yner bound,

| i gands, ~ (di pReEtyene:s e.er&aw lide,compeynd is gwrdbemeamtemm gnpuRicin
(cyclFopent adi enyl ) (9-fl uorenyl ) (et hyl ) (pol ystyryl)sil ane, and

(di phenyl) (9- ¢hd fﬂ?fg@rb\flﬁdd@ﬁbdﬁm Mxél%'tb%ﬁﬁu%@ni&l@sf EhalfiePonifBin® pend

met al | ocene represented by the formula QMR can e pr epar ed by

reacting a netall ated ound lig th a hal i de erein Z
is atransiti &ﬁommﬁﬂﬁﬁ pzfystsmsnemrepeaﬂv abgHt Pkatﬁ abouh 23 males,
i ndividually selected fromthe group consisting of halides, nethyl,

hydrogen, and aajGheRetefealsl ?)aboﬁt’@.g H6RYRS aB6it 20 RioMs. STROmRalRAEHON 13
atons, with the proviso that at |east three Y groups are sel ected from

ol v SORLS S B ospetens RT3 R A S L1
by reacting the polyner bound |Iigand and an al kali netal conpound.
range of from about 0°C to about 100°C.

Examples of typical polymer bound ligands include
(cyclopentadienyl)(diphenyl)(polystyryl)silane,
(dicyclpentadienyl)(methyl)(polystyryl)silane, (cyclopentadienyl)(9-
fluorenyl)(methyl)(polystyryDsilane, (cyclopentadienyl)(9-
fluorenyl)(methyl)((polystyryl)methyl)silane, |
(difluorenyl)(methyl)(polystyryDsilane,
(cyclopentadienyl)(methyl)(phenyl)(polystyryl)silane, (1-indenyI)(9-
ﬂuorenyl)Ghenyl)@olysz)silme, (diphenyl)(9-fluorenyl)(polystyryl)silane,
(diphenyl)(9-fluorenyl)((polystyryl)methyl)silane, (diphenyl)(9-
fluorenyl)((polystyryl)cyclopentadienyl)silane, (9-
fluorenyl)(methyl)(phenyl)(polystyryl)silane, (dimethyl)(1-

| indenyl)(polystyryD)silane, (1-indenyl)(methyl)(phenyl)(polystyryDsilane,

(methyl)(diindenyl)(polystyryl)silane,



Sui t abl e'Eondi.t ions and al kali netal conpounds for preparing thé_ nmet al | at ed

pol ymer bound ligand are those described above for preparing the netallated . -

pol ystyrene and include a tenperature . in the range.of fromabout [err] to
about [err]. The netal halide is represented by the formula ZY4, wherein Z
and: Y are as described above. Suitable netal halides include [err]

cycl opent adi enyl zi rconi um trichl ori de, cydRopent adi enyl titanium
trichloride, cyclopentadi enyl haf niumtrichloride, cyclopentadi enyl vanadi um

trichloride, pey‘dlepaith&ﬂeﬁyl)(cﬁpbmﬁ)(pemtﬁ?l)ﬁmﬂimt richloride,

pent amet hyl cycl opent adi enyl titaniumtrichl oride,

hyl I ' lhaf nd ichl ari .
pent amet hy1 oy Sty emeandir e TaohisrenPmetine. (ruapranisbids
trichloride, and indenyltitaniumtrichloride. Zirconiumcontaining and

titani um cont fluvregyhiEhethyhépolystyrid)methans, €cycldpertadienyi)i® cont ai ni ng net al
14 halides are nore preferred and zirconiumtetrachl oride and

cycl opent adi eny]l zi ' ' ' cially preferred. The netal
halide is gen%f?@%%@b@w&%ﬁﬁﬁﬁ?‘ﬁgﬁﬁ% ange of from about 0.1
nol e to about 50 noles netal halide per kilogram polynmer bound |igand,

pref er abl y abddifibrgnykb({methyl)Golystypd)methene, and nore preferably about 0.5
nol es to about 20 noles. The netal |l ated pol yner bound |igand and the netal

nal i de ar e geres oAy Bl bEAIEbHS Y Duldiard Geisien HEED 200U
fluorenyl)(phenyl)(polystyryl)methane, (diphenyl)(9-
fluorenyl)(polystyryl)methane, (diphenyl)(9-
fluorenyl)((polystyryl)cyclopentadienyl)methane, (9-
ﬂuorenyl)(methyl)(phenyl)(pplystyryl)methane, (dimethyl)(1-
indenyl)(polystyryl)methane, (methyl)(1-indenyl)(polystyryl)methane, and
(diindenyl)(methyl)(phenyl)(polystyryl)methane. Of the polymer boqnd
ligands, (diphenyl)(9-ﬂuorenyl)((polystyryl)cyclopgntadienyl)silane,
(cyclopentadienyl)(9-ﬂuorenyl)(methyl)(polystyryl)silane, and (diphenyl)(9-
fluorenyl)(polystyryl)silane are preferred. |

A polymer bound metallocene represented by the formula

QM(R)m_ZYn can be prepared by reacting a metallated polymer bound ligand
with a metal halide, wherein Z is a transition metal and is Zr, Hf, Ti, or V, and
wherein each Y is individually selected from the group consisting of halides,

methyl, hydrogen, and cyclopentadienyl-type groups containing 5 to 36 carbon



Exanples of typical polyner bound netallocenes “i ncl ude-

(di phenyl ) (9- fIuorenyl)((polystyryl)cyclopentadlenyl)3|Iane Zzi'rconi um

di chl oride, (diphenyl)(9-fluorenyl)((polystyryl)nethyl)silane

cycl opent adi enyl zi rconi um di chl ori de, (diphenyl)(9-

fl uorenyl) (pol ystyryl)silane cycl opent adi | zi rconi um di chl ori de,

(cycl opent adi enyl ) (di phenyl ) (pol ystyryl)si1ane cycl opentadi enyl zi rconi um

i chi or Sid (:: éﬁagﬁa@ﬁ%ﬁ%% U3 ph bt roq Resthipd Spsejeesd e bl

(cycl opent adi e(D¥élbpenﬁaHimthwe) difichidenhbyes descyibedaboye Xor thene zi rconi um
di chl oride, (difluorenyl)(methyl) (polystyryl )SI | ane zirconium dichloride,

i ol or i de. - ( SEABRRRIGYmPREL e Rstltd polSmeE Borph G TR 3R con
15 dichloride, (9-fluorenyl)(nethyl)(phenyl) (pol ystyryl ) sil ane

cycl opent adi enydepateddsy teacting teopolgmer bound ligand and an alkali metal compound.
(di met hyl ) (1-indenyl) (polystyryl)silane i ndenyl zi rconi um di chl ori de

ey (e BBt S5l BARRBNA GBS B il
fluorenyl) (pol ystyryl cycl opent adi enyl ) net hane zi rconi um di chl ori de,
(cycl opent adi | lyhietibonadyligabd are thHosy deseribedrabovy dbopreparidgdhe mitaltated um

gi cm ori ge, | cycl pent adi enyl )(rrelt hyl ) (pol ystyryl) nmet hane zi Ircom um
0-
21 coni um di crpopaEens e e feptRF: it B8 roes pERPHTRISH O TIER .
100°C.

The metal halide is represented by the formula ZY4, wherein Z
and Y are as described above. Suitable metal halides include TiCl 4 ZrCl 4
HfCl,, VCl,, TiBry, ZtBry, HiBr,, VBr, Tily, Ztly, Hil, VI,
cyclopentadienylzirconium trichloride, cyclopentadienyltitanium trichloride,
cyclopentadienythafnium trichloride, cyclopentadienylvanadium uicﬁloride,
pentamethylcyclopentadienylzirconium trichloride,.
pentamethylcyclopentadienyltitanium trichloride, |
pentaméthylcyc.:lopentadienylhafnium trichloride,
pentamethylcyclopentadienylvanadium trichloride, indenylzirconium
trichloride, and indenyltitanium trichloride. Zirconium-containing and

titanium-containing metal halides are preferred. Zirconium-containing metal



di chl oride, (cycl opentadienyl)(methyl)(phenyl) (polystyryl)nethane
cycl opent adi enyl zi rconi um di chl oride, (1-indenyl)(9- : R .
fluorenyl) (phenyl) (pol ystyryl ) met hane zirconiumdichloride, dichloride, (9-
fl uorenyl) (net hyl) (phenyl) (pol ystyryl) net hane cycl opent adi enyl zi rconi um
di ghl oride, (dinethyl)(1-indenyl)(polystyryl)methane

cycl opent adi eny! zi r coni um di chi ori de, 14

(1-indenyl) (et hyl) (pol ystyryl) net hane cycl opent adi enyl zi r coni um

di chl ori de, amhdlides anednonel pré¢fertedydnd zirdopsumrtgtrachdotideandi r coni um
dichloride. O these,

(di phenyl) (9-f1 . . ' ' zirconi um

di chl ori de, (8&%&@%@%@%&%{/ L\éﬁ#&%@%ﬁiﬁgﬁf{%ﬁlg‘yl (I%)%:fys yryl)silane

zi rconi um 16 dichloride, and (diphenyl) (9-fluorenyl)(polystyryl)silane
cycl opent adi enyl zi r coni (Fhednetal balideeissgenerallyf present in Znamountiarthe oange of
net al | ocenes can be used in conbination with a suitable cocatalyst to

produce cat al j ' ' grargiﬁ@ of

sui tabl e cocaﬁé?s%[%éhfqgléu gtg%ogﬁ(gﬁgcg%&@%g%%?gﬁkga oca aF%?é whi ch
have in the past been enplaoyed in conjunction with transition

net al - cont ai niheynd|ligand, prsferablyi ahout 612 meletoahout 25anelesyand morexanypl es

i ncl ude organonetal lic conmpounds of nmetals of Goups IA IIA and I11B of

hal i de. comouieer TSR 3 bles Kb GRTPHOIE. T HERIBIATRONHIA bohd

speci fic exanples include triethylalumnum tri-isobutylalum num
di et hy! al uni ndigand and the metalchalideare generally yeadterbat 2\ temperatyreiin thexange
exanpl es of known

of from about 0°C to about 100°C.

- Examples of typical polymer bound metallocenes include
(diphenyl)(9-fluorenyl)((polystyryl)cyclopentadienyl)silane zirconium
dichloride, (diphenyl)(9-fluorenyl)((polystyryl)methyl)silane
cyclopentadienylzirconium dichloride, (diphenyl)(S-
fluorenyl)(polystyryl)silane cyclopentadienylzirconium dichloride,
(cyclopentadienyl)(diphenyl)(polystyryl)silane cyclopentadienylzirconiﬁn
dichloride, (dicycipentadienyl)(methyl)(polystyryl)silane zirconium dichloride,
(cyclopentadienyl)(9-fluorenyl)(methyl)(polystyryl)silane zirconium dichloride,
(cyclopentadienyl)(9-ﬂuorenyl)(methyl)((polystyryl)methyl)silane; zirconium
dichloride, (difluorenyl)(methyl)(polystyryl)silane zirconium dichloride,
(cyclopentadienyl)(methy!)(phenyl)(polystyryl)silane indenylzirconium

dichloride, (1-indenyl)(9-fluorenyl)(phenyl)(polystyryl)silane zirconium



cocatal ysts include the use of a stable non-coordinating counter anion such.
“as disclosed in U S. Patent 5,155,080, e.g. using triphenyl carbenium

t et r aki-s( pet af | uor ophenyl ) bor onat e. Anot her exanple woul d be the use of a

m xture of trimethylalum num and di et hyl fl uoroal um num such as di scl osed
by Zanbelli et, Macronol ecul es 22,2186 (1989). Currently, organoal um noxane
cocatal ysts are the preferred cocatal ysts.l3various techni ques are known for
maki ng or ganoal um noxanes. One techni que involves the controlled addition

of water to a dichlaridg) @-fluorenyl)(methyT)(phertytXpolveiri)silene nvol ves conbi ni ng
a trial kylalum num and a hydrocarbon wth a conpound cont ai ni ng wat er of

or ganoal uni noasEperEREAR At bioRae B it Ahagty pisi5H ) iting
or garfoal um noxanes conprise oligoneric, linear and/or cyclic hydrocar byl

al um noxanes hademyjzirepmiati dighlorides (lindeng!){methyl){pplystyryl)sidame n each [err]

I s a hydrocarbyl group, preferably an al kyl group containing 1-8 carbon

Horeally Lo g e Antyf Anoh e WS DBERITRb st IR o,

30 nol e percent of the repeating groups have an [err] which is nethyl, nore
preferably at zissoniumodicklordps(diphenyf?d still nore preferably at |east 70
nol e percent. Cenerally in the preparation of an organoal um noxane, a

Commor ci al 1y agRp TR POIFsY RIS IPRHAEc PDRRIARS Freobh i BRRIRA TS 7@

(cyc1opentadienyl)(diphenyl)(polystyryl)methane cyclopentadienylzirconium

dichloride, (dicyclpentadienyl)(methyl)(polystyryl)methane zirconium
dichloride, (cyclopentadienyl)(9-fluorenyl)(methyl)(polystyryl)methane
zirconium dichloride, (difluorenyl)(methyl)(polystyryl)methane zirconium
dichloride, (cyclopentadienyl)(methyl)(phenyl)(polystyryl)methane
cyclopentadienylzirconium dichloride, (1-indenyl)(9-
fluorenyl)(phenyl)(polystyryl)methane zirconium diphloride, dichloride, (9-
fluorenyl)(methyl)(phenyl)(polystyryl)methane cyclopentadienylzirconium
dichloride, .(dimethyl)(l-mdenyl)(polystyryl)methane
cyclopentadienylzirconium dichloride, (1-indenyl){(methyl)(polystyryl)methane
cyclopentadienylzirconium dichloride, and
(diindenyl)(methyl)(polystyryl)methane zirconium dichloride. ‘Of these,
(diphenyl)(9-fluorenyl)((polystyryl)cyclopentadienyl)silane zirconium

dichloride, (cyclopentadienyl)(9-fluorenyl)(methyl)(polystyryl)silane zirconium



aromati c hydrocarbon solutions. ‘A soli d'oggandal um noxy product can be

*prepared by reacting an organoal unm noxane and an oxygen-contai ni ng conpound

sel ected fromthe group consisting of organo boroxines, organic boranes,
or gani c .peroxi des, al kyl ene oxi des, and organi c carbonates. O gano

bor.oxi nes are preferred. 18 The amount of organoal um noxane relative to
t he pol yner bound netal |l ocene can vary br ¢édl y dependi ng upon the

particul ar catal yst selected and the results desired. Typically, the

or ganoal um nOdﬁ:'h@oﬂi&e,&hdf(ﬂiﬂlehﬂ)ﬁglﬁuéféﬁyl)(pa S Pﬁilaﬂe5 nol es to about

10, 000 nol es al um num per nole or netal "i'n the”polyner bound netall ocene,
preferably about, 10 les, to about,. 5 000 noles,, and nore preferably 50

mol es to 5, 006YSGP tggwi%fﬁev’%égfgﬂ%&a@tmﬁmﬁ preparing the pol yrmer
bound- Ii gand, the pol ynmer bound netall ocene, and the catal yst systemare

general l'y conducted in (ihe polpaenbsurtf metalceRdd chy beuskd mesmbihdtiofal
sol vents or diluents include for exanple tetrahydrofuran, dichloronethane,

t ol uene, heptane, hexane, cycl ohexang, toluene, benzene, and di et hyl et her.
bref o abl y- LB SHADLE saraiEb RO arodHes Saalsbixstans Sok fas By ETGRROR Oby ¢
prepared enpl oyi ng a noncoordi nati ng sol vent such as a noncyclic ether. A

variety of ol elefinse ds ofiswitable tokdtalybrinclade any wihos crganoineeallic
pol ymeri zati on process of the present invention. defins which can be

enpl oyed i ncl ude || near,. br.anche and.cyclic,aliphatic olefins, \Wile the
i nventi on woulCQ“HBREE W) ?‘d'@vgd? %‘g#’s n guploy JW?%W%B‘B Sftion

known to
metal-containing olefin polymerization catalysts. Some typical examples

include organometallic compounds of metals of Groups IA, IIA, and IIIB of the
Periodic Table. Examples of such compounds include organometallic halide
compounds, organometallic hydrides, and metal hydrides. Some specific
examples include triethylaluminum, tri-isobutylaluminum, dieﬂ1yla1uminum
chloride, diethylaluminum hydride, and the like. Other examples of kpown
cocatalysts include the use of a stable non-coordinating counter anion such as
disclosed in U.S. Patent 5,155,080, e.g. using triphenyl carbenium
tetrakis(petaﬂuordphenyl)boronate. Another example would be the use of a
mixture of trimethylaluminum and dimethylfluoroaluminum such as disclosed
by Zambelli et, Macromolecules, 22, 2186 (1989).

Currently, organoaluminoxane cocatalysts are the preferred
cocatalysts. Various techniques are known for making organoaluminoxahes.

One technique involves the controlled addition of water to a trialkylaluminum.



be enployed with netall ocenes, those olefins having 2 to 18 carbon atons
are nost often used. Ethylene and propyl ene are especially preferred. Oten
a second ol efin (conmpnoner) having from2 to 12 carbon .atons, preferably.
from 19 4 to 10 carbon atons can be enployed. Typical nononers include
propyl ene, 1-butene, 1-pentene, 4-nethyl-1-pentene, 2-pentene, 1-hexene,

2- hexene, cycl ohexene, 1-heptene, and di enEs such as butadi ene. The

pol ymeri zati on processes according to the present invention can be

perforned eit aothet weohhigae dnveloes corbitihy a thilikytdlehinum Rald)diky diocatibdn

nmet al | ocene, and organoal um noxane cocatalyst can be contacted in any

order. It is preferred that the polynmer hound tall ocene_and t he

or ganoal umi no agom ef@f’gﬂn%gi‘ﬁ . .BPEM@? H&a\ﬁfﬁﬁopﬁiémﬁllge‘??tﬁ? of
Generally a diluent such as isobutane is added to the reactor. The reactor
i's heated to tdrgstdiization. Mant suitableorpanoaluntinexshesiaré comnserciallysawailablezne,
Is then admtted and naintained at a partial pressure within a range of
from'about 0.5 MPa to abgut. 5,0,MPa (70-725 psi) for bhest . results,. At the
end of the designated rtgg%ﬁ‘F@F»‘/B’eﬂr?f ,O?IHEI’B FP%SSQI@E%COMC '
termnated and the unreacted olefin and diluent vented. The reactor can be
opened and t hearpiddryeylicderlraerbyl dlentinckanes hatingerepédting umjtsf the formitth and
dried to obtain the product. The reaction conditions for contacting the
olefin and the catal yst system can vary br oa&&éﬂiﬂ?endi ng on the olefin
enpl oyed, and are those sufficient to pol yneri e olefins. Cenerally the
tenperature is in the range of about [err] to tiout [err], preferably in
the range of [err] to [err]. The R

wherein eachR! is a hydrocarbyl group, preferably an alkyl
group containing 1-8 carbon atoms, x is 2 to 50, preferably 4 to 40, and more
preferably 10 to 40. Typically Rlis predominantly methyl or ethyl. Preferably
at least about 30 mole percent of the repeating groups have an R! which is
methyl, more preferably at least 50 mole percent, and still more prefe;ably at
least 70 mole percent. Generally in the preparation of an organoaluminoxane, a
mixture of linear and cyclic compounds is obtained. Organoaluminoxanes are
commercially available in the fon_n of hydrocarbon solutions, generally
aromatic hydrocarbon solutions.

A solid organoaluminoxy product can be prepared by reacting an
organoaluminoxane and an oxygen-containing compound selected from the
.group consisting of organo boroxines, organic boranes, o_rganic peroxides,

alkylene oxides, and organic carbonates. Organo boroxines are preferred.



20 pressure is generally in the range of fromabout 0.5 MPa to about 5.0
MPa (70- 725.psi). The present invention'is particularly useful in a gas
phase particle formor slurry type polynerization. A particularly preferred
type particle formpolymerization involves a continuous |oop reactor which
i s.continuously charged with suitable quantities of diluent, catalyst
system and pol ynerizabl e conpounds in anyl3lesirable order. Typically the
pol ymeri zation will include a higher al pha-ol efin conmononmer and optionally

hydrogen. General |y the [Taetamduat borgapnoalmsinozaic hative tocthd poiymienboand
tenperature in the range of about [err] to about [err], although higher and

| ower tenperatuyr can P thyl.enes of_,varyi l,ght
di stribution cﬁ}?‘?‘ﬁ?%PBgﬁ%ggﬁg‘QFQ?giYgﬁ?ﬁ?&@%%ﬁ?&me lﬁgﬂw{ %118&%(1
reacti on product can be continuously w thdrawn and the pol ymer recovered as
appropri ate, gandthd tegulty dédireshi Typicdlly, die crpanoalathinoxarcisqguesantanthes and
drying the resulting polyner. The foll ow ng exanpl es serve to show the

Pmtation.  exemorEoghdio. Yol ol 103003088 sRtisRieh ottt cf imsral,
manner. A 2-L 3-neck round-bottom flask equi pped with stirrer, gas inlet,
and t her nonet ein tiespolymer bound metallocene; preferably about 10 moles to about 5,000

moles, and more preferably 50 moles to 5,000 moles.

The above described steps for preparing the polymer bound
ligand, the polymer bound metallocene, and the catalyst system are generally
conducted in the presence of a solvent or a diluent. Typical solvents or diluents
include for example tetrahydrofuran, dichloromethane, toluene, heptane,
hexane, cyclohexane, toluene, benzene, and diethylether. Preferably the
polymer bound ligand and the polymer bound metallocene are prepared
employing a ndncoordinating solvent such as a noncyclic ether.

A variety of olefin compounds are suitable for use as monomers
in the polymerizaﬁon process of the present invention. Olefins which can be
employed incl_xlde linear, branched, and cyclic aliphatic olefins. While the
invention would appear to be suitable for use with any aliphatic olefin known to
be employed with metallocenes, those oléﬁns having 2 to 18 carbon atoms are
most often used. Ethylene and propylene are especially preferred. Often a

second olefin (comonomer) having from 2 to 12 carbon atoms, preferably from



21 charged with a solution of 5 00 g poly(vinyl alcohol) in 1 L wat er and -
then 200 M (1.74 nol es) styrene was added. Then 73.6 nL (0.435 ot e)

di.vi nyl benzene (70 % in ethyl vinyl benzene) and 1.00g (6.01 mmol) of

azobi sbutyronitrile were mxed and added to the flask. The stirrer speed
was, regul ated to adjust the drop size of the nononmer. The tenperature was
i ncreased to [err]. Particles were seen aft®r about 1 hour and the stirrer
speed was doubled to prevent coagul ation of the particles. The tenperature

was. i ncreased 4 g i@caiboaabms chf be@hplby&d. h%l_zpi%apﬂﬁnbﬁeré RRAAOPropFene,

mai ntai ned at this tenperature for 1 hour e reaction mxture was cool ed

and filtered t he mer was ed 10 tines vmt 500 nL
tetrahydrofuraiali‘]rg ?é?%%‘*rme*ﬁg@{l]mte% 'HQ%%“ep d&ﬁi@g\é’ﬁipg‘ﬂgq‘ rene
pol ymer was dri ed overnight at [err] and then separated with sieves into

fractions of usclélieRepeal- heptene, addieheyRichydssutadiene.yst yrene was prepar ed
by reacting 60.00 g pol ystyrene with 200 niL chl oronet hyl nethyl ether for

1/ 2 Hour at room tenper | venti | at ed The, m xt.ure
was cooled to [err] and enex*%?rﬂ%@ﬂpsec‘esm@ﬁr@mgﬁeﬁifpf% Ve%tt‘%r
wer e added dropw se over a period of 1/2 hour. The reaction mxture was

stirred for 72wk ?eﬁbnﬁ&bﬁithﬁ‘fwmﬁdéﬁr@ﬂﬁhﬁdmlyf | The ofefin, Bb%ymeﬂb@rmd

reaction product was washed with 500 di oxane/water (1:1), 500

di oxane/ vat er/ Copa(ilocgrcl:%, én% orgal)lozﬁummoxa%% cocatalyst can be contacted in any order.

It is preferred that the polymer bound metallocene and the organoaluminoxane
are contacted prior to contacting with the olefin. Generally a diluent such as
isobutane is added to the reactor. The reactor is heated to the desired reaction
temperature and olefin, such as ethylene, is then admitted and maintained at a
partial pressure within a range of from about 0.5 MPa to about 5.0 MPa (70-725
psi) for best results. At the end of the designated reaction period, the |
polymerization reaction is temated and the unrea;:ted olefin and diluent
vented. The reactor can be opened and the polymer can be collected as a free-
flowing white solid and dried to obtain the product.

The reaction conditions for contacting the olefin and the catalyst
system can vary broadly depending on the olefin employed, and are those
sufficient to polymerize the olefins. Generally the temperature is in the range

of about 20°C to about 300°C, preferably in the range of 50°C to 110°C. The



500 nL di oxane. The thus produced chl oronet hyl ated pol ystyrene pol yner was
dried 48 hours at roomtenperature. Methyl polystyryl cycl opentadi ene was
prepared by reacting 20.00 g chl oronethyl ated pol ystyrene (24.0 nmol d)
and 4.15 g (47.11 mmol ) of cycl opentadi enyl sodiumin 100 nL THF. The
reaction mxture was stirred for 120 hours at room tenperature. The yellow
reaction product was washed 5 times with 20 nL ethanol and 5 times with 50
mL THF. The thus produced nethyl pol ystyryl cycl opent adi ene pol yner was dri ed
over ni ght at rpressureispgenerallyein the rimge effromtdbpup0)SysPartylabpat §EMBa(7ae
was prepared by reacting 5.90 g nethyl pol ystyryl cycl opent adi ene with 20.0
nm. (32.00 mml,)ztsrgsputyl lithiumin 50 nL diethyl ether. The reaction

m xture was st ¥'for 48 hours at room tenperature. The supernatant was
decarmt ed and the thus produced orange lithiated _

met hyl pol yst yryl cycl operifheipresent inwenticasis particularby aseful in £ @asrphase phrticley |

et her. The or ganohal | de conpound (chI oro)(di phenyl) (9- fluorenyl)silane was

Pl ey 17 ¢ AR S SRR Abdbaing R RS pARAE Tien [0°
mol ) fluorene with 94.0 m}m&lSO 40) n- butyllithium (1.6Min hexane) in
150 nL di et hylpadymerization i sréecontimous doop readtdr wdiich isoeontimicnsly r ed

overni ght at roomtenperature. The solvent was evaporated in a vacuum The

thus produced 4ol Loyt Wuitible JRGRYS bi bithet YRS1yst system, and polymerizable

compounds in any desirable order. Typicaily the polymerization will include a
higher alpha-olefin comonomer and optionally hydrogen. Generally the
particle form polymerization is conducted at a temperature in the range of about
50°C to about 110°C, although higher and lower temperatures can be used.
Polyethylenes of varying molecular weight distribution can be produced by
varying the amount of hydrogen. The reaction product can be continuously
withdrawn and the 'polyme_r recovered as appropriat_e, generally by flashing the
diluent and unreacted monomers and drying the resulting polymer.

The. following examples serve to show the present invention in
detail by way of illustration and not by way of limitation.

ample
Example 1
Polystyrene was prepared in the following manner. A 2-L 3-neck

round-bottom flask equipped with stirrer, gas inlet, and thermometer was



added to a solution of 45.0 nL (216.82 mml) (dichloro)(diphenyl)silane in .
500 nL pentane. The reaction m xture was stirred overnight at room . = = .
tenperature. The sol vent was evaporated in a vacuum .the yell ow residue was.
extracted with diethyl ether and filtered through sodium sul fate. The
sol.vent was evaporated in a vacuum and the viscous residue was mixed with
100 nL pentane. The thus produced organohall de conpound

(chl oro) (di phenyl)(9- fluorenyl)silane precipitated as a white solid with a
yi el d of 80-9@hatgedheithal spiwtiorbofi5.00!g poly(vingl aleehyl) it 9-L water and then 200
fluorenyl) ((pol ystyryl)nmethyl)cycl opent adi enyl ) sil ane was prepared by

et hyl pol ysty oot Gy 2t BRIRY shirtas S aRake) TheR B M@ e 11 i at e
met hyl pol ystyryl cycl opent adi enyl was reacted with 5 nL NNN' , N -
t et ramet hyl et Wdivimybtnzene €7 b Wsurethglvinylbenfene)ahd 1(60g &.0) tmmehafy! ) (9-

fluorenyl)silane in 50 nL diethyl ether. The reaction m xture was stirred

48 hours at r a . a . S
oroduced yvel | agpelrSBEbRiste e b R 10195 FHSE " TheSuRRP she bk
fluorenyl) ((pol ystyryl)methyl)cycl opent adi enyl ) sil ane was washed 5 tines
with 50 nL di eegylatest tocadjust the drophsize of theemonomed. Aledenperatere(stapheny! ) (9-
fluorenyl) ((pol ystyryl)nethyl)cycl opent adi enyl ) sil ane zirconi um di chl ori de

et rhoni or | do IAAeEe {4\ G Paicies Belo/{TRh 41 Mgk, RB0K: Md ek MolEl,

was doubled to prevent coagulation of the particles. The temperature was

increased to 90°C over a period of 5 hours and the reaction was maintained at
this temperature for 1 hour. The reaction mixture was cooled and filtered and
the polymer was washed 10 times with 2 L water, 500 mL tetrahydrofuran
(THF) and 500 mL acetone. The thus produced polystyrene polymer was dried
overnight at 80°C and then separated with sieves into fractions of uniform grain
size.

Chloromethylated polystyrene was prepared Ey reacting 60.00 g
polystyrene with 200 mL chloromethy! methy! ether for 1/2 hour at room
temperature in'a well ventilated fume hood. The mixture was cooled to 0° C
and 12 mL SnCl, in 50.0 mL chloromethyl fnethyl ether were added dropwise
over a period of 1/2 hour. The reaction mixture was stirred for 72 hours at
room temperature and then filtered. The yelloﬁv reaction product was washed

with 500 mL dioxane/water (1:1), 500 mL dioxane/water/conc. HCI (2:2:1) and



(di phenyl ) (9-fluorenyl) ((polystyryl)nmethyl)cycl opentadi enyl)silane prepared
as descri bed above and 20.0 nlL (32.00 mmol) - n-butyllithiumin 50 nL diethyl
ether. The reaction mxture was stirred for 48 hours at roomtenperature. _
The supernatant was decanted and the orange pol yner was washed 3 tinmes wth.
50 nL diethyl ether. The thus lithiated pozlilrrer. bound |igand was reacted
wth 1.65 g (7.08 nmmol ) zirconiumtetrachl&ide in 50 nL diethyl ether. The
reaction mxture was stirred overnight at roomtenperature. The supernat ant
was: decant ed 500 miedipzahevThe thuseprodeced il mthethylatsdspolistiréa polyseet hy |

ether. The thus produced pol ymer bound netal |l ocene (diphenyl)(9-
fluorenyl) ((pal I ) apentadi enyl )silane zirconiumdichloride
was dried over‘Hﬁhﬁégf‘k:@W%ter%ala‘. 1%5? anple 2 Lithiated pol ystyrene
was prepared by reacting brom nated polystyrene and n-butyllithium

Brom nat ed pol yst yrene viethylpolystulyloyclopentadiene 3easGirepaned lbystencting2(.004
nmol phenyl groups) prepared as descri bed above, 6.0 nL Br2 (0.1 nol) and

Sivriontor 4o8 RRraneIRER bBLRPAE (F0 gl 6B HEPISRETRATIE,

washed 2 times with 100 nL THF, 6 times with 100 nL toluene, 2 tinmes with
100 nL acet onecyclopéntadienylsoditfn inl 100:mdnEHED (THe teactiomimixtute ovasisticmetidfor The
t hus produced yel | ow brom nated pol ystyrene pol yner was dri ed overni ght at

brom nat ea. pol Y0 B PasmHuRRRelE) T Yhish it piler i e 3 ©

times with 50 mL ethanol and 5 times with 50 mL THF. The thus produced

-

methylpolystyrylcyclopentadiene polymer was dried overnight at room
temperature.

Lithiated methylpolystyrylcyclopentadiene was prepared by
reacting 5.90 g methylpolystyrylcyclopentadiene with 20.0 mL (32.00 mmol) n-
butyllithium in 50 mL diethyl ether. The reaction mixture was stirred for 48
hours at room temperature. The supernatant was depanted and the thus
produced o;a;ﬁge lithiated meﬂxylpolystyrylcyclopen_tadienyl was washed 3
times with 50 mL of diethyl ether.

The organohalide compound (chloro)(diphenyl)(9-
fluorenyl)silane was prepared by reacting fluorenyllithium with
(dichloro)(diphenyl)silane. The fluorenyllithium was prepared by slowly
reacting over ice 25.00 g (150.40 mmol) fluorene with 94.0 mL (150.40) n-

butyllithium (1.6M in hexane) in 150 mL diethyl ether. The dark red reaction



mmol) n-butyllithium (1.6Min hexane) in 60 nL toluene. The m xture was
stirred for 5 hours at [err]. The yellow pol ynmer turned brown during the
process. The supernatant was decanted and the thus produced lithiated

pol ystyrene was washed 5 tinmes with 50 nL diethyl ether. The organohalide
conpound (chl oro) (cycl opent adi enyl ) (9- fluorenyl) (nmethyl)silane was
prepared by reacting (9- fIuorenyl)(nethy@%(dichloro)siIane and

cycl opent adi enyl sodium _ The (9-  fluorenyl) (methyl)(dichloro)silane was
prepared by r selutiongvas siisres-gvernight atmoenctemperatyre). (The solventoyss | ane. The
fluorenyllithiumwas prepared by reacting 20 g (120 nmmol) of fluorene and
76 L butyl |1 ehapiipafel ifi AN dctiult PHthul @&ﬁ@g&?ﬁ&&&eﬁolﬂ ﬁﬁox‘@n?il’ithﬁlﬁ%?as
stirred for one ‘hour at room tenperatufre an en the solvent was renoved.
The thus prepared solid fluorenyllithiumwas added in gortions.to a

sol ution of 3@dded twa solution of 44 MLA216.83tmmmo)) (dichiercitdiphenyd)silane iroo ni

pentane. The m xture was stirred for one hour at roomtenperature 26 and
the reaction BoiHr Gefiihe! THE readtioR BHGAIasRittebuthight at robe sol uti on
was concentr at eg y‘i)evapo'r atron to Bfurx‘fl/:)"&mﬁs vol une % crystallized at

-30C. The thus produced (9-fluorenyl)(nethyl)(dichloro)silane was in the
formof a whi fempesaturs) Thesolwsntiwias gvaporatediin ayasnums the yetlow residug was o
mol ) (9- fluorenyl)(methyl)(dichloro)silane was reacted with 1.6 g (18

mol ) cycl ope CRANVitE 8 ! §oditi@csulfate, STROYSRett [ OOM
t enper at ur e. 'Ir%‘gqnt?xture m@&gﬁ%@mm sul fate and the sof vent
renoved. The thus produced (chloro)(cycl opentadienyl)(9-, .

was evaporated in a vacuum and the viscous residue was mixed with 100 mL

pentane. The thus produced organohalide compound (chloro)(diphenyl)(9-
fluorenyl)silane precipitated as a white solid with a yield of 80-90 %.

The polymer bound ligand (dipheny!l)(9-
fluorenyl)((polystyryl)methyl)cyclopentadienyl)silane was prepared by reacting
(chloro)(diphenyl)(9-lﬂuorenyl)silane with lithiated
methylpolystyrylcyclopentadiene prepared as described above. The lithiated
methylpolystyrylcyclopentadienyl was reacted with 5 mL N,N,N',N'-
tetramethylethylexiediamine and 2.68 g (7.00 mmol) (chloro)(diphenyl)(9-
fluorenyl)silane in 50 mL diethyl ether. The reaction mixture was stirred 48
hours at room teinperature. The supernatant was decanted and the thus
produced yellowish polymer bound ligand (diphenyl)(9-
fluorenyl)((polystyryl)methyl)cyclopentadienyl)silane was washed 5 times with

50 mL diethyl ether.



fluorenyl)(methyl)silane was a bright yellow solid. The pol ymer bound

|l i gand (cycl opent adi enyl ) (9- fluorenyl) (nethyl)(polystyryl)silane was
prepared by reacting-(chloro)(cyclopentadienyl)(9-fluorenyl)(nethyl)silane
with lithiated polystyrene. The lithiated polystyrene prepared above was
reacted with 6.04 g (15.64 mmol)

(chl oro) (cycl opent adi enyl ) (9-fl uor enyl )(n%"f hyl )silane in 50 nL di et hyl
ether. The reaction mxture was stirred for 48 hours at roomtenperature.
The supernatant was decahepelymer havadimetallpeena(diphenyl)(®w pol ymer bound

|'i gand (cycl opentadi enyl)(9- fluorenyl)(nmethyl)(polystyryl)silane was

washed 5 tine | ' ; : H

nmet al | ocene (?}‘?*ééigé)gﬁ’ﬂ"‘eﬂyﬁia % QYI?ﬁgé%er{lﬁ?%Kn%qﬂ%Q; pol y{sl%déryi g?f’figne
zirrconiumdi chl ori de was prepared 'b¥e reacti n%ol i thiated pol yner, bound
ligand with zwaspiepared by reagting lithiatedipelymer boynd diggs ZBERRIYM | gand was
prepared by reacting (cyclopentadienyl)(9-

fluorenyl) (e ' 3 Glﬁ&f#' 6\53% hih 20 ni
(32.00 nmol) %é%d%ﬁﬁ%ﬁ%@gﬁ&%%ﬁ% di et hyaqle%ad%gr. llgbglgeézglct [ oncgnhgt ure
was stirred for, 48 hours at roomtenperature. The supernaﬁﬁ;a;ft was decant ed

T
and the or angédipbeyyii9-taerenzb(palystyryhmethyl)eyclnpentadienyl)splangpreparedas
t hus produced lithiated pol yner bound |igand was then reacted with 3.70 g

(15,87 mol - ZigeGaboaatoR aAR200Y il (320 P o) AliPiithRiod & 50 BIE diggt | on

m xture was stirred overnight at roomtenperature. The supernatant Wwas
decant ed and ] . .
ether. The reaction mixture was stirred for 48 hours at room temperature. The

supernatant was decanted and the orange polymer was washed 3 times with 50
mL diethyl ether. The thus lithiated polymer bound ligand was reacted with
1.65 g (7.08 mmol) zirconium tetrachloride in 50 mL diethyl ether. The
reaction mixture was stirred overnight at room temperature. The supernatant
was decanted and the yellow polymer was washed 3 times with 50 mL diethyl
ether. The thus produced polymer bound metallocene (diphenyl)(9- |
fluorenyl)((polystyryl)methyl)cyclopentadienyl)silane zirco;lium dichloride
was dried overnight at room temperature.
Example 2

| Lithiated polystyrene was prepared by reacting brominated
polystyrene and n-butyllithium. Brominated polystyrene was prepared by
reacting 50.00 g polystyrene (0.4 mol phenyl groups) prepared as described

above, 6.0 mL Brz (0.1 mol)and 1.0 g Fe013 in 500 mL chloroform. The red-



t he thus produced orange pol yner bound netalIocene_(cyclopentadienyl)(9-'
fluorenyl) (met hyl ) (pol ystyryl)silane zirconium.dichloride was washed 3

times with 50 nL diethyl ether and dried overnight. Catalyst systens were

prepared by activating the polyner bound netall ocenes with excess

met:hyl al um noxane (MAO). Ethyl ene polynerizations were conducted in the
foll ow ng manner enpl oyi ng the catal yst s>2§t ens. A one liter autoclave was
charged with 500 nL hexane and a m xture of 10 nL MAO and a predeterm ned
anount of pol yhrownismspension wag stirred fer 48 houtsat coomtemperature. e polyssnt t o
[err] and held for one hour 28 at a constant ethylene pressure of 9 bar.

The polyner b | it washeld L . et f the wal l
of the react oﬁw ufri&%eap%@y‘ﬁerl z%%@?n%‘fmf ﬁi a g%%}égﬁyos(f@%‘ene was
prepared by reacting 1 g brom nated pol ystyrene, prepared as descri bed
above, with 1Coliene, Btinges withilQfhmbh acetohe, htimerwithilQ030L hexant andd timea
flask under argon. The m xture was stirred for 6 hours at [err]. The

Faan”( pheny i 90 ERARE, Jhe 88 ot Jollo HrbtinadRBORRLIRRE bUMRE:

the lithiated polystyrene was reacted with 1.53 g .
(chl or 0) (di phewgs ;1(193 overi ghtyat 601 Cahe brominated polystyrene veas ther lithiated byn

Exanple 1, in 50 nL ether. The m xture was stirred at roomtenperature for
14 hours. The ' ] re .
decant ed and V\I/;egﬁ%%g §§%§%ﬁﬁmﬂ%§“§ ﬁ{BB‘%ﬁPiO(G%LV@Q,o

mmol) n-butyllithium (1.6M in hexane) in 60 mL toluene. The mixture was

stirred for 5 hours at 60°C. The yellow polymer turned brown during the
process. The supernatant was decanted and the thus produced lithiated
polystyrene was washed 5 times with 50 mL. diethyl ether.

The organohalide compound (chloro)(cyclopentadienyl)(9-
fluorenyl)(methyl)silane was prepared by reacting (9-
fluorenyl)(methyl)(dichloro)silane and cyclopentadieny! sodium. The (9-
fluorenyl)(methyl)(dichloro)silane was prepared by reacting fluorenyllithium |
and (meﬂlyl)(tricﬁloro)silane. The fluorenyllithium was prepared by reacting
20 g (120 mmol) of fluorene and 76 mL butyllithium (1.6 M in hexane) in 200
mL ether. The mixture was stirred for one hour at room temperature and then
the solvent was removed. The thus prepared solid fluorenyllithium was added
in portions to a solution of 36 g (40 mL, 241 mmol) of (methyl)(tric;hloro)silane

in 700 mL pentane. The mixture was stirred for one hour at room temperature



met hanol, and 2 tinmes with 50 nL ether.  Pol yner bound netall ocene

_(di phenyl ) (9- fluorenyl)(polystyryl)silane cycl opentadi enyl zirconium

di chl ori de was prepared.by reacting lithiated polyner bound Iigand with
cycl opent adi enyl zirconium trichloride. The lithiated polyner bound |igand
was prepared by reacting (diphenyl)(9-f|ugrenyl)(polystyryl)siIane,
prepared as descri bed above, with 10 nL n @utyllithiun1(1.6M I n hexane) in
50 nL ether. 29 The mixture was stirred for 24 hours at room

t enper at ure. #hé thwreaction mixture weasttken filterediovey sodinm sulfatd. Thessolition was
washed 3 tinmes with 50 nL ether. Then 50 nL ether and 0.79 g (3mmuol)

I ¢ adi . : : L : th
mxtur e vas o vsEORERRFHER by T apGialiRR 3P RS olyBantTO RMUBR o I 11
prodaced (di phenyl)(9- fluorenyl)(polystyryl)silane .

cycl opent adi eGhezhus prodweed (%ﬂ{orﬁnyé)(mﬂly&dmﬂnm)ﬂlamswm inthgdorm ofaher

and dried. The olefin polynerization catal yst system was prepared by

Cycl opent adi oRHE FORE I B R R QR o5 NS BT PR wi i s

m. MAO (30 weight %in toluene). The polynerization reactor wag charged
with 500 nlL hdhmrenylmnethylMdizhlara)sitaneywaseeactedevith il g{i18 8mobm was added

to the reactor and the tenperature raised to [err]. The polynerization was

conducted for L pollhtadldiyl ¥b&iuth. "PRe fixfird Wak §lifei36F 4 hours at room

temperature. The mixture was filtered over sodium sulfate and the solvent

removed. The thus produced (chloro)(cyclopentadienyl)(9-
fluorenyl)(methyl)silane was a bright yellow solid.

The polymer bound ligand (cyclopentadienyl)(9-
ﬂuorenyl)(methyl)(polystyryl)siléne was prepared by reacting
(chloro)(cyclopentadienyl)(9-fluorenyl)(methyl)silane with lithiated
polystyrene. The lithiated polystyrene prepared above was reacted with 6.04 g
(15.64 mmol) (chloro)(cyclOpentadienyl)(9-ﬂuoreny1)(methyl)silane in 50 mL
diethyl ether. Thé reaction mixture was stirred for 48 hours at room
temperature. The supernatant was decanted and the thus produced yellow
polymer bound ligand (cyclopentadienyl)(9-
fluorenyl)(methyl)(polystyryl)silane was washed 5 times with 50 mL diethyl

ether.



-30-CLAI MS 1 A process for preparing a polyner-bound |igand
useful as a netal |l ocene catal yst conponent, said process conprising:
reacting a netall ated pol ystyrene and an organohal i de conpound; wherein
said polystyrene is netallated with an alkali netal; wherein said

or ganohal i de conpound is represented by t formula [err] wherein X is a
halide, Mis Si, C Ge, Sn, P or N, wherefh each R is a hydrocarbyl group
i ndependent |y sel ected f group consj stj ng of al kyl cl oal kyl ,

aryl, and cycl opent adi engﬂ bowsd metal mqne%qulowltaéleaxﬁﬁ%n at ons,
with the proviso that at Ieast one R group |s a cyclopentadlenyl-type

group, wher ei nfladiehyd) ?@y] dg:‘hfo

substituted cycl opent adl eny%ﬁJ I ndenyl , subst I tuted 1 ndenyl, fI uor en or
substituted fluoren ei.n the supstituents,inc]ude hy groups
contai ning 1 t&eaclin éé@é“&aﬂ%ﬁ@“&@g Wﬁb%ﬁ@%F%cﬂqrﬁfelzﬁ%r bon
atons, or halide, and wherein mis 2 or 3. A process according to

claim1, whereljthisRidpodymiervad Wﬁwafeab’y et Ry chiiRntadienyl)(9-
ﬂuorenyl)(methyl)(polystyryrl)silane produced as described above with 20 mL
(32.00 mmol) n-butyllithium in 50 mL diethyl ether. The reaction mixture was
stirred for 48 hours at room temperature. The supeinat;tnt was decanted and the
_ orange polymer was washed 3 times with 50 mL diethyl ether. The thus
| produced lithiated polymer bound ligand was then reacted with 3.70 g (15.87
mmol zirconium tetrachloride in 50 mL diethyl ether. The reaction mixture
was stirred overnight at room temperature. The supernatant was decanted and
the thus produced orange polymer bound metallocene (cyclopentadienyl)(9-
fluorenyl)(methyl)(polystyryl)silane zirconium dichloride was washeri 3 times
with 50 mL diethy] ether and dried overnight. |
Caté,ljst systems were prepared by acﬁvaﬁng the polymer bound
metallocenes V\rith excess methylaluminoxane (MAO). Ethylene
polymerizations were conducted ,m the following manner employing the
catalyst systems. A one liter autoclave was charged with 500 mL hexane and a

mixture of 10 mL. MAO and a predetermined amount of polymer bound

catalyst. The autoclave temperature was raised to 60°C and held for one hour



3. - A process accordlng to claim2, wherein said organohallde .
'conpound I's (chloro)(di phenyl) (9- quorenyI)S|Iane 4. A process
according to claim2, wherein said organohal i de conpound is
(chloro)(cyclopentadienyl)(9-'f|uorenyl)(nethyl)siIane. 5. A process
according to any one of clains 1-4, mhere;ﬂ%sald met al | ated pol ystyrene is
lithiated polystyrene. 6. A proces ccording to any one of clains
1-4, wherein said netallated polystyrene is |lithiated

net.hyl pol yst yr gt agenstantethilere pressure of 9 bar. Themalpmer hound datalyst systemsone
of the preceding clains, which includes reactlng sai d pol yner - bound Ilgand

and CASE: 3325 1 Qﬁﬁﬂ’ to 12
carbon atons tgldflgétr#reage ﬁf"?mgp%@ yme?'l bound I'gan fﬁg&?ﬂien reac'tl ng
sai d-netal | ated pol ynmer-bound |ligand and a netal halide to forma

pol yner - bound netal i ocene; wherein sai dEsgmple halide is represented by the
formul a ZY4; wherein Zis Zr, H, Ti, or V, and wherein each Y is

i ndi Vidual ly selected frpmmidied BORNRTER Whs btepdréd by reacting 1 g brominated
polystyrene, prepared as described above, with 10 mL n-butyllithium (1.6M in
hexane) in 30 mL toluene in a flask under argon. The mixture was stirred for 6
hours at 60°C. The reaction mixture was washed 3 times with 50 mL ether.

The polymer bound ligand (diphenyl)(9-
fluorenyl)(polystyryl)silane was prepared by reacting the lithiated polystyrene
was reacted with 1.53 g (chloro)(diphenyl)(9-fluorenyl)silane (4 minbl),
prepared as described in Example 1, in 50 mL ether. The mixture was stirred at
room temperature for 14 hours. The reaction mixture became yellow green.
The solvent was decanted and washed 2 times with 50 mL ether, 50 mL
méthanol; and 2 times with 50 mL ether. |

Poljmer bound metallocene (diphenyl)(9-
ﬂuorenyl)(polystyryl)silane cyclopéntadienyl zirconium dichloride was
prepared by reacting lithiated polymer bound ligand with
cyclopentadienylzirconium trichloride. The lithiated polymer bound ligand was
prepared by reacting (diphenyl)(9-fluorenyl)(polystyryl)silane, prepared as

described above, with 10 mL n-butyllithium (1.6M in hexane) in 50 mL ether.



“hal i des, methyl and cycl opent adi enyl -type groups containing 5 to 36 carbon
atons, wirth the proviso that at |east three Y groups are selected from
hal i des. 8. _ A process according to claim7, wherein said netal
halide is a zirconiumtetrahalide, for exanple, zirconiumtetrachloride. 9.
A process according to claim7, wherein said nmetal halide is

cycl opent adi enyl zi rconium trichl oride. 10 A process -according to any
one of clains _7-9, which includes reacting said polyner-bound netallocene
wi th an al uni dbeanixterscwasstirsed for 2dcdoursatroom tempergtireniThe solvent wasA
process according to claim10, where said al um noxane cocatal yst is

met hyl al um no a6 L ng. ' , ere
said al um nox)g%g&gg((}:ép %I%%FI}OS%V B{?@@gﬁﬁa‘?‘?@‘?}’%ﬁ%&h& ?ﬁ%e&&g(ngge&%? etﬁlh m
about 0.5 noles to about 10,000 noles al um num per nmole of metal in said
met al | ocene. Then 50 mL ethemand @79 ig(3mmol) gycldpentadienylzizconiym: thichtarideu| a
[err]; wherein Qis polystyrene; wherein Mis Si, C Ge, Sn, P, or N
wher ei n each R.J : HSRGH . m group
consi sting of %#%@egﬁg%ﬁlwﬁ%&éﬁ%upsmé ea{l%%% %ﬁ?&?@}%hégﬁbﬁt ons,
aryl groups containing 6 to 20 carbon atons, and cycl(0£ent adi enyl -type

groups, with tshivept wassecanted and thethus pooduced {dipheny

(@~ ]
b}

fluorenyl)(polystyryl)silane cyclopentadienylzirconium dichloride was washed
3 times with 50 mL ether and dried.

The olefin polymerization catalyst system was prepared by
reacting 100 mg (diphenyl)(9-fluorenyl)(polystyryl)silane
cyclopentadienylzirconium dichloride, prej)ared as described above, with 5 mL
MAO (30 weight % in toluene). The polymerization reactor was charged with
500 mL hexane, 20 mL MAO, and ethylene. The catalyst system was added to
the reactor and the temperature raised to 60°C. The polymerization w'as

conducted for 1 hour. The yield was 27 g polyethylene.
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'cyclopentadfénylitype group éhd when Mis C at |east two R groups are
cycl opent adi enyl -type groups, wherein said cycl opentadi enyl -type-groups are

cycl opent adi enyl, substituted cycl opentadi enyl, indenyl, substituted
i ndenyl, fluorenyl, or substituted fluorenyl, wherein the substituents:
[err] "- 32 - include hydrocarbyl grougs_containing 1l to 12 carbon atons,
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(cycl opent adi'eny -

fluorenyl) (methyl) (polystyryl)silane. 17. A
pol ynmer - bound | i gandreaesiagng PG%F-XPE?MP"MFEW‘P&G and an

(di phenyl) §8ghhsRaeNik) e8bwehu;Yy! ) sil ane. 18. A pol yner - bound |i gand

according to claim 14, which i I t adi I 3 .
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wherein said organochalide compound is represented
by the formula XM(R), wherein X is a halide, M is 8i, C, Gé,
Sn, P, or N, wherein each R is a hydrocarbyl group
independently selected from the group consisting of alkyl,
cycloalkyl, aryl, and cyclopentadienyl-type groups containing
1 to 36 carbon atoms, with the proviso that at least ome R
group is a cyclopentadienyl-type group, wherein said
cyclopentadienyl-type groups are cyclopentadienyl,
substituted cyclopentadienyl, indenyl, substituted indenyl,
fluorenyl, or substituted fluorenyl, wherein the substituents
include hydrocarbyl groups containing 1 to 12 carbon atoms,
alkoxy groups containing 1 to 12 carbon atoms, or halide, and
wherein m is 2 or 3. _
2. A process according to claim 1, wherein said
organchalide compound is a chlorosilane. '
3. A process according to claim 2, wherein said
organchalide compound is (chloro) (diphenyl) (9-
fluorenyl)silane. ’
4, A process according to claim 2, wherein said
organohalide compound is (chloro) (cyclopentadienyl) (9-
fluorenyl) (methyl) silane. '
5. A process according to any one of claims 1-4,
wherein said metallated polystyrene is lithiated polystyrene.
6. A process according to any one of claims 1-4,
wherein said metallated polystyrene is lithiated
-methylpolystyrylcyclopentadiene.
7. A process according to any one of the preceding
claims, which includes reacting said polymer-bound ligand and
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“is-(di*phenyl ) (9-fluorenyl) (pol'ystyryl)nethyl)silane. 20. A _ _
polymer - bound netal | ocene represented by the fornul a [err]: wherein Qis -

- polystyrene;. wherein Mis Si, C, G, Sn, P, or N, wherein each Ris a

hydr ocar byl group |ndependently sel ect ed fromthe group consisting of alkyl -
and cycl oal kyl groups containing 1 to 281carbon atons, aryl groups

cont ai ni ng e tallll i andtoall. aémumchmmmg Eidlﬁgmﬂz QRS ol Atidls \Mddhw}"nhe
prOVISO th |s a.cy pent adi -t an en
M3is C at aEO&E 4 ;iié%‘groupsg%? &&%ﬁﬁf t’s}‘%t&%ﬁ % | n said
cycl opent a@@@lmngﬂd@@mmmmﬂarﬂwwﬁd wlnm::aﬂuhad.idbe to .
cycl opent adkzy |a ‘gﬁﬁﬁgg. ~bo® eq%e.ny uor eny or substitute

fl uorenyl, mherelﬁit e substltuents |ruﬁ hydrocar byl groups containing 1
to 12 carbon atons, ADEFELRyERAE nefinlaihaliglel s represensedabyni-her

hal i de; Whefcinful® %Y 2% Q&h&emq did 2%, HE ,-an ,orT'vf; AndVwheh@iel kaldch Y

O L O e o 50T, Mo, b o,
[err] halides, methyl and cyclopentadienyl-type groups containing 5
to 36 carbon atoms, with the proviso that at least three Y
groups are selected from halides.
8. A process according to claim 7, wherein said metal
halide is a zirconium tetrahalide, for example, zirconium
tetrachloride. -

9. A process according to claim 7, wherein said metal
halide is cyclopentadienylzirconium trichloride.

10. A process according to any one of claims 7-9, which
includes reacting said polymer-bound metallocene with an
aluminoxane cocatalyst to form a catalyst system.

11. A process according to claim 10, where said
aluminoxane cocatalyst is methylaluminoxane.
12. A process according to claim 10 or 11, where said .

aluminoxane cocatalyst is present in an amount in the range
of from about 0.5 moles to about 10,000 moles aluminum per
mole of metal in said metallocene. _
13. A polymer-bound ligand represented by the formula
QM (R) o,

wherein Q is polystyrene;

wherein M is 8i, C, Ge, Sn, P, or N;

wherein each R is a hydrocarbyl group independently
selected from the group comsisting of alkyl and cycloalkyl
groups containing 1 to 20 carbon atoms, aryl groups
containing 6 to 20 carbon atoms, and cyclopentadienyl-tfpe
groups, with the proviso that at least one R group is a
cyclopentadienyl-type group and when M is C at least two R
groups are cyclopentadienyl-type groups, wherein said
cyclopentadienyl-type groups are cyclopentadienyl,
substituted cyclopentadienyl, indenyl, substituted indenyl,
fluorenyl, or substituted fluorenyl, wherein the substituents
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S and _ , ' - 33 - wherein nis 2 or 3. 21 A

pol ymer - bound netal | ocene according to claim20, wherein Zis Zr. 22.

A pol ymer - bound net al | ocene according to claim21, which is (diphenyl)(9-
fluorenyl) ((pol ystyryl)cycl opentadi enyl)silane zirconiumdichloride. 23.
A-pol yner - bound netal | ocene accordi ng™t®% tlaim 21, which is

(cycl opent daetude) hgdrocasbihygroups hgodtabhimgyl yto s12 acarbon catoms)

di chl ori degyji¢ uqpd I C di L ,

whi ch is (di pﬁ’e:%y?)r‘(:SPéI Ee?ﬁﬁﬁ)l?&o yéfnﬁ% %gf?gﬁegegﬂé 89 ha1£48} "ukd
cycl opent adi enyl zi r cHRPERLBI Bhi8r £deT 35. A pol ymer - bound et al | ocene
accordi ng 14.cl ai m 24, pollifbr-BoGad Cl 0§ah8 28b8o¥dIAY-to claim 13,
quorenyI)%gethyl) pgly tyryl)methyl)silane zirconiumdichloride. 26.

A pol yner - B88R8 Ret'af-PoBane according to claim21, which is

(di phenyl )19.f | uor enkl pélpmbysbygund) hbgind) actonding ctopebaidni oy whiehni um
di chloride; .2 ol ynerization catal yst system conprising a
pOIyner-boﬁﬁdzﬁ%?%FFg%gég according to any one of clains 20- 26 and an

al um noxanfluerenxl) {polyvatysyh) cxelionentadbenyb) eblareéns repeating units

of the forggla [err]a polymer-bound 1igand according to claim 14, which
is (cyclopentadienyl)(9-f1uoreny1)(methy1)(polystyryl)silane.

17. A polymer-bound ligand according to claim 14, which
is (diphenyl) (9-£fluorenyl) (polystyryl)silane.
18.. A polymer-bound ligand according to claim 14, which

is (cyclopentadienyl) (9-
fluorenyl) (methyl) (polystyryl)methyl) silane.

19. A polymer-bound ligand according to claim 14, which
is (diphenyl) (9-fluorenyl) (polystyryl)methyl)silane.
20. A polymer-bound metallocene represented by the

formula QM(R) 7Y, :

wherein Q is polystyrene;

wherein M is 8i, C, Ge, Sn, P, or N;

wherein each R is a hydrocarbyl group independently
selected from the group consisting of alkyl and cycloalkyl
groupé'éontaining 1l to 20 carbon atoms, aryl groups
containing 6 to 20 carbon atoms, and cyclopentadienyl-type
groups, with the proviso that at least one R group is a
cyclopentadienyl-type group and when M is C at least two R
groups are cyclopentadienyl-type groups, wherein said
,cyclobentadienyl-type groups are cyclopentadienyl,
substituted cyclopentadienyl, indenyl, substituted indenyl,
fluorenyl, or substituted fluorenyl, wherein the substituents
include hydrocarbyl groups containing 1 to 12 carbon atoms,
alkoxy groups containing 1 to 12 carbon atoms, or halide;

wherein m is 2 or 3;

wherein Z is Zr, Hf, Ti, or V;

wherein each Y is individually selected f£rom the

" group comsisting of halides, methyl, hydrogen, and

cyclopentadienyl-type groups containing 5 to 36 carbon atoms;
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wherein each [err] is a hydrocarbyl group containing 1-8 carbon atons and x °
Is 2 to 50. 28. . A pol ynerization catal yst system according to claim
27, wherein each Y is individually a halide or a cyclopentadienyl-type
group containing 5 to 36 carbon atons. 29. A pol yner.i zation process
conprising contacting at | east one ol efi,n under pol ynerization conditions
with a cat%ﬂ@st system according to cT &7 27 or 28.  30. A process

according to clai m 3gnerdtn on SHd (B Rk VTEr i zation conditions include a
LT AL Y e nowmd petatispens Berosbuld E tﬁ%ﬁé"’“t
pol yner i zathexreirs z:o:i:nilMEd under particle formconditions. A
bocess SCEpT 1 a5l e ok Syl s ael LAt e ConhiL g el v
process acwkah rks t (dipheryl) (- cl ai ns 29-32, wherein said at | east one
ol ef i n conPrySEsnyl W (59Eystf¥¥1) cyclopentadienyl) silane zirconium

dichloride.

23. A polymer-bound metallocene according to claim 21,

which is (cyclopentadienyl) (9-

£luorenyl) (methyl) (polystyryl)silane zirconium dichloride.

24. A polymer-bound metallocene according to claim 21,

which is (diphenyl) (9-fluorenyl) (polystyryl)silane

cycldpentadienylzirconium dichloride.

25. A polymer-bound metallocene according to claim 21,

which is (cyclopentadienyl) (9-

fluorenyl) (methyl) (polystyryl)methyl)silane zirconium

dichloride.

26. A polymer-bound metallocene according to claim 21,

which is (diphenyl) (9-fluorenyl) ( (polystyryl)methyl)silane

cyclopentadienylzirconium dichloride.

27. A polymerization catalyst system comprising a

polymer-bound metallocene according to any one of claims 20-

26 and an aluminoxane cocatalyst, wherein said aluminoxane

contains repeating units of the formula

(-0-a1)
I
gl
wherein each R! is a hydrocarbyl group containing

1-8 carbon atoms and x is 2 to 50.

28. A polymerization catalyst system according to claim

27, wherein each Y is individually a halide or a '

cyclopentadienyl-type group containing 5 to 36 carbon atoms.

29. A polymerization process comprising contacting at

least one olefin under polymerization conditions with a

catalyst system according to claim 27 or 28.

30. A process according to claim 29, where said

polymerization conditions include a temperature in the range

N
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of from about 20°C. to about. 200°C.

. 31. A process according to claim 29 or 30, where said

polymerization is conducted under particle form conditionms.
32. A process according to claim 31, where said
polymerization conditions include a temperature in the range
of from about 50°C. to about 110°C.

33. A process according to any cne of claims 29-32,
wherein said at least one olefin comprises ethylene.
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