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METALLOCENES AND PROCESSES THEREFOR AND THEREWITH

This application is related to the subjects of

EP-A-524 624 and EP-A-512 554 the disclosures of which

are incorporated herein by reference.

Field of the I.nw}entiﬁx

The present invention relates to a metallocene composition, a
process for preparing the composition. and a process for using the
The present invention also relates to organic compounds

composition.

suitable for making metallocenes.

Background of the Invention

Since the discovery of ferrocene in 1951, a number of

metallocenes have been ptepared by the combination of anioms having the
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The term "cycl opent adi ene-type conpound” as used herein refers to conpounds
contai ning the cycl opentadi ene structure. Exanples of cycl opentadi ene-type
conmpounds include unsubstituted cycl opentadi ene, unsubstituted indene,
unsubstituted tetrahydroi ndene, unsubstituted fluorene, and substituted
varieties of such conpounds. Many of the cycl opentadi ene-type netall ocenes
have been found useful in catalyst systens for the polynerization of
olefins. It has been noted in the art that variations in the chem cal
structure of such cycl opent adi enyl -type netal |l ocenes can have significant
ef fects upayclépensad fenpl | Strychiret REtiB2LdUICRPSnHiT i6n PRtY®! | ZEHd @Rrm

cat al yst. For exanpl e, the size and substitutions on cycl opentadi enyl -type
| i gands has'chelupehtadidnyb satdctore! e axdi Wédefnofefielte wathe yitllowing
stereosel ectivity of the catalyst, the stability of the catal yst, and ot her
properti es séfuetvgeresul ti ng pol ynmer; however, the effects of various
substituents is still largely an enpjrical tter, that is, experinents
This is the replacenent sheet c c -
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Such "cyclopentadienyl structure" can be formed by addition of various
metal alkyls to cyclopeﬁtadiene and "cyclopentadiene-type" compounds.

The term "cyclopentadiene-type compound" as used herein refers
to compounds éontaining the cyclopentadiene structure. Examples of
cyclopentadiehe-type compounds include unsubstituted cyclopentadiene,
unsubstituted indene, unsubstituted tetrahydroindene, unsubstituted
fluorene, and substituted varietie§ of such compounds.

Many of the cyclopentadiene-type metallocenes have been found
useful in catalyst systems for the polymerization of olefins. It has
been noted in the'art that variations in the chemical structure of such
cyclopentadienyl-type metallocenes can havé significant effects upon the
suitabiliﬁy of the metallocene as a polymerization catalyst. For
example, the size and.subStitutions on cyclopentadienyl-type ligands has
been found to affect the activity of the catéiyst, the stereoselectivity
of the catalyst, the staﬁility of the catalyst, an@ other properties of
the resulting_polymer; however, the eftects of various substituents is
still largely an empirical matter, that is, experiments must be
conducted in order to determine just what effect a particular variation

will have upon a particular fype of cyclopentadienyl-type metallocene.

Some examples of some cyclopentadienyl-type metallocenes are disclosed
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CASE: 33213 -2 - nmust be conducted in order to deteruine oSt what
effect a particular variation will have upon a parti cul ffis dh¥dBlasHeen Replaced
cycl opent adi enyl -type netal | ocene. Sonme exanpl es of sone

cycl opent adi enyl -type netal | ocenes are disclosed in U. S E&“um
4,530, 914; 4,808,561; and 4,892,851, the disclosures of

|ncorporated herei n by reference In the_past nost polynerization work has

been done using honbgeneous, i.e. solublé netallocenes rat her than
het er ogeno [ h l.ocgne Wbl u
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of which are incorporated herein by reference.

In the past most polymerization work has been done using
homogeneous, i.e. soluble{ ﬁetaliocenes rather than heterogeneus systems
in which the metaliocene is insoluble during the polymerization;
However, for many industrial applications it yould be desirable to have
insoluble supported forms of metallocenas that are sfill active sas
polymerization catalysts.

It is also envisioned that such heterogeneous catalﬁsts would
have other uses. For example, the compositions could possibly be used
as catalysts for hydrogenation, alkene epoxidation, alkene
isomerization, ketone reduction, stereoselective alkene polymerization,
and as reagent for sfereoselective cobalt-mediated reactioms,
alkyltitanium addition reactions with aldehydes, and formation of
allylic amines.

Accordingly, an object of the presen; invention is to provide
methods for producing such heterogeneons catalysts. Still another
object is to provide novel organic compounds suitable for use in
preparing metallocenes.

An object of the present invention is thus to provide certain
new organic compounds, including bridged Jligands and metallocenes.
Another object of the present invention is to provide a method for
preparing new organic compounds including bridged 1ligands and
metallocenes. A furthe; object of the-present invention is to provide
supported, bridged ligands and metallocenes. Yet a further object of
the present invention is to provide & process for preparing the_

'-supported, bridged liganés and metallocenes. Still another object of
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obj ect of the present
supported metallocene catalyst systems. Still yet another object of the

present invention is to provide polymers produced using such supported,

metallocene catalysts.

Summary of the Inveht;gg

In accordance with the present invention there is brovided a

. method for forming a supported cyclopentadiene-type compound compfising
contacting a cyclopentadiene-type compound containing an active halogen
with an inorganic support having surfsce hydroxyl group. Also in
accordance with the present invention there is provided a method of
preparing a supported metallocene comprising react1ng the supported
cyclopentadiene-type compound with a transition metal compound under
suitable conditi;ns to form said supported metallocene.

.Still further in accordance with the present invention fhere
is provided a process for prodﬁcing bridged cyclopentadiene-tfpe ligands
having a bridge having at least one branch having olefinic unsaturationm.
Metallocenes of such ligands are also provided. In accordance with yet
another embodiment of the présént in?ention there is provided a proceés

.for producing bridged cyclopentadiene-type ligands having a bridge
having-ét least one branch that has an active halogen. The resulting
new ligands and supported metallocenes produced therefrom are also
provided.

In accordancé with another aspect of the present invention

there is provided supported ‘metallocenes wherein at least two



invention is to provide a nethod for preparing new organi c conpounds

i n¢l udi ng bridged |igands -and netal | ocenes. A furt heThisHhpatHas Been resent
knvention is to provide supported, bridged |igands an \ Yet a
further object of the present invention is to provide

preparing the supported, bridged |igands and netal |l ocenes. Still another
obj ect of the present invention i-s to prdvide pol ynerization catalysts

enpl oying the supported netall ocenes. Yet another object of the present

i nventi on etRLIOGRERA P& PiBReEiveSBotaTityharpotaebradad 68 8F HIWRRRS using

t he supported net gl | ocene cat sl XSt systens. Still yet another object of the
present i nFERPIT PElngsurfacs SEITRPYERA“ES produced using such support ed,

reca | ocene ot al ok see SHITES Y Rind SRR, ), W SERRERREC ikl
for olefin polyﬁerization is provided which comprises contacting an
olefin under olefin polymerization conditions with a composition
comprising the inventive bridged supported metallocene prepared as
described above, éptionally, in combination with a suitable activator.
According to yet another embodiment of the invention there is provided a

polymer product resulting from such a polymerization process.

Detailed Description of the Invention

A wid; variety of cyclopentédiene-type compounds having active
halogéns are suitable for the present invention. Included are bridged
cyclopentadiene compounds in which two cyclopentadiene-type compounds
are bound together by a bridge having an active halégen ﬁs well as
unbridged cyclopentadiene compounds in which a cyclopentadiene-fype
compound has a radical having an active halogen. Examples of.the latter
include such compounds of the formula

Z-A-Xn

wherein Z is a cyclopentzdiene type radical; A is S5i, Ge, Sn; and X is
selected from hydrogen, hydrocarbyl radicals, and halogens: qherein at
least one X is a halogen, andln is a number filling the remaining,
valence of A. The Eydrbcarbyl radicals are other than cyclopentadiene
type radicals and generally contain 1 to & carbon atoms.l Some specific
examples of such compounds include cyclopentadienyl dimethyl silyl

chloride, fluorenyl dimethyl silyl chloride, indenyl dimethyl silyl

chloride, fluorenyl ethyl chloride, fluorenyl dimethyl methyl chloride,



5- form ng a supported cycl opent adi ene-type conpound ﬁrpr|5|ng con
a cycl opent adi ene-type conpound containing an active h fﬁmB*MEMMmmd

i-nor gani ¢ support having surface hydroxyl group. Al so i
the present invention there is provided a nethod of pre ted

met al | ocene conprising reacting the supported cyclopentadlene typ npound
with a transition netal conpound under sgitable conditions to formsaid
supported netall ocene. Still further in accordance with the present

i nvention tfleexenyd pethyildme chlprodestlhoerenpt odustiengl bgeckgpaed chloride,

cycl opent adi ene-type |igands having a bridge having at |east one branch
havi ng ol effilaprenghsdipbentl ¢hn dpaidencéhwzens]l st Itriehidside ¢ fdherenyl

provi ded. In accordance with yet another enbodi ment of the present
i nvention BREPDS Sriftderified Alynreerkoetbyl groraRei Alrderifpegnd the like,

cycl opent a e type |igands haV|n a bridge
y P d‘ P ingp such gcompc:ounds mg which tt?o cyclopentadiene-type group

contains one or more substitutents. The currently preferred active
halogens are silyl halides..

The unbridged cyclopéntadiene-type compoands can be prepared
using the general pfocedures disclosed in the aforementioned
EP-A-524 624 and EP-A~512 554, the disclosures of which are iﬁcorporated
herein by reference.

Examples of bridged ligands include compounds of the formula
Z-R'-Z wherein each Z can be the same or different substituted or
unsubstituted cyclopentadliene-type radical and R' is a structural bridge
linking the twolZ's, wherein R' contains at least one active halogen.
Some such bridged ligands can Be made using the general technigues
taught in Ep-a-512 554 and EP-a-524 624.

For exémple, an alkali metal salt of a cyclopentadiene-type
compound can be reacted with a bridge precursor compound X-R'-X wherei;-
each X is a halide and wherein R' contains at least one active halide,
to produce either a bis (cyclopentadienyl-type) bridged compound or a
mono (cjclopentadien&l-type) compound'of fhe formula Z-R'~-X which is
then reacted with an alkali metal salt of a differentzz compound to
produce a bridged compound of the formula Z-R'-Z wherein the two Z's are
different. . Examples of X-R'-X include trihalogenated compounds of Si,
Ge, and Sn.

Some specific examples of silyl bridged ligands having active

halogen include for example 1-cyclopentadienyl-9-fiuoreny1



Héving at | east one branch that has an acti've halogeﬁfﬁfhe're§urting new
| i gands and supported netal |l ocenes produced therefrom ﬂks&h&gsg&g&ﬁ

d In
accordance wi th another aspect of the present invention citb g
supported netal |l ocenes wherein at | east two netal |l ocene w
activity are both bonded to an inorganic support having's y

groups. According to another enbodi ment gf the invention, a process for
ol efin polynerization is provided which conprises contacting an olefin

under ol ef i fetRPLNTBELLARKON cONdi tiLQ0S W {dt ety DYREAFIh OFbsQEmM | Sing the
I nventive bridged supported netal |l ocene prepared as described above,

optional |y, 14cyclapgdnl Adieng -9l floren§ Lhelt APl cB 1 6dshi YAl . DESOI-E ik ehPl Y-t
anot her enbodi nent of the invention there is provided a polynmer product
resul ting fplemyickdores {lahyrer1-zatldentyddensls I- firbaehcithe BRplehl ptdsabamef, t he
I nvention A wide variety of cycl opentadi ene-type conpounds having active
bis(9-fluorenyl)phenylchlorosilane, 1-cyclopentadienyl-9-£fluorenyl-
methylchlorosilane, bis(9-fluorenyl)phenylchlorosilane, aqd
bis(2,8-difluoro-9-fluorenyl)methylchlorosilane.

In a particularly preferred embodiment the bfidge R' of the
ligand Z-R'-Z has a branch extending outwardly from the divalent R'
radical, which branch contains a halosilyl group. Typically, the branch
would be an alkyl branch containing 2 to 12 carbon atoms, more commonly,
2 to 5 carbon atoms. Some examples of such halogenated branched bridged
compounds ' include
2-(bis-9-f1uoreny1-methylsilyl)-l-triéhlorosilylethane; l-chlorodimethyl
silyl-5-cyclopentadienyl-5-(9-fluorenyl) hexane; and
S-cyclopentadienyl-5-(9-fluorenyl)-l-trichlorosilylhexane.

Halogéﬁated branched bridged ligands can be prepared bf the
halogenation, i.e. chlorination, or hydrosilylation of a suitable
bridged 1ligand which has a branch having olefinic unsaturation.
Examples of such bridged compounds include those in which the R’ bridge
has a branch of the formuls R"ZC=CH-(?"')n- wherein R''' is a
bydrocarbyl radical having 1 to 10 rcarhon atoms, n is 1 or 0, and each
R" is the same or different and selected from the group consisting of
hydrocarbyl radicals haviag 1 to 10 carbon atoms and hydrogen. One of
the embodiments of the present invention proviqes such olefinic branched
bridged cyclopentadienyl cpmpoundé.

Such olefinic tranched ligands can be prepared by reacting a

dihalo olefinic silane with an alkali metal salt of a suitable



hal ogens are suitable for the present invention. Included are bridged
cycl opent adi ene conpounds in which two cycl opentadi ene- Bun@mm&ae
bound 't oget her by a bridge having an active hal ogen as mj
cycl opent adi ene conpounds in which a cycl.opentadi ene-typ
radi cal having an active hal ogen. Exanples of the latter include such
conpounds of the formula: [err] wherein 2 is a cyclopentadiene type
radical; Ais Si, Ge, Sn; and X is selected from hydrogen, hydrocar byl
radi cal s, asyelbpdntgéirsie-vyper ebnpaind| tasprodner X i@mpodrdl ofethe afeknula-4 - n
is a nunber filling the remaining val ence of A The hydrocarbyl radicals
are ot her 2-R'-Z wherein each Z is the same or alternatively to first ‘produce a
compound of the formula Z-R'-X wherein X is a halogen and then reacting
that compound with an alkali metal salt of another different
cyclopentadiene-type compound to produce a compound of the formula
Z-R'-Z wherein the two 2's differ. Such reactions can be carried out
using conditions of the type disclosed in U.S. Patent 5,191,132. The
resulting olefinié ‘branched 1ligands ‘can then be reacted with
chlorosilanes or chloroalkyl silanes to produce branched bridged ligands

in which the branch has an active terminal halogen. The hydrosilyation

reaction can be carried out using conditions such as disclosed by J.L.

Speier in Adv. Organomet. Chem., 49, 1849 (1984).

An alternate technique for forming a 61efinic branched bridged
ligand involves reacting a carbonyl compound having olefinic
unsaturation with cyclopentadiene in the presence of pyrrolidine. and
methanol to yield an alkenyl fulvene which is then reacted withuan
alkali metél-salé of a cycléopentadiene compound, such a#, for example,
fluorenyl to yield the unsaturated-branched-bridged ligand containing
two cyclqﬁentadienyl-type'groups, i.e. fluorenyl and cyclopentadienyl.
For example, one could react S-hexene-2-one with cyclopentadiene using a

procedure like that disc}osed by Stone et al in J. Org. Chem., 43, 1849

(1984) to yield 6-(3-buteny1)-6-methy1fulvene which could then be
reacted with fluorenyllithium and subsaquent hydroly51s to yield
5-cyclopentadienyl-5-(9-fluorenyl)-1-hexene. The terminal alkenyl group
can then be subjected to hydrosilyation as described in the preceding

paragraph.



i han cycl opent adi ene type radicals and generally contain car bon

1 to 8
atons. Sone specific exanples of such conpounds include c aced
dinethyl silyl chloride, fluorenyl dinethyl silyl chloride, I I
di methyl silyl chloride, "fluorenyl ethyl chloride, fluoren

met hyl chl oride, fluorenyl nethylene chloride, fluorenyl diphenyl gernane
chloride, fluorenyl diphenyl tin chloride, fluorenyl silyl trichloride,
fluorenyl germane trichloride, fluorenyl ®nethyl germane dichloride and the
li ke, including such conpounds in which the cycl opentadi ene-type group
contai ns one or northesgeetant iniepsionTRkus gpy eieny wingt cheraimated; branshpdgens
are silyl hal.,des. ., The unbridged cycl opentadi ene-type conpounds can be
prepar ed us ﬁ’r&g?iéiﬁ"é}ﬁ‘ér% tﬁPo&é’&H %s disclosed in the aforenentioned U.S:
patent applications Ser. No:. 75,931; Ser. No. 734,853; and Ser. No. 697, 363
the disclosures of which are ingorporated herein by reference. Exanples of
bri dged l'i gands i ncl ude conpouqu of the formula

1) H C=C—(CH2)B_T_R

2
Z

wherein n is a number typically in the range of about 0 to 10: R is Si,
Ge, C, or Sn; R'' is seleéted ffom hydrogen, or alkyi groups typically
having 1 to 10 carbon atoms, or aryl groups typically having 6 to 10
carbon atoms. The present .invention -thus .also envisions the
halogenation end hydrosilyation reaction products of such vinyl
terminated compounds as well as the metallocenes of such vinyl
terminated compounds.

The metallocenes of such olefinic unsaturated branched-bridged
ligands cﬁn be prepared by reacting the. branched-bridged
bis(cyclopentadienyl-type) ligand with an alkali metal alkyl to produce
the divalent ligaﬁd salt that is theﬁ teacted wicth the transition.metal
compound to yield the metalchene, using the techniques generaily known

in the art for forming such metallocenes. See for example, gp-a-524 624

The inorganic support materials having surface hydroxyl groups
include inorganic oxides, carbdnates such as chalk, silicates such as
talc, clay, and the like. Some particularly preferred supports include

. silica, aiqmina, clay, phosphateé alﬁmina, and mixtures thereof.

.Phosphated aluninas can be preparéd'by the steps comprising:

(1) mixing aluminum nitrate with a phosphate compound, in the presence



i—l?" -Z wherein each Z can be the sane or different substituted or
unsubstituted cyclopentadi ene-type radical and R is a stUgfd ﬁLB&BkT&d

linkirig the two Z's, wherein R contains at |east one act

such bridged |igands can be made using the general techni

U S. Patent No. 5,191,132 and pending U.S. application Ser

For exanple, an alkali netal salt of a cycl opentadi ene-type conpound can be
reacted with a bridge precursor conmpoundoX-R -X wherein each X' is a halide
and wherein R contains at |east one active halide, to produce either a bis

(cycl opent &8iwater. tsppEorma; Syad iommfdliradding a basic Conpmiuadpprateabyy -iny pe)
conpound of the fornmula Z-R -X which is then reacted with an al kali netal
salt of a GAF§¥Seftrmz E%rFﬁBLﬁﬂ}“FbmprtecR}'@éu@s lor elbield Presustu @) ofeddveriny nul a

Z-R - ther |nth two, Z's are different. Exanples of X-R -X include
trihal ogen& Fogs cl&ﬁpB’Eﬂ‘?d‘Hof i OPEienallyy ggshing the solid product with a

§olvent to prepare a washed-product; (5) drying the solid product_ or
washed product, resulting in a dried product; and (6) calcining the
dried product to produce the phosphated alumina. Suitable phosphate
compounds include, but ars not limited to ammonium phosphate (dibasic),
ammonium phosphate (monobasic), sodium phosphate (monobasic), sodium
phosphate (dibasic), magnesium phosphate, potassium phosphate (dibasic),
potassium phosphate (monobasic), manganese phosphate, and mixtures
thereof. The presently preferred phosphate compound is ammonium
phosphate (monobasic) because of its ready availability and easy of use.
Suitable basic compound employed in step (2) should be able to produce a
ﬁrecipitate from the solution. Examples of suitable basic compound
include, but are not limited to, ammonium hydr;xide, lithium hydroiide,
sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium
hydroxide, magnesium hydroxide, barrium phenoxide, calcium hydr;xide,
ca;cium phenoxide, RONa, RSNa, and mixtures thereof wherein R is a C,-Ce
alkyl radial. The presently preferred bhasic compound is ammonium
hydroxide. The solvent used in step (4) to wash the solid product éan
be an alcohol, either, ketone, acid, amide, or water, as long as it does
. not react with or solubilize the solid product. txamples.of suitable
solvents inélude, but are not limited to water, methanol, ethanol,
propanol, isopropanol, butanol, isobutsnol, pentanol, diethyl ether,
tetrahydrofuran, acetone, methyl ethyl ketone, acetic acid,
dimethylforamide, and mixtures thereof. The presently preferred.

solvents are water and ethanol because of their ready availability. The
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Eplaced
bi s(9-f 1 uorenyl ) phenyl chl orosil ane, and _ J
bi s(2, 8-difluoro-9-fluorenyl)nethylchlorosilane. In a pa I
preferred enbodi nent the bridge R of the ligand Z-R -Z has™a

extending outwardly fromthe divalent R radical, which branch -5-
contains a halosilyl group. Typically, tHe branch would be an al kyl branch
cont ai ni ng 3 t.o 12 carbon atons, more commonly, 2 to 5 carbon atons. Sone
exanpl es of “Tith HaPbferal expnpbaric reeyent iagd dirimpoemdsying lugder reduced

2-(bis-9-fl - h I.lyl)-1- trichlorosilylethane; .
1- gh: ir odi r@%ﬁg%’n g&g%}/‘lc'\%f%p‘)e%‘f’a%ﬁtaﬁm <95- VK (40P BhyfFPhedaE; S0°C to

about 150°C under about 0.05 mmHg to about 800 mmHg pressure for about 1

tb about 30 hours, preferably from 60°C to 100°C under 0.05 to 760 mmHg
pressure for 5 to 20 hours. The calcining step can alsp vary widely -
from about 250°C to abﬁut 30 minutes to about 15 hours, preferably-l to
7 hours.

.In the preparation of the phosphated alumina, the molar ratio
of the phosphate compound to aluminuﬁ nitrate is generally in the range
of from about 0.05:1 to about 5:1, preferably from about 0.1:1 to about
2:1, and most preferably from 0.2:1 to 1:1 for best physical form and
catalytic activity of phosphated alumina when.used'as a component of the
invention composition. The molar ratio of water to aluminum nitrate is
in th; range of from about 16:1 to ghout 200:1, depending on the
solubility of both aluminum and the phosphate compound, preferably about
20:1 to about 100:1, most preferably 25:1 to 50:1. The malar ratio of
the basic compound to aluminum nitrate is in the range of from about
0.05:1 to about 10:1, p;eferably abont 0.2:1 to about 5:1 and most
preferably 0.5:1 to 2:1. The recovery of the solid product in step (3)
can be carried out by any known means such as, for examplé, filtration,
decantation and centrifugation. The molar ratio of the washing solvent
to aluminum nitrate can vary widely from about 5:1 to about'1000:1
depending on the type of solvent used. The washing can also be carried
out more than once and/or with a different solvent.

Examples of clays include, but are not limited to, kaolinite,
halloysite, vermiculite, chlorite, attapulgite, smectite,

montmorillonite, illite, saconite, sepiolite, palygorskite, Fuller's



and 5-cycl opent adi enyl -5-(9-fluorenyl)-1-trichlorosilyl hexane. Hal ogenat ed
branched bridged |igands can be prepared by the halToig8heathasBeeniReplace
chlori‘nation, or hydrosilylation of a suitable bridg i h has a
branch having ol efinic unsaturation. Exanples of suc i ounds

I nclude those in which the R bridge has a branch of the fornmula [err]
wherein R'"" is a hydrocarbyl radical having 1 to 10 carbon atonms, nis 1 or
0, and each R' is the same or different &nd selected fromthe group

- consi sting gf d r.oyl_radicals haying 1 to 10 carbon atons and
hydr ogen. gd%??)? %xﬁé%&? 0¢ |srr3h?§e°§f tﬁhe pPReSERTLY, Rrafertsd ﬁgBY/i tfes?such
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branched |igands can be prepare react’in 0 olerfnic stlane with

an al kal i riinhosidllén @ @it {aRlefe e} ARBIM adi BétohyRE conpound to produce
a conpound of the fornula Z-R -Z wherein each Z is the sanme or

alternatively to fiEfdmpRé®HCPorfous0bRMe8doPmikbe Jxandllcx éiRicol Whes&i n X

is a hal ogen and then _
aluminum include those having a specific sqrface area of 50 to 1,000
sq.m./g, more generally 100 to 800, and more preferably 150 to 650
sq.m./g, and whose pore volume is in the range of 0.2 to 3, preferably
0.4 to 3, in particular 0.6 to 2.7 cm3/g. Such supportélwould generally
have an average particle size in the range of about 1 to about 500
millimicron, more typically about 10 to about 200, and more preferably
about 20 to 100 millimicron. Depending upon the specific surface area
and the temperature pretreatment, the hydroxyl group number of such
supports is in the range of about 0.5 tc about 50 mmol, more typically
about 1 to about 20, and more preferably about 1.5 to about 10, hydroxyl
groups per gram of support.

The b;iﬁged or unbridged cyclopentadiene-type compoun§ having
an active halogen is reacted with the hydroxyl-containing supbort under
éuitable reaction conditions to obtain a supported cyclopentadiene-type
compound.

Generally before reacting the support with the halogenated
cyclopentadiene-type compcuﬁd, it is preferable to remove adsorptively
bound water from the support by drying st a temperature in the range of_
from about 120 to about 8§00 degrees C, more typicaliy about 200 to about
500 degrees C. The drying can be monitored analytically by titrating
the OH content of the support material against n-butylmagnesium.
chloride. After drying, the support'can be stored under an inert gas,

for example, nitrogen or argon to exclude air and water.



reacting that conmpound with an alkali netal salt of anot he.fe.h.

.fferent
cycl opent adi ene- type conpound to produce a conpound of th ldé laced
wherei'n the two Z's differ. Such reactions can be carried oi ]
conditions of the type disclosed in U S. Patent No. 5,191,1

resulting olefinic branched Iigands can then be reacted wth chlorosil anes
or chloroal kyl silanes to produce branchgd bridged |igands. in which the
branch has an active term nal hal ogen. The hydrosilyation reaction can be
carried out using cimelipresers swedntdon thes|paseiietya JpdoceSPaindeh i compdises
Organonet. Chem 17,407- 409 §_1979). An alternate technique for formng a
ol efi ni ¢ brATEASHESr 2d§Eirgedgdisridnbayings the ateimyda ao € af fonyl wienmpaund

havi ng ol ef j ni_ c_unsat ur tion with cycl opentadi ene in the presence of

pyrrolidi ne* A8t AarEet & FP efgmah baidesdy | igenf vaHeh Wi Shepicalpgbandadt ed
ith | [ | | t _of t adi d, h f '
oxanpi o, 11 o B ReaE i ndleeR Y HhERTP oTAR Bt HEc Dy Ferioa™ Sitfsaent

contal ning {Wltituted or unsubstituted, hydrocarbyl radical having an active

" hydrogen selected from the gr;-oup consisting of cyclopentadienyl,
indenyl, tetrahydrsindenyl, fluorenyl, &and mixtures thereof; R' is a
bridge having_a reactive halogen atom, and Q is an inorganic moiety
having surface hfdroxyl groups such as, for example, silica, alumina,
clay, phosphated alumina, and mixtures thereof.

It is also within the'scope of the present invention to
contact two or more bridged ligands of that type with the inorganic
support. It is also within the scope of the present invention to form

" supported ligands containing two or more unbridged cyclbpentadienyl-type
ligands or a mixturé of the unbridged and bridged-ligands.’ In an
especially preférred embodiment two or more active halogen-containing
ligands are used thch have differing effects upon polymerization.

The conditions employed for contacting of the bridged or
unbridged active halogen-containing ligand and the inorganié material
éan vary over a wide range. Typically, such is done in the presence of a
liquid diluent, preferably a solvent for the ligand. Most preferably,

. the reaction is carried out .in the presence of a basic compopnd which
will neutralize any acid formed during the reaction. A typical example
would be pyridine. The molar ratio-of the ligand to the inorganic
material can also va;y over a wide range. Generally the molar ratio of
the ligand to the OH on the surface ;f the inorganic material would be

in the range from about 1:1 to about 0.00001:1.



dyclopentadienyl-type groups, i.e. fluorenyl and cycl opentath
exanpl e, one could react 5-hexene-2-one with cycl opent adi SSiLS,
procedure |ike that disclosed -6- by Stone et al in J. ﬂ

|=felll())

—For |

a :

n Replaced
1849 (1984) to yield 6-(3-butenyl)-6-methyl ful vene ‘which ¢ Fjﬂhﬁiﬂ |
reacted with fluorenyllithiumand subsequent hydrolysis to _
5-cycl opent adi enyl - 5- (9-fl uorenyl ) -1-hexene. The termt nal al kenyl group can
then be subjected to hydrosilyation as déscribed in the preceding
par agraph.. The present invention thus envisjons vinyl term nated branched
bridged |igands of tThe Fetuliiag Supported cyclopentadienyl-type compound can

then be used to form a supported metallocene. Preferably the supported
cyclopentadienyl-type compound is subjected to purification to remove
any undesirable by-products tha; might have been produced during its
preparation. Techniques such as extraction, solvent washing, - and
evaporation can be used.

To form the supported metallocene the supported
cyclopentadienyi-type compound is then reacted with an organo alkali
metal compound.to form the corresponding supported cyclopentadienyl
alkali metal salt which is then reacted with a suitable transition metal
compound under suitable condi?ions._ Typically transition metal halide

.compounds are employed of the formula MeXn wherein Me is a transition
metal selected from metals of Groups IIIB, IVB, VB,'and VIB of the
Periodic Table and n is a number reflecting the valence of the metal,
generally 3 or 4. Each X in the formula can be the same or different
and can be selggted from the group consisting of halogens, "and
hydrocérbyl or hydrocarbyloxy groups having 1 to about 20 carbon atoms.
Preferably at least one cf the X's is a halogen. The breferred
transition metal compounds are those of the metals selectéd from the
group consisting of Ti, Zr, Hf, Sc, Y, V, and La. The presently most
preferred metals are fi, Zr, V, or Hf. Some examples of such transition
metal compounds include zirconium tetrachloride, hafnium tetrachloride,
cyclopentadienyl titaniunm trichloride, cyclopentadienyl zirconium
trichloride, cyclopentadienyl methyl zirconium ¢ichloride, fluorenyl
zirconium dichloride, 3-methylcyclopentadienyl zirconium trichloride,
4-methylfluorenyl zirconium trichloride, indenyl methyl zirconium

dichloride, and the 1like.



[err] z wherein nis a nunber typically in the range of _about 0 to 10: R is
Si, G, C or Sn; R' is selected fromhydrogen, or alkyl groups typically
having 1 to 10 carbon atoms, or aryl groups typically h t flag Bee bon
atons. The present invention thus also envisions the hal Iﬁi II
hydrosi | yati on reaction products of such vinyl termnate wel |
as the netal |l ocenes of such vinyl term nated conpounds. The netall ocenes of
such ol efinic unsaturated branched-bridged |igands can be prepared by
reacting the branched-bridged bis(cyclopentadienyl-type) ligand with an
al kali netal al kyl WBeth tBguserPratsed)i Ligruchtis jagaau-tscidged hhigand itheis react ed
with the traer}‘séirg'fn net al cqonpound ?o ‘%i el d the netal | ocene, using. the

Y JeEFRSAR it LHCtalt HER & GYRiapgntatinnrintIperenbiningee

t echni ques %JGI’]GI’

for exanpl ey, Luk an | i shed | igcati 524, 624 whi ch _corresponds to

pending U.S. app?#g'at"ﬁeg%lpS‘é°rm.p°RE)£p€?34,g°§§32ge setaitceety, 'Fo? example
cyclopentadienyl zirconium trichloride, cyclopentadienyl dimethyl

zirconium chloride, fluorenyl dimethyl zirconium dichloride, or
cyclopentadienyl methyl zirconium dichloride. 1In any case, the reaction
can be carried out using the same general techniques that have been used
in the past to form the unsupported férm of such metallocene.
Generally, this involves forming an alkali metal salt of the supported
cyclopentadienyl-type compound and reacting it with a transition metal
halide compound in the presence of a suitable solvent.

If the unbridged liéand ;ontains residual active halogen
groups, it is generally desirable to react the supported ligand with
enough organoalkali metal compound so that the active halide will be
replaced with the organic radical of the organocalkali metal compound
before the reactipn is begun to prepare the metallocene. The presently
preferred organoalkali metal compounds, here as in forming
cyclopentadienyl salts to form metéllocenes, are aliphatic or aromatic
salts of lithium or sodium. |

Some illustrative, but non-limiting examples of bridged
supported metallocenes within the scope of the present invention
include, for examplé, silica-0-1-cyclopentadienyl-1-cyclopentadienyl-
methylsilane zirconium dichloride, silica-o-bis(9?f1uoreny1)phenylsilane
zirconium diéhloride, silica-o-1-cyclopentadieny1-9-fluorenylmethyl-
silane hafnium dichloride, silica-0-bis{9-fluorenyl)phenylsilane hafnium
dichloride, silica-0-1-cyclopentadienyl-9-fluorenylmethylsilane vanadium

dichloride, silica-O-bis(9-fluorenyl)phenylsilane vanadium dichloride, -



fﬁe i norgani ¢ support materials having surface hydr oxy—groups i nctude .
i nor gani c oxi des, carbonates such as chalk, silicates sug{gsﬁget;{ggg‘eenpgpﬁyed

and the |ike. Some particularly preferred supports includ
cl ay, phosphated alum na, and m xtures thereof. Phosphat eim m%ﬂﬂm‘
prepared by the steps conprising: (1) m xing al um num nit

phosphat e conpound, in the presence of wgter, to forma solution; (2)

addi ng a basi c ‘conpound, preferably in aqueous form to the solution to

produce a seiliida{U-Qdefdloprilad | EHGAVEH106k cnii ety i 4k 10RO AUChn i atd 1 GG QR | Y,
washi ng the solid product with a solvent to prepare a washed-product; ’(5)

dryi ng the sidlica-pEbasicEltirenpiphenylsibinet , reitdhitng | dich i@, product:
and (6) calcining the dried product to produce the phosphated al um na.
Sui t abl e phvidihenGebisimeuditiuorePuflmor nytl )uetdy hot Lank ni tredn fun aﬁdimlrhmé
phosphat e (d| basi c), ammoni um phosphat e
silica- 0-1-cyclopentadieny1 -fluorenylmethylsilane zirconium
dichloride, alumina-O-1-cyclopeﬁtadieny1-9-f1uoreny1methylsilane
zirconium dichloride, bentonife-o-1-cyclopentadieny1-9-fluorenylmethyl-
silane zirconium dichloride, and mixtures thereof. The presently
preferred bridged metallocene is silica-0-1~cyclopentadienyl-9- |
fluorenylmethylsilane zirconium dichloride. Ih the names given in this
- paragraph the phrase silica-0 merely refers to the fact that the bridged
metallocene is bonded through the bridge to a surfacé oxygen of the
support. |
Some gxamples of supported unbridged metallocenes include
silica-O-dimethyl silyl-cyclopentadienyi-fluorenyl zirconium dichloride,
silica-0O-diphenyl silyl cyclopentadienyl-cyclopentadienyl zirconium
dimethyl, and the like.
Soﬁe sp;cific examples of the bridged ligands that can be used

in the present invention include those having the formula of

wherein each Z can be the same. or different, ‘substituted or
unsub;tituted, hydrocarbyl radical selected from the group consisting of
cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyi, and mixtures

thereof; E is & bridge connecting the two Z's and is selected from the

group consisting of C, Si, sn, ge, B, A1, N, or P; each X can be the



-7- (rmonobasic), sodi um phosphate (nonobasic), sodi hosphat e (di basic),
magnesi um phosphat e, pot assi um phosphate (di basic), potassiun1p osp a
(rmonobasi c), manganese phosphate, and m xtures thereoThlssﬁbﬁe

preferred phosphate conpound i s anmoni um phosphat e (rm e of
its ready availability and easy of use. Suitable basi c oyed in

step (2) should be able to produce a precipitate fromthe solu

Exanpl es of suitable basic conpound include, but are not limted to,
ammoni um hydr oxi de, |ithium hydr oxi de, ¥odi um hydr oxi de, sodi um carbonate,
sodi um bi cal bonat ot assi um h dI‘OXI de, magnesi um hydroxi de, barrium
phenoxi de, ¢4l 8fu‘ﬁ1fﬁ 5xitfe 1s SRlEFIAD HFRAmNERE GEOURORES ITISRE, 0% BACTASE T s

oo oo | Sl | RuBedl] bedhifll] {AGE] =, TBE, ARGIOBRLY PISTAEG"201

thereof, wherein R is a C1 to C20 hydrocarbyl radical, wherein at least
one X is a hglide, and wherein n is a number sufficient to fill the
valences of E, generally 1 or 2.

Under one embodiment of the present invenfion, a substituted
or unsubstituted cyclopentadienyl-type hydrocarbon, Z, having an acidic,
feplaceable hydrogen atom is contacted with an organclithium and an
organohalosilsne.' Z.is the same as that disclosed above. The presently
preferred hydrocarbons having an acidic, replaceable hydrogen are
cyclopentadiene, indene, tetrahydroindene, fluorene, or mixtures
thereof. The preferred organolithium is an alkyllithium including

_ butyllithium, methyllithium, ethyllithium, propyllithium,=or mixtures
thereof. The presently most preferred organolithium is butyllithium.
The presently preferred organohalosilane is an _alkylhalosilané or
arylhalorosilane Euch as methyltrichlorosilaﬁe, ethyltrichlorosilane,
propyltrichlorosilane, phenyltrichloro#i]ane, tolyltrichlorosilane, or
mixtures thereof. The presently most preferred organochalosilane are
methyltrichlorosilane, phenyltrichlorosilane, or mixtures thereof.

This first step of this embodiment of the invention can be
carried out in the presence of a suitable solvent. Examples of suitable
solvents include, but are not limited to diethyl ether, tetrahydfofuran,
hydrocarbons such as pentane, hexane, heptane, cyclohexane, and toluene,
and the like. According to the present invention, the reac;ion pressure
and.temperature fof this embodiment are not particularly critical and
can vary over a wide range. Atmospheric_pressure is presently preferred

although higher or lower pressures can be employed. Typically, the



hydr oxi de. The solvent used in step (4) to wash the solid product can be an
al cohol, either, ketone, acid, am de, or water, as | ongh@&ShdsetHxBesh Rapliced
react with or solubilize the solid product. Exanples of nts

i nclude, but are not limted to water, nethanol, ethanol

| sopropanol, butanol, isobutanol, pentanol, diethyl ether, tetrahydroruran,
acetone, nethyl ethyl ketone, acetic acid, dinethylforamde, and m xtures
thereof. The presently preferred solvenigs are water and et hanol because of
their ready availability. The drying of step (5) can be a conventional

dryi ng or chagticn Wwedpératadectsd inr ¢8& urange The fhoyi Abordte MO woeabaut vary

wi dely - from about 50[err]C. to about 150[err]C. under about 0.05 mmHg to
about 800 Hf§- presrmrrily,odtabetontenientibbeitca3@y hoetr thepfifsty sbey 4tr om,
60[err]C. to 100[err]C. under 0.05 to 760 nmHg pressure for 5 to 20 hours.
The cal ci niwhjent dismperatareo vary widely from about 250[err]C. to about 30
m nutes to about 15 hours, preferably 1 to 7 hours, In.the Qreparagion of
the phosphated al uFhhdiolanaakap Af tha hydepcaghen having at least two acidic,

replaceable hydrogens to the organolithium can vary over a wide range

depending on the results desired and is generally in the range of from
about 5:1 to about 1:5, preferably about 2:1 to about 1:2, and most
preferably about 1:1. Similar molar ratios can be employed for the
organchalosilane to the lithiated hydrocarbon. The molar ratio of the
solvent to the organolithium is generally in the range of from about
1000:1 to about 0.1:1, preferably about 500:1 to about 0.5:1.
The ligand formed during the first step having the formula of
Z;EXn+1 wherein the scopes of E and X are the same as those disclosed
above except that one X must be & halogen and n is an integer of 1 or 2,
can be then contg;ted with an organo alkali metal compound having éhe'
formula of ZMa wherein Z is the same as described above and Ma is an
alkali metal. The presently preferred organo.alkali metal comﬁbunds
represented by the formula of 2ZMa include cyclopentadienylsodium,
indenylsodium, tetrahydroindenylsodium, fluroenylsodium,
cyclopentadienyllithium, indenyllithium, tetrzhydroindenyllithium,
fiuroenyllithium, or mixtures thereof. The reaction conditions can be
thé same as those disclosed for the praparation of the halogenated
compound of the formula Z-EXn+1. This step can also bé c#rried out in
~the presence of a solvent. The scope of the solvent is the same as
described above. The molar ratio of the ligand to thg organo alkali
metal compound can vary in a wide range and is generally in the range of

from about 5:1 to about 1:5, preferably from about 2:1 to about 1:2, and



phosphat e conmpound to alum numnitrate is generally in tHhgisSRRgeRs BéenReplared
about 0.05:1 to about 5:1, preferably fromabout 0.1:1 to
nost preferably fromO0.2:1 to 1:1 for best physical forma
activity of phosphated al um na when used as a conponent of I on
conposition. The nolar ratio of water to alumnumnitrate is in the range
of fromabout 10:1 to about 200:1, deperding on the solubility of both
al um num and the phosphate compound, preferably about 20:1 to about 100:1,
nost pref eMSFFpPredenably ahput 1.7 tolak-2ratThe melatheabisspf thenpoluestt to
al um num nit rate i s igkthe range of from ahbout 0.0571 to about 10:1, :
pref erabl y "aBofitE4 28 415 8% . cgmpound (Cip b BPRYTELAY| Yhe S3me 4% that  The
recovery Ofdetscr:]xeibsegl odr Qﬁg%%g$entnto th-e86rganolithium in the first step of this
‘embodiment of the invention.
A bridged ligand having the formula of z-zxn-z, wherein Z, E,
X, and n are the same as those described above except that one X is a
halogen, is formed in the second step of this embodiment of the process.
In the third step of this embodiment of the process, the Efidged ligand
: | @ —
thus formed is contacted with an inorganic materialy& The inorganic
material is generally used as catalyst support and has the same scope as
described above. This results in a bridged ligand chemically bonded to
the inorganic support. The bridged ligand chemicaliy bonded to a
inorganic support can then be further c-ontacted with an organolithium
and a metal halide having the formula of Mxm, in the fourth step of this
embodiment of the process, under conditions to form a bridged
metallocene, wherein M is a metal selectad from Ti, 2r, Hf, Sc, Y, V, or
La; m is a number sufficient to f£ill out the remaining valences of the
metal M; and each ¥ can be the same or different, and is selected from
the group consisting of alkyl groups, hydrogen, fluorine, chlorine,
brdmine, and iodine. The reaction conditions for this step can also
generally be the same as those described for the first step. Similarly,
a solvent can also be present in this step of the invention. The scope.
of the solvent can be the same as that in the first step and the molar
ratio of the solvent to the organolithium in this step is the same as
that of the solvent to tbe organolithium in the first step. The molar

ratio of the bridged ligand to the organolithium can be in the iange of

from about 5:1 to about 1:5, preferably from abouc 3:1 to about 1:3; and



step (3) can be carried out by any known neans such as, _for exanphe;

filtration, decantation and centrifugation. The nolar ratio of hj n
sélvent to alum numnitrate can vary w dely from about 5; s She o ?ﬁ
depending on the type of solvent used. The washi ng can als* ut
nore than once and/or with a different solvent. Exanples o [

but are not limted to, kaolinite, halloysite, vermculite, chlorite
attapulgite, snectite, nontnorillonite, illite, saconite, sepiolite,

pal ygorskite, Fuller's earth, and m xtures thereof. The presentty preferred
clay is a nontnorillonite clay. The preggently nost preferred clay is sodium
nmontnorillonite which is generally known as bentonite. Exanples of porous
oxi des or m xed oxides of silicon and/or_ alum numinclude those having a

and more propRFRd bR IS by B0 3l CuidlCRAgOEITAE Bl e

range cyclopentadienyl-9-fluorenylmethylchlorosilane zirconium dichloride, bis(9-
fluorenyl)phenylchlorosilane zirconium  dichloride, 1-cyclopentadienyl-9-
fluorenylmethyichlorosilane hafnium dichloride, bis(9-fluorenyl)phenyichlorosilane
hafnium  dichloride, 1-cyclopentadienyl-9-fluorenylmethylchlorosilane  vanadium
dichloride, bis(9-fluorenyl)phenylchlorosilane vanadium dichloride, 1-cyclopentadienyl-
9-fluorenylmethylchlorosilane titanium dichloride, bis(9-fluorenyl)phenylchiorosilane
titanjum dichloride, and bis(2,8-difluoro-9-fluorenyl)methylchlorosilane  zirconium
dichloride. '
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c;f 0.2 to 3, preferably 0.4 to 3, in particular 0.6 to 7 mta Schl

- supports woul d generally have an average particle size i T aced

about 1 to about 500 millimcron, nore typically about 10“ H I and
o

nore preferably about 20 to 100 mllimcron. Depending up
surface area and the tenperature pretreatnent, the hydroxyl group nunber of
such supports is in the range of about 026 to about 50 mmol, nore typically
about 1 to about 20, and nore preferably about 1.5 to about 10, hydroxyl
groups per dPamRIe{erabdnrabouthk: 2hr i Thyewolar tatioi dfjathecyrgappbithaidin etre thype
conpound havi ng an_active hal ogen is reacted with the hydroxyl -containing
support unddetalihgdifie is aaneraHycehrett2dns to obtain a supported:

cycl opent adi ene-type corTFound. Cenerally before reacti ng t he support with
the hal ogenat ed cycl BfeftRRATERL -efpHloc RS0 ARSI 1 ipe | £rog, ERES 4BFentign  &ffbve

e o Ty e 240 e Bha P TH AR eV iohaY  (idndlquds GIRA" B Hhe st 1"

' such as filtration and extraction. It is generally desirable to recover
the metallocene in a form that is free of any substantial amount of
by-product impurities. As a general rule, it has beén found that the
metallocenes based on unbridged fluorenyl compounds are less stable than
the metallocene compounds formed from bridged fluorenyl compounds.
-Since the stability of the various metallocenes varies, it is generally
desirable to use the metallocenes soon after their preparafion or at
least to store the metallocene under .conditions favoring their
stability. For example the metgllocenes can generally be stored in the
dark, at low temperature, i.e. below 0°C, and in the absence of.oxygen
or water.

The supported metallocenes can be used in combination Qith a
suitable activatér for the polymerization of olefinic monomers. In such
processes the metallocene or the activator can be employed on a solid
insoluble particdlate'supﬁort.

_Examples of svitable activator include generally,
organoaluminqxane, tris-perfluorophenyl borate, trityl
tetra-perfluorophenyl borate, and any of those organometallic
co-catalysts whicﬁ have in the past been employed in conjunction with
transition metal cortaining olefin polymerization catalysts. Some
typical examples include organometallic compounds of metals of Groups

IA, 1IA, and IIIB of the Periodic Table. Examples of such compounds

have included organometallic halide compounds, organometallic hydrides



800 degrees C, nore typically about 200 to about 500 dggrgg . I 4ng
can be nonitored analytically by titrating the OH conten

mat eri al agai nst n- butyl magnesi um chl oride. After dryln iEm E can
be stored under an inert gas, for exanple, nitrogen or e air

and water.. The present invention thus provides a process whi ch conpri ses
contacting a bridged |ligand having the fgrmula of Z-R -Z wth an inorganic

material Q

substituted or

9 to forma bridged Iigand which is chemcally bonded to the

i norgani ¢ nMin@t ¥v&d WMIGE ChiuR6L. Z $Al Qfeéﬂf@c Sm 0és didd16d€NEriethyl

unsubsti tuted, hydrocarbyl radical aving an active hydrogen

sel ected fI’Qﬂmhhﬁun;rQUILiaaﬁﬁtfﬂJaﬂGhiﬂhm, diethyl aluminum chloride, diethyl

aluminum hydride, and the like.

The currently most preferred activator is an

organoaluminoxane. Such compounds include those compouﬁds having

repeating units of the fdrmula

Rl

l
~ AL -0

where R' ‘is an alkyl group genmerally having 1 to 5 carbon atoms; and p

is a number between 0 to about 100, preferably about 5 to about 50, and

most preferably 10 to 40. The presently most preferred

organoaluminoxane is methylaluminoxane. Organocaluminoxanes, also

sometimes referred to as poly(hydrocarbyl aluminum oxides) are well

known in the art and are geneially prepared by reacting an organo

hydrocarbylaluminum compound with water. Such a preparation techniques

are disclosed in 4,808,561, the disclosure of which is incorporated

herein by reference. The currently preferred co-catalysts are prepared

either from trimethylaluminum or triethylaluminum, sometimes referred to

as

poly(methyl aluminum ~oxide) and pely(ethyl aluminum oxide),

reépectively. It is alsc within the scope of the invention to use an

- aluminoxane in combination with a trialkylaluminum, such as disclosed in

U.S. Patent No. 4,794,096, the disclosure of which is- incorporated

herein by reference.

The supported metallocenes in combination with the

organoaluminoxane activator can be used to polymerize olefins. Such

polymerizations would be carried out in a homogeneous system in which

the catalyst and activator were soluble: generally, it is within the



éyclopentadienyl I ndenyl , tetrahydroi ndenyl, quorenﬁ{ SH xtures

thereof; R is a bridge haV|ng a reactive. halogen aton1 h“m
i norgani ¢ noi ety having surface hydroxyl groups such a ‘
silica, alumna, clay, phosphated al um na, and nlxture s al so

wi thin the scope of the present invention to contact tmo or npre_brldged
ligands of that type with the inorganic ggpport. It is also within the
scope of the present invention to form supported |igands containing two or

nore unbri dgedpec we| tipepreglinenydveny pén Ith0cH1@6 &t ahBi pdlymer Matides wabsrgdged
and bridged ligands. In an especially preferred enbodirent two or nore
active hal ogeesencatefi nupmprked) Hiocdss afethes edtalys € harddve abitfifetrdmngn of ¢eis
upon pol yneri zation. The conditions enpl oyed for contacting of the bridged
or tanrlcngeeraﬁﬂslDh#qﬁaPQkyEﬁrtzﬂ#EQNJN Ay isi githdnathe shepd pET timniioventtion il
can vary over a wde ran? ypically, such is done in the presence of a
liquid di | udfe, e Biskrueasf vy gblﬂﬂshtmqteiquqees or a mixture of an inventive

bridged metallocene with one or more other types of metallocénes.

The supported metallocenes when used with an organocaluminoxane
are particuliarljr useful for the polymerization of mono-unsaturated
ﬁliphatic alpha-olefins having 2 to 10 carbon atoms. Exaﬁples of such

. olefins include ethylene, propylene, butene-1, pénténe-l,
3-methylbutene-1, hexene-1, &4-methylpentene-1, 3-ethylbutene-1,
heptene-1, octene-1, decene-1, 4,4-dimethyl-1-pentene,
4,4~diethyl-1-hexene, 3-4~dimethyl-1-hexene, and:the like and mixtures
thereof. The catalysts are particularly useful for preparing copolymers
of ethyléne or propylené and generally a minor amount, i.e. no more than
about 12 molg percent, more typically less than about 10 mole percent,
of the higher molecular weight olefin.

The pol&meriza:ions can be car?ied out under a wide range of
conditions depending upon the pa;ticular metallocene employed, and the
results desired. Examples of typical conditions under which the.
metallocenes can be used in the polymerization of olefins include
conditions such as disclosed in U.S. Patents 3,242,099; 4,892,851; and
4,530,914; the disclosures -of which are incorporated herein by
reference. It is considered that genmerally any of the polymerization
procedures used in the wrior art with any transition metal based

catalyst systems can be émployed with the present fluorenyl-containing

metallocenes.



Iwi Qand. Most preferably, the reaction is carried out in the presence of a
basi ¢ conmpound which will neutralize any acid forned-during the reaction. A
typi cal exanple would be pyridine. The nolar ratio of IieB&n Repldotie

i norganic material can also vary over a w de range. ar
ratio of the ligand to the OH on the surfaece of the in i“l\&m I

woul d be in the range fromabout 1:1 to about 0.00001: 1t I'ng
supported cyclopent adi enyl -type conpound can then be used to forma
supported netal | ocene. Preferably the supported cycl opentadi enyl -type
conpound is subjected to Eurification to renove any imd,esi rqbl e .by-products
that night have beeGeprEdd¥edP8umehey i FEEiSr Hfar the oAU ™BERNIGucPSuch as
extraction, sol vegt was hi ng, nd_evapor at | nlcantEe used, To form.the
suppor t ed nBEEAPELHEHECTHE %ﬁSSr‘f‘eaas GRSt ath SRS "SSPSR PE Phen

reacted wit lghér}:agégao'%oa@u%aé.il:qeéélabmeuﬂdattx@ nIoQE rBr:t_eli“tffrably about 5:1 to

about 10“:1. As a general rule, the polymerizations would ‘be carried

out in the presence of liquid diluents which do not have an adverse
affect upon the catalyst system. Examples of such liquid diluents
include butane, isobutane, pentane, lexane, heptane; .octane,
cyclohexane, methylcyclohexane, toluene, xylene, and the like. The
polymerization temperature can vary over a_wide range, teﬁperatures
typicﬁllj would be in the range of about -60°C to about 280°C, more
preferably in the range of about 20°C to about 160°C. Typically the
pressure would be.in the range of from sbout 1 to about 500 atmospheres
or greater.

The polymers produced with this invention have a wide raﬁge of
-uses that will be apparent to those skilled in the art from thé physical
properties of the'respective polymer. Some of the catalysts are useful
for preparing syndiotactic polymers. The term syndiotactic polymer as
used herein is intended toeinclude those polymers having segments of
more than 10 monomeric repeating units in which the alkyl group of each
successive monomeric unit iS on the oppesite side of tﬁe plane of the
polymer. Generally, the polymer segments having such syndiotactic
microstructure are formed of at least about 40 monomeric repeating units
in which the position of the alkyl group relative to the plane of the

polymer alternates from one monomeric unit to the next monomeric unit.



-

correspondi ng supported cycl opentadi enyl al kali netal_EETT_VETEﬁ‘*é—Then—
reacted with a suitable transition netal corrpound underTlﬁsﬂhEe'aHLsEBeen

conditions. Typically transition nmetal halide corrpounds the
formula MeXn wherein Me is a transition - 10- netal s tals
of Goups IlIB, 1VB, VB, and VIB of the ferlodlc Tabl e an

reflecting the val ence of the netal, generally 3 or 4. Each X I n the
formul a can be the same or different M@E be sel ected fromthe group
consi sting of hal ogens, and hydrocarb ydrocar byl oxy groups having |

to about 20 carbon gt ar@mefrﬁfd@m%xn@t ok ednt F%%ngf:ufntvlaﬁt.%ns i %Pf&é&ge“

The preferred transition netal conpounds are those e méta cted
fromthe graspecedNsdtiebty 4Hd LidvarkagedfwilPChe provided by the following

examples. In these examples, all runs were routinely.carried out using
- the Schlenk technique with the exclusion of oxygen and moisture. See
generally, D. F. Shriver, The Manipulation of Air-semsitive Compounds,
McGraw-Hill, .1969. Purified and dried argon served as protective gas.
The solvents uéed were dried by distillation over a Na/K alloy (pentane,
hexane, toluene, methylene chloride, ether and tetrahydrofuran) or
phosphorus pentoxide undar argon. Tetrahydrofuran wés additionally
purified over lithium alantate and methylene chloride was gdditionally
purified over calcium hydride. Fluorene was purified over silica gel
prior to use. Analog&us procedures were followed by fluoranthene and
phenanthrene. The propylene used for polymerizatidn trials was purified
for 1 hour at 30°C using methylaluminoxane. A Bar autoclave (1 liter)

was used for the.polymerization runms.

Example I

This example illustrates the preparation of a silica-bonded,
bridged ligand.

Fluorene (20 g; 120 mmol) was dissolved in 200 mL of ether and
slowly mixed with 76 mL of butyllithium (1.6 M in hexane). After the
evolution of gas had been completed, the mixture was stirred for 1 hour
at room temperature and then the solveat Qas removed.. Then solid
fluorenyllithium was added in portions to a solution of 36 g (40 mL, 241
mmol) of methyltrichlorosilane in 700 ml, of pentane. After completion

of the addition, the mixture was stirred for a further period of 1 hour



Y, V, and La. The presently nost preferred nmetals areqll she&'Has Been REplddéd
Sonme exanpl es of such transition nmetal conpounds inclu
. tetrachloride, hafniumtetrachl oride, cyclopentadienyl
trichloride, cyclopentadi enyl zirconiumtrichloride, cy
met hyl zirconiumdichloride, fluorenyl zirconiumdichloride,
3-net hyl cycl opent adi enyl zi rconiumtrichPoride, 4-met hyl fl uorenyl zirconi um
trichloridetindenyl met hyl zircogiun1dichlogide, and the ILEe. \\hen t he
supported [BtgARRM itemReTASHI B Ehe | T4ShIPT PIFEITg. NEP oF RSP HdlbeRes §V8D 1 eact
it wwth a ¢ #oen | enyl.-t -contai ni ng transition | . onit
formthe mest%g ?o@gkgs,qzef or%heexggg‘\tég%f Fo‘boé'%f“ét |a§ﬁ§lbyzierv(g:§%fa&ﬁ18€ﬁ%cg or°|f(cj)e,
cycl opent adicgnyy, ﬂ,}nmatgig 2 ri'“quchjipri_%pc_fl uorgny! g%ﬁ%q:hyl zi rconi um
di chl oride, or Gic Spen adie%%% et hyl zirconlun1d{§hlo | e._fn any case,
the reaCt'@f‘f@&eﬁ%ﬁmﬁ{ri@@hi’%ﬂﬂd}q LA A0 3ANSH alnd FolRI SUGS whgd have
been used in the past to formthe unsupported formof such netallocene.
Ceneral |y, drgb€al1I@|pstdes Qyiatad goy)al kal i ‘
9-Fluorenylmethyldichlorosilane (5 g; 17.9 mmol) was then
dissolved in 100 ml of ezher and the resulting solution was mixed with
1.6 g (18 mmol) of cyclopentadienyl sodium. After 4 hours of stirring
at room temperature, the reaction mixture was filtered over sodium
sulfate and the solvent was removed. A bright yellow crude product
(1-cyclopentadienyl-9-fluorenylmethylchlorosilane) was obtained which
contained 10% bisfluorenylmethylchlorosilane.
The crude pfoduct (5 g) obtainad above was dissolved in 100 ml
of toluene and the resulting solution was mixed with 5 g of silica gel
(Merck No. 7713) and 10 ml of pyridine. The mixture was held for 34
hours at 80°C and then cooled to -room temperature. The supernatant
solution was decanted, the resulting product (silica-0-1l-cyclopenta-
dienyl-~9-fluorenylmethylsilane) was washed several times with ether and

then dried.

Example II
This example illustrates the preparation of a bridged
metallocene chemically bonded to an inofganic support material.
The silica-C-1-cyclopentadienyl-9-fluorenylmethylsilane
prepared in Example I was suspended or slurried in 100 ml of ether and
mixed with 2 mole equivaleats (20 ml) of butyllithium (1.6 M in hexane)

per silane. The reacticn mixture was shaken for 24 hours at room



metal salt of the supported cycl opentadienyl-type congupe: andet fadedg it
wth a transition netal halide conpound in the presenc

solvent. If the unbridged |igand contains residual act I“mmnmgfﬁﬁups
it is generally desirable to react the supported |igan

organoal kal i netal conpound so that the aétive halide will be replaced with
the organic radical of the organoal kali netal conpound before the reaction
i S begun t o tempgraterd (fellwtedl byceashinghsevereterirey pitlf cathed 6IWPamdat kal i
met al compounds, here as in form ng cycl opentadi enyl salts to_form

net al | ocenedfter chal piture ovasr aggiongusrended tig 400 |1k REURFIST > sHE [rh "Zbne

il lustrative, but non-limting exanples of bridged supporte tal | Qcenes
within the £g8peelsnpt) ipf gleecmim| trreAchGR 1T Regdallans éia?fgieg?ag |"3€a-0| -
cycl opent adi enyl -1 - cycl opent adi eny| - rre}‘gf/l silane zirconiumdichloride,

si |i ca- O bi &EBEUTe HaT SRekem Ao ASHIe &% 1%PE®ni um dichl ori de, -

sthi Ca-C}|-CyC|()pentny ggggfigﬁ mixture was washed with ether as above and the
suspension was filtered over sodium sulfate. A metallocene chemically
bonded to silica, i.e., silica~O-l-cyclopentadienyl-9-fluorenylmethyl-

silane zirconium dichloride was obtained.

Example III

This example illustrates the use of the bridged metailocene
prepared in Example II as catalyst for olefin polymerization.

Ethylene polymerization was conducted for one hour at 90°C in
a 3.8 liter stirred, stainless steel reactor in the preéende of
isobutane diluent,'bydrogen as a molecular weight control agent and
methylaluminoxane as the co-catalyst. First the metallocene'catglyst
was weighed in a dry box and slurried in n-heiane to which a solution of
methylaluminoxane has be;n added. One milliliter of the toluene
methylaluminoxane solution was used. It was purchased from Schering at
a concentration of 1.1 M. The charge order wa§
metallocene/methylaluminoxane slurry and then 2 liters of isocbutane.:
After heating these materlals to 90°C, 45 psi of hydrogen as determined
from pressure drop in a 300 cc cylinder was introduced, and then
ethylene was introduced so that the total reactor pfessure was
maintained at 435 psig for the entire hour. Ethylene was supplied on
demand from a pressured reservoir as required during each :uh.

Polymerization was terminated by ventinz ethylene and diluent. The



fl uor enyl net hyl - si |l ane haf ni.um di chl ori de,
siIica-z}bis(g-fluorenyl)phenylsiIane haf ni um di chl ori 'smwa}hSB“mRsl“”d
silica-O 1-cycl opent adi enyl - 9-fl uorenyl net hyl si | ane vangﬂlmﬂull lli
silica-O bis(9-fluorenyl)phenylsilane vanadi um dichlori

silica-O 1-cycl opent adi enyl -9-fl uorenyl net hyl sil ane titani umdichloride,
silica-0Obis(9- fluorenyl)phenylsilane tj4aniumdichloride,

silica-O bis(2,8-difluoro-9- fluorenyl)nmethylsilane zirconiumdichloride,

silica-O 1- ﬁygmgp%agégm?@; a&Hausﬁamh@@khyéé ideRBfn iRk $RAESM Eath]yri de,

al um na- 0- 1- cycl opent adi eny orenyl met hysi | ane zirconi um di chl ori de,
bent oni t e- Opéadrazeimgnm%qeyia%a By 4O¥ RNME RGN r SekBRe 1A1 LM uyn the

di chl oride, and m xtures thereof he presently preferred bridged

met al | ocenewéighsi bf q&t@xﬂoceyelmenixacyrew,l 09- by Wheeryightt bF | seith Ailtene

plus methylaluminoxane in grams and is conveniently expressed as g
polymer per g desired catalyst component per hour (g/g-hr).

The polymerization results are shown in Table I below.

Table I
Productivity (g/g-h) besed on
Run Catalyst Yield ' .
a
No. g ) g Hetallocene Hetallocene and MAQ
b
].¢= 0.5 0.4 8 3.5

2 0.5 1.5 30 13.2

‘HAO, methylaluminoxane.

The catalyst used in this run was silica-0-1-cyclopentadienyl-9-fluoresnylnethyl
silane zirconium dichloride.

The catalyst used in this run was silica-0-1-cyclopentadienyl-9-fluorenylmethyl

silane zirconium dichloride. This catalyst differed from run 1 in that the
silica in run 2 was undried. :

The results demonstrate that the supported, bridged

metallocenes are useful as olefin polymerization catalyst.

 Example IV
25 grams of fluorene was dissolved in 150 mL of diethyl efher
and slowly reacted with 94 mL of a 1.6 molar solution of butyllithium in
hexane. The reaction vessel was cooled in ice. The dark.red solution
from the reaction was stirred overnight at rodm temperature. Then
9.8 mL of dichloromethylvinylsilane was added. The reactor véssel was
still cooled in ice. The reaction mixture was stirred 4 hours at room

temperature and then mixad with 50 mL of water. The organic phase was



zi rconi um dichl oride. In the nanmes given in this paragraph the phrase

silica-O nerely refers to the fact that the bridged netaWhe
through the bridge to a surface oxygen of the support.
supported unbridged netal |l ocenes include S|I|ca-.d|nethyl

cycl opent adi enyl -fl uorenyl zirc¢oniumdichloride, silica-O |phenyl silyl
cycl opent adi enyl - cycl opent adi enyl zirconium dinethyl, and the |ike. Sone
speci fic exanples of the bridged Ilgand§ that can be used in the pr esent

nvention include th h the f I f X b
Lhe sane ofFid PErLAL SuIBeTTtatedT, i SUbaTT (1o A AL SR8 fackdll 27
| ected f th I ite

ot r ahydr o.‘fﬁ%“erﬁf,?dvg# ﬁfﬁ?ﬁ%%% g %“3‘?245“(?‘?%5’? A0 ot MBNS - & whie

gonneCtl N9¢ hsetakl 1ne laigd a% s@:lt@ﬁuﬁp QM the ddaurneiasiedi g of C S,
n, Ge, B, PHéac

bls-9-fluorenylmethylvinylsilane. 1.80 g of the bis -9-fluorenylmethyl-
Qinylsilane was dissolved in 30 mL of trichlorosilane at room
temperature. Approximately 1 milligram of hexachloropiatinic acid was
added and a reaction mixture stirred overnight at room temperature. The
solvenglwas evaporated in a vacuum. A white solid precipitated and was
characterized as 2-(bis-9-fluorenyl-methylsilyl)-1-trichlorosilylethane.

Then 0.6 g of the 2-(bis-9-fluorenylmethylsilyl)-1-
trichlosilylethane was suspended in 20 mlL of toluene along with 2.91 g
of silica gel (Merck No. 7734) the silica gel had been dehydrated at
400°C. |

The suspension also included 1 mL of pyridiné. The reaction
mixture was heated for 48 hours under reflux, the superﬁatant was then
decanted and thé.§ilica gel was waéhed two times with 50 mﬂ of methanol
and fiQe times with 50 mL of diethyl ether. The amount of supported
bridged fluorenyl compound recovered was 3.16 g-

The recovered supported ligand was.then suspended in 50 mL of
4iethy1 ethef and mixed with 20 mL of a 1.6 molar solution of n-butyl
lithium in hexane. The reaction mixture waé stirred for 48 hours at
room temperature. The supernatant was then decanted and the residue
washed five times with 50 mL of diethyl ether. Then th; solid was
combined with 50 mL of diethyl ether and 0.42 g of zirconium dichloride.
That reaction mixture was stirred for 48 hours at room temperature and
then a supernatant was decante& and the residue washed five times-with

50 mL of diethyl ether. The resulting supported metallocene was then



be the sane or different and is selected fromthe group consisting of ——
hydrogen,- fluorine, chlorine, bromine, iodine, R OR NR2This¥heet Ho¥ Betil KdptibedS
thereof, wherein Ris a [err] to [err] hydrocarbyl radical THE
| east one X is a halide, and wherein n is a nunber suffici g‘ ﬁmﬂm‘ﬂue
val ences of E, generally 1 or 2. Under one enbodi nent of the pr

I nvention, a substituted or - 12 - unsubstituted cycl opentadi enyl -type

hydrocarbon, Z, having an acidic, replacegble hydrogen atomis contacted
wi th an organolithiumand an organohal osilane. Z is the sane as that

di scl osed alQygs JUagn Fn@SeRt k YafyiQk eédtadedly drmess PONSs teave A28 86i4l C,
repl aceabl e hydrogen are cycl opent adi ene, indene, tetrahydroi ndene,

fl uorene, Orsupported catalyst 33.

Example V
In this synthesis 20.6 mL of cyclopentadiene and 11.7 mL of

5-hexene~2-one were dissolved in 100 mL of methanol. While cooling in
ice 12.4 mL of pyrrolidine was added and the reaction mixture was
stirred overnight at room temperature. Then 9.6.mL of glacial acidic
acid was added. The reaction mixture was stirred for onme half hour and
then the solvent was evaporated in a vacuuﬁ. The residue was dissolved
in 200 mL of diethfl ether and washed five times with 100 mL of water.
The organic phase was filtered using a silice gel and dried over sodium
sulfate. The solvent was evaporated .in a vacuum. A yellow oil was
recovered which was concluded to be 6-(3-butenyl)-é6-methylfulvene.

A solution was prepared by dissolving 10 g of fluorene in 100
mL of THF and then this was slowiy reacted with 37.6 mL of a 1.6 molar
solution of n-bufyllithium in hexane. This dark red solution was
stiéred overnight at.room temperature. Then a solution was prepared by
combining 8.8 g of 6-(butenyl)~6-methylfulvene with 50 mL of THF. This
solution was then added dropwise over a period of one half hour to the
solution of the fluorenyl lithium salt. That reaction mixture wae
stirred overnight at room temperature and then 100 mL of water was
added. The organic phase was dried overnight over sodium sulfate and
the solvent was evaporated in a vacuum. The yellow residue was
dissolved in pentane and filtered using silica gel. The solvent was

concentrated by means of evaporation. Crystallization took place at



m xtures thereof. The preferred organolithiumis an alk II|th|un1|ncIud|ng

butyllithium nethyllithium ethyllithium propylllthlumTh elaced
thereof. The presently nost preferred organolithiumis butﬂ
presently preferred organohal osilane is an al kyl hal osi | ane

aryl hal orosi | ane such as nethyltrichl orosgl ane, ethyltrlchlor05|lane
propyltrichlorosilane, phenyltrichlorosilane, tolyltrichlorosilane,

m xt ures thabewtf -1§Me tpr givenitoyclomintpienly b+ -¢d- Hhugaaayld-dshdxane v e form

met hyltrichl orosil ane, phenyltrichlorosilane, or mxtures thereof. .This
first step &f 1 hdtemodid nent of the i nvention can be carried out in the
presence of a suitable solvent. | es of suitable solvents include, but
are not linted to dihephyi6leghef th@e ?@E?‘Hrb%‘?‘brh“h%raoé’aﬁbbﬁ&rsmeés
pent ane, hexane, heptane, cycl ohexane, and tol uene, and the |ike. According
to the presgﬁ?"‘ilﬁﬂvén‘il3n°yctlﬁB°‘P*€SE:‘E’de5 pﬁr”eg%‘m’é“&]ﬁd TReTsBL at RS disFolynd
enbodi nent gre and can vary over a mng range.

ti
At nospheri c pré‘ garft "3‘:185 Fg)’rybféfaé'rer & d°PRofghperature.

approximately 1 mL of hexachloroplatinic acid was added and a reaction

mixture stirred overnight at room temﬁerature. The solvent was then
evaporated in a vacuum. A white solid was recovered which was concluded
to be l-chlorodimethyl-silyl-S-cyclopentadieny1-5-(9-f1uoreﬁy1)-hexane.
A portion of this material was then contacted with silica gel (Merck No.
.7734) the process involved contacting 2 g of the silica gel dried as
explained in Examplé IV and 1.56 g of the
l-chlorodimethyl-silyl-S-cyclopentadieny1-5-(9-f1uorenyi)-hexane in a
manner anélogous to that used in the analogous step in Examplé IV. Then
a supported zirconocene was prepared by reacting 1.74 g of that solid
with 0.8 g of zirconium tetrachloride qsing a technique of the general
type disclosed in Example IV. The resulting supported metallocene will

be referred to herein as catalyst 34A.

Example VI
Another supported ligand was prepared by combining 4.11 g of
silica gel (Merck No. 15111) and 2.96 g of
1-chlorod;methyl-silyl-S-cyclopentadienyI-5-(9-f1uoreny1) hexane in a
manner andalogous to that described in Example V. About 4.4 g of this
supported fluorenyl éompound was recovered. Then 3.81 g of that
supported fluorenyl compound was reacted with 1.76 g of zirconium

tetrachloride in a manner analogous to that used performing the



hi gher or | ower pressures can be enployed. Typically,~the Teaction
tenperature is in the range of from about -100[err]C . t1Qis8kettas BO[Repliced.
Generally, it is convenient to carry out the first step

tenperatures. The nolar ratio of the hydrocarbon having E“ll]gﬂﬁ

acidic, replaceabl e hydrogens to the organolithiumcan v w de
range depending on-the results desired and is generally in the range of
fromabout 5:1 to about 1:5, preferablyasgbout 2:1 to about 1:2, and nost
preferably about 1:1. Simlar nolar ratios can be enployed for.the

or ganohal osidtaioclefe tiRCEXdrphib aled THelressveRaN support¥Bl Métall BodeneOkilnbe

solvent to the organolithiumis generally in the range of from about 1000:1

to about O0.deférrddr €6 deablry agbeutlalpét034Bt 0 about 0.5:1. The ligand fornmed

during the first step having the formula of Z-EX[err] wherein the scopes of

E and X are the sane as those disclosed above except that one X nust be a

hal ogen and n is an integer of 1 or 2, can be then contacted with an organo
_ Example VII

The supported zirconocene catalyst of Examples IV and V were
evaluated for the polymerization of ethylene. The polymerizations were
carried out in a 1 liter laboratory.aufoclave. The technique involved
charging the autoclave with 500 mL of hexane and 10 mL of
methylalumino#ane. The supported zirconocene was then suspended in
toluene and mixed with methylaluminoxane and the added to the autoclave.
The autoclave was thermostatically controlled at 60°C and a constant
ethylene preséure of 9 Bar was applied, the reaction.was stopped after 1

hour. The results of these polymerizations are summarized in Table II

below.
Table I1
‘Catalyst Yield g PE/g Metallocene-hr~-bar
33 4 6
34a : -19 | .10
b 28 | 16

The results reveal that the supported metallocenes can be
employed in the polymerization of ethylene.

Catalyst 34B was also evaluatad for the polymerization of
propylene. In this case 10 mL of methylaluminoxane wés added to the
autoclavé and 500 mL of propylene was condensed into it. The contents

were stirred for 30 minutes at 20 degrees:C to dry the propylene. The



a—l kali metal conpound having the fornula of ZMa whereinZ 7S the same as
descri bed above and Ma is an alkali netal. The present| yrHy Sbd HasBbeORGRLT

atkali netal - 13 - conpounds represented by the fornul i de
cycl opent adi enyl sodi um i ndenyl sodi um tetrahydroi ndenyl stmlmm

f1 uroenyl sodi um cycl opentadi enyl l'ithium indenyllithium _
tetrahydroi ndenyllithium fluroenyllithium or mxtures thereof.. The
reaction conditions can be the sane as tRBdse disclosed for the preparation
of the hal ogenated conpound of the fornmula [err]. This step can al so be
carried out SURPRH&dprisconeeenst “ass@Bykmtsusyensdedcdpe toluanee adongeniti s t he

- sanme as descrifi)@%&abpve. The m)cijigr ratio of the ligand to the organo al kali
met al Corrpodnﬁa umeﬁx% aadv\? dr‘é‘f‘ld’@e autoclave. “Again the reaction was

carried out at 60°C and interrupted after 1 hour. The reaction yielded

62 grams of polypropylene. The activity in terms of grams of
polyethylene per grams of metallocene was 129.

The results shown- in the above examples clearly demonstrate
that the present invention i§ well adapted to carry out the objects and.
attain the ends and advantages mentioned as well as those inherent
therein. While modificetions may be made by those skilled in the art,
such modifications are encompassed_within the spirit of the present

invention as defined by the specification and the claims.



and is g/ner,eﬂ—lfy”nth nge of fromabout 5:1 to abo

from about mﬁ and nost preferably about 1 : 1:1.2. The
nmol ar rat m to the organo al kali. netal co ePlaced
generally ¢sane "as that described for the solvent to t H

in the first step of this enbodi ment of the invention.

having the fornmula of [er] wherein Z, E 33X~ and n are the sane as those
descri bed above except that one X is a halogen, is forned in the second
step of this enbodi nent of the process. In-the third step of this

enbodi nent of the process, the bridged ligand thus formed is contacted with
an i norgani c PFHHL&IPS| PETROLEOUM)LCOMBANY¥ri al is generally used as catal yst
support and has the same scope as described above. This results in a
bridged ligand chem cally bonded to the inorganic support. The bridged

| i gand chem cally bonded to a inorganic support can then be further
contacted with an organelithiumand a netal halide having the formul a of

[err] in the fourth step of thls enb of the process, under
condi ti ons MS

1. A process for preparing cyclopentadiene-type compounds chemically
bound to an inorganic support comprising reacting one Or more
cyclopentadiene-type compounds having each at least ome active
halogen with an inorganic support having surface hydroxyl groups
and then, optionally, reacting the obtained product with one or more
transition metal compounds to obtain metallocenes. |

2. The process of claim 1 wherein said cyclopentadiene-type compound
is selected from unbridged cyclopentadiene-type compounds.

3. The process of claim 2 wherein said unbridged cyclopentadiene-tjpe
‘compound is selected from compounds of the formula Z-Si(R),-X3 ,
wherein n is a number in the range of 0 to 2, X is halogen, R is
an alkyl or aryl group, and Z is a cyclopentadienyl-type radical
selected from substituted and unsubstituted cyclopentadienyl, indenyl,
and fluorenyl radicals. ' |

4. The process of claim 1 empldying a bridged cyclopentadiényl-type
compound of the formula Z-R-Z wherein each Z is the same or
different and is selected from substituted and unsubstituted
cyclopentadienyl, indenyl and fluoremyl radicals, and R’ is a bridge
connecting the two Z radicals, said bridge containing an active
halogen.



-

to mlirl dEed met al | ocene, wherein Mis a netal selected fromTi—2&——

Hf., Il ﬂ s-a nunber sufficient to fill out ThesH.aRL BlR
I I‘m ujwl and each X can be the sane or di ff mﬁe iaced

valence
sel ected fron1the group consisting of alkyl groups, hydroge

chl orine, bromne, and iodine. The rea EIOH conditions for t

al so generally be the sane as those descrlbed for the first step

Simlarly, a solvent can also be present in this step of the invention. The
scope of the solvent can be the sane as that in the first step and the
nolar ratio of the solvent to the organolithiumin.this step is the sane as

that of the $pl VY precekdof Qlgiandl whteiin R'Nhadehé ifofhulat ep. The nol ar ratio
of the bridged I|gand to the organolithiumean be in the range of from

about 5:1 to about 1:5, preferably fromabout 3:1 to about 1:3, and nost
preferably about 1:2. The nolar ratio oR the organolithiumto the netal
halide is : '

—S5i—

X

wherein R is selected ﬁ'om halogen, alkyl radicals and aryl radicals,
and X is halogen.

6. The process. of any of the preceding daims carried out in ‘the

presence of a basic orgamic liquid, preferably wherein said basic
organic liquid comprises pyridine.

7. The process of any of the preceding claims wherein said support
consists essentially of sxhca

8. The proceéé_ of claim 4 wherein R haS a branch of the formula

wherein X is halogen, each R is the same or different and is select-
ed from halogen, hydrogen, alkyl and aryl radicals, R" is hydrogen
or a hydrocarbyl group having 1 to 10 carbon atoms, and R” is a
hydrocarbyl group having 1 to 10 carbon atorﬁs.

9. The proces's of claim 8 wherein each R is CL



- 14 - T |l ocenes resulting fromthi fon can
recovereﬂjﬂmmnniiwﬁl |ng conventlonal t echni ques kﬁﬂ%he'eﬂ-lakb&n lachJCh
as filtr |onam i on. is generally de5|rable

netall ocene in a formthat is free of any substantial a m&m !“ duct
I mpurities. Since the stabili ty of the various netall oce

generally desirable to use the netall oCeR®s soon after their preparati on or

at least to store the netall ocene under conditions favoring their
stability. For exanple the netall ocenes can generally be stored in the

dark, at |ow terrperat ure, i.e. below O[err]C., and in the absence of oxygen
or water. The gf‘&e?t&* | RARNS WRéteit t‘ﬂée‘iwan%OfE}b”%hﬁﬂ Wil a
suitabl e acti vat or f pol ymeri zation of ol efinic nononers. Exanpl es of

sui t abl e act i vat branched unethglenermdical. or ganoal unmi noxane,

11. The process of claim 8 wherein each R is a methyl radical and the

two Z's are bound to a branched methylene radical.

12. The process of claim 8 wherein the two Zs are bound to a
branched methyl silyl radical.

13. The process of claim 8 wherein said cyclopentadiene-type compound
is selected from 2-(bis-9-fluorenyl methylsilyl)-1-trichlorosilyl ethane,
5-cyclopentadienyl-5-(9-fluorenyl)-1-trichlorosilyl = hexane and 1-
chlorodimethyl silyl-5-cyclopentadienyl-5-(9-fluorenyl)bexane.

14, A process for preparing a bridged metallocene comprising:

' (1) contacting a hydrocarbon having at least two acidic, replaceable
- hydrogens 'a:nd baving the formula ZH, with an organolithium and
an organohalosilane to obtain a ligand precursor having the formula
HZ-EX_,, wherein at least one X is halogen; (2) contacting séid
ligand precursor with an organo alkali metal compound having the
formula HZMa to form a bridged ligand having the formula ZH-
EX -ZH wherein at least one X is halogen; (3) contacting said
bridged ligand with an inorganic material QH to form a bridged
ligand chemically bonded to an inorganic moiety Q; (4) contacting
said bridged ligand chemically bonded to the inorganic moiety Q
with an organolithium and a metal halide having the formula MY

to obtain said bridged metallocene; wherein each Z is the same or
different hydrocarb);l radical selected from cyclopentadienyl, indenyl,
tetrahydroindenyl and fluorenyl radicals and mixtures thereof; each

X is the same or different and is selected from hydrogen, fluorine,



'trls perfluorophenyl borate, trityl tetra-perfluorophenyl borate, and any
of thOSE‘ﬁfﬁanonetalllc co-catal ysts which have in the past been enpl oyed

ih conj mm“ ml ﬂ | tion metal containing ol efin Tﬁlu;l Jaced
cat al ysnm MEexanpl es incl ude organometal lic I‘et al s
of Goups*l A IMNA and TI1B of the Periogdic Table. Exarrp

conmpounds -have included organonetal Ii € feal-i de conmpounds, organonetallic
hydri des and even netal hydrides. Sonme specific exanples include triethyl

al um num tri-isobutyl alum num diethyl alum num chloride, diethyl
al um num hydride, and the like. The currently nost preferred activator is

apeaing unt o ERORne “BEPRERNACARET R, Rkl RS SRR Bhe "B s

general |y havi ngthleréf, wnaeaprkatsoasclagg BydrécatbfluFidical and Q is an
inorganic moiety selected from silica, alumina, clay, phosphated
alumina, and mixtures thereof; each Y is the same or different and
is selected from alkyl groups, hydrogen, fluorine, chlorine, bromine,
iodine, and mixtures thereof; each E is selected from C, Sn, Si, Ge,
B, Al, N, P, and mixtures thereof; M is a metal selected from Ti,
Zr, Hf, Sc, Y, V, La, and mixtures thereof: m is a number suffi-
cient to fill out the remaining valences of the metal M; Ma is an
alkali metal; and n is 1 or 2.

—-

15. The process of claim 14 producing the metallocene silica-0-1-
cyclopentadienyl-9-fluorenylmethylsilane zirconium dichloride.

16. A process for preparing a bridged cyclopentadienyl-type compound
having a b;anch containing a olefinic group, comprising reacting a
dihalo olefin_ic silane with an alkali metal salt of a cyclopentadiene-
type compound to obtain a compound of the formula Z-R-Z where-
in each Z is the same, or alternatively to obtain a compound of the
formula Z-R-X wherein X is halogen, and then reacting that com-
pound with an alkali metal salt of another different cyclopentadiene-
type compound to produce a compound of the formula Z-R-Z
wherein the two Z differ, said Zs each being individually selected
from cyclopentadienyl-type compounds, and R’ is the organic rem-
nant of the dihalo olefinic silane. | |

17. A bridge’él cyclopentadienyl-type compound of the formula

Z

e (™ —_—e . p'?
H2C-C (CHZ)n ? R

Z



EetweeTr‘O—ro—abeu{—%GO,—preferably about 5 to about 50, and nost preferably
10 to Aalﬁ l,ag; "OSt preferred organoal um noxane i
et hyl ml mqmﬂ'jm, ,mal um noxanes, al so sonetines refi&hte

wal am

to as
pol y( hydtr octar by Iflum oxi des) are well known in the f laced
general ly prepared by reacting an organo hydrocar byl al uwgmm ,Ivm th
wat er. Such a preparation techni ques ar¥ disclosed in U g :

4,808,561, the disclosure of which is incorporated herein - 15 - by
reference. The currently preferred co-catalysts are prepared either from
trinmethylal um numor triethylalumnum sonetines referred to as pol y(net hyl

alum num oxi de) _and; ol ¥( &' Mm@l Y L Pl 4o theFROR! IsVS] Yge! L o 2! SO
- Sp, R” is selected from hydrogen, alkyl groups having from 1 to 10
carbon atoms and aryl groups having from 6 to 10 carbon atoms,
and the Z substituents are cyclopentadiene-type radicals individually

selected from substituted and unsubstituted cyclopentadienyl, indemnyl,
and fluorenyl radicals.

18. Bis-9-fluorenylmethylvinylsilane and metallocenes thereof.

19. A process for preparing a bridged cyclopentadienyl-type compound
having a branch containing olefinic vinyl group comprising reacting
a carbonyl compound having an olefinic unsaturation  with
cyclopentadiene in the presence of pyrrolidine and methanol to yield
an alkenyl fulvene which is then reacted with an alkali metal salt of.
a cyclopentadiene-type compound to yield the unsaturated-branched-
bridged ligand containing two cyclopentadienyl-type groups.

20. The process of claim 19 wherein S5-hexene-2-one is reacted with
cyclopentadiene to yield 6-(3-butenyl)-6-methylfulvene which is then
reacted with fluorenyllithium and then subjected to hydrolysis to
yield S-cyclopentadienyl-5-(9-fluorenyl)-1-hexene.

21. S-cyclopentadienyl-5-(9-fluroenyl)-1-hexene an_d' metallocenes thereof. -

- 22. The use of the metallocenes as defined in any of claims 1 to 15, 18
and 21 as catalysts for polymerization olefins, in particular wherein

a support contains at least two different metallocenes having differ-
ent effects upon the olefin polymerization.



scope of the'invention to use an al uni noxane in conbination with a
trial kyl al um num such as disclosed in U S. Patent No. - 4ThkSlecOB45 Betd Replaced
di scl osure of which is incorporated herein by reference. mﬂﬁmﬂ maﬁu
used to polynerize ol efins. Generallysgsfriag thin the scope o

present invention to.carry out the polynerizations in the presence of
supported fornms of the catalyst and/or activator in a slurry or gas phase
pol ymeri zation. It is g t&gj]& hﬁﬂ# [ I Xt ure of
two or nore net a?‘mﬂ&& N%§ S@@E@BE@% H&ﬁ@l >t'dl | ocene
w-th one or nore other types of netall ocenes. The supported netall ocenes
when used wi th an organoal um noxane are particularly useful for the

pol ymeri zati on of nono-unsaturated aliphatic al pha-olefins having 2 to 10
carbon atons. Exanples of such ol efins include ethylene, propylene,

nmet al | ocenes in conbination with the organoal um noxane ac

A method is provided for forming a 'supported

- cyclopentadiene~type éompound comprising contacting a
cyclopentadiene-type compound containing an active hﬁlogen with an
inorganic support having surface hydroxyl group. Als§ there is provided
a method of prebaring a supported metallocene comprising reacting the
supported cyclopentadiene-type compound with a transition metal compound
under suitﬁble conditions. There is also provided a process for -
producing bridged cyclopentadiene-type ligands having a bridge having
branch that has a terminal vinyl group. Also metallocenes of these
ligands are provided. Still further there is provided a process for
producing bridged cyclopentadiene-type ligands having a bridge having a
branch that has a.terminal active halogen. The resulting new ligands
and supported metallocenes produced therafrom are also provided. There
is further provided supported metallocene cataiysts wherein at least two
metallocenes of differing effectiveness are both bonded to an inorganic
support having surface hydfoxy groups. Olefin polymerization employing
.the inventive bridgéd supported metallocenes is also provided, as well

the resulting polymer products.



hut ene- 1, - pentene- 1, 3-net hyl but eé?\”S?Lj hexeng- R&}%Fﬂg@g %@h’e‘“ 5(’”_
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thereof. The catalysts are particularly usefdl Favinglshr Paggdcopd paasdst.of
et hyl ene or propyl ene and generally a m nor anﬂﬁﬁbﬂfaﬁe : BRgerosetor pagedaBout
12 nole percent, nore typically | oss thantabqut 10 nole percent of the
hi gher ol ecul ar weight ol efin. The pol yneri zatDAD]’E GErRB&EIPa‘H‘ﬁ ﬁﬁ’QUt
under a wi de range of YONYL+SUBST - i £ '

enpl oyed, and the resul ts desired. I es of typi cI condi t I ons under

whi ch the metall ocenes can be usedEi © I zation of oI ef| ns i ncl ude
condi tions such as di mb%énﬂxﬁvéﬁﬁ%nré’ﬁ{ %%ﬁtgﬂ&eg
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making metallocenes.

Background of the Invention

Since the discovery of ferrocene in 1951, a number of metallocenes have
been prepared by the combination of anions having the cyclopentadienyl structure with
various transition metals. ‘The term "cyclopentadienyl structure" as used herein refers
to the following structure. | -

C C.’
Lol
\C/‘

Such "cyclopentadienyl structure” can be formed by addition of various metal alkyls to
cyclopentadiene and "cyclopentadiene-type" compounds.

The term "csrclopentadiene-type cempoun " as used herein refers to
compounds containing the cyclopentadiene structure. Examples of cyclopentadiene-type
compounds include unsubstituted cyclopentadiene, unsubstituted indene, unsubstituted
tetrahydroindene, unsubstituted fluorene, and substituted varieties of such compounds.

Many of the cyclopentadiene-type metallocenes have been found useful
in catalyst systems for the polymerization of olefins. It has been noted in the art that

 variations in the chemical structure of such cyclopentadienyl-type metallocenes can
have significant effects upon the suitability of the metallocene as a polymerization
catalyst. For example, the size and substitutions on cyclopentadienyl-type ligands has
been found to affect the activity of the catalyst, the stereoselectlwty of the catalyst, the
stability of the catalyst, and other properties of the resulting polymer however, the

effects of various substituents is still largely an empirical matter, that is, experiments

This is the replacem
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suppor.t bonded metal | ocenes. Generally the molar ratio of the alum numin

t he organoal um noxane to the transition nmetal in the netall ocene woul d be
in the range of about 0.1: 1 t'o about - 16 - 105:1 and nore preferably
about 5:1 to about 104:1. As a general rule, the polynerizations wuld be
carried out in the presence of liquid diluents which do not have an adverse
af fect upon'the catal yst system Exanples2af such liquid diluents include
but ane, isobutane, pentane, hexane, heptane, octane, cycl ohexane,

met hyl cycl oeschibe condicteshia, orded terdeteraint fusiewhitletfecTh panilladwiatizadd @il have

r ver a w de range, jenperatures typically would be in
E ﬁgp ?;ﬁ;gr gf“f’gﬁ 8&%%]3%%[’% OchcFI‘openta%leny -tygg metallocene. ggme exaxpples.of some
cyclopentadienyl-type metallocenes are disclosed in U.S. Patent Nos. 4,530,914,

4,808,561; and 4,892,851, the disclosureé of which are incorporated herein by
reference.

In the past inost polymerization work has been done using homogeneous,
i.e. soluble, metallocenes rather than heterogenous systems in which the metallocene is
insoluble during the polymerization. However, for many industrial applications it
would be desirable to have insoluble supported forms of metallocenes that are still
active as polymerization catalysts.

It is also envisioned that such heterogeneous catalysts would have other
uses. For example, the compositions could possibly be used as catalysts for
hydrogenation, alkene epoxidation, alkene isomerization, ketone reduction,
stereoselective alkene polymerization, and as reagent for stereoselective cobalt-mediated

| reactions, alkyltitanium addition reactions with aldehydes, and formation of allylic
amines.

Accordingly, an object of the present invention is to provide methods for
producing such heterogeneous catalysts. Still another object is to provide novel organic
compounds suitable for use in preparing metallocenes.

An-object of the present invention is thus to provide certain new organic
compounds, including bridged ligands and metallocenes. Another object of the present

_ invention is to provide a method for preparing new organic compounds .including
bridged ligands and metallocenes. A further object of the present invention is to
provide supported, bridged ligands and metallocenes. Yet a further object of the
present invention is to provide a process for preparing the supported, bridged ligands
and metallocenes. Still another object of the present invention is to provide
polymerization catalysts employing the supported metallocenes. Yet another object of
the present invention is to provide processes for the polymerization of olefins using the
supported metallocene catalyst systems. Still yet another object of the present invention
is to provide polymers produced u'sing such supported, metallocene catalysts.

.Sm of the Invention
In accordance with the present invention there is provided a method for

This is the replacement sheet
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ahout .280[err]C., nore preferably in the range of about 20[err]C to about
160[err] C. Typlcally the pressure woutd be’in the range of fromabout 1 to
about 500 atnospheres or greater. The polyners produced with this invention
have a wi de range of uses that will be apparent to those skilled in the art
fromthe physical properties of the respective polyner. Sonme of the

catal ysts are useful for preparing syndieBactic polymers. The term

syndi ot act i aolyner as used herein is intended to include those polyners
havi ng segnefiyng@ %P@Q%%lqmnmmnﬁypeocmmmad icomprising Sohtactig h t he

The pi ane. of LRRERENCRGDE Ltk Bulth HHEiE ks halBler s Riippragnis,ompport

syndi ot act i bavingrsoefhceibydtoeylagréug.or ABE iR hcddkd
rgpeatl ng uglcb%qi%%v\hllc% tﬁyeeggoslftlon of t(%g dgle%?ﬁthgt?gﬁ rlgtl %e[mltﬂlgﬁ%lg

pl ane of th methqdoplpreparing » sunpotedrnetaliocens comprising teaetingettic
nononeri c Ugﬁﬁported cyclopentadiene-type compound with a transition metal compound under
suitable conditions to form said supported metallocene.
Still furth

er in accordance with the present invention there is provided a
process for producing bridged cyclopentadiene-type ligands having a bridge having at
least one branch having olefinic unsaturation. Metallocenes of such ligands are also
provided. In accordance with yet another embodiment of the present invention there is
provided a process for producing bridged cyclopentadiene-type ligands having a bridge
having at least one branch that has an active halogen. The resulting new ligarids and
supported metallocenes produced therefrom are also provided.

In accordance with another aspect of the present invention there is
provided supported metallocenes wherein at least two metallocenes of differing activity
are both bonded to an inorganic support having surface hydroxy groups.

According to another embodiment of the invenﬁon, a process for olefin
polymerization is provided which comprises contacting an olefin under olefin
polymerization conditions with a composition comprising the inventive bridged
supported metallocene prepared as described above, optionally, in combination with a
suitable activator. According to yet another embodiment of the invention there is
provided a polymer product resulting from such a polymerization process.

Detailed Description of the Invention

A wide variety of cyclopentadiene-type compounds having active
halogens are suitable for the present inventioh. Included are bridged cyclopentadiene
compounds in which two cyclopentadiene-type compounds are bound together by a
bridge having an active halogen as well as imbridged cyclopentadiene compounds in
which a cyclopentadiene-type cdmpound has a radical having an active halogen.
Examples of the latter include such compounds of the formula:

Z-A-X,
wherein Z is a.cyclopentadiene type radical; A is Si, Ge, Sn; and X is selected from
hydrogen, hydrocarbyl radicé,ls, and halogens: wherein at least one X is a halogen, and

This is the replécement sheat
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EXAMPLES A further understanding of the present i nvention, its various
aspects, objects and advantages wil | be provi ded by the foll ow ng exanpl es.
In these exanples, all runs were routinely carried out using the Schl enk
technique with the exclusion of oxygen and noisture. See generally, D. F.
Shriver, The Manipul ation of Air-sensitive Conpounds, McGawH I, 1969.
Purified and dried argon served as prot eet4i-ve gas. The sol vents used were
dried by distjllation over a Na/K allo pent ane hexane, toI uene,

net hyl ene cH rérai mnb@tﬁibngahmrmmag\ydz ieals aepcother

ol antat ¢ andor RSl %eé%ﬁwag%dagécﬁ%{l%shif?%‘r 1 ?%é&gvéa#*g*“% i

hydri de. Fl lspécﬁfie ex@siples of fudhlcopyings inchixde ¢9tlopéntadierdyd dirsethyPsilil @bilvkle,
procedures were followed hy f]uoranthene and phenant hrene. The propyl ene

Used for  poltiAemy simehyt 715k chlonde, iodemnt dlmethyk sily! RBlorida: eyl isdhly
- methylal um R, ﬂﬁm%ﬂ&l &H{e‘ﬁf)}l ql‘(e?h}(ljchldrfd%,r hu&@ﬁyﬂ'ﬁ@lﬂyfeﬂé cfll%?ide, fluorenyl

diphenyl germane chloride, fluorenyl diphenyl tin chloride, fluorenyl silyl trichloride,
fluorenyl germane trichloride, fluorenyl .methyl ‘germane dichloride and the like,
including such compounds in which the cyclopentadiene-type group contains one or
more substitutents. The currently preferred active halogens are silyl halides.

The unbridged cyclopentadiene-type compounds can be prepared using

~ the general procedures disclosed in the aforementioned U.S. patent applications
" Ser. No. 75,931; Ser. No. 734,853; and Ser. No. 697,363 the disclosures of which are
incorporated herein by reference. .

Examples of bridged ligands include compounds of the formula
Z-R'-Z wherein each Z can be the same or different substituted or unsubstituted
cyclopentadiene-type radical and R’ is a structural bridge linking the two Z’s, wherein
R’ contains at least one active halogen. Some such bridged ligands can be made using

~ the general techniques taught in U.S, Patent No. 5,191,132 and pending U.S.
application Ser. No. 734,853.

For example, an alkali metal salt of a cyclopentadiene-type compound
can be reacted with a bridge precursor compound X-R’-X wherein each X is a halide
and wherein R’ contains at least one active halide, to produce either a bis
(cyclopentadienyl-type) bridged compound or a mono (cyclopentadienyl-type)
compound of the formula Z-R’-X which is then reacted with an alkali metal salt of a
different Z compound to produce a bridged compound of the formula Z-R’-Z wherein
the two Z’s are different. Examples of X-R’-X include trihalogenated compounds of
Si, Ge, and Sn. |

Some specific examples of silyl bridged ligands having active halogen
mclude for example 1-cyclopentadienyl-9-fluorenyl methylchlorosilane,
bis(9-fluorenyl)phenylchlorosilane, and bis(2,8-difluoro-9-fluorenyl)methylchlorosilane.

In a particularly preferred embodiment the bridge R’ of the ligand

Z-R'-Z has a branch extending outwardly from the divalent R’ radical, which branch
| This Is the reptacemom gheet
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-..17 -+ polynerization runs. Exanple | This exanple illustrates the _
preparation of a silica-bonded, bridged |igand. Fluorene (20 g; 120 mmol)
was di ssolved in 200 nL of ether and slowy mxed with 76 nL of
butyllithium (1.6 Min hexane). After the evolution of gas had been

conpl eted, the m xture was stirred for 1 hour at roomtenperature and then
the solvent was renoved. Then solid fluoreanyllithiumwas added in portions
to a solution of 36 g (40 nL, 241 mmol) of nethyltrichlorosilane in 700 nL
of pent ane. céithins a halosilyl group. Typically, the branch would be an alkyl branch containing

2 to 12 carbon atoms, more commonly, 2 to 5 carbon atoms. Some examples of such
halogenated branched bridged compounds include 2-(bis-9-fluorenyl-methylsilyl)-1-
trichlorosilylethane; 1-chlorodimethylsilyl-5-cyclopentadienyl-5-(9-fluorenyl)hexane;
and 5-cyclopentadienyl-5-(9-fluorenyl)-1-trichlorosilylthexane.
- Halogenated branched bridged ligands can be prepared by the
halogenation, i.e. chlorination, or hydrosilylation of a suitable bridged ligand which has
~ abranch having olefinic unsaturation. Examples of such bridged compounds include
those in which the R’ bridge has a branch of the formula R"”,C=CH-(R'"),- wherein R’
is a hydrocarbyl radical having 1 to 10 carbon atoms, n is 1 or 0, and each R” is the
same or different and selected from the group consisting of hydrocarbyl radicals having
1 to 10 carbon atoms and hydrogen. One of the embodiments of the present invention
provides such olefinic branched bridged cyclopentadienyl compounds.

Such olefinic branched ligands can be prepared by reacting a dihalo
olefinic silane with an alkali metal salt of a suitable cyclopentadiene-type compound to
produce a compound of the formula Z-R’-Z wherein each Z is the same or alternatively
to first produce a compound of the formula Z-R’-X wherein X is a halogen and then
reacting that compound with an alkali metal salt of another different cyclopentadiene-
type compound to produce a compound of the formula Z-R'-Z wherein the two Z’s
differ. Such reactions can be carried out using conditions of the type disclosed in U.S.
Patent No. 5,191,132. The resulting olefinic branched ligands can then be reacted with
chlorosilanes or chloroalkyl silanes to produce branched bridged ligands in which the
branch has an active terminal halogen. The hydrosilyation reaction can be carried out
using conditions such as disclosed by- JL. Spéier in Adv. Organomet. Chem., 17,407-
409 (1979). |

An alternate technique for forming a olefinic branched bridged
ligand involves reacting a carbonyl compound having olefinic unsaturation with
cyclopentadiene in the presence of pyrrolidine and methanol to yield an alkenyl fulvene
which is then reacted with an alkali metal salt of a cyclopentadiene compound, such as,
for example, fluorenyl to yield the unsaturated-branched-bridged ligand containing two
cyclopeﬁtadienyl—type groups, i.e. fluorenyl and cyclopentadienyl. For example, one
~could react S-hexene-2-one with cyclopentadiene using a procedure like that disclosed
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canpl etion of the addition, the mxture was stirred for a further period of
1 hour at roomtenperature and the reacti oh m xture was then filtered over
sodi um sul fate. The sol ution was concentrated by evaporation to 30%of its
vol une and crystallized at - 30C. The product,

9-fl uorenyl net hyl di chl orosi | ane, was generated in the formof a white
crystal line powder (yield: 95%. 9-Fluoregy net hyl dichlorosilane (5 g; 17.9
nmol ) was then dissolved in 100 m of ether and the resulting solution was

m xed with byeStgng malnndL_m&tthﬁu 89e1849d[1884)| tfgdddtﬁa(&?\;te?d)-d-ddmhymmézae_
brri ti xture was fi red,over, sodi um

Ul f at 6 and PO bty BR b EeBpret ot iSstemlteic pbf utieavensay bt vield

(1-cycl ope ntﬁ@cmpehtaaieaypsr{mbfazpw—ﬁéadeﬂé.oq'hé Hiin kel gioilp ;taiéﬂghﬁﬂbe

cont ai ned 10% bi sfl uorenyl met hyl chlorosil ane. The crude pr _
obt ai ned abdsbkiecled teibydresilyation as deseribed @i theqpraeadingapatagraph.r esul t i ng

solution was mxed w t’ﬂxeSprgse%{ in%jelrciié:nath%g Ien Q{%{Ié: binlgrli)tenzgn]a%gd branched bridged

ligands of the formula:

Z

1) H,C=C-(CH,),—=R—R"

Z
wherein n is a number typically in the range of about 0 to 10: R is Si, Ge, C, or Sn;

R" is selected from hydrogen, or alkyl groups typically having 1 to 10 carbon atoms,
or aryl groups typically having 6 td 10 carbon atoms. The present invention thus also
envisions the halogenation and hydrosilyation reaction products of such vinyl
terminated compounds as well as the metallocenes of such vinyl terminated compounds.
' The metallocenes of such olefinic unsaturated branched-bridged ligands
can be prepared by reacting the branched-bridged bis(cyclopentadienyl-type) ligand
with an alkali metal alkyl to produce the divalent ligand salt that is then reacted with
the transition metal compound to yield the metallocene, using the techniques generally
known in the art for forming such metallocenes. See for example, European Published
Application 524,624 which corresponds to pending U.S. application Ser. No. 734,853.
The inorganic support materials having surface hydroxyl groups include
~ inorganic oxides, carbonates such as chalk, silicates such.as talc, clay, and the like.
Some particularly preferred supports include silica, alumina, clay, phosphated alumina,
and mixtures thereof.
Phosphated aluminas can be prepared by'the steps comprising:
(1) mixing aluminum nitrate with a phosphate compound, in the presence of water, to
form a solution; (2) adding a basic compound, preferably in aqueous form, to the
solution to produce a solid product; (3) recovering the solid product; (4) optionally,
washing the solid product with a solvent to prepare a washed-product; (5) drying the
solid product or washed product, resulting in a dried product: and (6) calcining the
ldried product to produce the phosphated alumina. Suitable phosphate compounds
include, but are not limited to ammonium phosphate (dibasic), ammonium phosphate
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and 10 m of pgridine. The mxture was held for 34 hours at 80[err]C and
t hen cooled to room tenperature. The supefnat ant sol uti on was decanted, the
resulting product (silica-O1I-cycl openta-dienyl-9-fluorenyl nethyl sil ane)

was washed several tinmes with ether and then dried. Exanple Il This exanple
il lustrates the preparation of a bridged netall ocene chem cally bonded to
an i norganic support material. The -7

si lica-O 1-cycl opent adi enyl - 9-fl uor enyl net hyl si |l ane prepared i n Exanple |
was suspend@nompbasit))sodianh phosﬁlﬁlﬁe (ﬂlomfbaat:h%bdlaﬁﬂphbspha’le \(dibhsid), FRighesium

equi val ents (20 r?e ocg.sm put yL Latleum % 6 Min hexane) per silane. The

reaction mi RiQsphate, p (dibasic), potassium phosphate (monobasic), manganese
phosphate, and mixtures thereof, The presently preferred phosphate compound is
ammonium phosphate (monobasic) because of its ready availability and easy of use.
Suitable basic compound employed in step (2) should be able to produce a precipitate
from the solution. Examples of suitable basic compound include, but are not limited
to, ammonium hydroxide, lithium hydroxide, sodium hydroxide, sodium carbonate,
sodium bicarbonate, potassium hydroxide, magnesium hydroxide, barrium phenoxide,
calcium hydroxide,. calcium phenoxide, RONa, RSNa, and mixtures thereof wherein R
is a C;-C, alkyl radial. The presently preferred basic compound is ammonium
hydroxide. The solvent used in step (4) to wash the solid product can be an alcohbl,
either, ketone, acid, amide, or water, as long as it does not react with or solubilize the
solid product. Examples of suitable solvents include, Bﬁt are not limited to water,
methanol, ethanol, propanol, isopropanol, butanol, isobutanol, pentanol, diethyl ether,
tetrahydrofuran, acetone, methyl ethyl ketone, acetic acid, dimethylforamide, and
mixtures thereof. The presently preferred solvents are water and ethanol because of
their ready availability. The drying of step (5) can be a q_onventional drying or drying
under reduced pressure. The drying temperature can vary widely from about 50°C. to
about 150°C. under about 0.05 mmHg to about 800 mmHg pressure for about 1 to
about 30 hours, preferably from 60°C. to 100°C. under 0.05 to 760 mmHg pressure for
5 to 20 hours. The calcining step can also vary widely from about 250°C. to about 30
minutes to about 15 hours, preferably 1 to 7 hours.

In the preparation of the phosphated alumina, the molar ratio of the
phosphate compound to aluminum nitrate is generally in the range of from about 0.05:1
to about 5:1, preferably from about 0.1:1 to about 2:1, and most preferably from 0.2:1
to 1:1 for best physical form and catalytic activity of phosphated alumina when used as
a component of the invention composition. The molar ratio of water to aluminum
nitrate is in the range of from about 10:1 to about 200:1, depending on the solubility of
both aluminum and the phosphate compound, preferably about 20:1 to about 100:1,
most preferably 25:1 to 50:1. The molar ratio of the basic compound to aluminum
nitrate is in the range of from about 0.05:1 to about 10:1, preferably about 0.2:1 to
about 5:1 and most preferably 0.5:1 to 2:1. The recovery of the solid product in
' This is the replacenient sheet
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.18 -. was shaken for 24 hours at roomtenperature followed by washi ng _
several times with ether (100 m). After the m xture was agai n suspended in
100 M of ether, 5 g (1 nol equivalent) of zirconiumtetrachloride per
sil ane was added and the m xture was shaken for another 24 hours. The
reacti on mxture was washed with ether as above and the suspensi on was
filtered over sodiumsulfate. A netall oce8e chenicall y bonded to silica,
i.e., silica-O 1-cycl opentadienyl-9-fluorenyl net hyl -silane zirconi um

di chl ori de WP @bean heaansslawpbh any anWnsneanasmdheasg lfdrtmdamplaesﬁltrbtmmse of

he bri dged S al s lefin
botyrer st SRR CREBRBER, [the B mio o5 fE cTabBe 5P lvsmeta Spmingm
90[ err] C. i miteatdcéin kmtyewldety froichbofif St b @88utSI000!1 AGRAAIAE onthé BfpePsLSeENCe

of i1sobutane diluent, hydrogen as a
solvent used. The ing can also be carried out more than once and/or with a

=

different solvent.

Examples of clays include, but are not limited to, kaolinite, halloysite,

- vermiculite, chlorite attapulgite, smectite, montmorillonite, illite, saconite, sepiolite,
palygorskite, Fuller’s earth, and mixtures thereof. The presently preferred clay is a
montmorillonite clay. The .presently most preferred clay is sodium montmorillonite
which is generally known as bentonite.

Examples of porous oxides or mixed oxides of silicon and/or aluminum
include those having a speciﬁc surface area of 50 to 1,000 sq.m./g, more generally 100
to 800, and more preferably 150 to 650 sq.m./g, and whose pore volume is in the range
of 0.2 to 3, preferably 0.4 to 3, in particular 0.6 to 2.7 cm3/g. Such supports would |
-generally have an average particle size in the range of about 1 to about 500

. millimicron, more typically about 10 to about 200, and more preferably about 20 to
100 millimicron. Depending upon the specific surface area and the temperature
pretreatment, the hydroxyl group number of such supports is in the range of about 0.5
to about 50 mmol, more typically about 1 to about 20, and more preferably about 1.5
to about 10, hydroxyl groups per gram of support.

The bridged or unbridged cyclopentadiene-type compound having an
active halogen is reacted with the hydroxyl-containing suppert under suitable reaction
conditions to obtain a supported cyclopentadiene-fype compound.

Generally before reacting the support with the halogenated
cyclopentadiene-type compound, it is preferable to remove adsorptively bound water
from the support by drying at a temperature in the range of from about 120 to about
800 degrees C, more typically about 200 to about 500 degrees C. The drying can be
monitored analytically by titrating the OH content of the support material against n-
butylmagnesium chloride. After drying, the support can be stored under an inert gas,
for example, nitrogen or argon to exclude air and water.,

The present invention thus provides a process which comprises

contacting a bridged ligand having the formula of Z-R'-Z with an inorganic material Q
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mol ecul ar wei ght control agent and nethyl al um noxane as the co-catal yst.

First the nmetallocene catalyst was weighed’in a dry box and slurried in

n- hexane to which a solution of methylal um noxane has been added. One

mlliliter of the toluene nethylal um noxane sol ution was used. It was

purchased from Schering at a concentration of 1.1 M The charge order was
met al | ocene/ et hyl al um noxane slurry and-®hen 2 liters of isobutane. After

" heating these materials to 90[err]C., 45 psi of hydrogen as determ ned from

pressure dr dp forn g beidged ligand whichris ghemicallyr behdeddo thenthotdaaic mblegy €ye was

I nt roduced t tot.al , react or .nressur mai nt ai ned at. 435 psi g
for. the ent ﬁ@le&%gl??;ﬂit |08 fhe sarde of, dtfferen, %ﬁs%\tg%&rﬂf ‘F’F@hﬁuﬁnﬁ‘ﬁé‘s}'@ﬂ‘gﬁ’gl
reservoir asadied]taving fladtive e Wélect&P FrpiEihe 226k ondfReing ®FM nat ed by
venting et hyl ene ang@di | uent .lg'?'ﬁieg pol ymer was. régg{))vﬁe)r ed, d%i ed and wei ghed

to det er ni n€Ygopemadienyd; indonyl, tstrakpidseindeny), fluprensil candamidurey theredftiRAGs a

pol ynmer wei g)?itd é{ﬁg%%%e%&e%&%#%&m 0Jnd. tiiéljhgrgo?ga?nig ?n%getgr Ba rrlgr]s13ui'fa((:)e:r by

t he wei ght cene plus yl &l um no
hydroxyl groups such as, for example, silica, alumina, clay, phosphated alumina, and
mixtures thereof.

It is also within the scope of the present invention to contact two or
more bridged ligands of that type with the inorganic support. It is also within the
scope of the present invention to form supported ligands containing two or more
unbridged cyclopentadienyl-type ligands or a mixture of the unbridged and bridged

. ligands. In an especially preferred embodiment two or more active halogen-containing
ligands are used which have differing effects upon polymerization.

The conditions employed for contacting of the bridged or unbridged
active halogen-containing ligand and the inorganic material can vary over a wide range.
Typically, such is done in the presence of a liquid diluent, preferably a solvent fpr the
ligand. Most preferably, thé reaction is carried out in the presence of a basic
compound which will neutralize any acid formed during the reaction. A typical
example would be pyridine. The molar ratio of the ligand to the inorganic material can
also vary over a wide range. Generally the molar ratio of the ligand to the OH on the
surface of the inorganic material would be in the range from about 1:1 to about
0.00001:1.

- The resulting supported cyclopentadienyl-type cdmpound can then be
- used to form a supported metallocene. Preferably the supported cyclopentadienyl-type
. compound is subjected to purification to remove any undesirable by-products that might
have been produced during its preparétion. Techniques such as extraction, solvent
washing, and evaporation can be used.

To form the supported metallocene the supported cyclopentadienyl-type
compound is then reacted with an organo alkali metal compound to form the
corresponding supported cyclopentadienyl alkaii metal salt which is then reacted with a
suitable transition metal compound under suitable conditions. Typically transition

metal halide compounds are employed of the formula MeXn wherein Me is a transition
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grans.and is conveniently expressed as g polyner per g desired catalyst

conponent - peer hour (g/g-hr). - 19 - The polynerization results are
shown in Table | below. Table |I Productivity (g/g-h) based on Run

Cat al yst Yi el d No. _ g g Met al | ocene

Met al | ocene and MACa [err] . 0.5 0.4 8
3.5 [err] 0.5 1.5-10- 30 13.2

metal selected from metals of Groups IIIB, IVB, VB, and VIB of the Periodic Table
and n is a number reflecting the valence of the metal, generally 3 or 4. Each X in the
formula can be the same or different and can be selected from the group consisting of
halogens, and hydrocarbyl or hydrocarbyloxy groups having 1 to about 20 carbon
atoms. Preferabiy at least one of the X’s is a halogen. The preferred transition metal
compounds are those of the metals selected from the group consisting of Ti, Zr, Hf, Sc,
Y,V, and La. The preéently most preferred metals are Ti, Zr, V, or Hf. Some.
exampleé of such transition metal compounds include zirconium tetrachloﬁde, hafnium
tetrachloride, cyclopentadienyl titanium trichloride, cyclopentadienyl zirconium
trichloride, cyclopentadienyl methyl zirconium dichloride, fluorenyl Zirconium
dichloride, 3-methylcyclopentadienyl zirconium trichloride, 4-methylfluorenyl zirconium
trichloride indenyl methyl zirconium dichloride, and the like.

. When the supported ligand is a non-bridged ligand it is generally
necessary to react it with a cyclopentadienyl-type-containing transition metal compound
to form the metallocene, for example cyclopentadienyl zirconium trichloride,
cyclopentadienyl dimethyl zirconium chloride, fluorenyl dimethyl zirconium dichloride,

or cyclopentadienyl methyl zirconium dichloride. In any case, the reaction can be
carried out using the same general techniques that have been used in the past to form
the unsupported form of such metallocene. Generally, this involves forming an alkali
metal salt of the supported cyclopentadienyl-type compound and reacting it with a
transition metal halide compound in the presence of a suitable solvent.

If the unbridged ligand contains residual active halogen groups, it is
generally desirable to react the supported ligand with enough organoalkali metal
compound so that the active halide will be replaced with the organic radical of the '
organoalkali metal compound before the reaction is begun to prepare the metallocene.
The presently preferred organoalkali metal compounds, here as in forming
cyclopentadienyl salts to form metallocenes, are aliphatic or aromatic salts of lithium or
sodium.

' Some illustrative, but non-limiting examples of bridged supported
metallocenes within the scope of the present invention include, for example, silica-O-1-
cyclopentadienyl-1-cyclopentadienyl-methylsilane zirconium dichloride, silica-O-bis(9-
ﬂuorenyl)phénylsilane zirconium dichloride, silica-O-1-cyclopentadienyl—9-
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[Lerr] MAO, nmethyl al um noxane. b The catalyst used in this run was _
silica-0-1-cycl opent adi enyl -9-fl uorenyl nethyl silane zirconi um dichloride.
The catalyst used in this run was , _ _ _ )

- si lica-0-1-cycl opentadi enyl -9-fl uorenyl net hyl silane zirconiumdichloride.
This catalyst differed fromrun 1 in that- the silica in run 2 was undri ed.
The results denonstrate that the support-ebl -bridged netal |l ocenes are usef ul

as olefin polynerization catalyst. Exanple IV 25 grams of fluorene was
di ssol ved i fluptrmylmethyl-silape hofnium déichloridg, siliomOybis@afiearenyljphengsilave of a 1.6

nmol ar sol uti . -h 1t R LN _hexane,. T eacti.on.vessel was, cooled in

i ce. The dar rug%‘ cis}%}flﬁgtl#édtﬁﬁ#?nﬁlf 8I%P‘é1<1; " IFWasﬁﬂ%?fswlF‘F&H?@a’é? HAATYRt ¢ oom

t enper at ur e dichberide) sBicaHO-bis(BladreayliRhyivilate Ruhadib@dndcMesdadded.
silica-O-1-cyclopentadienyl-9-fluorenylmethylsilane titanium dichloride, silica-O-bis(9-
fluorenyl)phenylsilane titanium dichloride, silica-O-bis(2,8-difluoro-9-

fluorenyl)methylsilane zirconium dichloride, silica-O-1-cyclopentadienyl-9-
fluorenylmethylsilane zirconium dichloride, alumina-O-1-cyclopentadienyl-9-
fluorenylmethysilane zirconium dichloride, bentonite-O-1-cyclopentadienyl-9-
fluorenylmethyl-silane zirconium dichloride, and mixtures thereof. The presently
preferred bridged metallocene is silica-O-1-cyclopentadienyl-9-fluorenylmethylsilane
zirconium dichloride. In the names given in this paragraph the phrase.silic_a-O merely
refers to the fact that the bridged metallocene is bonded through the bridge to a surface
oxygen of the support. | |

~ Some examples of supported unbridged metallocenes include silica-O-
dimethyl silyl cyclopentadienyl-fluorenyl zirconium dichloride, silica-O-diphenyl silyl
cyclopentadienyl-cyclopentadienyl zirconium dimethyl, and the like.

- Some specific examples of the bridged ligands that can be used in the

present invention include those having the formula of

wherein each Z can be the same or different, substituted or unsubstituted, hydrocarbyl
radical selected from the group consisting of cyclopentadienyl, indenyl,
tetrahydroindenyl, fluorenyl, and mixtu;es thereof; E is a bridge connecting the two Z’s
and is selected from the group consisting of C, Si, Sn, Ge, B, Al, N, or P; each X can
be the same or different and is selected from the group consisting of hydrogen,
fluorine, chlorine, bromine, iodine, R, OR, NR,, PR,, or mixtures thereof, wherein R is
a C, to C,, hydrocarbyl radical, wherein at least one X is a halide, and wherein n is a
number sufficient to fill the valences of E, generally 1 or 2.

Under one embodiment of the present invention, a substituted or
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The reactor vessel was still cooled in ice. The reaction m xture was _
stirred 4 hours at roomtenperature and tHhen nmixed with 50 nL of water. The
organi ¢ phase was dried over a sodium sulfate and the sol vent was
evaporated in a vacuum The residue was dissolved in pentane and
crystallized at -18[err]C. A white crystalline solid was obtained which was
determ ned to be bis-9-fluorenyl nethylvinidsilane. 1.80 g of the bis-9-

fl uorenyl met hyl - vi ny] si|l ane was dissolved in 30 nlL_of trichlorosilane at
r oom t enper #pspbstitutgd eyelopsatadienylityne hydrgeathoniZ rhavingaoaddicarapiaceatlei d was

e e My BREED Afonl e Latlidrc Wik Gl URORSGE Al HORPCRAREAAL 24 H0°

sol vent was aporated 1 n a vacuum e soll pre

char act er i zgamass that ldistidled bbovee MPle presdnkly | pefested hydrocarbondhving bh wtidid)ane.
Then 0.6 g of the 2-(his-9-fluorenylnmethylsilyl)-Il-trichlosilylethane was
suspended i AeBlaceablediydrogien e cyslopegtagiang, mdene, detephydsoindene.Jdorengs 0k No.

7734) the sighikfifedfhkredfd THE PrefFEl HgahOfthitin A0RPSkyllithium including
butyllithium, methyllithium, ethyllithium, propyllithium, or mixtures. thereof. The
_presently most preferred organolithium is butyllithium. The presently preferred
'organohalosilane is an alkylhalosilane or arylhalorosilane such as methyltrichlorosilane,

ethyltrichlorosilane, propyltrichlorosilane, phenyltrichlorosilane, tolyltrichlorosilane, or |

mixtures thereof. The presently most preferred organohalosilane are
methyliricﬁlorosilane, phenyltrichlorosilane, or mixtures thereof.

This first step of this embodiment of the invention can be carried out in
the presence of a suitable solvent. Examples of suitable solvents include, but are not
limited to diethyl ether, tetrahydrofuran, hydrocarbons such as pentane, hexane, -
heptane, cyclohexane, and toluene, and the like. According to the present invention,
the reaction pressure and temperature for this embodiment are not particularly critical
and can vary over a wide range. . Atmospheric pressure is presently preferred although
higher or lower pressures can be employed. Typically, the reaction temperature is in
the range of from about -100°C. to about 100°C. Generally, it is convenient to carry
out the first step at ambient temperatures.

The molar ratio of the hydrocarbon having at least two acidic,
replaceable hydrogens to the organolithium can vary over a wide range depending on
the results desired and is generally in the range of from about 5:1 to about 1:5,
preferably about 2:1 to about 1:2, and most preferably about 1:1. Similar molar ratios
can be einployed for the organohalosilane to the lithiated hydrocarbon. The molar ratio
of the solvént to the organolithium is generally in the range of from about 1000:1 to
about 0.1:1, preferably about 500:1 to about 0.5:1.

The ligand formed during the first step having the formula of Z-EX,,,
wherein the scopes of E and X are the same as those disclosed above except that one X
must be a halogen and n is an integer of 1 or 2, can be then contacfed with an organo
alkali metal compound having the formula of ZMa wherein Z is the same as described
above and Ma is an alkali metal. The presently preferred organo alkali metal |

' This i e répraceniom Shm
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- 20 - The suspension also included 1 nL of pyridine. The reaction mxture
-was heated for 48 hours under reflux; the supernatant was then decanted and
the silica gel was washed two tines with 50 nL of nethanol and five tines
with 50 nL of diethyl ether. The amount of supported bridged fluorenyl
conpound recovered was 3.16 g. The recovered supported |igand was then
suspended in 50 nL of diethyl ether and mil3ed with 20 nL of a 1.6 nolar
solution of n-butyl lithiumin hexane. The reaction m xture was stirred for

48 hours at $sepAUDdmipreschied bytthe forpds phZMa inghide chelapentediensdspdiima, t he
resi due washgfedhyfidh Rt drbindthyodfin, Buibh1sodbdde cyclipeRtalidfiylithium,
indenyllithium, tetrahydroindenyllithium, fluroenyllithium, or mixtures thereof. The
reaction conditions can be the same as those disclosed for the preparation of the |
halogenated compound of the formula Z-EX_,;. This step can also be carried out in the
presence of a solvent. The scope of the solvent is the same as described above. The
molar ratio of the ligand to the organo alkali metal compound can vary in a wide range
and is generally in the range of from about 5:1 to about 1:5, preferably from about 2:1
to about 1:2, aind most preferably about 1.2:1 to 1:1.2. The molar ratio of the solvent
to the organo alkali metal compound can be generally the same as that described for
the solvent to the organolithium in the first step of this embodiment of the invention.
A bridged ligand haviﬁg the formula of Z-EX,-Z, wherein Z, E, X, and
n are the same as those described above except that one X is a halogen, is formed in
the second step of this embodiment of the process. In the third step of this
embodiment of the process, the bridged ligand thus formed is contacted with an
inorganic material. The inorganic material is generally used as catalyst support and has
the same scope as described above. This results in a bridged ligand chemically bonded
to the inorganic support. The bridged ligand chemically bonded to a inorganic support
can then be further contacted with an organolithium and a metal halide having the
formula of MX_, in the fourth step of this embodiment of the process, under conditions
to form a bridged metallocene, wherein M is a metal selected from Ti, Zr, Hf, Sc, Y,
V, or La; m is a number sufficient to fill out the remaining valences of the metal M;
and each X can be the same or different, and is selected from the group consisting of
alkyl groups, hydrogen, fluorine, chlorine, bromine, and iodine. The reaction
conditions for this step can also generally be the same as those described for the first
- step. Similarly, a solvent can also be present in this step of the invention. The scope
of the solvent can be the same as that in the first step and the molar ratio of the solveﬁt
to the organolithium in this step is the same as that of the solvent to the organolithium
in the first step. The molar ratio of the bridged ligand to the organolithium can be in
the range of from about 5:1 to about 1:5, preferably from about 3:1 to about 1:3, and

most preferably about 1:2. The molar ratio of the organolithium to the metal halide is

generally about 2:1. hic.is- the rép!acem ont sheet
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solid was conbined with 50 nL of diethyl ether and 0.42 g of zirconium
dichloride. That reaction mxture was sti¥red for 48 hours at room
tenperature and then a supernatant was decanted and the residue washed five
times with 50 nL of diethyl ether. The resulting supported netall ocene was
then dried overnight in a drying cabinet. This will be referred to as
supported catal yst 33. Exanple V In this.gyothesis 20.6 nL of

cycl opent adi ene and 11.7 nlL of 5-hexene- 2-one were dissolved in 100 nL of

met hanol . Wi | e cool i rghe supporedlihethllotenes. re;smﬁnglﬁdinnms\mﬁenadﬂedn@ed the
reaction mxture was stiryed overnight at roogmtenperature. Then 9.

gl aci al aci dFeoVEEed diingrepaventiongl tephninues enovnaia the @#r%‘&hﬁérﬁl%ﬁ@n
DL ot PgERIe (3L ek l ept AT 1o
wat er. The dregeofi anymmbstanmgmiouht of byl-priuoyingpuwities.c Simpel thasebility of tlsev er
sodi um sul f %taﬁous:r Iql%tallocenes varies, it is generally desirable to use the metallocenes soon after
their preparation or at least to store the metallocene under conditions favoring their
stability. For example the metallocenes can generally be stored in the dark, at low
temperature, i.e. below 0°C., and in the absence of oxygen or water.
The supported metallocenes can be used in combination with a suitable
activator for the polymerization of olefinic monomers.

' Examples of suitable activator include generally, organoaluminoxarie,
tris-perfluorophenyl borate, trityl tetra-perfluorophenyl borate, and any of those
organometallic co-catalysts which have in the past been employed in conjunction with
transition metal containing olefin polymerization catalysts. Some typical examples
include organometallic compounds. of metals of Groups 1A, IIA, and IIIB of the
Periodic Table. Examples of such compounds have included organometallic halide
compounds, organometallic hydrides and even metal hydrides. Some specific examples
include triethyl aluminum, tri-isobutyl aluminum, diethyl aluminum chloride, diethyl
aiuminum hydride, and the like.

The currently most preferred activator is an organocaluminoxane. Such

compounds include those compounds having repeating units of the formula:

R'
I .

—€ Al - 0—)p+2
where R’ is an'alkyl group generally having 1 to 5 carbon atoms; and p is a number
between 0 to about 100, preferably about 5 to about 50, and most preferably 10 to 40.
The presently most preferred organoaluminoxane is methylaluminoxane.
Organoaluminoxanes, also sometimes referred to as poly(hydrocarbyl aluminum oxides)
are well known in the art and are generally prepared by reacting an organo '
hydrocarbylaluminum compound with water. Such a preparation techniques are

disclosed in U.S. Patent No. 4,808,561, the disclosure of which is incorporated herein
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solvent was evaporated in a vacuum A yellow oil was recovered which was
concl uded to be 6-(3-butenyl)-6-nethylful véne. A solution was prepared by
di ssolving 10 g of fluorene in 100 nL of THF and then this was slowy
reacted with 37.6 nL of a 1.6 nolar solution of n- butyllithiumin hexane.
This dark red solution was stirred overnight at roomtenperature. Then a
solution was prepared by conbining 8.8 g- 0§ -6-(butenyl)-6- nethylful vene
with 50 nL of THE. This solution was then added dropw se over a period of
one hal f holy referenve. Skieucurently fprefewred taroatelyyts aké plepared ither frdmat reacti on

m xture was ,Sti [, overni ght .at .room tenper.ature. and then 100 nmL of water
was added. ﬂP?eﬁYSﬂW“Hha’g&W@almw’ow Fljﬁtrefﬁvg‘?t%%l’@bf?@%ﬂﬁ?]at e and

the sol vent ai@fiinum oxide) and poly(ethyl aluminum oxide), respectively. It is also within the

scope of the invention to use an aluminoxane in combination with a trialkylaluminum,
such as disclosed in U.S. Patent No. 4,794,096, the disclosure of which is incorporated
herein by reference.

The supported metallocenes in combination with the organoaluminoxane
activator can be used to polymerize olefins. . |
Generally, it is within the scope of the present invention to carry out the
polymerizations in the presence of supported forms of the catalyst and/or activator in a
shurry or gas phase polymerization. It is within the scope of the invention to use a
mixture of two or more metallocenes or a mixture of an inventive bridged metallocene
‘with one or more other types of metallocenes.

The supported metallocenes when used with an organoaluminoxane are
particularly useful for the polymerization of mono-unsaturated aliphatic alpha-olefins
having 2 to 10 carbon atoms. Examples of such olefins include ethylene, propylene,
butene-1, peﬁténe-l, 3-methylbutene-1, hexene-1, 4-methylpentene-1, 3-ethylbutene-1,
heptene-1, octene-1, decene-1, 4,4-dimethyl-1-pentene, 4,4-diethyl-1-hexene, 3-4-
dimethyl-1-hexene, and the like and mixtures thereof. The catalysts are particularly
useful for preparing copolymers of ethylene or propylene and generally a minor
amount, i.e. no more than about 12 mole percent, more typically loss than about 10
mole percent, of the higher molecular weight olefin.

The polymerizations can be carried out under a wide range of conditions
depending upon the particular metallocene employed, and the results desired. Examples
of typical conditions under which the metallocenes éan be used in the polymerization of
olefins include conditions such as disclosed in U.S. Patents 3,242,099; 4,892,851; and
4,530,914; the disclosures of which are incorporated herein by reference. It is
considered that generally any of the polymerization procedures used in the prior art
with any transition metal based catalyst systems can be employed with the present
support bonded metallocenes. | '

Generally the molar ratio of the aluminum in the organoaluminoxane to

the transition metal in the metallocene would be in the range of about 0.1:1 to about
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rr.- 21 - evaporated in a vacuum The yellow residue was dissolved in
pentane and filtered using silica gel - The"sol vent was concentrated by
means of evaporation. Crystallization took place at about -18[err]C to

gi ve 5-cycl opentdi enyl -5-(9-fluorenyl)-1- hexene in a formof a white
solid. Then 1.61 g of the bridged |igand having a vinyl term nated branch,
I .e. b-cyclopentadienyl-5-(9-fluorenyl)-dtdexene, was dissolved in 10 nL of
chl orodi net hyl sil ane at roomtenperature. Then approximately 1 nmL of
hexachl or opl18i:i and naare prefemblydstedt Sridiocaboetabd’t lonAsiaxgererl silefthed over ni ght

' A whi t
S0l 1 4 s DRz rleahe <Biind oMb teopeince of Tiquid Gilverts which do not
1- chl or odi ; | st ( r 1461
chlo MY bn iverse A& GboP mﬁfﬁ%%%aan%mﬂ% S0k '[haﬁggélg.l?né |

portion of this material was then co ica ge
include butane, isobutane, pentane, hexane, heptane, octane, cyclohexane,

methylcyclohexane, toluene, xylene, and the like. The polymerization temperature can
vary over a wide range, temperatures typically would be in the range of about -60°C. to
about 280°C., more preferably in the range of about 20°C. to about 160°C. Typically
the pressure would be in the range of from about 1 to about 500 atmospheres or
greater. '

The polymers produced with this invention have a wide range of uses
that will be apparent to those skilled in the art from the physical properties of the
réspective polymer. Some of the catalysts are useful for preparing syndiotactic
polymers. The term syndiotactic polymer as used herein is intended to include those
polymers having segments of more than 10 monomeric repeating units in which the
alkyl group of each successive monomeric unit is on the opposite side of the plane of
the polymer. Generally, the polymer segments having such syndiotactic microstructure
are formed of at least about 40 monbmeric repeating units in which the position of the
alkyl group relative to the plane of the polymer alternates from one monomeric unit to
the next monomeric unit. _

EXAMPLES

A further understanding of the present invention, its various aspects,.
objects and advantages will be provided by the following examples. In these examples,
all runs were routinely carried out using the Schlenk technique with the exclusion of
oxygen and moisture. See generally, D. F. Shriver, The Manipulation of Air-sensitive
Compounds, McGraw-Hill, 1969. Purified and dried argon served as protective gas.
The solvents used were dried by distillation over a Na/K alloy (pentane, hexane,
toluene, methylene chloride, ether and tetrahydrofuran) or phosphorus pentoxide under
argon. Tetrahydrofuran was additionally purified over lithium alantate and methylene
chloride was additionally 'puriﬁed' over calcium hydride. Fluorene was purified over
silica gel prior to use. Analogous procedures were followed by fluoranthene and
phenanthrene. The propylene used for polymerization trials was purified for 1 hour at

30°C. using methylaluminoxane. A Bar autoclave (1 liter) was used for the
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No. 7734) the process involved contacting 2 g of the silica gel dried as
explained in Exanple IV and 1.56 g of -the .

1-chl or odi met hyl - si | yl -5-cycl opent adi enyl -5-(9- fluorenyl)-hexane in a
manner anal ogous to that used in the anal ogous step in Exanple |V. Then a
supported zirconocene was prepared by reacting 1.74 g of that solid with
0.8 g of zirconiumtetrachloride using a techni que of the general type
disclosed in Exanple IV. The resulting supported netallocene will be
referred tophlymsrization nwisal yst 34A. Exanpl e VI Anot her supported |igand was

prepared by conbining 4.11 g of silica gel g rck No. 15111) and 2.96 g of
1 -chlorodi net hyl -silyl-5-cycl opent adi 9- fluorenyl) hexane in a

Suppor tod 1 toranyl. conmscantilt BRBrks WEAEgadon SPEch bndAbrlE o
f1uorenyl cdigpesind was reacted with 1.76 g of zirconiumtetrachloride in a
ranner Fluorene (20 g; 120 mmol) was dissolved in 200 mL of ether and slowly
mixed with 76 mL of butyllithium (1.6 M in hexane). After the evolution of gas had
been completed, the mixture was stirréd for 1 hour at room temperature and then the
solvent was removed. Then solid fluorenyllithium was added in porﬁons to a solution
of 36 g (40 mL, 241 mmol) of methyltrichlorosilane in 700 mL of pentane. Afier
completion of the addition, the mixtﬁre was stirred for a further period of 1 hour at
room temperatﬁre and the reaction mixture was then filtered over sodium sulfate. The
solution was concentrated by evaporation to 30% of its volume and crystallized at -
30°C. The product, 9-fluorenylmethyldichlorosilane, was generated in the form of a
white crystalline powder (yield: 95%). | |
9-Fluorenylmethyldichlorosilane (5 g; 17.9 mmol) was then dissolved in
100 ml of ether and the resulting solution was mixed with 1.6 g (18 mmol) of
cyclopentadienyl sodium. After 4 hours of stirring at room temperature, the reaction
mixuue.ms filtered ovef sodium sulfate and the solvent was removed. A bright
yellow crude product (1-cYclopentadienyl-9—ﬂuorenyhnethylchlorosilane) was obtained
which contained 10% bisﬂuorenylmethylchlorosiiane.
| The crude product (5 g) obtained above ‘was dissolved in 100 ml of
toluene and the resulting solution was mixed with 5 g of silica gel (Merck No. 7713)
and 10 ml of pgridine. The mixture was held for 34 hours at 80°C. and then cooled to
room temperature. The supernatant solution was deca.nted, the resulting product
(silica-O-1-cyclopenta-dienyl-9-fluorenylmethylsilane) was washed several times with

ether and then dried.

Example I1 |
This example illustrates the preparation of a bridged metallocene

chemically bonded to an inorganic support material.

The silica-O-1-cyclopentadienyl-9-fluorenylmethylsilane prepared in
Example I was suspended or slurried in 100 ml of ether and mixed with 2 mole
equivalents (20 ml) of butyllithium (1.6 M in hexane) per silane. The reaction mixture
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anal ogous to that used performng the netallocene in Exanple |V. The
recovered supported netallocene will be referred to herein as catal yst 34B.
Exanpl e VII The supported zirconocene catalyst of Exanples IV and V were
eval uated for the polynerization of ethylene. The polynerizations were
carried out in a1 liter |aboratory autoclave. The techni que invol ved
charging the autoclave with 500 nL of hexgge and 10 nlL of
net hyl al um noxane. The supported zirconocene was then suspended in tol uene
and mi xed wiwds ShekmfmIMmmeomrt&nmhmuﬂd deltovreal b)he/ashmg sédral tRhésORitAVe.
The aut oc| av%wﬁ?ﬂ(s (ﬁ n% Iecr?lk ecv‘cr)ar;targginl &gpe%tdeg % ?(r)(g ml ofatert]}?eraS Cgo(nlsrtn%nt
equivalent) of zirconium tetrachloride per silane was added and the mixture was shaken
for another 24 hours.

The reaction mixture was washed with ether as above and tﬁe suspension
was filtered over sodium sulfate. A metallocene chemically bonded to silica, ie.,
silica-O-1-cyclopentadienyl-9-fluorenylmethyl-silane zirconium dichloride was obtained.

| Example 11

This example illustrates the use of the bridged metallocene prepared in
Example II as catalyst for olefin polymerizétion. ‘

Ethylene polymerization was conducted for one hour at 90°C. in a 3.8
liter stirred, stainless steel reactor in the presence of fsdbutane diluent, hydrogen as a
molecular weight control agent and methylaluminoxane as the co-catalyst. First the
metallocene catalyst was weighed in a dry box and slurried in n-hexane to which a
solution of methylaluminoxane has been added. One milliliter of the toluene
methylaluminoxane solution was used. It was purchased from Schering at a
concentration of 1.1 M. The charge order was metéllocene/methylalmninoxane sharry
and then 2 liters of isobutane. After heating these materials to 90°C., 45 psi of
hydrogen as determined from pressure drop in a 300 cc cylinder was introduced, and
then ethylene was introduced so that the total reactor préssure was maintained at 435
psig for the entire hour. Ethylene was supplied on demand from a pressured reservoir
as required during each run. Polymerization was terminated by venting ethylene and
diluent. The polymer was recovered, dried and weighed to determine yields. Catalyst
productivity is calculated by dividing polymer weight in grams by the weight of
metallocene used in grams, or by the weight of metallocene plus methylaluminoxane in
grams and is conveniently expressed as g polymer per g desired catalyst component:
peer hour (g/g-hr).
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ethyl ene pressure of 9 Bar was applied, the reaction was stopped after 1
hour. The results of these pol erEI’I zati ons‘are sumuarized in Table Il

bel ow. Table Il Catalyst _ .~ Yield g PE/g
Met al | ocene- hr-bar 33 4

6 34a 19 10 34b

28 . 16 The results reppal that the supported

nmet al | ocenes can be enployed in the polynerization of ethylene. Catalyst
34B was al so eval uat edheqrolyrherizatiby nesnltz aiei showafinpFablyl bélew. | n t hi s case 10
mL of met hyl al um noxane was added to the autoclave and 500 nL of propyl ene
was condensed into it. The contents weysgesSfirred for 30 mnutes at

20[err] C. todry tte propytene—The—Stpper

suspended in toluene al ong Productivity (g/g-h) based on
Run Catalyst Yield
No. g g Metallocene  Metallocene and MAO*
1° 0.5 0.4 8 3.5
2° 0.5 1.5 30 13.2

* MAO, methylalutmnoxane

® The catalyst used in this run was sﬂlca-O-l -cyclopentadienyl-9-fluorenylmethyl silane
- zirconium dichloride.

¢ The catalyst used in this run was silica-O-l;cyclopentadienyl-9-ﬂuorenylmethy1 silane
zirconium dichloride. This catalyst differed from run 1 in that the silica in run 2 was
undried. :

The results demonstrate that the supported, bridged metallocenes are
useful as olefin polymerization catalyst. |

Example IV |

25 grams of fluorene was dissolved in 150 mL of diethyl ether and
slowly reacted with 94 mL of a 1.6 molar solution of butyllithium in hexane. The
reaction vessel was cooled in ice. The dark red solution from the reaction was stiﬁed
overnight at room temperature. Then 9.8 mL of diQMOromethi;lvinylsilaﬁe was added.
The reactor vessel was still cooled in ice. The reaction mixture was stirred 4 hours at
room temperature and then mixed with 50 mL of water. The organic phase was dried
over a sodium sulfate and the solvent was evaporated in a vacuum. The residue was
dissolved in pentane and crystallized at -18°C. A white crystalline solid was obtained
which was determined to be bis-9-fluorenylmethylvinylsilane. 1.80 g of the bis-9-
fluorenylmethyl-vinylsilane was dissolved in 30 mL of trichlorosilane at room
temperature. Approximately 1 milligram of hexachloroplatinic acid was added and a
reaction mixture stirred overnight at room temperature. The solvent was evaporated in
a vacuum. A white solid precipitated and was characterized as 2-(bis-9-fluorenyl-
methylsilyl)-1-trichlorosilylethane.

Then 0.6 g of the 2-(bis-9-fluorenylmethylsilyl)-1-trichlosilylethane was
suspended in 20 mL of toluene along with 2.91 g of silica gel (Merck No. T734) the

silica gel had been dehydrated at 400°C; .
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wi.th nethylalun1noxane and added to the autoclave. Again the reaction was
carried out at 60[err]C. and interrupted after 1 hour. The reaction vyiel ded
62 grans of pol ypropylene. The activity in terns of granms of polyethylene
per grans of netallocene was 129. The results shown in the above exanples
clearly denonstrate that the present invention is wel | adapted to carry out
the objects and attain the ends and advanpgges nentioned as well as those
i nherent therein. Wiile nodifications may be made by those skilled in the

art, such nodificati on'ﬂlwmpmmramwﬁmdw tihinD) SfhBridiiel ITheOfea&t'ikﬁl ﬂﬁﬂﬁf&“t

i nventi on v d fela{]e for %g %%rsslg.)r?d%{' i’éff'u?ct Itl?ensu%gr%a%a?lte W%L ?lllerrrlsdecanted and the silica
gel was washed two times with 50 mL of methanol and five times with 50 mL of
diethyl ether. The amount of supported bridged fluorenyl compound recovered was
3.16 g.

The recovered supported ligand was then suspended in 50 mL of diethyl
ether and mixed with 20 mL of a 1.6 molar solution of n-butyl lithium in hexane. The
reaction mixture was stirred for 48 hours at room temperature. The supernatant was
then decanted and the residue washed five times with 50 mL of diethy] ether. Then the
solid was combined with 50 mL of diethyl ether and 0.42 g of zirconium dichloride.
That reaction mixture was stirred for 48 hours at room temperature and then a
supernatant was decanted and the residue washed five times with 50 mL of diethyl
ether. The resulting supported metallocene was then dried overnight in a drying
cabinet. This will be referred to as supported catalyst 33.
| Example V

In this synthesis 20.6 mL of cyclopentadiene and 11.7 mL of 5-hexene-
2-one were dissolved in 100 mL of methanol. While cooling in ice 12.4 mL of
pyrrolidine was added and the reaction mixture was stirred overnight at room
temperature. Then 9.6 mL of glacial acidic acid was added. The reaction mixture was
stirred for one half hour and then the solvent was evaporated in a vacuum. The residue
was dissolved in 200 mL of diethyl ether and washed five times with 100 mL of water.
The organic phase was filtered using a silica gel and dried over sodium sulfate. The
solvent was evaporated in a vacuum. A yellow oil was recovered which was concluded
to be 6-(3-butenyl)-6-methylfulvene.

A solution was prepared by dissolving 10 g of fluorene in 100 mL of
THF .and then this was slowly reacted with 37.6 mL of a 1.6 molar solution of n-
butyllithium in hexane. This dark red solution was stirred overnight at room
temperature. Then a solution was prepared by combining 8.8 g of 6-(butenyl)-6-
methylfulvene with 50 mL of THF. This solution was then added dropwise over a
period of one half hour to the solution of the ﬂuoreﬁyl lithium salt. That reaction
mixture was stirred overnight at room temperature and then 100 mL of water was

added. The organic phase was dried overnight over sodium sulfate and the solvent was
This is the replacement sheet
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CLAI M5 1. A netal l ocene having a formula (Z-R -Z)[err] wherein M
Is selected fromthe group consisting-of zi"rconiumand hafnium X is

sel ected fromthe group consisting of hydrocarbyl and hydrocar byl oxy
radical s having | to 20 carbon atoms and hal ogen; Z-R -Z has the fornula: Z
[err] Z wherein R' is selected fromthe group consisting of hydrogen alkyl
groups having 1 to 10 carbon atons, and apyL groups having 6 to 10 carbon
atons and wherein each Zis a (9-fluorenyl) radical. 2. A

net al | ocene eyeporatdriy at acuumi i, yeliaw regidtid evas dissolbeds inil pérftarfel ater hered -

1-met hyl - 1- Vuis1nn\§| siﬁcizal Se’i.e ’lzl{ers% ven WaS' Lgi?clercl)trr;tgg by means of evaporation.
Crystallization took place at about -18°C. to give S-cyclopentdienyl-5-(9-fluorenyl)-1-
hexene in a form of a white solid.

Then 1.61 g of the bridged ligand having a vinyl terminated branch, i.e. |
S-cyclopentadienyl-5-(9-fluorenyl)-1-hexene, was dissolved in 10 mL of
chlorodimethylsilane at room temperature. Then approximately 1 mL of
hexachloroplatinic acid was added and a reaction mixture stirred overnight at room
‘temperature. The solvent was then evaporated in a vacuum. A white solid was
recovered which was concluded to be 1-chlorodimethyl-silyl-5-cyclopentadienyl-5-(9-
fluorenyl)-hexene. A portion of this material was then contacted with silica gel (Merck
No. 7734) the process involved contacting 2 g of the silica gel dried as explained in
Example IV and 1.56 g of the 1-chlorodimethyl-silyl-5-cyclopentadienyl-5-(9-
fluorenyl)-hexane in a manner analogous to that used in the analogous step in Example
IV. Then a supported zirconocene was prepared by reacting 1.74 g of that solid with
0.8 g of zirconium tetrachloride using a technique of the general type disclosed in

Example IV. The resulting supported metallocene will be referred to herein as catalyst
34A.

Example VI
Another supported ligand was prepared by combining 4.11 g of silica gel
. (Merck No. 15111) and 2.96 g of 1-chlorodimethyl-silyl-5-cyclopentadienyl-5-(9-
fluorenyl) hexane in a manner analogous to that described in Example V. About 4.4 g
of this supported fluorenyl compound was recovered. Then 3.81 g of that supported
fluorenyl compound was reacted with 1.76 g of zirconium tetrachloride in a manner
analogous to that used performing the metallocene in Example IV. The recovered
supported metallocene will be referred to herein as catalyst 34B. |
Example VII
The supported zirconocene catalyst of Examples IV and V were
evaluated for the polymerization of ethylene. The polymerizations were carried out in '
a1 liter labofatory autoclave. " The technique involved-charging the autoclave with 500
mL of hexane and 10 mL of methylaluminoxane. The supported zirconocene was then

suspended in toluene and mixed with methylaluminoxane and the added to the
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3,

A metal | ocene having a formula (Z-R -Z) MeX2 wherein Me is

selecfed fromthe group consisting of -Zr afid Hf; X is selected fromthe
group consi sting of hydrocarbyl and hydrocarbyloxy radicals having 1 to 20
carbon atonms and halogen; Z-R -Z has the fornmula: Z [err] wherein nis a

nunber

in the range of 0 to 10; R' is hydrogen, or alkyl groups having 1 to

10 carbon atons, or aryl groups having 6 4. 10 carbon atons; and each Z is
an unsubstituted fluorenyl., 4. A metal | ocene having the formula
(Z- R - Z) MeXautghlavei _ﬂ“hwmtoslawelmtthmﬂostamauyec@muad an60°Cs tahd@ dhstdht and Hf ;

and X is sel ﬁ&ied from t(ﬁea%g \lfvgs SI Stl ng of hydrocar byI and

hydrocarbyIS

PG e the TEastion Wassstopped isfen f dwur.zThe- 7 has

the formul aresults of these polymerizations are summanzed in Table II below.

Table II
Catalyst Yield g PE/g Metallocene-hr-bar
33 4 , 6
34a 19 | 10
34b 28 . 16

* The results reveal that the supported metallocenes can be employed in
the polymerization of ethyléne. _

Catalyst 34B was also evaluated for the polymerization of propylene. In
this case 10 mL of methylaluminoxane was added to the autoclave and 500 mL of
propylene was condensed into it. The contents were stirred for 30 minutes at 20°C. to
dry the propylene. The supported zirconocene was again suspended in toluene along
with methylaluminoxane and added to the autoclave. Again the reaction was carried
out at 60°C. and ihterrupted after 1 hour The reaction yielded 62 grams ‘of
polypropylene. The activity in terms of grams of polyethylene per grams of
metallocene was 129,

The results shown in the above eXamples clearly demonstrate that the
present invention is well adapted to carry out the objects and attain the ends and
advantages mentioned as well as those inherent therein. While modifications may be
made by those skilled in the art, such modifications are encompassed within the spirit

of the present invention as defined by the specification and the claims.
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CASE: 33213 -24 - [err] wherein R' is an alkyl radical having 1 to 10
‘carbon atonms; one Z is unsubstituted cycl dpent adi enyl; and the other Zis a

(9-fl uorenyH~|Laeh—e A metal | ocene accor di ng to claim4,
havi ng the tad| enyl )-5-(9-fluorenyl)-1-hexene zirconium
di chl ori de. U r l al l ocene according to claim4, having the nane
5- (cycl opentsa uorenyl ) - 1-.hgxene haf ni um di chI ori de.
CLAIMS
1. A metallocene having a formula (Z-R’-Z)MeX, wherein Me is selected

from the group consisting of zirconium and hafnium; X is selected from the group
consisting of hydrocarbyl and hydrocarbyloxy radicals having 1 to 20 carbon atoms and
halogen; Z-R'-Z has the formula:
Z
H,C=CH—Si—R"

Z
wherein R" is selected from the group consisting of hydrogen alkyl groups having 1 to
10 carbon atoms, and aryl groups having 6 to 10 carbon atoms and wherein each Z is a
(9-fluorenyl) radical.
2. A metallocene according to claim 1, having the name bis 1-(9-fluorenyl)-
1-methyl-1-vinyl silane zirconium dichloride.
3. A metallocene having a formula (Z-R.'-Z)MeX2 wherein Me is selected
from the group consisting of Zr and Hf; X is selected from the group consisting of
hydrocarbyl and hydrocarbyloxy radicals having 1 to 20 carbon atoms and haldgen;
Z-R’-Z has the formula:

Z

H,C=CH—(CH,),—C—R"

Z
wherein n is a number in the range of 0 to 10; R” is hydrogen, or alkyl groups having
1 to 10 carbon atoms, or aryl groups having 6 to 10 carbon atoms; and each Z is an
unsubstituted fluorenyl.
4. A metallocene having the formula (Z-R’-Z)Mt:X2 wherein Me is selected
from the group consisting of Zr and Hf; and X is selected from the group consisting of

hydrocarbyl and hydrocarbyloxy radicals having 1 to 20 carbon atoms and halogen;
Z-R’-Z has the formula:
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-24 -
Z

H,C=CH—(CH,),—C—R"

Z
wherein R” is an alkyl radical having 1 to 10 carbon atoms; one Z is unsubstituted
cyclopentadienyl; and the other Z is a (9-fluorenyl) radical.
5. A metallocene according to claim 4, having the name 5-
(cyclopentadienyl)-5-(9-fluorenyl)-1-hexene zirconium dichloride.
6. A metallocene according to (glaim 4, having the name 5-

| (cyclopentadienyl)-5-(9-fluorenyl)-1-hexene hafnium dichloride.
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-25-
Vm?ﬂi'éUBSTITUTED BRIDGED METALLOCENES
ABSTRACT OF THE DISCLOSURE

A method is provided for forming a supported cyclopentadiene-type
compound comﬁrising contacting a éyclopentadiene—type compound containing an active
halogen with an inorganic support having surface hydroxyl group. Also there is
provided a method of preparing a supported metallocene comprising reacting the
supported cyclopentadiene-type compound with a transition metal compound under
suitable conditions. There is also provided.a process for producing bridged
cyclopentadiene-type ligands having a bridge having branch that has a terminal vinyl
group. Also metallocenes of these ligands are provided. Still further there is provided
a process for producing bridged cyclopentadiene-type ligands having a bridge having a
branch that has a terminal active halogen. The resulting new ligands and supported
metallocenes produced therefrom are also provided. There is further provided
supported metallocene catalysts wherein at least two metallocenes of differing
effectiveness are both bonded to an inorganic support having surface hydroxy groups.
Olefin polymerization employing the inventive bridged supported metallocenes is also
provided, as well the resulting polymer products.
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