UNBRI DGED | NDENYL- CONTAI NI NG METALLOCENES USEFUL | N OLEFI N
POLYMERI ZATI ON This invention relates to

“.organonetal lic conpounds. More specifically, Ihggwﬁh&fﬁﬂPﬁﬁirelates'

to a specific type of netall ocenes which can be referred to as
unbri dged netal |l ocenes of indenyl and 5 pentanethyl cycl opentadienyl. I-n
anot her aspect, this I nvention rel ates2to pol ynerization catal yst
syst ens whi ch contain such netall ocenes. In still another aspect,
this invention relates_to a _npethad faqr rizi ol efins using such
met al | ocenes and to t WNBR GEE@L’%ﬁ@&%ﬁ%“&”ﬁ%&%‘%h@% pol yneri zati ons.
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Since the discovery of fe of netall ocenes

have been prepared by the conbi nati on of conpounds having the

cycl opent adi enyl structure with various transition netals. The term 15
"cycl opent adi enyl structure as used herein refers to the foll ow ng
structure: '

This invention relates to organamétallic
compounds. More specifically, this invention relates
to a specific type of metallocenes which can be

. referred to as unbridged metallocenes of indenyl and
5 pentamethylcyclopentadienyl. In another aspect, this
invention relates to polymerization catalyst systems
which contain such metallocenes. In still another
aspect, this invention'relates to a method for
polymerizing olefins using such metallocenes and to the
10 polymers resulting from such polymerizations.

Since the discovery of ferrocene in 1951, a
number of metallocenes have been prepared by the
combination of compounds having the cyclopentadienyl
structure with various transition metals. The term

15 "cyclopentadienyl structure"” as used herein refers to

CZC:EZ;
-~ C
20 _ - The term "cyclopentadiene-type compounds" as
used herein refers to compounds containing the
cyclopentadiene structure. Examples include
unsubstituted cyclopentadiene, unsubstituted indene,

unsubstituted fluorene, and substituted varieties of
25 such compounds. Also included is tetrahydro indene.

the following structure:

Al



[err] - 20 The term "cycl opent adi ene-type conpounds” as
used herein refers to conpounds containing the cycl opent adi ene
structure. Exanpl es include unsubstituted cycl opent adi ene,
unsubsti tut ed indene, unsubstituted fluorene, and substituted
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such conpounds. Al so incauded I's tetrahydro indene.
. - - _2_
been found useful in

Many

HEMQthkl cenes ha
catal yst systems for the Y 9 y%é?i?%ﬁ%ﬂe’b?a *!rentype (matalliecanes: od

in the art
cycl opent adi enyl
the suitability

10

15

20

25

30

hdve heen afound useful imesactalyst ' s¢steéss ofofUthe 5

ny e B S AR EERAR® 2L Hen 908 meredcinrths “For
exanpl e, the si Artirthat variationm in théeschemicahsstxucture of such

cycl opent adigenyl o ' : ¢ f o
the 10 catszl ys‘# t hJ%?%?%W?TW‘E%t%&@% héeb&ffiégﬁé
stability of thehEAcHS dpon the ki taARLi ey af jfhe Retallocene as a

polymerization catalyst. For example, the size and
location of substitutions on cyclopentadienyl-type
ligands has been found to affect the activity of the
catalyst, the stereoselectivity of the catalyst, the
stability of the catalyst, or other properties of the
resulting polymer; however, the effect 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 type of cyclopentadienyl-type metallocene.
While there are references in the prior art

which have envisioned vﬁrious unbridged metallocenes,
it is considered unlikely that all of the metallocenes
within the broad disclosures of publications have
actually been prepared and evaluated for their
polymerization effects. For example, while U.S. Patent
No. 5,049,534 contains allegations regarding a wide
range of both bridged and unbridged metallocenes, the
only actual examples of unbridged metallocenes are
those in which two identical cycldpentadienyl-type
ligands are present. . | _

| The present invention provides certain new
indenyl-containing metallocenes. The invention also
provides polymerization catalysts employing the

specific indenyl-type metallocenes. The invention also

35

deals with processes for the polymerization of olefing
using specific indenyl-type metallocene catalyst
systems and the polymers produced using such indenyl-
containing metallocene catalyst systems.

X In accordance with the present invention,
there are provided mew unbridged metallocenes of the

y of



resul ting polymer; however, the effect of various substituents is
still largely an enpirical matter, that I's, experinments nust be
coriducted in order to determne 15 just what effect a particul ar
variation will have upon a particular type of cycl opentadi enyl -type
met al | ocene. VWhile there are references in the prior art

whi ch have envi si oned various unbridged met 8| Focenes, it is considered

unlikely that all_of 't he locenes 20 within {he broad discl osures of
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pol yneri zati on EReIGRIP ARG (RE hydragaxbyl oF fdrocarbyloxy
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of the.
forming the specific indenyl-containing metallocenes

- comprising reacting an alkali metal salt of a selected
indenyl compound of the formula InH with'a transition
metal compound of the formula (Cp*)ngzx where X is a

15 halide radical in the presence of a suitable solvent '
under suitable reaction conditions. '

In accordance with still another aspect of
the present invention, there is provided a process for
the polymerization of olefins comprising contacting

20 said olefins under suitable reaction conditions with a
catalyst system comprising the indenyl-containing
metallocene as described above in combination with a
suitable co-catalyst.

Still further in accordance with the present

25 invention there are provided the polymer products

' resulting from such polymerizations.

The novel metallocenes provided in accordance
with the present invention are unbridged, that is the
indenyl ligand and the pentamethylcyclopentadienyl

30 ligand that are bound to the metal are not bound to
each other. |

The substituents on the substituted indenyl
can vary over a wide range. It is currently preferred
that the substituents'be hydrocarbyl or hydrocarbyloxy

35 radicals having 1 to 10 carbon atoms. Particularly
Q;eferred substituents are alkyl and alkenyl radicals,
especially alkenyl radicals having terminal olefinic



formula (In)(Cp[err].)MeQ@ err] wherein In is a substituted or

unsubstituted indenyl radical; Cp* is a pent anet hyl cycl opent adi enyl
radical; Me is netal selected fromthe group consisting of Zr, Ti, and
Hf;, 5 each Qis the sane or different and is selected from t he
group consi sting of hydrocarbyl or hydrocar byl oxy radicals having 1 to
20 carbon atons, hydrogen, and hal ogend. - I n accordance
wi t h anot her aseect of the 10 rese i nvention, there is provided a

met hod f or spd®t Mreferrad embhadinents, the Andenyrl has
conprising reactli n® #n substitueital, salt of a selected i ndenyl

conpound of the forrula | Wit h a . t.ransiti net al mpound .of, the
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a sui tabl e sol vaettallocemede cagu ibienlpirepazaet byn reawtiingmn alkali

I n accor dange wh%@ tigal §ﬂﬁﬁﬁ’0f unld i iﬂ%ﬁa I on,
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conpri si ng cont &X@ngdtion metal gampound,ndor sxamplie CroZxGlyy dehd tions
with a cat guitablés s Ived ) iinteid sultabl¢ Peactividinditions.

nmet al | ocene as descri bed gbove in.c I nation with sui tabl e
co-cat al yst . especiajly, prefer @ééﬂﬂ@f?@-“w% Qﬁiéhﬁ esent 25
i nvention ther epresentoinventiion involvesdcatugting out rtheliddandtfororofsuch

pol yneri zatjons - _ vel lLoce i de
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i ndenyl 1igand eeupovadpdm: &ibe: Presericepoft adildaguid3@iluentawhichutismree
bound to the nepal_gad odthadted$d1vent £R2thelidenyl salt which 1he

substituents on the subStituted indenyl can vary over a w de range. |t

is currently pr&PdveR§ is noprgoorddnatiing towerd e, fransitipn peta
hydr ocar byl oxy Zompousd.CaExampliesd ok suck) shita®lerldguid Raidlivad arly

Ppreferred ingtL§a%Q%§r%%%saL%%L %gﬂtglﬁgng, B%gt%%gﬁ’or hexane as
well as non-cyclic ether compounds such as
~diethylether. It has been found that the use of such
non-halogenated non-coordinating solvents generally
allows one to obtain large amounts of substantially

20 pure metallocenes in a more stable form, and often
allows the reaction to be conducted under higher
temperature conditions, than when dichloromethane is
used as the diluent.

The formation of the alkali metal salt of the

25 indenyl compound can be formed using generally any
technique known in the art. For example, such can be
prepared by reacting an alkali metal alkyl with the
indene. The molar ratio of the alkali metal alkyl to
the indene can vary; generally however, the ratio would

30 be in the range of about 0.5/1 to about 1.5/1, still
more preferably about 1/1. '

Typically, the alkali metal of the alkali
metal alkyl would be selected from sodium, potassium,
and lithium, and the alkyl group would have 1 to 8

35 carbon atoms, more preferably 1 to 4 carbon atoms. 1In
the preferred embodiment if the indenyl salt is formed
using tetrahydrofuran (THF) as the liquid solvent, the



especi ally al kenyl radicals having termnal olefinic

-4 unsaturation. In preferred enbodi ments the indenyl has lto
4 substituents. The inventive netall ocenes as well as

rel ated met al | ocenes can be prepared by reacting an alkali 5 netal
salt of the indenyl compound with a suitable transition netal

conpogrd, for exanple Cp[err] ZrdJ[err], TPa sui tabl e sol vent under
sui tabl e reaction._condi t,ions. An _es i al r rred
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used as the diluent. - The resultifge medbaidicicemenicanhdenldexaovensdi| salt

of the 25 ;4 NdgRY pHAIRANH WRABe’ ConVeitd i1 ¢ R Rlds/ 181im in the
art such as fiitration, extraction, crystallization,

- and recrystallization. It is generally desirable to
recover the metallocene in a form that is free of any
substantial amount of by-product impurities.

15 Accordinély, recrystallization and fractional
crystallization to obtain relatively pure metallocenes
is desirable. Dichloromethane has been found to be
particularly useful for such recrystallizations. 8ince
the stability of the various metallocenes varies, it is

20 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. in the absence of

25 oxygen or water. '

_ The resulting inventive indenyl-containing
metallocenes can be used in combination with a suitable
co-catalyst for the pblymerization of olefinic
monomers. In such processes the metallocene or the co-

30 catalyst can be employed on a solid insoluble
particulate support.

Examples of suitable co-catalysts include
generally any of those co-catalysts which have in the
past been employed in conjunction with transition metal

35 éontaining metallocene olefin polymerization catalysts.
Some typical examples include organometallic compounds
of metals of Groups -IA, IIA, and IIIB of the Pericdic



techni que known in the art. For exanple, such can be prepared by
reacting an alkali metal- alkyl with the I ndene. The nolar ratio of the
al kali nmetal alkyl to t he ‘i ndene can vary; generally however, the
rati o would 30 be in the range of about 0.5/1 to about 1.5/1, stil

nore preferably about 1/1. pically, the alkali netal  of
the al kal i met al aIkyI woul d be selecreé from sodi um potassium
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range dependi ng upon the results desired Typi cal 'y, "however, the
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desirabl e t recover the netalloggne in a formthat is free of any
substanti al anount of by-product inpurjties.
. (Al-0-)

where R is an alkyl group generally having 1 to 5
carbon atoms. Aluminoxanes, also sometimes referred to

15  as po;y(hydrocarbyl aluminum oxides) are well known in
the art and are generally prepared by reacting an
organo hydroqarb?laluminum compound with water. Such
preparation techniqués are disclosed in U.S. 3,242,099
and 4,808,561. The currently preferred co-catalysts

20 are prepared either from trimethylaluminum or
triethylaluminum, sometimes referred to as poly(methyl
aluminum'oxide) and poly(ethyl aluminum oxide),
respectively. It is also within the scope of the
inwenti¢n to use an aluminoxane in combination with a

25 trialkylaluminum, such as disclosed in U.S. Patent No.
4,794,096,

The indenyl-containing metallocenes in
combination with the aluminoxane co-catalyst can be
used to polymerize olefins, especially alpha olefins

30 havihg 2 to 12 carbon atoms. Often such
polymerizations would be carried out in a homogeneous
system in which the catalyst and co-catalyst were
soluble; however, it is within the scope of the present
invention to carry out the polymerizations in the

35 presence of supported or insoluble particulate forms of
the catalyst and/or co-catalyst. The catalyst is thus
considered suitable for solution, slurry, or gas phase
polymerization. It is within the scope of the



15 Accordingly, recrystallization and fractional crystallization to
obtain relatively pure netall ocenes’ is desirable. D chloronethane has
been found to be particularly useful for such recrystallizations.

Si nce the stability of the various netal l-ocenes varies, it is 20
generally desirable to use the netal |l ocenes soon after - their
preparation or at least to store the netafl dcene under conditions

favoring-their s ab|I| For net al | ocenes_can general |y
be stored in th ioln to u?%vﬁt%’fﬁb@i‘%‘hﬁg tyo or 1 eT® Df FR®C. in the
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metal hydri one speci f
o efins include propylene, butene-1, pentene-1, 3-

methylbutene-1l, hexene-1l, 4-methylpentene-1, 3-
methylpentene-1, heptene-l, octene-1l, decene-1, 4,4-
dimethyl-1l-pentene, 4,4-diethyl-l-hexene, 3,4-dimethyl-

15 l-hexene, and the like and mixtures thereof. One of |
the characteristics of the inventive metallocene
(indenyl) (pentamethylcyclopentadienyl) zirconium
dichloride is that it is especiqlly selective toward
ethylene. Accordingly, ethylene feed which contains

20 other olefins can often be used in the polymerization
without the risk of the other olefins altering the
desired end product characteristics of the polymer to
the extent that they would with some other
metallocenes. Preferably, the olefins polymerized

25 consist essentially of a mixture of ethylene and 1-
hexene. By use of the term "consisting essentially ofr"
it is intended that the olefins recited after this term
do not include any other component which would
materially affect the polymerization reaction.

30 . 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 can be used in the polymerization of

35 olefins include conditions such as disclosed in U.S.
Patents 3,242,099; 4,892,851; and 4,530,914. It is .
considered that generally any of the polymerization



exanpl es include triethyl alumnum tri-isobutyl 5 aluminum diethyl

al um num chl ori de, diethyl alum num hydri de, and the I

.The currently nost preferred co-catalyst is - gﬂg-BEESu h
conpounds include those conpounds havi ng rep [ e
formula 10 [err] wh oup

generally having 1 to 5 carbon at oms™ &l dni no 'aI so soneti nmes
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pol yneri zati ons am:ulid! ttdm:meahmtoﬁ ril.iaﬂ'l-htﬂ'ruyiel‘lmnk; wh:.qiysicemétl whi ch
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scope of the pr esent I nventi on out 07 m‘;\m zations in the
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the like. The polymerization temperature can vary over

15 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.

20 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 respective polymer. )

A further understanding of the present

25 invention, its various aspects, objects and advantages

| will be provided by the following examples.

In the following examples, the metallocene
preparations were carried out routinely using the
Schlenk technique, with strict exclusion of air and

30 moisture, by means of purified and dried inert'gas;

The solvents which were used were dried over
a sodium/potassium alloy or over phosphorus pentoxide
in the case of dichloromethane and distilled in
circulation equipment under an inert atmosphere.

35 Toluene was additionally distilled over phosphorus

pentoxide and dichloromethane was distilled over

calciuﬁfh?dride. Deuterated solvents for the NMR
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- 7- invention to use a mxture of two or nore of the i nventive

I ndenyl -cont ai ning netal | ocenes or a m xture of an inventive

i ndenyl -contai ning nmetal |l ocene with one or nore other

cycl opent adi enyl -type netal | ocenes. 5 The i ndenyl - cont ai ni ng
nmet al | ocenes when used wi th al um noxane are particularly useful for
t he pol yneri zati on of ethylene in thé présence or absence of

ot her ol efins | es _of _other efigs _that _m ght b resent
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carbon atoms. Exanples ofThachelthgopeihhs oficthdecopganiteccempbuhdee- 1,

pentene-1, 3- r&%@%&{ﬂi dn %ﬁéﬁn&:ﬂeslaﬂgt QXLBE”I:?”@I;& 3-

nmet hyl pent ene- 1, t ene ecene-
di net hyl -1 - pent ewwanomemblﬁgl compownde were.dehermineditn clopedene, and

the |ike andg m X¢uth&s ﬁﬂggfoﬁitr gnof the characteristics of the
I nventive netall ocene . |ndenzP% Eentanethylc cloggntadlenyl
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pol ymer to ¢m.’eqregnst haThe rmgsaospechrawasneasried out using a
met al | oceneggy f p el sentially
of a n1xture of et agégctéﬂﬁﬁeéf *ﬂéﬁ Q%ﬁg@féé é £ﬁ§§%§%%§ﬁcon5|stlng

essential ly of" enerthofs7?neﬁndéﬁhehaymr%@sdve¥¢n§nF§e¢%eedaw%Eh Ehes
term help of a direct inlet system or they were injected in

the form of solutioms.
_ Crystal structure investigations were
15 conducted using a Mo-K alpha radiation (y = 0.71073A)
using a defractometer.
| Example I
- About 2.4 mmol of fluorene was dissolved in
50 ml of ether and mixed with 1.5 ml of a 1.6 molar
20 hexane solution of butyllithium at room temperature.
After termination of the evolution of gas, an equal
molar quantity of cyclopentadienyl zirconium |
trichloride was added and the mixture stirred for one
hour. The solvent was then removed using the vacuum
25 from a membrane pump. The remaining residue was
extracted with toluene and filtered over sodium
sulfate. The filtrate was concentrated by evaporation
and brought to the poiht of crystallization. The
resulting bright orange solid product was determined to
30 be (fluorenyl) (cyclopentadienyl) zirconium dichloride,
hereinafter referred to as Catalyst No. 27. lg. -NMR,
13c.nMr spectroscopy, mass spectrometer and decomposite
temperatures were used to identify the compound. The
mass spectrum ihdicated a molecular weight of 392. The
35 material decomposed at 167°C. The 1g-NMR spectra
- showed a singlet resonance at about 6.08 which can be
assigneé to the protons of the CH ring and multiplet



~do not include any ot her conponent which woul d materially affect t he

pol yneri zation reaction. 30 The pol yneri zations can be carried
‘out- under a wi de range of conditions dependi ng upon the

particul ar netall ocene enpl oyed, -and the results desired. Exanpl es of
typi cal conditions under which the netal |l ocenes can be used in the

pol ynmeri zation of 35 ol efins include condt®ions such as disclosed in U.S.
Patents 3,242, 099; 4,892, 851: d 4,530,914 consi der.ed_t hat
general |y any of “¢RgA ?9ﬁe%?zg£?oﬁégg°n’ of ‘£°“t 7.38-7.48 and about
REPLACEMENT SHEET.57. A doublet was observed at about 8.130a”R@Rth82¢
procedures used in the prior
art with any tranartiononance g afb Base c%falyst systens can be enpl oyed

with the present inventive indenylExamphe iTBg netal | ocenes.
~As a generalgrule, the poly 6éé‘£éoi‘§k¥"0l:'£§t &3 ik 1e0¥twhg the
presence of |iquid dlluentsnsf do not bﬁ%ve aneﬂﬁeg?sg af ect upon

the-catal yst sysfemeated Ek%ﬂhﬁ%%t%Fi%%cﬂiFhﬁﬁ|d di | uents include but ane,
i sobut ane, pent %thﬁdﬂﬂﬁlci@%ﬁﬁtaﬁéﬁbzireonﬁ&ﬁ'@i‘féﬁ.’ﬂ@ride or

met hyl cycl ohexane, tolu ene like. r|z I on
tenper at ure can RERARSERY eﬁg&’iﬁp%%&f% hfg'i‘ds a?ﬁ%gf?€§$ga ﬁl d
be in the - cyclopentadienyl zirconium trichloride. This resulted

10 in the following catalysts:

Catalyst Name
No.
63 (fluorenyl)(pentﬁmethylcyclopentadienyl) zZrCl,
15 64 (fluorenyl) (pentamethylcyclopentadienyl) HECl,

_ Example III o
Using the same general techﬁique as set forth

in Example II, a number of additional metallocenes were
prepared by substituting indenyl lithium for the

20 fluorenyl lithium. Those reactions resulted in the
following catalysts: |

Catalyst Name
. No. : .
25 83 (indenyl) (pentamethylcyclopentadienyl) ZxCl,

84 (indenyl) (pentamethylcyclopentadienyl) HfCl,

Example IV
Using the same general technique as set forth

in Example III, metallocenes were prepared by

30 substituting either cyclopentadienyl titanium
dichloride or cyclopentadienyl zirconium dichloride for
the pentamethylcyclopentadienyl zirconium dichloride.
Those reactions resulted in the following catalysts:



- tange of about -60[err]C to about 280[err]C., nore preferably in the
range of about 20[err]C. to about 160C. Typically the pressure would
be-in the range of fromabout 1 to about 500 atnospheres or greater.
20 The pol yners produced with this invention have a w de
range of uses that will be apparent to those skilled in the art from
the physical properties of the respectilve pol yner. A

further understgﬁfi of the present 25 i nyention, its various aspects,

obj ects and advg_ﬁ:i wi |1 be provided ¥8B®he fol | owi ng exanpl es.

In the follown s, the metall ocene preparations were carried

out routinely using.the Nl en echni gue i th strdct | usi on of

air and 30 noi stu%el, by neans 1&‘%&5?#%&"(?‘%???#4%%’%“ 'Ej'géfz

The sol vent & whi ch re used l jqad (:aégg iaﬁp.g; m ssium al | oy
3 ot V¥i£aé¥#§1ua ealop?n%ﬁé: H@ne L

or over phosphorus pentoxi de . se "o arfe and
distilled in circul ati on equi pnent under an inert atnosphere. 35

Tol uene was additionally distilled oveg;gﬂgggbgrus pent oxi de and
di chl oronet hane was distilled ovgéh-l necgbilug}gzgé'gg. Deut er at ed
sol vents for -the NMR : : -9-
spectroscopy were stored i metallouémss Prepared in the above The nelting
oo ML sl o S B B S 2

10 ethylene. In each case, the metallocene was activated

| by dissolving in toluene and then mixing with a 30
Molar % toluene_solution of methylaluminoxane. The
formation of the active catalyst system solution
expressed itself by a change in color.

15 The polymerizations were conducted by
introducing 500 ml of pentane into a 1 liter autoclave
with #n internal temperature of 10°C. Then 5 ml .of the
catalyst system solution was introduced. After this,'
an ethylene pressure of 10 bar was applied and the

20 reaction mixture was'stirred'for 1 hr at 10°C. The
polymer which was obtained was filtered off and
subsequently washed in each case with 300 ml of dilute
caustic soda solution, water, and then acetone, and
liberated from the residual solvent by drying in a

25' cabinet at 130°C. A comparable polymerization was
conducted using the control catalyst
bis (cyclopentadienyl) zirconium dichloride. The
results of the polymerizations with the various
metallocenes is summarized in Table I.



5 tubes under nitrogen. . The organi ¢ conmpounds were

characterized " using a gas chromatograph with flame ionization

det-ector and a fused silica colum with heliumas the carrier gas. The

mass spectra was carried out using a 10 nmass spectronmeter with el ectron

| mpact ionization energy of 70 eV. The sanples were introduced with

t he hel p of a direct inlet systen1orft¥%y‘mere i njected in t he

f orm of sol utions. e Crystal structure investigations were 15

conduct ed using [ VbO-RK af pha radr atr or ARiElT- - 073l err|. N

defractoneter. - anpl e | Ab;
I

2.4 mmol of fludfene was dissolyv LN | ' her and. m xed wi
ESterianeon e B4

1.5 m of a51.6 pl ar 20 hexane r'onor b hi um at room
t enperat ure. ' '

mol ar quantity a cgyfjbﬁggg@f&%tz POy éthylene | [AGELPLtye Was addef
[

and
the mxture stirfred mgpouf . The Eé{vgn; \PRg | PE)\g I BERNELhEP ng

t he vacuum 25 _ B :
extracted wig h tidglegwernd fFildgged pver saggum sul fategg The filt]ate
was concentrateo.ﬁ' =\VE =¥> s
crystallization.|| The?7 resudiong pright @ ange splid probI2t. was
determ ned to 30 be Hof-eyH—{-eetepentattery—=econrttm-arehto
herei hafter refdfredd3o as [Catallyst No. 27.55err] H NVR, 13T err] C NMR
spectrosco@Bs ngps—spectroneter—anct—teconpositte tenperatures werejused
- to.identify the [ponpgthind. The 2.4 nphss spet4rum i nfli cated a3%wl ecul ar
~wei ght of 392. Saawe MERCET T at _OeCcpnposed_at 167 ETT1C. Jhe [err] i [NWVR
spectra shdjved & si ngl et 4 €3onahce at 2dout 6.ps whi cht¥&n be
aSS|_gned tozot he pTOT OISOt e, & PTG and Jamtipref 685

eviadhrat i an ha NnAatn

de,

1.6 40 70

25 The results show that the fluorenyl-containing Zr
metallocenes 27 and 63 were more active than the
bis (cyclopentadienyl) Zr metallocene control. Run 63
shows that the substitution of the
pentamethylcydlopentadienyl ligand for the

30 cyclopentadienyl ligand of catalyst 27 did not result
in any improved activity for the catalyst. The indenyl
counterparts of catalysts 63 and 64, i.e. catalysts 83
and 84, were however remarkably more active than the
related fluorenyl-containing metallocenes.



- 10 - ———Feseﬁaﬁce%ﬁ the regions of {LFEHE SHESBHAS BEENNK about

7.57. A dou Qt about 8.13 and ﬁEELACED wafl, resonance at
\about 6. 53. l“ﬁﬁl}l ﬁ 1 r ocess
| i ke that us eated by BEENr

pentanethylcyclopentadlenyl Z|rcom|ﬂnﬂ iThloride R LACEU
'pentanethylcyclopentadlenyl haf ni u f o :
cycl opent &di enyl zi raoninbridged métaElodéné S£Sthé eﬂoi:@ulal n the fol | owi ng

(11 oranyi FISETGs Dlerata dnitnp wohesti¥Hd o an updsbericues

(1 uor enyli)r(dmlamctmﬂnlcmentach mnt}améﬂnfh:y#lopentadzenyl :
Exanpl e |lagiaal; M é%ﬁﬁgh ﬂﬂﬁ gs set forth
in Exarrplea ca n er(ﬁ |t|(§§ﬁ % ?Iocenes wer e repared by

subst i t ut .a#grqqméw % thafpiymy and earh Q|imrhg|same ox ifferent

reactions gmeuld & hyddtarbyl Fadiddl HavRig!ySté 12 carbotdEdni#! an

Nane alkgx} radical having 1 to 12 carbon atoms, an aryloxy

radical having 6 to 12 carbon atoms, hydrogen, or a halide

radical.
2. A metallocene according to claim 1, wherein each Q
is a halide. '
3. - A metallocene aécording to claim 2, wherein each Q
is chloride. ' '

. 4. A metallocene according to any one of claims 1-3,

wherein In is unsubstituted.

5. A metallocene according to any one of the preceding
claims, wherein Me is zirconium.

6. A metallocene according to any one of the preceding
claims, which is prepared by reacting an alkali metal salt of
an indenyl compound of the. formula InH with a transition
metal compound of the formula (CP*)Meqzx wherein X is a
halide radical in the presence of a suitable solvent under
suitable reaction conditions. o

7. A metallocene according to claim 6, wherein the.
indenyl compound and the alkali metal salt are reacted in the
presence of a non-halogenated solvent which is non-
coordinating with the transition metal compound. _

8. A catalyst system useful for the polymerization of
olefins which campriseé~a metallocene according to any one of
the preceding claims, and a suitable cocatalyst.

9. A catalyst system according to claim 8, wherein the
cocatalyst is an organcaluminum compound. _
10. A catalyst system according to claim 9, wherein the

organcaluminoxane cocatalyst has repeating units of the
formula

CASE: 33278
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25 (i ndenyl) (pentanet hyl cyclopentadienyl) Zrd[err] 84

N (|ndenyl) (pentanethylcyclopentadlenyl) Hf Cl[err]

~. Exanpl e "Usi ng the sanme general technjque as set forth
in Exam”mmlml"lm m””" nes were prepared by 30 té-pﬁj;(g@r:g}qt er
cycd opent*adienyl titHni*'um di chl orilfie or cyclogéﬁt REEDZI T COffi um
dichloride for . t he pent t hyl.cycl opent adi e | ' dri de.
Those reactions resulfed in k néo;lomnng cat al ysts: .
Cat al yst No. 81 (i ndenyl)
(cycl opentwieeeis )edel Reis]an &lkyl r&dical haviggnlietgl 3 carbon
{cycl opent gyl) Zrd[err] Exanpl e V
Et hyl ene Pol'ymeri zati on The netal | ocenes prepared in the

above lkxanpl es efdtalystfrstenracperding e ¢haimnd opri1d0, et hyl ene.
In each Capferdii® @Eé%f%&?&@lﬂﬁﬁnﬁtéaﬁé@&d is BYtEYESDANiRExhRAe! Ol UeNe
and tthen mxing with

12. A process for polymerizing an olefin, which
comprises contacting said olefin under suitable reaction
conditions with a cataiyst system according to any one of
claims 8-11. '

13. A process according to claim 12, wherein the
polymerization is conducted under particle form '

- polymerization conditionms.

14. A process according to claim 12 or 13, wherein said
polymerization is conducted in a continuous loop reactor.

15. A process according to any one of claims 12-14,
wherein ethylene is polymerized.

1s6. A process according to claim 15, wherein another
olefin having 4 to 10 carbon atoms is present during the
polymerization. '

17. A process according to any one of claims 12-16,

wherein the olefins present during the polymerization consist
essentially of ethylene and l-hexene.

This Sheet Has Been Rep laced :




Mol ar %t ol uene sol ution of .nethyl al um noxane. The formati on of the
active catal yst system sol ution - expressed itself by a change in color
15 The pol ynerizati ons were conducted by i ntroduci ng 500 n
of pentane into a 1 liter autoclave with an internal tenperature of
10[err].C. Then 5 m of the catal yst system sol ution was introduced.
After this, an et hyl eneg ‘ applied and the 20

reaction mxture was stirred@ ror—t—fmr—at— he pol ynmer whi ch
was obtained was filtered off and subsequentl vvashed in each case
with 300 M of dil uteUNBRIDQEBuH‘DEPtYLSSQHAﬂINﬁtMWLL and then acetone,
and l'iberated from t HSEFWs I AEF B IPOLYMEREZATIPY ng ina25 cabinet at

ool yst TP o R ied adamy T consataing, BREBLLABEAIRATe " Lol 1<
_CI’_f blt hel pol giB&1 8868 OdFong twil tH) netNodal For makingakhecmeeallocenawnri zed in
abl e

. = 12 -
TABLE | Also disclosed are mm?eﬁ?aﬁséﬁgRg‘?ﬁl pgta%locenes &8 4| yst
Amount :\ng]{ éyigatiod\ceatdlysts. In addition, polymers resulkdhg
rom

[kg PE/g “Diln polymerizations are disclosed.
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10 Cplerr]ZrCerr] =~ ..2.0 40 REPLACEME“TéEEET N .27
2.0 80 172 63 102AF3R 1997 n 55

137 45 64 2 4 a4 || Date . iillagti s

2.5 23 146 20 83 Subem@e-%heer——rmrmi‘?rsw—
685 84 . 1.6 40 _ g . 70 25 he results
show that the fluorenyl-containing Zr - netall ocenes 27 and 63 wer e nore
active than the r t 6%5%5 &un 63
shows that the sf&%ﬁ%ﬁ%ﬁoﬂqﬁ %gw%%ltzaarr%?hy cyéﬁ}gen |eny? |'i gand

‘for<the 30 cydehihikasehgatalesk qifswww bey employad rebthtthe
any i nproved aC?z\édéqﬁ Wnvdift 1678 &ﬁeﬂnyﬂi&bﬂwmms; metaﬁwé:i‘é arts of
catal ysts 63 an i.e 'ataL t renarkably
more active than the T ' U0 Com g | e
-13 - 5

“"0 d

As a general rule, the polymerizations would be carried
out in the presence of liquid diluents which do not

10 have an adverse affect upon the catalyst system.
Examples of such liquid diluents include butane,
isobutane, pentane, hexane, heptane, octane,
cyclohexane, methylcyclohexane, toluene, xylene, and

. the like. The polymerization temperature can vary over

15 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.

20 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 respective polymer. B '

A further understanding of the present

25 invention, its various aspects, objects and advantages
will be provided by the following examples. _

In the following examples, the metallocene
preparations were éarried out routinely using the
Schlenk technique, with strict exclusion of air and

30 moisture, by means of purified and dried inert gas.

The solvehts which were used were dried over
a sodium/potassium alloy or over phosphorus pentoxide
in the case of dichloromethane and distilled in
circulation equipment under an inert atmosphere.

35 Toluene was additionally distilled over phosphorus
pentoxide and dichloromethane was distilled over
calcium hydride. Deuterated solvents for the NMR



CLAI MS_1._ An_unbri- al | ocene of lh%E?'bAFC“MENT FHfEf ) MeQ
yjch is

wherein In is an unsubstj 4 ndenyl radi cak;~Cp* sA
pent anet hyl _cyﬂ“i m“am&maﬁ cal; Me i s a txaﬁ:thJ OnF”R 1%97
titanium zir UM ancsws . - = gent and is

a hydr ocar byl radi ca'f haV| ng 1 to 12 car bon atoms an al koxy radi cal having
1 to 12 carbon atons, an aryloxy radi<al3 having 6 to 12 carbon atons,
hydrogen, or a hali de_ radical. 2. A netallocene according to claiml1,
wherein each Qis a halide. 3.- A @ehaBl&cMn8 according to claim2, wherein
each Qis chloride. 4. A netallocene according to any one of clains 1 - 3,

wherein Me 18 Z'M\‘%}?{ﬂ&:l{?dg%d métmtlgbk_aeeaf {5 HobieL of Qxﬂmy(@pﬂ Medne

precedi ng c ai s repared by reacting an al nmet al salt of an
i ndenyl coffRRERA®f IRhaS] éﬂnﬁln@qbrﬂj’r%uctﬁda Inaer | h%"i‘]a{ EBHpdEn@ of the

formul a (Ciantéideh €lopent &d tell | dﬁdria:dllqalme nltshea plteaarstitn@h a
sui t abl e sol venfd V#?%c% sui.tabl e react.i on condi ti o

accordi ng %@ Tohr iy i FHESRAE u(E'Brrpoun &“‘i hearﬂpq[ C%C%t al
salt are rebst etei neathe preséhftfenénta aod- hﬁogedw@mwlvléht I\ﬁﬁh@ﬁh S non-

coordi nat i t
rl?ehx)‘!r%%lf heo ff‘r@éfﬁcg? éﬁnfél SR Co}adl'%aclaflﬁl\bi SJ.Y%bem

useful for meri zation nprises a neta cene
accordi ng t¥2 a@@rm fonfe R eaEYLAGY ckadhgalahavangupt £81 d2c st .

Q cat al ?lst SShS M 1BGERS 1&19 é@A &l RaTde MARIEAD. the cocat al yst is an
r ganoal uni num conpou . catal yst system a 0 Slaiy 8
wher ei n t he? or gdh 9(%% ?:%%%’fél#/%t %a‘??’é‘b At i g’ ]%nl $ c?l {ang'sf ormul a

a halide.
3. A metallocene accordlng to claim 2, wherein each Q is
chloride.
4. A metallocene according to any one of claims 1 - 3,

wherein Me is zirconium.

5. A metallocene according to any one of the preceding
claime, which is prepared by reacting an alkali metal salt
of an indenyl compound of the formula InH with a transition
metal compound of the formula (Cp*) MeQ,X wherein X is a
halide radical in the presence of a suitable solvent under
suitable reaction conditions.

6. A metallocene according to claim 5, wherein the
indenyl compound and the alkali metal salt are reacted in
the presence of a non-halogenated solvent which is non-
coordinating with the transition metal compound.

7. A catalyst system useful for the polymerization of
olefins which comprises a metallocene according to any one
of the preceding claims, and a suitable cocatalyst.

8. A catalyst system according to claim 7, wherein the
cocatalyst is an organoaluminum compound.
9. A catalyst system according to claim 8, wherein the

organoaluminoxane cocatalyst has repeating units of the

formula
"R

| _
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radi cal havj ‘bon-atoms. 10. A ca abyst ByAPRMAEcorfbi ng to
claim8 or MHMH'MII%UMganoaI uni num contotfad s etrtvl-at-ul noxane. 11.
A-process for polwiely n ol ef i Eukatich letF TR e
ol efin under suitable reaction conditi gs with a catal yst system according
to any one of clains 7 - 10. 12. A procé€ssS according to claim 11, wherein
t he pol ynewheateiion each Rcéosdant edkylundedicabahévvthg 1 ftar 5 poaybeni zati on
~condi ti ons o+ Ljg A Process according to claim1l or 12, wherein said
pol ynmeri zation I's conducted in a continuous |oop reactor. 14. A process
accordi ng 1§ -anp eadadivall Aivarem acaxdigeertd relaiy| &reri 8, peheneinzed.
15. A procese drgandalGmidu & nd\igy elet bl ndlxfden having 4 to 10
carbon atons is_present dl%l‘l ngﬁ{t]l e pol ty‘_marl zat#og, 16.. A gr ocess, accordi ng
to any oneldr cPaPrOCEEs Io5 PRAXMErHZERE BRePLRSIPr c¥BLER JTPTRYLERE
pol yner i zatioatactinigs tsadss eslta filrd yurnderxet sy triel encedetiboreneonditions

with a catalyst system according to any one of claims 7 -

10.

12. A process according to claim 11, wherein the

TaVc

SHoe S-ihee

polymerization is conducted under particle form
polymerization conditions.

13. A process according to claim 11 or 12, wherein said
polymerization is conducted in a continuous loop reactor.
14. A process according to any one of claims 11 - 13,
wherein ethylene is polymerized.

15. A process according to claim 14, wherein another
olefin having 4 to 10 carbon atoms is present during the
polymerization.

16. A process according to any one of claims 11 - 15,
wherein the olefins presént during the polymerization
consist essentially of ethylene and l-hexene.



