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millions of dollars have been spent on research to make metallocene catalysts more
commercially viable, and thus, more commercially important. This is because the
polymers produced by such metallocene catalysts have properties that currently no
other single polymer can reproduce. However, one of the technical problems
associated with these metallocene catalysts is that they are homogenous with the
polymerization medium. That is, they are soluble in the medium in which the
polymerization is conducted. This is a drawback to the use of such metallocene
catalysts because most commercially important polymerization processes use
heterogenous catalysts. Therefore, in order to make metallocene catalysts more
commercially important, heterogenous metallocene catalysts must be produced.
Additionally, it is very important to have a metallocene catalyst that produces
polymers that have a high molecular weight.

SUMMARY OF THE INVENTION

In accordance with one aspect of this invention an (organo) ((omega-
alkenyl) cyclopentacarbyl) (silane bridged) metallocene compound is provided.

In accordance with another aspect of this invention a process to
polymerize monomers, especially ethylene, with an (organo) ((omega-alkenyl)
cyclopentacarbyl) (silane bridged) metallocene compound is provided. This process
comprises (or optionally consists essentially of, or consists 6f): using an (organo)

((omega-alkenyl) cyclopentacarbyl) (silane bridged) metallocene compound to
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BOX ONE
GENERAl,FORhﬂﬂLAIKHK
(ORGANO) ((OMEGA-ALKENYL) CYCLOPENTACARBYL) (SILANE BRIDGE)
METALLOCENE COMPOUNDS

- In this general formula, R is an (R"),C=C(R")-(C(RY),),-C(R"),- group
(where n is from 0 to about 20). In this group, each R! can be any substituent that
does not substantially, and adversely, interfere with any of the processes disclosed
herein. For example, each R' can be hydrogen or a hydrocarbyl having from 1 to
about 20 carbon atoms. However, it is preferred that each R' have from 1 to 10
carbon atoms, and it is even more preferred that each R! have from 1 to 6 carbon
atoms. Further examples of R' are hydrogen, alkyl, aryl, alkoxy, and aryloxy.
Currently, it is most preferred if R' is hydrogen.

The R group is attached to a cyclopentacarbyl group (R") which can

be either substituted or unsubstituted, and which can form a metallocene compound



herein. For exanple, each R err] can be hydrogen or a hydrocarbyl having
from1l to about 20 carbon atons. However, it is preferred that each R err]
have from 1l to 10 carbon atons, and it is even nore preferred that each
Rlerr] have from1l to 6 carbon atons. Further exanples of R are hydrogen,
al kyl, aryl, alkoxy, and aryloxy. Curremly, it is nost preferred if R is
hydrogen. The R group is attached to a cyclopentacarbyl group (Rerr])
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phenyl . The u y roup | e general a can be substituted or
hydrogen, alkyl, aryl, alkoxy, and aryloxy. Currently, it is preferred if each R} is

alkyl or aryl, however, it is most preferred if R3 is aryl, such as, for example,
phenyl.

The fluorényl group in the general formula can be substituted or
unsubstituted. The substituents of the fluoreny! group can be any substituent that
does not substantially, and adversely, interfere with any of the processes disclosed
herein. Examples of such substituents are hydrogen, alkyl, aryl, alkoxy, and
aryloxy. Currently, it is preferred if the substituents are hydrogen. |

In the general formula, M is a transition metal selected from the
group consisting of titanium, zirconium, hafnium, vanadium, niobium, 'tantalum,
chromium, molybdenum, tungsten, and the lanthanides. Currently, the preferred
transition metals are zirconium and hafnium.

In the generai formula, X is an alkyl, aryl, alkoxy, aryloxy, amides,
hydride, or halogen. Currently, it is most preferred if X is a halogen. However, it
is most preferre;l if X is chlorine.

This (organo) ((omega-alkenyl) cyclopentacarbyl) (silane bridged)
metallocene compound can be produced by first taking a cyclopentacarbyl
compound and reacting it with an organometal compound such as, for example, n-
butyllithium, to form a cyclopentacarbyl metal compound. In general, the metal in
the organometal comp_ound is any Group I metal and the organo part of the
compound is an alkyl. The cyclopentacarbyl compound is any compound that has at
least five carbon atoms arranged in a cyclic structure. This cyclopentacarbyl
compound can be either substituted or unsubstituted. Additionally, this



unsubstituted. The substituents of the fluorenyl group can be any
substituent that does not substantially, and adversely, interfere with any
of the processes disclosed herein. Exanples of such substituents are
hydrpgen, ~alkyl, aryl, alkoxy, and aryloxy. Currently, it is preferred if
the substituents are hydrogen. In the gegeral formula, Mis a transition
nmetal selected fromthe group consisting of titanium zirconium hafnium
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However, a temperature of about -80°C. to about 60°C. and a pressure of about 1

atmosphere are more preferred. The molar ratio of cyclopentacarbyl compound to
the organometal compound can be any suitable ratio. Currently, molar ratios of 1 to
‘l are preferred.

_ This cyclopentacarbyl metal compound is then reacted with a halo-
alkene to produce an (omega-alkenyl) cyclopentacarbyl compound. In general, the
reaction of the cyclopehtacarbyl metal compound with a haloalkene to produce an
(omega-alkenyl) cyclopentacarbyl compound is conducted at any suitable
temperature and pressure. Currently, a temperature of about -80°C. to about 160°C.
and a pressure of about 0 to about 100 atmospheres are preferred. However, a
temperature of about -80°C. to about 60°C. and a pressure of about 1 atmosphere
are more preferred. The molar ratio of cyclopentacarbyl metal compound to the
haloalkene can be any suitable ratio. Currently, molér ratios of 1 to 1 are preferred.

Once the (omega-alkenyl) cyclopentacarbyl compound is produced it
can be reacted with an organosilane to produce an (organo) ((omega-alkenyl)
cyclopentacarbyl) (silane bridged) compound. In general, the reaction of the
(omega-alkenyl) cyclopentacarbyl compound with an organosilane to produce an
(organo) ((omega-alkenyl) cyclopentacarbyl) (silane bridged) compound is
conducted at any suitable temperature and pressure. Currently, a temperature of
about -80°C. to about 160°C. and a pressure of about 0 to about 100 atmospheres
are preferred. However, a temperature of about -80°C. to about 60°C. and a
pressure of about 1 atmosphere are more preferred. The molar ratio of

cyclopentacarbyl metal compound to the haloalkene can be any suitable ratio.



metal. The substituents of the cycl opentacarbyl conpound can be any
substituent that does not substantially, and adversely, interfere wth any
of the processes disclosed herein. Exanples of cycl opentacarbyl conpounds
are substituted and unsubstituted cycl opentadi ene groups and substituted
and unsubstituted i ndenyl groups. In gengral, the reaction of the
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(silane bridged) conpound. I'n” general e reaction of the
alkali metal alkyl compound to produce a ligand salt that is then reacted with a

transition meta.l compound to yield a metallocene compound.

These metallocene compounds can be used to polymerize various
olefins. The particular polymerization conditions employed using these compounds
can vary depending upon the particular results desired. Usual.ly these compounds
are used with organoaluminoxane compounds, such as, for example, methyl-
aluminoxane, to form better polymerization catalysts. The ratio of the transition
metal to the organoaluminoxane composition can vary widely depending upon the
particular composition selected and the results desired. Typically, the atomic ratio
of aluminum in the organoaluminoxane composition to the transition metal is in the
range of about 1/1 to about 20000/1, preferably about 15/1 to about 5000/1, and
more preferably about 100/1 to about 1000/1.

Examples of some monomers for polymerization include ethylene and
alpha-olefins having 3 to 20 carbon atoms, such as propylene, 1-butene, 3-methyl-1-

" butene, 3-methyl-1-pentene, 3-ethyl-1-hexene, 1-hexene, 4-methyl-1-pentene, 1-
octene, 1-hexadecene, cyclopentene, norborene, styrene, 4-methyl styrene, vinyl
cyclohexane, butadiene, and the like and mixtures thereof. Preferably the monomer
consists of or consists essentially of ethylene. By use of the term "consists '
essentially of" it is intended that the monomer polymerized does not include any

further components which would adversely affect the desired properties imparted by



(omega- al kenyl ) cycl opent acar byl conmpound with an organosil ane to produce
an (organo) ((onega-al kenyl) cycl opentacarbyl) (silane bridged) conpound is
conducted at any suitable tenperature and pressure. Currently, a
‘tenperature of about -80C. to about 160C. and a pressure of about 0 to
about 100 atnospheres are preferred. Howgyer, a tenperature of about -80C
to about 60C. and a pressure of about 1 atnosphere are nore preferred. The
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polymerization temperature can vary over the range which will allow for slurry

polymerization. Often slurry polymerization will be conducted at a temperature in
the range of about 50°C. to about 100°C., although higher and lower temperatures
can be used.

One of the benefits of this invention is that during polymerization the
metallocene compound is incorporated into the polymer chain thereby forming a
heterogenous metallocene catalyst. As discussed above, this is a very important
result because it increases the commercial importance of metallocene compounds.
For example, a heterogenous metallocene catalyst can be formed by prepolymerizing
these metallocene compounds with a monomer, such as, for example, ethylene, to
form a prepolymer supported metallocene compound. Examples of such techniques
are disclosed in U.S. Patent 5,498,581.

The following examples are provided to further illustrate this
invention. However, the invéntion should not be construed to be limited to the
particular embodiments in these examples.

EXAMPLES

All examples were carried out using standard Schlenk techniques with
the exclusion of oxygen and air moisture under argon. The solvents were dried
over either: (a) Na/K alloy for ether, hexane, pentane, tetrahydrofuran, and toluene;
(b) P,O,, for methylene chloride; or (c). magnesium for methanol; and then distilled

under argon.



transition netal conpound to yield a netall ocene conpound. These

net al | ocene conmpounds can be used to polynmerize various olefins. The
particul ar pol ymerization conditions enployed using these conpounds can
vary depending upon the particular results desired. Usually these conpounds
are used wi th organoal um noxane conpounds, such as, for exanple, methyl-
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78°C. A yellow solution was formed. This yellow solution was then stirred at

room temperature (about 25°C.) for four hours and then cooled again to -78°C. An
" equivalent quantity of 1-bromopropene, a haloalkene compound, was added drop-
wise to the yellow solution to form a second mixture. This second mixture was
then stirred overnight at room temperature (about 25°C.). Thereafter, this second
mixture was then hydrolyzed with 50 mL of water to form an organic phase and a
water phase. The organic phase was dried over sodium sulfate and then the solvent
was evaporated under a vacuum to produce a third mixture. This third mixture was
then distilled using a high vacuum (107 torr) to obtain a product. The product
obtained was allyl-1-indene, which is an ((omega-alkenyl) cyclopentacarbyl)
compound.
_ EXAMPLE 1-2
Ten mL (85.7 mmol) of indene, which is a cyclopentacarbyl
compound, was added to a container that contained 150 mL of diethyl ether and 15
mL of tetrahydrofuran to form a first mixture. This first mixture was then reacted
with 53.6 mL (85.7 mmol) of n-butyllithium (1.6 M in hexane) to form indenyl-
lithium, which is a cyclopentacarbyl metal compound. This reaction took place at
-78°C. A yellow solution was formed. This yellow solution was then stirred at
room temperature (about 25°C.) for four hours and then cooled again to -78°C. An
equivalent quantity of 1-bromohexene, a haloalkene compound, was added dropwise
to the yellow solution to form a second mixture. This second mixture was then
stirred overnight at room temperature (about 25°C.). Thereafter, this second

mixture was then hydrolyzed with 50 mL of water to form an organic phase and a



.The present i nvention is particularly useful in slurry type poly-
nerizations since it allows one to carry out such polynerizations nore
effectively than has heretofore been possible. A particularly preferred
type of slurry poly- nerization involves the continuous |oop reactor type
pol ynmeri zation wherein nononer, catalystg.and diluent, if enployed, are
continuously added to the reactor as needed and pol yner product is
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exanpl e, ethylene, to forma pre %ﬁ nmet al | ocene conpound.
Exanpl es of such techniques are %i‘ ose:gj!l n8 . S. Patent 5,498,581. The
foll ow ng exanpl es are provided to BXAMPLE 2llustrate this invention.

However, the invention should not be construed t%ﬁb(ﬁ thilm'theg to the .
particul ar enmbodi ment sTemmmed o€ aliyalrindene (imghvpLpa diethyl ether) was reacle

with 6.25 mL of butyllithium (1.6 M solution in hexane) to form a first mixture.
This first mixture was then stirred for four hours. After stirring, 2.58 grams (10

mmol) of (9-fluorenyl) (dimethyl) (chloro) silane, which is an organosilane, was
added to the first mixture to form a second mixture. This second mixture was then
stirred overnight. The second mixture was then hydrolyzed with 50 mL of water to
form a water phase and an organic phase. The organic phase was then dried over
sodium sulfate followed by evaporation of the organic phase to leave the product,
which was a yellow oil. This product was ((3-allyl) indenyl) (dimethyl) (9-‘
fluorenyl) silane, which is an (organo) ((omega—alkenyl) cyclopentacarbyl) silane
compound. '
EXAMPLE 2-2

Ten mmol of 5-hexenyl-1-indene (in 60 mL of diethyl ether) was
reacted with 6.25 mL of butyllithium (1.6 M solution in hexane) to form a first
mixture. This first mixture was then stirred for four hours. After stirring, 2.58
grams (10 mmol) of (9-fluorenyl) (dimethyl) (chloro) silane, which is an organo-
silane, was added to the first mixture to form a second mixture. This second
mixture was then stirred overnight. The second mixture was then hydrolyzed with
50 mL of water to form a water phase and an organic phase. The organic phase
was then dried over sodium sulfate followed by evaporation of the organic phase to
leave the product, which was a yellow oil. This product was ((3-hex-5-enyl)
indenyl) (dimethyl) (9-fluorenyl) silane, which is an (organo) ((omega-alkenyl)



Al exanples were carried out using standard Schl enk techniques wth the
excl usi on of oxygen and air mpisture under argon. The solvents were dried
over either: (a) Na/K alloy for ether, hexane, pentane, tetrahydrofuran,
and toluene; (b) Plerr]derr] for nethylene chloride; or (c) magnesium for
net hanol ; and then distilled under argong _ -7 - EXAMPLE ONE PREPARATI ON
OF AN ((OVEGA— ALKENYL) CYCLOPENTACARBYL)  COVPOUND EXAMPLE 1-1 Ten niL (85.7

mol ) of in \f%gaﬁﬁ, nt acar byl conpound, was added to a
cont ai ner tgg‘g ont al e)ldﬁlf%%{lb d| ethyl ether and 15 nlL of :
tetrahédrofuran to forma first meﬂ@l&_fl rst mxture was then
reacted with 53.6 nL 211? but I hexan
form i ndenyl - |ithium é Q’t‘y’eﬁ é@é?hfby?]“@?yi Mb&ﬂ%’%ﬁ% ‘%}i‘h
reaction t O%ﬂﬁé 35 ?n@fof bg?yﬁﬁmuﬁl YE6 'M"ébl%ﬁbﬁ' i BExanBFtol REmRMfirst Migtuye! | ow

sol ution wa en stirre room tenperature (about 25[err]C ) for four
hours and t s firso hxtusaywas theo stifted dor foar howrse d\fiter stiming, G8ngtamy (@9

LT O RS R e T B985 ool B8 VoL
%"i[ L“r gh;agtagﬁéezgfahﬁlg e ﬁi}égﬁx‘% 16 3o b se®in@ hikfurs. Thikeéeeadd Biixtuidhwwas theaond
ydrolyzed with 50 nL of water to forman organi ¢ phase
and a stirred overnight. The second mixture was then hydrolyzed with 50 mL of water to
form a water phase and an organic phase. The organic phase was then dried over
sodium sulfate followed by concentration of the organic phase. The product was
precipitated as a white powder. This product was ((3-allyl) indenyl) (diphenyl) (9-
fluorenyl) silane, which is an (organo) ((omega-alkenyl) cyclopentacarbyl) silane
compound. EXAMPLE 2-4
Ten mmol of 5-hexenyl-1-indene (in 60 mL of diethyl ether) was
reacted with 6.25 mL of butyllithium (1.6 M solution in hexane) to form a first
mixture. This first mixture was then stirred for four hours. Alter stirring, 3.83
grams (10 mmol) of (9-fluorenyl) (diphenyl) (chloro) silane, which is an organo-
silane, was added to the first mixture to form a second mixture. This second
mixture was then stirred overnight. The second mixture was then hydrolyzed with
50 mL of water to form a water phase and an organic phase. The organic phase
was then dried over sodium sulfate followed by concentration of the organic phase.
The product was precipitated as a white powder. This product was ((3-hex-5-enyl)
indenyl) (diphenyl) (9-fluorenyl) silane, which is an (organo) ((omega-alkenyl)
cyclopentacarbyl) silane compound.
EXAMPLE THREE
PREPARATION OF A METALLOCENE COMPOUND THAT CONTAINS AN
(ORGANO) ((OMEGA-ALKENYL) CYCLOPENTACARBYL)
SILANE COMPOUND
EXAMPLE 3-1
One gram of ((3-allyl) indenyl) (dimethyl) (9-fluorenyl) silane was
mixed with 40 mL of diethyl ether to form a first mixture. This first mixture was
stirred with 2 equivalents of n-butyllithium (1..6 M in hexane) for about eight hours



wat er phase. The organic phase was dried over sodiumsulfate and then the
sol vent was evaporated under a vacuumto produce a third mxture. This
third mxture was then distilled using a high vacuum (10[err] torr) to
obtain a product. The product obtained was allyl-1-indene, which is an-
((onega- al kenyl ) cycl opentacarbyl) comoyd. EXAMPLE 1-2 Ten nL (85.7 mmol)
of indene, which is a cyclopentacarbyl compound, was added to a contai ner
that contai aﬁfjoola%%diﬁer&ﬁredctaséxmd5°et)hsrfomd séSondlmBxturt e tThekudtenfaur an to form
a first mxture. Thi's first mxture was then reacted with 53.6 nL (85.7
mmol ) of n- lequiyhlent off ziraopiuns tettachlotid wae pdded todhers¢aene myixture padyiigred whi ch

Is a cycl opentacarbyl. nmet conmpound. . Thi s reagt | t A - 78C. A
yel | ow sol utoﬁ’ﬁrﬂlg%égg %Y ai{rstﬂ{:‘@ucym © ‘{flriog#t\j\‘/’gass @ﬁ(éhﬂypﬁrﬁ(rie Dit room
t enper at ur e (fiafeenill) BRfFudrehyl) sfldier ziRtSbiugn aicHlotide a frelllecenegdiipound.- 78[ err] C.

An equival ent quantity of 1-bronphexene, a_hal oal kene conpound, was added
dropwi se to the yellow solution to ESAMBLEG:2nd ni xture. This second

m xture was then stirr r o e 1 [ C).
Thereafter, this secor@%n&@u&e@%gggh%ﬁﬁ%ﬁ%@%&ﬁmﬁ t) &gggluﬁf;@fﬁ\i\ag% er to
form an or gawistmixed sethad0ind. of diethyl etet & fopias first hiigtues. gThisdirphmbeuneas
dried over sodium sulfate and then the solvent was evapor%ed under, a .

vacuum t o prggubizred wifh 2 eawivalentsof nrbityllithipm (16 34 in hexape) Tonabouiicight| | ed
using a hi g YACHYRN YOG Ahurd Pbolt 5Pl 0P SO Mixturld] STREAHE! an

equivalent of zirconium tetrachloride was added to the second mixture and stirred

-

~ overnight to form a first product. This second product was (1(3-hex-5-enyl)
indenyl) (dimethyl) (9-fluorenyl) silane zirconium dichloride, a metallocene
compound.
EXAMPLE 3-3

One gram of ((3-allyl) indenyl) (diphenyl) (9-fluorenyl) silane was
mixed with 40 mL of diethyl ether to form a first mixture. This first mixture was
stirred with 2 equivalents of n-butyllithium (1.6 M in hexane) for about eight hours
at room temperature (about 25°C.) to form a second mixture. Thereafter, an
equivalent of zirconium tetrachloride was added to the second mixture and stirred
overnight to form a first product. This second product was (1-(3-allyl) indenyl)
(diphenyl) (9-fluorenyl) silane zirconium dichloride, a metallocene compound.

EXAMPLE 3-4

One gram of ((3-hex-5-enyl) indenyl) (diphenyl) (9-fluorenyl) silane
was mixed with 40 mL of diethyl ether to form a first mixture. This first mixture
was stirred with 2 equivalents of n-butyllithium (1.6 M in hexane) for about eight
hours at room temperature (about 25°C.) to form a second mixture. Thereafter, an
equivalent of zirconium tetrachloride was added to the second mixture and stirred
overnight to form a first product. This second 'product was (1-(3-hex-5-enyl)
indenyl) (diphenyl) (9-fluorenyl) silane zirconium dichloride, a metallocene
compound. -
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obt ai ned was 5-hexenyl - 1-i ndene, which is an ((onega-al kenyl)

cycl opent acar byl ) conpound. EXAMPLE TWO PREPARATI ON OF AN ( ORGANO)

( (OVEGA= ALKENYL) CYCLOPENTACARBYL) SILANE COVPOUND EXAMPLE 2-1 Ten nmmol of
allyl-l1-indene (in 60 nL of diethyl ether) was reacted with 6.25 nL of
butyllithium (1.6 Msolution in hexane). jo.forma first mxture. This first
m xture was then stirred for four hours. After stirring, 2.58 granms (10
mmol ) of (9-fluorenyl) (dinmethyl) EKAMPEE FOURNEe, which is an
organosi | ane, was added to the first mxture to forma second m xture. This
second m xture was then st i PORYMEBIZATION OMETERIHNE i xt ure was t hen

The or gani ¢ phase WheehMIERELLhEENE CORAGHRD, FRASE AT ARG AR © Phoee

evaporation of theORGANO gqmgg GRACALRERY L€ YOLOHEN ngym)as a yell ow
oil. This product was ((3- 231I yl) inden I) d| met hyl ) (9- fluorenyl) silane,
whi ch is an (organo) ((omega-al keﬁiLAN HNEx ar byl ) sil ane conpound.

EXAMPLE 2-2 Ten mmol of 5-hexenyl - (4_ 60 nL of diethyl ether) was
reacted with 6.25 nlL of butyIIithiu a—gﬁ—?gl ution in hexane) to forma

first mxture. This fIA}ﬁ-}utlﬂ))ﬂl e all VI thdeavly (dithe (oofkiorbipyy s. Af ter
stirring, 2.58 grams_ (10 nmo| glof(ngsf )Egr y?( |ﬁrrg'g)h yl) (Eﬁloro) si | ane,

whi ch i s an sdangazitcongim dichlor é”%dﬁ@‘@dt"ﬂth Hélffl-r P mthYJéthHﬂ@mt‘%“ef@Pm a second
m xture. Th'v?elgl'ﬁcp%p(%nt in toluene) to form a catalyst complex and then diluted with 10 mL

of toluene. The polymerization of ethylene was carried out in a 1 L Buechi
laboratory autoclave. The autoclave was filled with 500 mL of pentane and 7 mL
of methyléluminoxane. An amount (about 1.8 x 10 mol) of catalyst complex was
then added to the autoclave. The autoclave thermostat was then set to 60°C. and a
constant ethylene pressure of 10 bar was appliéd. The reactor was stirred at 800
rpm. The polymerization was stopped after one hour. About 71 grams of
polyethylene was recovered. The molecular weight of the polymer was 350,000.
This visometric mean molecular weight was determined with a precision capillary
viscometer in Decalin at 135°C. - Calibration curves were available for determination
of the molecular weight. However, the insoluble components were separated before
the measurement of the molecular weight therefore the value determined is not an
absolute value, but does give an indication of the trend of the molecular weight.
All of the following molecular weights were determined using this technique.
EXAMPLE 4-2 _ |

About. 10 mg of (1-(3-hex-5-enyl) indenyl) (dimethyl) (9-fluorenyl)
silane zirconium dichloride was mixed with 10 mL of methylaluminoxane (30
weight percent in toluene) to form a catalyst complex and then diluted with 10 mL
of toluene. The polymerization of ethylene was carried out in a 1 L Buechi
laboratory autoclave. The autoclave was filled with 500 mL of pentane and 7 mL of
methylaluminoxane. An amount (about 1.7 x 10 mol) of catalyst complex was
then added to the autoclave. The autoclave thermostat was then set to 60°C. and a
constant ethylene pressure of 10 bar was applied. The reactor was stirred at 800

rpm. The polymerization was stopped after one hour. About 45 grams of poly-



m xture was then stirred overnight. The second m xture was then hydrolyzed
with 50 nL of water to forma water phase and an organi c phase. The organic
phase was then dried over sodiumsulfate foll owed by evaporation of the
organi ¢ phase to | eave the product, which was a yellow oil. This product
was ((3-hex-5-enyl) indenyl) (dinethyl) {69-fluorenyl) silane, which is an
(organo) ((onega-al kenyl) -9 - cyclopentacarbyl) si | ane conpound.

EXAVPLE 2-3 51%%1@ @!rédylplet h{% Qfmemlyﬂeleevaybssenmw was

reacted with but yl so ution in hexane) to forma
first mxture. This flrst m xt ure WEXAMEB hEﬂ rred for four hours After

ohi ch 12 an organoat | dihout 1B dte heC eﬂ tndegl (e fS o e fithe S onl
m xture. Th'zﬁc&ﬁﬁmﬂcmfiay%s ﬁﬁﬁe&uﬁﬂ 1%>ter<ffqnaHﬁamhﬁﬁﬁxanJ S0 sRefppd mixture

was then hydrolyzed with 5 of water to forma water phase and an
or gani ¢ phagerceiftia tolugae) 1@ ibnasaecatd}asttcnmpleairanddh@véﬂutsd)dmhrﬂ%mﬁ of e

foll db t f th h Th

breci pi t at o0 T PRYBSHALIR AR H R ot SH 8L 1t Bedthdasontgr

(di phenyl) (8tocfave! Orwxdtbcmé ﬁrﬂ@fill&i‘ Wwith 309 D dqueaﬁa@hn& OQﬁEthﬁéthgnyl )
cycl opentacarbyl ) silane conpound EXAVPLE 2 en mol

of 5- hexeny|a1mnmnm1¢e Mmunwb@tlt 165 &t 1) meb) wérc;atabs@gcqmdest\mrh 6.25 nL
of butyllit hldHéH £o the autoc alvgt The a!u?ocpaveetlﬂer}nost%t wal tHell se{ {°60°C. and a

constant ethylene pressure of 10 bar was applied. The reactor was stirred at 800

rpm. The polymerization was stopped after one hour. About 40 grams of pdly— :

ethylene was recovered. The molecular weight of the polymer was 580,000.

| EXAMPLE 4-4
About 10 mg of (1-(3-hex-5-enyl) indenyl) (diphenyl) (9-fluorenyl)

silane zirconium dichloride was mixed with 10 mL of methylaluminoxane (30

weight percent in toluene) to form a catalyst complex and then diluted with 10 mL

of toluene. The polymerization of ethylene was carried out in a 1 L Buechi

laboratory autoclave. The autoclave was filled with 500 mL of pentane and 7 mL
- of methylaluminoxane. An amount (about 1.5 x 10" mol) of catalyst complex was

then added to fhe autoclave. The autoclave thermostat was then set to 60°C. and a

constant ethylene pressure of 10 bar was applied. The reactor was stirred at 800

rpm. The polymerization- was stopped after one hour. About 76 grams of poly-

ethylene was recovered. The molecular Weight of the polymér was 480,000.

EXAMPLE FIVE
' POLYMERIZATION OF ETHYLENE
WITH A METALLOCENE COMPOUND THAT CONTAINS AN
(ORGANO) ((OMEGA-ALKENYL) CYCLOPENTACARBYL)
SILANE COMPOUND
TO FORM A HETEROGENOUS CATALYST COMPLEX
. EXAMPLE 5-1
In a Schlenk tube (1-(3-allyl) indenyl) (dimethyl) (9-fluorenyl) silane

zirconium dichloride was mixed with methylaluminoxane and toluene to form a



m xture. This first mxture was then stirred for four hours. Alter ,
stirring, 3.83 grans (10 mmol) of (9-fluorenyl) (diphenyl) (chloro) silane,
which is an organo- silane, was added to the first mxture to forma second
m xture. This second m xture was then stirred overnight. The second m xture
was then hydrolyzed with 50 nL of water 30 forma water phase and an

organi ¢ phase. The organi ¢ phase was then dried over sodiumsulfate

fol |l oned by | O '

preci pitat eg ag awvﬁ%@%% gﬁuﬁﬁﬁ%ﬁgﬁgﬁﬁ%ﬁéﬁﬁ%%g‘gu gl?leér%{slﬁ))reﬁsﬁrgenyl )
(di phenyl) ©90f4 t000.6rbat Yo ficbrnoegte thei catalys cemplearigtona) ethylene galyaick ¢hgin)

cycl opent acar byl ) _.sil ane. conpound. MPLE THREE PREPARATI ON COF A
METALLOCENE RRPInE pREETIEPATRESE locepR-ARel St ( OVEGA- ALKENYL)
CYCLOPENTACARBYL) SI LANE COVPOUND ExAdRlgbr B-51p One gram of ((3-allyl)

i ndenyl ) (dinmethyl) (9-fl uorenytliré,a siTane was nmi xed with 40 nL of diethyl
ether to forma first InmaxScdenk tubs €1-(3-hextS-enyd) indsnyld diseithd ) (P-fnonenyl)

0ot T o bt il e Pl SRS e R s o s Bl
Thereafter, gadtdpiicympRR! THis SatAlA¢oMplEewad Heh xboRdV8 Inadlitkachd Preisiee

second m xture and stirred overnight to forma second product, is second
product was of D-4 & @.6bar Yo incdeneyaty the catalyst complex into an ethylene polymer chain

thereby forming a heterogenous metallocene catalyst.
EXAMPLE 5-3
In a Schlenk tube (1-(3-allyl) indenyl) (diphenyl) (9-fluorenyl) silane

zirconium dichloride was mixed with methylaluminoxane and toluene to form a

catalyst complex. This catalyst complex was then exposed to an ethylene pressure
of 0.4 to 0.6 bar to incorporate the catalyst complex into an ethylene polymer chain
thereby forming a heterogénous metallocene catalyst. '
EXAMPLE 5-4

In a Schlenk tube (1-(3-hex-5-enyl) indenyl) (diphenyl) (9-fluorenyl)
silane zirconium dichloride was mixed with methylaluminoxane and toluene to form
a catalyst complex. This catalyst complex was then exposed to an ethylene pressure
of 0.4 to 0.6 bar to incorporate the catalyst complex into an ethylene polymer chain
thereby forming a heterogenous metallocene catalyst.

COMPARATIVE EXAMPLE

In a Schlenk tube (9-fluorenyl) (5-hexenyl) (1-indenyl) (methyl)
silane zirconium dichloride was mixed with methylaluminbxane and toluene to form
a catalyst complex. This catalyst complex was then exposed to an ethylene pressure
of 0.4 to 0.6 bar to incorporate the catalyst complex into an ethylene polymer chain
thereby forming a heterogenous metallocene catalyst.

The polymerization of ethylene was carried out in a 1 L Buechi
laboratory autoclave. The autoclave was filled with 500 mL of pentane and 7 mL
of methylaluminoxane. An amount (about 1.8 x 10 mol) of catalyst complex was
then added to the autoclave. The autoclave thermostat was then set to 60°C. and a
constant ethylene pressure_ of 10 bar was applied. The reactor was stirred at 800



(dimethyl) (9-fluorenyl) silane zirconiumdichloride, a netall ocene
conpound. 5 EXAMPLE 3-2 One gram of
((3-hex=5-enyl) indenyl) (dinmethyl) (9-fluorenyl) silane was m xed with 40
m. of diethyl ether to forma first mxture. This first m xture was stirred
with 2 equivalents of n-butyllithium (1.9 Min hexane) for about eight
hours at roomtenperature (about 25[err]C.) to forma second m xture.

Thereafter, rpi. Tthe potpmenNAHiBA twedfst e&q&w@ﬁém&aq&ﬁdﬂt s9graasopdded to the
second mxture and st| rred overnigh forma second product. This second

product was pplyethylene vsasangmoeredn dﬂng/mple@uianwight })f ﬂ@-pqlmcreww 27&00%ine
zirconiumdi chl ori de, g, '& 3315
One gram of ((3-allyl) S “ 21) silane was mi xed

with 40 L of diethyl [gtExam 1e04-tour(3ahéx- yl?hﬁdeﬁ?l?/l(dfﬁ’fﬁﬂ@lj (9-Shorghylhyur e was

stirred with 2 equivalents of -butyl Tithium i n_hexane) for about
ei ght hours saqnermmwnﬁ@hhxr@,eéw(sam@to quymerqzq:etjmylegef &n theacosapasativeni xt ur e.

Th ft

second m xi SPRnEOLHRH oLk DpTh Lol BReAME Shfortdll,
second produds wsed td polymetikd yﬂhylenademylrﬁalﬁdifﬂéiegm,slt)et\(/&nfﬂlmrmyl ) silane
zirconiumdichloride, a netallocene conpound. EXAMPLE 3-4 One_ gram of

((3- hex- 5- eﬁympowdfelﬁﬁhat tbfafqméhm an QmegaThexsAg BouP; gathe lwé@ﬂnwl@ae% t h 40

git_l (r)]; e(cjil \?\: P)rfiil flatl"']‘j'lﬁ|fu\l/sta en ﬁeieh%%{'ou?&?{ﬁ& d?@gésﬂ%ﬂmé Efoﬁlg]xamg or about
ei ght hours cﬁﬁferewmm&mhuna bahmtmﬁﬁilled fin) €he) art,ahé differencedndlel ni xt ure.

Ther eafter, equi val ent _ of rconiumtetrachloride s added.to.the
second mi xt l;quge \ggig]atr e poiymers produced lr>y each catalyst \{\éaunexpected and

unobvious. That is, the former compound polymerizes ethylene to form a polymer

having a molecular weight 43 percent greater than the latter.

In Example 4-4, (1-(3-hex-5-enyl) indenyl) (diphenyl) (9-fluorenyl)
silane zirconium dichloride was used to polymerize ethylene. In Example 4-2, (1-
(3-hex-5-enyl) indenyl) (dimethyl) (9-fluorenyl) silane zirconium dichloride was
used to polymerize ethylene. The main difference between these two compounds is
that the former has phenyl groups on the bridging silane group, Whereas, the latter
has methyl groups on the bridging silane group. While this difference might seem
minor to those unskilled in the art, the difference in the molecular weight of the
polymers produced by each catalyst is unexpected and unobvious. That is, the
former compound polymerizes ethylene to form a polymer having a molecular

weight 25 percent greater than the latter.
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over ni ght to forma second—product, This second product was

(1-(3-hex-5- enyl) | nden I henyl) (9-fluorenyl) silane zirconium
di chl oride, a conpound. EXAMPLE FOUR POLYMERI ZATI ON OF
ETHYLENE WTH OUND THAT CONTAI NS AN ( ORGANO)

( ( QVEGA- ALKENYL)* C?CLtP NTACARBYL) SI LANE COVPOUND EXAMPLE 4-1 About 10 ng
of (1-(3-allyl) indenyl) (dinmethyl) (9- fllgorenyl) silane zirconium
dichloride was m xed with 10 nL of nethylal um noxane (30 wei ght percent in
toluene) to forma catal yst conpl ex iluted with 10 nL of toluene.
The pol yneri zation of ethyl ene was CZ%%Q%L? in a 1l L Buechi |aboratory
aut ocl ave. The aut ocl avemetadlotériel cothpoihd haniifg e folloping fomaukend 7 ni of

met hyl al um noxane. An anount (about 1.8 x 10[err] nol) of catalyst conpl ex

was then added to the autocl ave. e autocl ave thegpostat was then set to
60[err] C. and a constant et hyl ias applied. The
reactor was stirred at 800 rp I on was |st opped after one
hour. About 71 granms of polyetihyl ene wj : ) nol ecul ar- wei ght of
t he pol yner was 350, 000. This wei ght was
determined wth a precision cap™Nha calin at 135[err]C

wherein M 1s a ’;ransition metal which is titanium, zirconium, hafnium, vanadium,
niobiuin, tantalum, chromium, molybdenum, tungsten, or a lanthanide;
wherein X is alkyl, aryl, alkoxy, aryloxy, amide, hydride, or halogen;
wherein R is an (R1)2C=C(R‘)-(C(R’)z)n-(CR')2- group, and n is from
0 to about 20, and each R' is hydrogen or a hydrocarbyl having from 1 to about 20
carbon atoms;
wherein R? is hydrogen, alkyl, aryl, alkoxy, or aryloxy; and
wherein R° is a cyclopentacarbyl group.
2. A compound according to claim 1, wherein R' is hydrogen, alkyl
aryl, alkoxy, or aryloxy, preferably hydrogen.
3. A compound according to claim 1, wherein R! has from 1 to 10
carbon atoms, preferably from 1 to 6 carbon atoms.
4, A compound according to claim 1, wherein R? is alkyl or aryl.
5. A compound according to claim 1, wherein R is a substituted or an
unsubstituted cyclopentadiene group, preferably a substituted or an
unsubstituted indenyl group.

S
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of the nol ecul ar wei ght. However, the insoluble conpor re separated
before the neasurenent of the nol ecul ar wei ght theref,W
determned is not an absolute val ue, but does give an /
trend of the nolecular weight. Al of the follow ng no

m t he
’”I/ lﬂ”/ere
determ ned using this technique. EXAMPLReA-2 About 10 ng o o B L

(1-(3-hex-5-enyl) indenyl) (dimethyl) (9-fluorenyl) silane zirconium

di chl ori de S mxed W Y ' (i3 Qirvsiigdatorper cent i n
e W F&)}gﬂ&ggﬁgﬁ rdi%tntg AT WRersineM (is Qir or

toluene) to forma cata ex then diluted wth 10 nL of tol uene.
The pol yner bagiivman of ethylene was carried out in a 1 L Buechi |aboratory

aut ocl ave. The autocl ave was fjilled.w th.500 of. nt ane, an

met hy!l al uni Hoxane. An?aﬁ?fﬁﬂ?“"(iaf’&ﬁ?fg“ﬁt? %lalﬁb}’g‘Lﬂl ewﬁfs 8%&%@’8{&%& | ex
was t hen adgﬁgﬂhg. t he autocl ave. The autocl ave thernpstat was then set to
60C. and a constant et hyl enesngressure of 10 bar was applied. The reactor

was stirred8at 800 rprA pivesspior pokyniezizingam elefin mosepet whick coBRESISoUr .
About 45 grans, of pol.y- - 12 - ethyl ene . ,was, re e ul ar
wei ght of t 18 lg‘e}%?n%gg’,“@%‘? et linlyHbﬁg%‘%fbg"r?gdﬁgb?‘S ?@hf ~allyl)
i ndenyl ) (dicBhBihd aéBrdihg! @5 8y boe 6f theRecelling@Mith® di chl ori de was ni xed
with 10 nmL of methyl al um hoxane (30 wei ght percent in toluene) to forma

catal yst corfpl ex and thprocgss apcerding torclaig ?rsLWb?feitnoﬁa@eﬁel?aSﬁ?@e FANCRET 1% at i on
of ethylene e\ﬁ%ﬁe&a&re’tﬁﬂer?eugn 1 18ast ohe BHBEHavlBPPEPS@ Ldrbon atoms.

10. A process according to claim 8, wherein the olefin is propylene, 1-
butene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-1-hexene, 1-hexene, 4-
methyl-1-pentene, 1-octene, 1-hexadecene, butadiene or a mixture thereof,
preferably 1-hexene.

1-hexene.
11. | A process according to claim 8, wherein the olefin is cyclopentene,

norborene, styrene, 4-methyl styrene, vinyl cyclohexane, or a mixture thereof.

12. A process according to claim 8, wherein the monomer consists of or

consists essentially of ethylene.
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aut ocl ave. The autoclave was filled with 500 nL of pentane and 7 nL of

met hyl - al umi noxane. An anount (about 1.5 x 10[err] nol) of catal yst

conpl ex was then added to the autoclave. The autocl ave thernostat was then
set t0 60[err]C. and a constant ethylene pressure of 10 bar was appli ed.
The reactor was stirred at 800 rpm The jgol ymerization was stopped after
one hour. About 40 granms of poly- ethylene was recovered. The nol ecul ar

wei ght of the polyfBRAAFOPHOMEBA-EXAHANA O CRURENEACAREYL)

(1- (3-hex-5-enyl) indenyl I phenyl) (9-fluorenyl) silane zirconium

di chl oride was m xed | [B BRIDGENMBTAIA QGENEXGOMHO; j ght percent in
toluene) to forma catal yst g | PI y di L ith 10 nL of toluene.
The pol ynerization of ethyl e it —a—+ L Buechi | aboratory
autocl ave. The aut ocl ae(ofgno) '(q;)hﬁgaléﬂieﬁyﬁQ clBberftdcaitSMy @gnebridgedyl of

met hyl al um noxane. An anount (about 1.5 X 10[err] mol) of catalyst conplex

was then adtestallogencheonpaund|isiprovidede Bolymerization prenesiss therewidls axetalsp set to
60C. and a cons t ethylene pressure of 10 bar was applied. The reactor
was stirredPiv rpm The pol ynerization was stopped after one hour.
About 76 grams of poly- ethylene was recovered. The nol ecul ar wei ght of the
pol ymer was 480, 000. EXAMPLE FI VE POLYMERI ZATI ON OF ETHYLENE W TH A
METALLOCENE COMPOUND THAT CONTAI NS AN ( ORGANO) ( ( OVEGA- ALKENYL)
CYCLOPENTACARBYL) - SI LANE COVPOUND TO FORM A HETEROGENQUS CATALYST COWPLEX
EXAMPLE 5-1

CASE: 33446



I n -:;1 Schl enk tube (1-(3-allyl) indenyl) (dinethyl) (9 uor ane
zirconiumdi chloride was m xed w th nethyl al um noxan & td forma
- 13 - catalyst conplex. This catalyst conplex was then x‘b&%ed to an

ethyl ene pressure of 0.4 to 0.6 bar to i ncoSpbstifute tsheet ai9aSyptensioemi 999
into an ethyl ene pol ynmer chain thereby form

catal yst. EXAMPLE 5-2 In a Schl enk tube (1-(3-hex-5-enyl) indenyl)

(di methyl) (9-fluorenyl) silane zirconiumdichloride was m xed with

met hyl al um noxane and tol uene to form a catgl.yst conplex. This catal yst
conplex was then exposed to an ethylene pressure of 0.4 to 0.6 bar to

i ncor por at e t hat esdn®tensierataieabout i2980,) a6 feriy kevoad paiktarer Théraafter) &er eby
form ng a heterogenous netal] ocene catal yst. EXAMPLE 5-3 In a Schl enk tube

(1-(3-al lyl) i saivilent ofrirneniwn fetrachlonideswvangdded do. thentecond mistnigrandi stimedr i de

I xed with ' I f )
This catal yst e &8l £ ¥ARG 3Rk S Seddld EGReE wEG R Er BRAAY
0.6 bar to incqdingetigte(3-fieorenyIpbijme ZAoopixdicilondea métalidcene coapoursdl chai n

thereby form ng a heterogenous netall ocene catalyst. EXAMPLE 5-4 In a
Schl enk tubé (1-(3-hex-5-enyl) indenyl ) (9-fluorenyl) silane

zi rconi um di chl ori de was Gﬂéﬁﬁn"gft(fs-ﬁgi-@é{lﬁb ‘iﬁﬂeﬂ%?ﬁiﬁ:\eﬁ% Ggoﬂﬁ{ﬁ.&?yl} Qldn@r m
was mixed with 40 mL of diethyl ether to form a first mixture. This first mixture
was stirred with 2 equivalents of n-butyllithium (1.6 M in hexane) for about eight

: 97? 4%@%\;3

hours at room temperature (about 25°C.) to form a second mixture. Thereafter, an
10 equivalent of zirconfum tetrachlotide was added to the second mixture and stirred
overnight to form a second product, This zecond product was (1(3-hex-5-enyl)
indenyl) (dimethyl) (9-flucrenyl) silane zirconium dichloride, a metallocenc
compound.
MPLE 3-3
15 One gram of ((3-allyl) indenyl) (diphenyl) (9-fluorenyl) silane was
mixed with 40 mL of diethyl ether to form a first mixture. This first miXture was
stirred with 2 equivalents of n-butyllithium (1.6 M in hexane) for about eight hours
at room temperature (about 25°C.) to form a second mixture. Thereafter, an |
equivalent of zirconium tetrachloride was added to the second mixture and stirred
20  overnight to form a second product. This second product was (1-(3-allyl) indenyl)
(diphenyl) (9-fluorenyl) silane zirconium dichloride, a metallocene compound.
EXAMPLE 3-4
~One gram of ((3-hex-5-enyl) indenyl) (diphenyl) (S-fluorenyl) silane
was mixed with 40 mL of diethyl ether to form a first mixture. This first mixture
25  was stirred with 2 equivalents of n-butyllithium (1.6 M in hexane) for about eight
hours .at room temperature (about 25°C.) to form a second mixture. Thereafter, an
equivalent of zirconium tetrachloride was added to the second mixture and stirred
overnight to form a second product. This second product was (1-(3-hex-5-enyl)
inde;ﬁyl) (diphenyl) (9-fluorenyl) silane zirconium dichloride, a metallocene
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a catal yst conplex. This catal yst conplex was then exposed to an ethyl ene

pressure of 0.4 to 0.6 bar to incorporate the catalyst conplex into an

et hyl ene pol ynmer chain thereby form ng a heterogenous netall ocene catal yst.
COVPARATI VE EXAMPLE I n a Schlenk tube (9-fl gabetiute sheebexe8¥pierhBer 1990Y! )
(met hyl )- silane zirconiumdichloride was m-—ed—vwi-th—ret-hylalmd noxane—and-
toluene to forma catal yst conplex. This catal yst conplex was then exposed
to an ethylene pressure of 0.4 to 0.6 bar tel#dncorporate the catal yst

conplex into an et hyI ne onrrer chain thereby form ng a heterogenous :
met al 1 ocene cat aff&8 ﬁ’ﬁﬂ? FW?HM@#@HP@‘MWH@&I‘ \AAbOlﬁtEﬁZ‘mﬂls@lﬂt inal

L Buechi | aborat a was .fi 500 ni of
pent ane and 7 m_@gg'eﬁngleﬁ‘é @Sﬁﬁ:o&gl%gne%h %/fﬂ 5%?%‘?“@@63&& o Y38 &/ 0P 00k )
of catal yst conpl ex was then add@ISCUSBION DE THRERAMPIESQ Ut oCl ave

thernpbstat was then set to.6QC. and a constant e ene pressure of 10 bar
was applied. The reactor wd §W€1Fé"d2 4t -(3hox- 5-eny1)1mdenyi)p&imathnl) (9-fluorenyl)

has T ecover eor Toe e it BbrRp ey B o S8MAee IR o To o mensinng O

OF THE EXAMPLES Exanai(@ifloreng) (ﬁ-hekéityt)e(x-xﬁdﬁ?}»)'(}ncﬂ{y%eﬁb&hé z(rélhﬁ‘ﬁﬁ *aféb)onde

(9-fluorenyl) 5 silane zi.rcopni um di chl ori de was used to pol yne

ethylene. Int he“@ﬁﬁﬁ 1o pelumerize sityleneq. 'J-f‘hel}éﬂlér@ffﬁe{l@bﬁéwmﬂh}:se(m ndenyl )
(methyl) silane bhsQRidsiR SaCihe Foitke has an omega-hexene group on the indenyl, whereas,

the latter has an omsga-hexene group on the bridging silane group. While this
10  difference might seemn minor to those unskilled in the art, the difference in the
molecular weight of the polymers produced by each catalyst is unexpected and
unobvious. That is, the former compound polymerizes ethylene to form a polymer
having a molecular weight 43 percent greater than the latter.
In Example 4-4, (1-(3-hex-5-enyl) indenyl) (diphenyl) (9-fluorenyl)
15  silane zirconium dichloride was used to polymerize ethylene. In Example 4-2, (1~
(3-hex-5-enyl) indenyl) (dimethyl) (9-flucrenyl) silane zirconium dichloride was
used to polymerize ethylene. The main difference between these two compounds is
that the former has phenyl groups on the bridging silane group, whereas, the latter
has methyl groups on the bridging silane group. While this difference might seem
20  minor to those unskilled in the art, the difference in the molecular weight of the
polymers produced by each catalyst is unexpected and unobvious, That is, the
former compound polymerizes ethylene to form a polymer having a molecular
weight 25 percent greater than the latter. .
The metallocene compound ( 1-(3-allyl)indenyl) (dimethyl) (9-
25  fluorenyl)silane zirconium dichloride of Example 3-1 is shown by EP-A-729978,
published Scpteprer 4, 1996.
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was used to polyneri mai n di fference between these two

conpounds is that t ﬁEPEAﬁEMEN$§SHEE'bnega- hexene group on the indenyl,
whereas, the latter —fiekehe group on the bridging silane group.

While this 10 diffefefc ESPE fg&grr m nor t SubSitre whekt | Iedeptorhiber £ObO
C r he—pe#—yn%#s—p#e&*e-ed—b*—eac-h_

the difference in thej{no I pht of t

catal yst is unexpectle ous. | That is, the forrrer*eeﬁpeund\r
- polynerizes ethyleng to forma pol ynef having a nol ecul ar gt 43 percen
EMHL{IIM 1]

greater than the | at -4, (3163 hex-5-eny|v\_m
(di phrenyl') (9-fl uorenyl ) 15 silane zirconi um dichl oride
pol yneri ze ethyl ene. 1n Exanple 4-2, (1-Q@£AthM..§-enyl ) i ndenyl ) (& nét hyl)

(9-fluorenyl) siiane zircogi | ori i.ze et hyl ene.
The main differ eﬂnce bet \Aee&n#%%g&{év\%;dgg %\g%ﬂ}sgé ﬁﬁg‘?ﬁgﬁéﬁzp Prer has
phenyl groups on the bridging silage group, mhereas the latter has nethyl
groups on the bridging silane g ) |Ie thIS 0 grence m ght seem 20
mnor to those unskilled in th ' he nol ecul ar wei ght
of the polynmars produced by e xpect ed} and unobvi ous, That
I's, the former conpound poly ' [
nDIecuIar wei ght 25 percent grea e netal |l ocene
conmpound (1 -(3-allyl)indenyl) (dinethyl)
zi rconium di chl ori de of Exam%f33 1 is ghown by EP—A—72%878, publ i shed
Sept enber 4, 1996. .

.
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15 wherein M is a transition metal which is titanium, zirconium, hafnium, vanadivm,
niobium, tantalum, chromium, molybdenum, tungsten, or a lanthanide;
wherein X is alkyl, aryl, alkoxy, aryloxy, amide, hydride,. or halogen,
wherein R is an (R"),C=CR")-(CR")),-CR"),- group, and 1 is from
0 to about 20, and each R! is hydrogen or a hydrocarbyl having from 1 to.about 20
20  carbon atomms;
wherein R? is hydrogen, alkyl, aryl, alkoxy, or aryloxy; and
N wherein R? is an unsubstituted or a substituted indenyl group;
subject to the proviso that when R® is indenyl and R is allyl, -Si(R?),-
is not dimethylsilyl.
25 2. A compound according to claim 1, wherein R' is hydrogen, alkyl,
aryl, alkoxy, or aryloxy, preferably hydrogen.
3. A compound according to claim 2, wherein R' has from 1 to 10
carbon atom, preferably from 1 to 6 carbon atoms.

4, A compound according to any one of claims 1-3, wherein R? is alkyl
30 or aryl. |
5. A compound according to any one of the preceding claims, wherein

M is zirconium or hafnium,.



- -
- T

1. A metal | ocene conpound having the following fornula: [err] 15
wherein Mis WI which is titanium zirconium hafnium
vanadi um nio om um nol ybdenum tungsten, or a

um ta
| ant hani de; vvhe m““‘ aryl, al koxsubssuityxltemheeanedﬁepﬂemhiérdwsm
hal ogen; V\,herel

(R[err])[err]C-C(R[err]) (C(Rerr])[err])[err]-C(Rlerr])[err]- group, and n
is fromO to about 20, and each Rerr] is hf/drogen or a hydrocarbyl having

from1 to about 20 20 carbon atons; wherelth Rlerr] is hydrogen, al kyI
aryl,- al koxy, or aryloxy; and wherein e IS a ubst.itut ed or
substituted i ndényl gr oup SFRP a‘i“@”&ﬁa %ﬂ&ﬂ@&%ﬁ%&“ﬁﬁﬁb ] l:fegem
i ndenyl and R | I a bRrgl- is not dinethylsilyl. 25 .
A conpound accor ng%lflo en% V\%ler efn R is hydrogen, alkyl, aryl,

al koxy, or aryl %.xy, pr ef eAadoir;pohgdia@gnhng & any one of the preseding glaima cvbieliisng

to claim 2, Wnee 1.t n froml
to 6 car bo_n ato fh&?en}n mad%nyc{s g‘%}?ﬁmﬁﬁg}@gﬁﬁn ﬂ{%%%o?}mane ‘%PA Clai s
1-3, whereins R 18! r] is al kydomtfund SécoRditd to By one of claimsA-6,onielisl(1agsor di ng
to any one o e precedi ng cl'ai ns, wherein M i's zirconiumor hafnium

16- allyl)indenyl (diphenyl) (9-ﬂuoreny1) silane zirconium.
9. A compound according to any one of claims 1-6, which is (1-(3-hex-

5-enyl) indenyl) (diphenyl) (9-fluorenyl) silane zirconium dichloride.
10, A process for polymerizing a monomer, which comprises: contacting

10  at least one monomer under suitable polymerization conditions with a compound

—/ according to any one of the preceding claims.
11, A process according to claim 10, wherein said at least one monomer
is ethylene or cthylene and at least one olefin having 3 to 20 carbon atoms.
12. A process according to claim 11, wherein the olefin is propylene,

15  1-butene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-1-hexene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-hexadecene, butadiene or & mixture thereof,
preferably 1-hexene,

13. A process according to claim 11, wherein the oleﬁn is cyclopentene,
norborene, styrene, 4-methyl styrene, vinyl cyclohexane, or a mixture thereof.

20 14, A process according to any one of claims 10-13, wherein the

monomer consists of or consists essentially of ethylene.
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6 A compound according to any one of Q{_rZeO Hé(’etg?T?Pg\cI%i ns,

whérein X is a hal ogen, preferably chlorine: 7. $ - W
according ‘to awe..ar/(—he*p’r’efé%j ng cl ai ns, vvhilch is (%O\E_g- ex-b-enyl)
i ndenyl ) (dinethyl) (9-f 1 sil ane zi r cBabstitute chieet - &Y. March@000
A conmpound accor mg\“}“m\mm“‘ clains 1-6, whi chl PO(R- (3-
allyl)indenyl (di L cwW-1puorenyl) silane zirconium ~dichloride. 9.

A conpound accordihg to any one of clains 1-6, which is (1-(3-hex- 5-enyl)
i ndenyl ) (diphenyl) (9-fluorenyl) silane-26r«coni umdichloride. 10.

A process for polyrerizing a nonomer, which conprises contact,ing 132{9 at
| east one rondirer under A gompiund ascdrgingrto sayioss of ShUPTEFSInRg » ¥ESHbound

according to Yy one, of th ceding clainms. 11. A process
according to géﬁ"h ,ﬁwfefapaﬁ%s‘z\? t least one rmononer is ethylene or

S£ gglaggeagggr g'nl e?zt c?gf%ehgéﬁﬂ\?\}]er e: imtt;a @gl&éfﬁ'urf&ild;m:o. I emmigl‘:h ® A
1- but ene, 3- meklnprhex-3readhi ‘Q’ﬂ'f@ﬂfﬁﬁ“&i(g‘gjﬁ‘f’mb sifang ﬁﬁo%%%gﬁe, e
1-hexene, 4 rre#,hyl -1- pen%fag 9#@5&%&%-%maﬁeﬂmsnus,aﬁﬁaﬂﬁ @rGa

m xture théreof, prefera exene. ' ., A process according to
claim 11, wher gliy)indemyb(diptienyl) {9-Cioteop stleneczirogsivgbdichleridas yr ene, 4- net hyl

styrene, vinyl _cyclohexane, or a, m X e, t ' 14 . which is (1-(3fhex-
process accor d?ﬂg to anon‘??gxpBPn%F‘?fP%fgﬁgl&%g{%%fréigﬁmtlhéel’ ‘?r%lﬁ%%rse(r (concgi sts
of \ef consists 58858 thdedly )Y diphei) (9L Rutrenyl) silane zirconium dichloride.

10. A process for polymerizing a monomer, which compriseg contacting

. - 10  at least one monomer under suitable polymerization conditions with 2 compound

according to any one of the preceding claims.

11, A process ‘according to claim 10, wherein gaid at least one monomer

is ethylene or ethylene and at least one olefin having 3 to 20 carbon atoms,

12. A process according to claim 11, wherein the olefin is propylene,

{5  1-buteme, 3-methyl-l-butene, 3-methyl-1-pentene, 3-ethyl-1-hexene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-hexadecene, butadiene or a mixture thereof,

preferably 1-hexene,

13. ' A process according to claim 11, wherein the olefin is cyclopentene,
- . norborene, styrene, 4-methyl styrene, vinyl cyclohexane; or a mixture thereof.
20 14 A process according to any one of claims 10-13, wherein the

monommer consists of or consists essentially of ethylene.
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