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ORGANOMETALLIC FLUORENYL COMPOUNDS, PREPARATION, AND USE

This invention relates to organometallic compounds. Hore

specifically, this invention relates to organometallic compounds
containing at least one fluorenyl ligand. In another aspect, this
invention relates to polymerization catalyst systems which contain
organometallic fluorenyl compounds. In still anqther aspect, this
invention relates to a method.for‘polymerizing olefins using such
orgahometﬁllic fluorenyl compodnds and to the polymers resulting from
such polymerizations.

Background of the Invention

Since the discovery of ferrocene in 1951, & number of
meﬁéllocenes have been prepared by the combination of compounds having
cyclopentadienyl structure with various transition metals. The term
"cyclopentadienyl structure" as used herein refers to the following

structure.
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appglication is a continuation i ntﬁbé@ém‘ uU. S P ent §§BF1°‘9§P| 0 ri aiglsu

No.| 697,363 filed May 9, Bie: by9 of the presSenf: co- |‘nvent -0rs> The. .

di sicl osure of said application Serial No. 69% 363 is: .= . D This & Lo
I nvention relates to organonetal lic conpounds. More. spem i cal I y, this ™ =
invention relates to oTiganeset &tﬁdlepammmsyponccanmumgs atas| emetl beeein
fluprenyl li ga'ndf ers Qoaggn;[pggrl;ds c ggatx'nlng lthe cyclopentadiene structure. Examples
include unsubstituted cyclopentadiene, unsubstituted indene,
unsubstituted fluorene, and substituted varieties of such compounds.
Also included is tetrahydro indene.

Many of the cyclopentadiene-type metallocenes have been found
useful in’ca;alyst sjstems for the polymperization of olefins.{' It has
been noted in the art that variations in thf chemical structuré of such
cyclopentadienyl-type metallocenes can have .significant effects upon the
suitability of the metallocéne 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 stereoselectivity
of the catalyst, the stability of thg‘catalyst, and other properties of
the resulting polymer; however, the Kffects of various substituents is
'r still largely an empirical matter, that is; experiments must be
conducted in order to determine just what affect a particular variation
will have upon a particular type of cyclopentadienyl-type metallocene.
Some examples of some cyclopentadienyl-type metallocenes are disclosed
in U.S. Patent'Nos. 4,530,914; 4,808,561; and 4,892,851, the disclosures
of which are incorporaéed herein by reference.

_ While there are references in the prior art which have
envisioned metallocenes containing fluorenyl groups, only a very limited
number of fluorenyl-containing metallocenes have actually been prepared'
prior to the pfesent invention. The Journal of Organometallic
Chemistry, Vol. 113, pages 331-339 (1976), the disclosure of which is
incorporated herein by reference, discloses preparing bis-fluorenyl

. zirconium dichloride and bis-fluorenyl zirconium dimethyl.
J.) U.S. Patent 4,892,851 and the New Journal of Chemistry, Vol. 14, pages
499-503, dated 1990, the disclosures of which are incorporated herein by
reference, each disclose preparing a metallocene from the ligand
1,1-dimethy1methy1ene-1—(f1uoreny1)-1-(cyc10pentadienyl); The New
Journal of Chemistry article also discloses preparing a similar compound

in which the cyclopentadienyl radical has a methyl substituent in the
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L err] " fluorenyl-containing metallocenes. Another object of the present
invention is to provide & method for preparing new fluorenyl-type f
meféilocenes. Still another object of the present invention is to -«
provide polymerization catalysts employing;flucrenyl-type metallocenes.
Still yet another object of the present inYention is to proviae
processes for the polymerization of olefin;_ using fluorenyl-type
metallocene catalyst systems. 'Still yet another object of the present
invention is to provide polymers produced using such

fluorenyl-containing metallocene catalysts.

Summary of the Invention

a: " In accordance with the present invention, there are provided
new metallocenes of the formula R"x(Fan)(CpRm)Her.wherein Fl is a
fluorenyl radical, Cp is a cyclopentadienyl, indenyl, tetrahydro
indenyl, or fluorenyl radical, each R is the same or different and is an
'organo radical haQing 1 to 20 carbon atoms, R" is & structural bridge
linking (FIRn) and (CpRm), Me is metal selected from the group
consisting of IVB, VB, and VIB metals of the Periodic Table, each Q is
the same or different aﬁd is selected ff;m the group consisting of
hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon atoms and
halogens, x is 1 or 0, k is a number sufficient to fill out the
remaining valences of Me, n is & number in the range of 0 to 7, m is a
number 'in the range of 0 to 7, further characterized by the fact that if
(CpR ) is unsubstituted fluorenyl and x is 0, then n is 1 to 7, and if
4’ (CpRm) is unsubstituted cyclopentadlenyl or 3-methylcyclopentadienyl and
Eﬁkf i§ 1,1-d1methy1-methy1ene, then n =1 to 7.
In accordance with another aspect of the present invention,
there is provided a method for forming fluorenyl-containing metallocenes
comprising reacting an alkali metal salt of the selected fluorenyl

compound with a transition metal compound of the formula MeQk in the
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In accordance with still another aspect of the present
invention, there is provided a process for the polymerization of ole:i:_
comprising contacting said olefins under suitable reaction Coudltlcns
with a catalyst system comprising a fluorenyl-containing metallocene =zs
described above in combination with ,a suitable organoaluminum
¢o-catalyst. :

Still further in accordance with the present invention thers

is provided the polymer products resulting from such polymerizztions.

Description of the Drawing

Figure 1 is the '?C NMR spectrum of a polymer produced by
polymerizing &4-methyl-1l-pentene using (1-fluorenyl-l-cyclopenzadieny!l
methane)zirconium dichloride as a catalyst.

Detailed-Description of the Invention

The novel metallocenes provided in accordance with the presen-:
invention fall into two broad general categories. One category involves

metallocenes in which a fluorenyl radical, either substituted or

11

unsubstituted, is bonded to another cyclopentadienyl-type radical by =
bridging structure R". These metallocenes are referred to herein as
bridged metallocenes. _The_gther category deals with metallocenes whiz®
are unbridged, that is the fluorenyl radical ligand and the other
cyclopentadienylltype ligands are bound to the metal but not to each
other. These metallocenes are referred to as unbridged metallocenes.
Methods for preparing fluorenyl-containing cyclopentadiene-type
compounds which can be used in making the metallocenes are disclosed iz
éﬁ’ the aforementioned U.S. Patent application Serial No. 697,363.

The metal, Me is selected from the group %L VB, or VIB metzls
of the Periodic Table. The currently preferred metals include titaniu-,
zirconium, hafnium, chromium, and vanadium. The R" can be selected fro-
any suitable bridging structure. Typical examples include hydrocarby:
and heterocatom containing alkylene: radicals, germanium, silicon,

phosphorus, boron, aluminum, tin, oxygen, nitrogen, and the like.
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R are alkyl radicals. More preferably the alkyl R radicals have 1 tec 3
carbon atoms. Each Q is & hydrocarbyl radical such as, for exemple,
aryl, alkyl, alkenyl, alkeryl, or arylalkyl radical having from 1 to 22
.carbon atoms, hydrocarbyloxy radicals having 1 to 20 carbon atoms, cr-
halogen. .

Exemplary Q hydrocarbyl-radicals include methyl, et‘n.yl,
propyl, butyl, amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, rnonyl,
decyl, cetyl, 2-ethylhexyl, phenyl, and the like. Exemplary halogen
atoms include chlorine, bromine, fluoriﬁe, and iodine and of these
halogen atoms, chlorine is currently preferred. Exemplary hydrocarboxy
radicals include methoxy, ethoxy, propoxy, butoxy, amyloxy, and the
like.

Illustrative, but non-lfﬁiting examples of unbridged
metallocenes falling within the scope of the above formula include
bis(l-methyl fluorenyl) zirconium dichloride, bis(l-methyl fluorenyl)
zirconium dimethyl, bis(l-methyl fluorenyl) hafnium dichloride,
bis(l-t-butyl fluorenyl)zirconium dichloride, bis(2-~ethyl fluorenyl)
ai' zirconium dichloride, bis(4-methyl fluorenyl)zirconium dichloride,

bis(4-methyl fluorenyl)hafnium dichloride, bis(2-t-butyl fluorenv!l)
zirconium dichloride, bis(4-t-butyl fluorenyi)zirconium dichloride,
' flvoTeny! .
bis(2,7-di-t~-butyl #£¥werins)zirconium dichloride, bis(2,7-di-t-butyl-
L-methyl fluorenyl)zirconium dichloridgf and the like.
Illustrative, but non-limiting examples of metallocenes

containing bridged fluorenyl ligands include for example

F Er's-(,?,-mc“v\/[ ﬁuol-chy{f) %Ircom'uw\ oUc“orIo(c
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d1methy151ly1d1fluoreny1 zirconium dichicride, (l,2-d1(l-me:hyl

fluorenyl)ethane)zirconium dichloride, (1i.2-di(l-methyl flucrenvl)
ethane) hafnium dichloride, (1,2-di(2-ethyl fluorenvl)ethane)zirconium
dichloride, (1,2-di(2-t-butyl fluorenya)ethane)zirconium diChIo:ide,
(1,2-di(2-t-butyl fluorenyl)ethane)hafnium dichloride, (1,2-di(1l-z-butyl
fluorenyl)ethane) zirconium dichloride, (1,2-di(4-methyl flucrenvl)
ethane) zirconium dichloride, (1,2-di(4-methyl fluorenyl)ethane) hzfnium
dichloride, (1 2-di(4-t-butyl fluorenyl)ethane) zirconium dichloride,
1- (fluorenv1)12=(cyclopentadlenyl)methane zirconium dichloride,
1-(fluorenyl)-1-(cyclopentadienyl)methane hafnium dichloride,
1-(2,7-di-t-butyl fluorenyl)-1-(cyclopentadienyl)methane zirconium
dichloride, (1l-fluorenyl-2-cyclopentadienylethane)zirconium dichloride,
(1-fluorenyl-2-(3-methyl c}lcopentadienyl)e:hane)zirconium dichloride,
(1-fluorenyl-2-indenyl ethane)zirconium dichloride, (1-fluorenvl-2-
indenyl ethane)hafnium dichloride, (1-fluorenyl-2-methyl-2-indenyl
ethane)zirconium dichloride, (1-fluorenyl-2-methyl-2-indenyl
ethane)hafnium dichloride, (bis-fluorenylmethane)vanadium dichloride,
(1,2—dif1uoren§1 ethane)vanadium dichloride, (1- ‘luorenyl l-cycleopence-
dienyl methane) zirconium triﬁhloriﬁe, (l-fluorenvl 2-methyl-2-(3-methyl
cyclopentadienyljethane)zirconium dichloride, (1-(1l-methyl fluoren yi)-2-
(4-methyl fluorenyvl)ethane)zirconium dichloride, (1-(2,7-di-c-butyl
fluorenyl)-2-(fluorenyl)ethane)zirconium dichloride, (1,2-di(2,7-di-¢-
butyl-4-methyl fluorenyl)ethane)zirconium dichloride, and the like.

' Particularly preferred metallocene species include bridged and
unbridged metallocenes containing 31#75?35t one substituted fluorenv!}
radical, i.e., there is at least one FRn wherein n is ]} to 7.

The inventive metallocenes as well as related metallocenes can
be prepared by reacting an alkali metal salt of the bridged or unbridged
fluorenyl compounds with a suitable transition metal compound in 2

suitable solvent under suitable reaction conditions.
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indenyl zirconium trichloride, 4-methyl {iuorenyl zirconium trichioride,
and the like.

The currently preferred unbridged metallocenes are prepared by
‘reacting a substituted fluorenyl slkali metal salt with an inorganic
halide of the Group IVB, V B, VIB metals to form a bis(substituced
fluorenyl) metal halide. In an especially preferred embodiment bridged
fluorenyl compounds of the formula (F1Rn)R"(CpRm) are used wherein F1,
R, R", and m are as defined above, and where n is 1 to 7, most
preferably 1 to 4.

4 Metallocenes in which Q is other than a halogen can be readily
prepared by reacting the halide form of the metallocene with an alkali
metal salt of the hydroca}byl or hydrocarbyloxy radical under conditions
as have been used in the past for forming such ligands in prior art

reauom et.
metallocenes. See, for example, the aforemention J. . Chem. 113,
331-339 (1976). Another approach involves reacting a compound of the
formula MeQk wherein at least one Q is hydrocarbyl or hydrocarbylexy
with the alkali metal salt of the bridged or unbridged fluorenyil
compound. ]

One embodiment of the present invention involves carrying out
the reaction of the fluorenyl-containing salt and the transition metal
compound in the presence of a liquid diluent which is non-halogenated
and non-coordinating toward the transition metal compound. Examples of

éﬁg such suitable liquid include hydrocarbons such as toluene, pentane, 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 obtéin large amounts of substantially
pure metallocenes and in a more stable form; and also often allows cthe
reaction to be conducted under éew;:-temperature conditions, than wnen

3 THF is used as the diluvent. In an especially preferred embodiment the
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molar ratio of the alkali metal alkyl to the cyclopentadienyl type

radicals present can vary, generally however, the ratio would 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 carbon atoms, more preferably 1 to 4 carbon atoms. Preferably if the

b fluorenyl salt is formed using tetrahydrofuran (THF) as the liquid
solvent, the salt is isolated and substantially all of the THF is
removed before the salt is contacted with the transition metal Halide.
The molar ratio of the bridged or unbridged fluvorenyl compound to the
transition metal compound can vary over a wide range depending upon the
results desired. Typically, hdwever, when an unbridged fluorenyl
compound is used, the molar ratio of the unbridged fluorenyl compound to
the transition metal compound is in the range of from about 1 to 1 to
about 2 to 1 and when a bridged fluorenyl compound is used the molar
ratio of the bridéed fluorenyl compound to the transition metal compound
is about 1 to 1.

The resulting metallocene can be recovered and purified using
conventional techniques known in the art such as filtration, extraction,
crystallization, and re-crystallization. It is generally desirable to
recover thé metallocene in a form that is free of any substantial amount
of'by-product impurities. Accordingly, recrystallization and fractional
crystallization to obtain relatively pure metallocens is desireable.

. Dichloromethane has been found to be particularly useful for such
recrystallizations. As a general rule, it has been found that the

metallocenes based on unbridged fluorenyl compounds are less stable thzn
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the metallocene compohhﬁs formed from bridged fluorenyl! compounds.
Since the stability of the various metallocenes 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 at 1ow!
temperature, i.e. below 0°C in the absence of oxygen or water.

The resulting fluorenyl containing;metallocenes can be used in
combination with a suitable co-catalyst fér the polymerization Bf
olefiﬁic monomers. In such processes the metallocene or the co-catalyst
can be employed on & solid insoluble particulate support.

Examples of suitable co-catalysts include generally anv 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 IA, 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 aluminum hydride, and the like.

The currently most preferred co-catalyst is an aluminoxane.
Such compounds include those compounds having repeating units of the
formula

R

|
—AL - 05

where R is an alkyl group generally having 1 to 5 carbon atoms.
Aluminoxanes, 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. 3,242,099 and 4,808,561, the
disclosures of which are 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 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

ApPi&isng
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.’ The fluorenyl-containing metallocenes when wused with
aluminoxane 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,
pentene-1, 3-metﬁ§ibutene-1, hexene-1, L-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 ere 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 less 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 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 generally any of the polymerization
procedures used in the prior art with any transition metal based
catalyst systems can be employed with the present fluorenyl-containing

metallocenes.
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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

J properties of the respective polymer. Some of the catalysts are useful

for preparing syndiotactic polymers. The term syﬁdiotatic 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 monomeric repeating uﬁits
in which the position of the alkyl group relative to the plane of the
polymer alternates from one monomeric unmit to the next monomeric unit.

A further understanding of the present invention, its various

aspects, objects and advantages will be provided by the following

examples.
a Examples
Example I
Preparation of l-methyl fluorene
Two different reaction schemes have been used to prepare
l1-methyl fluorene from fluoranthene. The reaction schemes can be

illustrated by the following flow diagram. Both schemes involve the use

of l-carboxylic acid fluorenone as a starting material.
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To prepare the l-carboxylic acid fluorenone, i.e. formula 1,
‘i 20.2 g (0.1 m) of fluoranthene was dissolved in 150 ml of acetic acid at

90°C. At that temperature 200 ml of 30% aqueous H,0,, was then added
gradually. Then the reaction mixture was stirred for another 3 hours at
that temperature. At the beginning of the reaction, a light yellow
precipitate was formed that disappeared after some time. Then the

reaction mixture was cooled to 0°C in an ice bath. An orange
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bi s(1-methyl fl uorenyl ) haf ni um di chl ori de bi s(F-t-butyl

fluorenyl) zigg@Rps um di chl ori de, bis(2-ethyl fluorenyl)

About 0.76 g (0.02 mmol) of LiAlH, was suspended in a mixture
of 75 ml of diethylether and 25 ml of tetrahydrofuran (dried over
LiAlH,). The mixture was cooled to 0°C in an ice bath. Then 1.353 g
(0.01 mmol) of AlCl, was added in small portions and the mixture wzs
stirred at room temperature for 15 min. Then 4.2 g (0.02 mmol) of the

(é carboxylic acid fluorenone dissolved in 400 ml of tetrahydrofuran wzs
added via a dropping funnel while the reaction mixture was heated o
reflux. Stirring was maintaimed for an additional 30 min. Then the
reaction mixture was cooled to room temperature and the unreacted LislH,
was destroyed with an aqueous solution of HCl. The organic phase wzs
removed in vacuo. The solid, i.e. l-hydroxymethyl fluorenone (formula
2), was recovered in the amount of 3.2 g. The raw 1-hydroxymeth§1
fluorenone can be used without further purification. 2 g of palladium
on carbon catalyst containing about 10 weight percent Pd was weighed
‘into a flask and Q.Z g (0.02 mmol) of the recovered l-methanol
fluorenone was dissolved in 250 m]l tetrahydrofuran and added to the
flask. The hydrogenation was conducted at room temperature with =
slight overpressure of H, until 1350 ml of H, was consumed. The

‘ reaction mixture was filtered and the solvent of the filtrate was
removed in vacuo. The creme colored residue was extracted with pentane
the solution was filtered over silica, and the solvent removed in vacuo.
The résulting product, l-methyl fluorene, was a colorless solid and

formed in quantitative yield.
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f1 uor enylre‘lhfc@gné@m&mqblfd@a%kﬁdlé&aﬁ:ﬁﬂb@n catalyst in the same manner as

6 described for converting the l-hydroxymethyl fluorenone to l-methyl

fluorene. A quantitative yield of l-carbexylic acid fluorene, i.e.
formula 3, was obtained. The volume of hydrogen consumed was 960 ml. !
This product was then reduced to l-hydroxymethyl fluorene, i.e. formula

4, by using the LiAlH, and AlCl, as described fér the production of the
1-hydroxymethyl fluorenone. The 1~hydroxymetﬁy1 fluorene was then
reduced ;Jsing the palladium carbon catalyst and hydrogen to yield

l-methyl fluorene.

Example IT
Preparation of l-tert-butvl fluorene

6
CH, CH,
CH,

About 2 g (0.0l mmol) of 1l-carboxylic acid fluorene was
suspended in 50 ml of ,toluene. Then 4.6 ml AlMe, was added to the
solution and the reaction mixture was refluxed for 10 hours. Upon
heating, the reaction mixture formed a homogeneous solution. The
reaction mixture was cooled to room temperature and then poured into ice
cooled diluted aqueous HCl. The organic laver was separated, washed
with H,0, and dried over Na,SO,. Then the solvent was removed in vacuo.
The colorless residue was extracted with pentane, the solution filtered
over silica, and the sélvent removed in vacuo. The yield of

l-tert-butyl fluorene, formula 6, was guantitative.
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In this reaction, 2-acetyl fluorene, i.e. formula 7, was
converted into 2-ethyl fluorene by hydrogenation. The hydrogenation
reaction was analogous to the reaction used to convert the compound of
formula 6 to the compound of formula 5. The H, volume used was 970 ml.

€3 After the removal of the solvent in vacuo, a creme colored solid was
obtained. It was dissolved in pentane and the solution was filtered
over silica. Pentane was removed in vacuo. The yield of 2-ethyl

fluorene was quantitative.

Example IV
Preparation of 2-tert-butyl fluorene

. ] ~ 2A1lMe, — ~
| >
CH
/ 0 / 3
\\ﬁ CH
cts 9 CH,

In this reaction Z-scetyl fluorene was reacted with trimethyl
aluminum. The methylation wzs analogous to the conversion of compound 3
to compound 6 described in ZIxsmple II. However, in this case, only a
two-fold excess of AlMe, was necessary. The 2-tert-butyl fluorene was

formed as a white solid in gusntitative yield.
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conpounds of. the fornmula MeQk whereim/Me, Q an - et —above.
Some non-limting -’exan%li Z% yﬁgl ude zirconi um tetrachforide, -hafni um- -~
tetrachl ori de, -cchaéﬁ"é dienyl zirconiumtrichloride, fluorenyl zirconium
trichloride, 3-neBdnn egtdmeperaqadreykadioryhini amdt fileddemphee, formula -,

8s a starting material. This compound was produced from phenanthrens

using & procedure similar to that disclosed in J. Org. Chem. 21, 23
(1956) except that no acetic anhydride was used. Instead, hydroger
peroxide and acetic acid were used to obtain a 67% yield of
2,2'-diéarboxy1ic acid biphenyl, i.e. formula 10.

The biphenyl product of formule 10 :was then oxidized using
sulfuric acid in the manner tauvght in J. Am. Chem. Soc. 64, 2845 (182>

to obtain an 82% yield of &4-carboxylic acid fluorenone, i.e. formula 1:.

Scheme 1
The compound of formula 11 was reduced using LiAlH, and AlC:,
in the same manner as in Example I. The reaction produced an 80% yield

of 4-hydroxymethyl fluorenone, i.e. formula 14, which was then reduced

L %

using hydrogen and the palladium carbon catalyst previously described.

A quantitative yield of 4-methyl fluorene resulted.

Scheme 2

The compound of formula 11 was reduced using hydrogen and the
palladium carbon catalyst described previously. The reaction produced a
quantitative yield of &4-carboxylic acid fluorene, i.e. formula 12.
Reduction of this acid with LiAlH, and AlCl, resulted in an 80% yield of
4-hydroxymethyl fluorene, i.e. formula 13. This product was then
reduced usihg hydrogen and the palladium carbon catalyst to produce a

quantitative yield of &4-methyl fluorene.

{ Example VI
Preparstion of &4-tert-butyl fluorene

4-carboxylic acid fluorene was reacted with trimethylaluminum
generally as described in Example II to produce a 60% yield of &4-tert-

butyl fluorene.
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bi s(substi t ut ed2fdnasee 7 abisdleter Hebuty b) Hrymeshydc f idrener ef er r ed

enbodi nent bridged fluorenyl conpounds of the formula
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Metal | ocenes in which Qis other than a hal ogen can be reaglily prepared by
reacti ng theRal i > : et al salt of
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used in g [ pcenes. See,
for eéfﬁb q xrJ. : 318332\ (1976) .

Anot h approach invol ves re i a He®k wherein

at least one Qs hydrocarbyl or hydr ocar byl oxXy with the alkali metal salt
of the bridged §U7J$Qp(éékieQuéflgoﬁfHE%hyf@yngﬂfgilde fluorene was reduced

using hydrogen and the palladium carbon catalyst to obtain a

quantitative yield of 2,7-bis(tert-butvl)-4-methyl fluorene.

! Example VIII

Preparation of 1,2-bis(9-fluorenyl)ethane

, i — 2 Buli ) @ O

o

Br(CH,), BI\L

[sos

(CH,),

“
NN

About 8.3 g (0.05 m) of fluorene was dissoived in 150 ml of

i

tetrahydrofuran. Then 31.8 ml (0.05 m) of butyl lithium (1.6 molar in
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with 50 ml of water and then the organic phase was dried over Na,SO,.
Then the solvent was removed in vacuo. The, light yellow residue was
washed twice with 25 ml of pentane. The resulting product was white.
The yield was 12.5 g, i.e. a yield of about 70%, based on the moles of
fluorene reacted. The product was confirmed through 'H NMR, '3C NMR,

mass spectroscopy, and gas chromatography.

Example IX
Preparation of l-bromo~2-(fluorenvl)ethane

BuLi @
H H H Lic>
Br(CH,),Br
( In this reaction, 8.3 g (0.05 m) of fluorene was dissolved in

150 ml of tetrahydrofuran. Then 31.8 ml (0.05 m) of butyl lithium (1.6
molar in hexane) was added dropwise to this solution. After one hour,
this solution was added gradually to a stirred sciution of 9 ml.(O.l m)
of dibromoethane in 300 ml of pentane within 2 hours. Then the reaction
mixture was treated with 50 ml of en aqueous NH,CTl solution, and then
washed with 50 ml of water. The organic phase was dried over Na,SO,.

Then the solvent was removed in vacuo. The yellow residue was dissolved
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4 number of fluorenyl-containing'’'metallocenes were prepgred
using either diethyl ether or toluene as a solvent.

When diethyl ether was used as a solvent, about 1 millimole of
the respective bridged or unbridged fluorenyl compound was dissolved in
200 milliliters of ether. Then 1.6 molar methyllithium in diethyl ether
was added to the solution to provide 1 millimole of methyllithium for
each millimole of cyclopentadienyl-type radical. (An exception would be
in the case in which it was desired to produce a mono-valent salt of a
bridged fluorenyl compound. In such a case tﬁen only about 0.5 .
millimole of methyl lithium would be used for each millimole of
cyclopentadienyl-type radicals.) .The reaction mixture was stirred until
no additional methane gas was evolved. This was done at room
temperature. Next the transition metal halide was added in small
portions to the solution of the fluorenyl salt. The amount of
transition metal was about 0.5 millimoles when the fluorenyl compound
was a monovalent salt and about 1 millimole when the fluorenyl compound
.was a divalent salt. The resulting solution was typically stirred for
an additional 30 minutes and then concentrated to about 50 milliliters
and filtered. The orange to red-colored solids remaining on the filter
plate were dissolved in dichloromethane and the resulting solution was
{ concentrated and recrystallized, generally at about ~78°C.

In the runs prepared using toluene as the solvent, about 1
millimole of the bridged or unbridged fluorenyl compound was mixed in

250 milliliters of toluene. This was combined with methyllithium (1.6

molar in diethyl ether) in an amount sufficient to provide 1 millimole

of methyllithium for the unbridged compounds and 2 millimoles of the

methyllithium for the bridged fluorenyl compounds. (Again the exception
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plate were dissolved in dichloromethane and the resulting solution was
concentrated and cooled to -78°C to obtain the metallocene as a solid
precipitate.

Procedures of those general types have been used to prepare
the following metallocenes:

t (1,2-difluorenyl ethane) zirconium di;hloride; (1-fluorenvl-2-
indenyl ethane) =zirconium -dichloride and hafnium dichloride;
(l-fluorenyl-1-cjclopehtadienyl methane)zirconium dichloride;
(1-fluorenyl-l-cyclopentadienyl - methane)zirconium trichloride,
(1,2-di(2-tert butyl fluorenyl) ethane) zirconium dichloride and hafnium
dichloride; (1,2-di(2-methyl fluorenyl)ethane) zirconium dichloride;
(1,2-difluorenyl ethane) hafnium dichloride; bis (2,7-tert
butyl-4-methyl fluorenyl)zirconium dichloride; (1,3-difluorenvl

' propane) zirconium dichloride and hafnium dichloride; (1-flourenyi-2-
methyl-2-flucrenyl ethane) zirconium dichloride; dimethyl silyl
difluorenyl =zirconium dichloride; (1,2-di(l-methyl fluorenyl)ethane)
zirconium dichloride; (1,2-di(1-tert butyl fluorenyl)ethane) zirconium
dichloride and hafnium dichloride; (1,2-di(2-ethyl fluorenyl)ethane
zirconium dichloride and hafnium dichloride; {(1,2-di(4-tert butyl
fluorenyl)ethane zirconium dichloride; (J-fluorenyl-2-cyclopentadieny!
ethane) zirconium dichloride; (l-fluorenyl-2-(3-methylcyclopentadienyl)
ethane zirconium dichloride; (1-fluorenyl-3-indenyl propane) zirconium
dichloride; (1l-fluorenyl-2-methyl-2-cyclopentadienyl ethane) zirconium
dichloride; (i-fluorenyl-2-methy-2-indenyl ethane) zirconium dichloride;

(1-fluorenyl-2-methyl-2-(3-methylcyclopentadienyl)ethane) zirconium
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zirconium dichloride; (i-(l-tert buc:l fluorenvl)-2-(4-tert bucty.

fluorenyl) ethane) zircecnium dichlorice: bis (2,7-di-tert butyl-i;igzhyl
voh VA

fluorenyl) =zirconium dichloride; (1.2-difluorenyl ethane) v&adéé:

uqngggb“: .

dichloride, (1,l-diflucrenyl methane) wesed dichloride, bis(l-methv:

fluorenyl) zirconium dichloride; bis (l-methyl fluorenyl) hafniusx f

dichloride; bis(2-ethyl fluorenvl)zirconium dichloride; bis (4-methv:

fluorenyl) zirconium dichloride, and bis (d—methyl fluorenyl) hafnics

dichloride.

Use of Fluorenyl Metallocenes

A number of fluorenyl-contzining metallocenes prepared iz
accordance with the present inventicn were evaluated for their
effectiveness as catalysts for the pclymerization of olefins. The
specific metallocenes evaluated &re referred to in the following tabiss

as follows:

Catalyst
A (1,2-difluorenyl erhane) zirconium dichloride
B (1-fluorenyl-2-indenyl ethane) zirconium dichlorice
c (1-fluorenyl-l-cyclopentadienyl methane) zircoriux
dichloride
D (1,2-di{2-tertbuty: fluorenyl)ethane) zirconium
dichloride
E " bis (2,7-tertbutvl-4~-methyl fluorenyl) zirconium
dichloride
F (1-fluorenyl-l-cyclopentadienyl methane) zirconiuz
| trichloride
G bis (l-methyl-4-methyl fluorenyl)zirconium
dichloride
H (1-fluorenyl-2-methyl-2-indenyl ethane) zirconiua

dichloride

I (1,2-difluorenyl ethane) hafnium dichloride
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polymerization. Accordingly, all the catalyst system soluticns were not
used immediately after preparation. For optimum results it is
considered desirable to use the catalyst system soon after preparecion.

The catalyst system solution was added to the polymerizztion
reactor which had been suitably prepared for the particular
polymerization to be conducted. Typically for the polymerizatiocn of
propylene the reactor contained liquid propylene as the reacticn
diluent. For polymerizations of ethylene or 4-methyl-l-pentene liguid
isobutane diluent was employed. After the catalyst was charged zhen
h

h

-]

monomer and hydrogen, if employed, was added at room temperature.

(1]

reaction was then allowed to proceed for a period of time at which’

()
14

reactor was cooled in an attempt to maintain a selected reactic:
temperature. In most cases after the polymerization was complete <he
diluent was flashed off and the polymer solids recovered and
characterized. In some cases where the pclymer was of low molecul=zr
weight or substantially all in solution the liquid would be drained and
the unreacted monomer, comonomer, and/or diluent removed by evaporatzion.

Various characteristics of the polymer and the polvmerization
were characterized. Examples of characteristics determined in various
cases include density in grams/ml (ASTM D1505-68); Melt Flow Indeg%£%
grams of polymer/10 minutes (ASTM D1238-65T, Condition L); High Load
Melf Index in grams of polymer/10 minutes 190°C (ASTM D1238, Condition
E£); Melt Index in grams of polymer/i0 minutes 190°C (ASTH D1238,

Condition E); heptane insolubles determined by the weight percent of
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chromatography was conducted using a linear column capable of resovling

the wide range of molecular weights generallx‘observed in polyolefins,
such as polyethylene. The SEC used a 1,2,4-trichlorobenzene solution of
the poiymer at 140°C. The intrinsic viscosity was calculated from the
SEC using the Mark-Houwink-Sakrada constants, i.e. keMW? in
deciliters/gram, referred to in the following tables as IV. Unless
indicated otherwise the conditions employed for characterizing the
various properties were the same for each polymer evaluated. In some
cases infrared and 13C NMR spectra were taken of the polymer. The N¥X
o spectra were conducted on a 1,2,4-trichlorobenzene solution of the
polymer. The base standard in the NMR spectra was 0 ppm based on

tetramethylsilane.

Example XI
Ethylene Polymerization With

(1,2 difluorenylethane) zirconium dichloride

A number of polymerization runs were conducted to evaluate the
effectiveness of (1,2-difluorenylethane) zirconium dichloride as a
catalyst for the polymerization of ethylene both alone and with e
comonomer. The various polymerization variables and the results are
summarized in the following Table. The value reported for comonomer
when used in all the following tables refers to grams of the comonomer.

{
i

also yield is in grams. PCL aned P”L are bhe fw«v—“m] f)r-cnurc.s or

ekalmc awed "\ya(hOJU'\ N IOQ"- TI‘MAC :5 o 'w\.‘\/\u\l(:.
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preparing copol yners of ethylene or propylene and generally a m nor amount,

i .e. no nore®tHARrapig hexengoran seftiEntt leee de4psitalPeyYr¥Ss t han about 10

nmol e percent, of the higher nol ecul ar wei ght ol ef'in. The

pol ymeri zati ons can be carried out undgr a_ W Es range of conditions

dependi ng upon the particular netalloc ed, and the results-

desired. ExanplEsybdénd PplyelrizonidntivizhsVanides Baidgdd tFleorenyl Metallocenes

A number of ethylene polymerizations were also conducted using

other bridged metallocenes. The various peclymerization variables and
the results are summarized in the following Table. Runs 4 and 5 from

the previous Table are included for comparison.
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showed
and  a relative comonomer dispersity of 105.9. The mole percent

comonomer and relative comonomer dispersity were determined from NMR
spectroscopy using the technique disclosed in U.S. 4,522,987, cthe
disclosure of which is incorporated herein by reference. Such a polymer
can be referred to as a low density super random copolymer, i.e. a

polymer having a super random distribution of the comonomer.

Example XIII

Propylene Polymerization With Various Fluorenyl Metallocenes

A number of polymerizations of propylene were conducted using
various fluorenyl-containing metallocenes. The reaction variables and

the results are summarized in the following Table.
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Table III demonstrates that Catalyst C, ije.
(1-fluorenyl-i-cycloperitadienyl methane) zirconium dichloride, can be
used to produce a polymer from propylene. The data in runs 15-17 shows
that the polypropylene is highly crystalline as demostrated by the
heptane insolubles values. It is believed that the polymer contains !
high levels of syndiotactic molecular structure.

Run 20 demonstrates that Catalyst 'D, i.e. (1,2-di(2-tert butyl
fluorenyl)ethane) =zirconium dichloride caé be used to produce -é
crysf&lline polypropylene.

Run 2! demonstrates that Catalyst E, i.e. the unbridged
metallocene bis(2,7-di-tertbutyl-4-methyl fluorenyl) =zirconium
dichloride, produced only a small amount of solid polypropylene at 60°C.
Run 22 shows that Catalyst E was not particularly effective at all at
0°C.

{ Run 23 and 24 employed a non-sandwich bonded metallocene, i.e.

“a metallocene in which only one of the cyclopentadienyl-type radicals

was bonded to the transition metal. The catalyst produced only about 3

to 5 grams grams of solid polymer along with about 45 to 55 grams of low

molecular weight propylene soluble polymer. Unless indicated otherwise
by the formula or other means, all the bridged metallocenes referred to
herein are sandwich bonded.

Run 25 employed an unbridged metallocene, e.g. bis(l-methyl-4-
methyl fluorenyl) zirconium dichloride. It vielded 41 grams of a solid
polypropylene. 1It-would therefore appear that Catalyst G is somewhat
more active than Catalyst E.

Run 26 employed the bridged metallocene (l-fluorenyl
~2-indenyl ethane) zirconium dichloride. Although this catalyst yielded
460 grams of solid polymer 94.4 weight percent of the polymer was a low
molecular "weight xylene soluble polymer. Similarly, the bridged
metallocene (1-fluorenyl-2-methyl-2-indenyl ethane) zirconium dichloride
in Run 27 yielded 82 grams of solid, B8 weight percent of which was low

molecular weight xylene soluble material.
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Runs 28 and 29 employed bridged metallocenes based on
1,2-diflucrenyl ethane. Both the zircenium and the hafnium metallocenes

yielded solid polypropylene.

Example XIV .
Catalyst C, i.e. (l-fluorenyl-l-cyclopentadienyl methane)

zirconium dichloride, was evaluated as a catalyst for the polymerization
of 4-methyl-l-pentene. The amount of the metallocene employed was > mg.
The polymerization was conducted in the presence of hydrogen with:the
differential pressure of the hydrogen being 25. The polymerizaticn
temperature was 120°C and the length of the polymerization was 2 hours.
The polymerization resulted in the production of 96.7 grams of a solid
having a weight average molecular weight of 33,330; a heterogenity index
of 1.8; and a calculated intrinsic viscosity of 0.12. About 92 weight
percent of the solid was insoluble in boiling heptane. The polymer had
a melting point of 197.9°C. A 13C NMR spectrum was taken of the polymer
as recovered, i.e. without heptane solubles removed, and it indicated
that the polymer contained a substantial amount of syndiotactic
functionality: A copy of the '3C NMR spectrum is provided in Figure 1.
Significant peaks were observed at about 22.8, 24.8, 26, 31.8, 42.8,
43.1, 46.1, and 46.2 ppm. The intensity of the peak at 43.1 ppm has
greater than 0.5 of the total peak intensities in the range of 42.0 and
43.5 ppm. The peak at about 46.2 ppm had a greater intensity than any
peak bethéen the major peaks at 46.1 and 43.1 ppm. Further, the peak at
about 42.8 ppm had a greater intensity than any peak between the major
peaks at 46.1 and 43.1 ppm. These peak locations are relative to a peak

of zero ppm for tetramethylsilane.

Example XV

_ Under conditions substantially as used in Example XIII, a run
was carried out attempting to polymerize &-methyl-1l-pentene with
Catalyst A, i.e. the bridged catalyst (1,2-difluorenyl ethane) zirconium

dichloride. In this case 7 mg of the catalyst was employed and 180

grams of solid atactic wax-like polymer was obtained.



To prepare t he fhéfambszybpiacamledt shemr enone, i . e. qp{@taré., (*2\0 \2-5@3 B),-.s};sn)
of fluoranthene was dissolved in 150 m of - acetic Eﬁmmnmx]c

t enpérature 200 of 4v peous Herr]grr]-,

Then t he reactlgrgt?ﬁ xt :é?fé V\gS stirred for anot her 3 hours at that'
tenperature. At the Begimhiang ol rie Todotfeah SU@stngmmg/etlh@v\mptrredgpci!tate

was f or ned tntmi%&agpeﬂswn@e&hﬁff1%99&,&5narco;rmnd&mo&@@&teognc nigluce, vas

ueil'l y.

cooled to O[err]Cin an i1ce An “or ange
in the polymerization of 4-methyl-l-pentene

In this run 5 mg of the metallocene was used and 9.7 grams of solicd
polymer was recovered. Two samples of the polymer were subjected tc
heptane cxtraétion. The extraction gave heptane insoluble values of
54.8 and 68.8. The catalyst was thus not gs active as either the
bridged Catalyst mentioﬁed in the precadiﬁg paragraph or bridggd
Catalyst A.
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precipitate was forned and filtered of fiz==Fhre=f

L] ut ueous HC . An orange ye| bl
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mixture was filtered. Wen the filtrate was neutralized with HJ", an
orange precipitate was forned. The precipitate, 1-carboxylic acid

fl uor enone,

10

25

30

was filtered off and dried. The anount produced was 13.4
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CLAIMS
A metallocene of the general formula (I):
R" (FIR }(CpR)MeQ, (M

wherein Fl is a fluorenyl radical, Cp is a cyclopentadienyl, indenyl,
tetrahydro indenyl, or fluorenyl radical, each R is the same or
different and is an organo radical baving 1 to 20 carbon atoms, R"
is a structural bridg linking (FIR ) and (CpR_), Me is metal selec-
ted from.IVB, VB, and VIB metals of the Periodic Table, each Q
is the same or different and is selected from hydrocarbyl or hydro-
carbyloxy radicals having 1 to 20 carbon.atorﬁs and halogen, x is 1
or 0, k is a number sufficient to fill out the remaining valences of
Me, n is a number in the range of 0 to 7, m is a number in the
range of 0 to'7, with the proviso that if (CpR_) is unsubstituted
fluorenyl and x is 0, then n is 1 to 7, and if (CpR_)) is unsub-
stituted cyclopentadienyl or 3-methylcyclopentadienyl and R" is 1,1-

dimethyl-methylene, then n = 1 to 7.
The metallocene according to claim 1 wherein x is 1.

The metallocene according to claim 2 wherein (CpR ) and (FIR,)

are different.

The metallocene according to claim 2 wherein R7is the divalent

methyvlene radical --CHa--.

- Then t he

g.

Phillips Petroleum Company July 22, 198:

* [ L L S *
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Schene | "About 0.76 gm(egt f);ﬁe%ml) of LiAlH err]_was suspended_ipn. .
a mxture of 75 d| t er and 25 nl of tetrahydnpi

LiAlHerr]). Thgbmw;(tu }\?éfﬂ;ol ed to Ol.err]Cin an ice H[%%'E%, hﬁg%@g'}
(0.01 mol) of Ald[err] was added’if- sfal | . portions -and ‘-
stirred at roomtenperature for 15 mn. >Phen 4. 2 g (0.02 nmmol) of "the
carboxylic acid fluorenone dissolved in 400 m of tetrahydrofuran was added
via a dropping funnel while the reaction m xture was heated to refl ux.
Stirring was mgintained for an addition n Thens. a

m xture was codl ed eoW%%ﬁ??%?‘péF%?éWe g’nﬁpaf‘ﬂ%uﬁp%%&;% QRI{QF %] \_la
destroyed wi th an @queous solution of HO. The organi c phase was rem)ved
in vacuo. The solid, i.e. 1-hydroxynethyl fluorenone (fornula 2), was
recovered in the anount of 3.2 g. The raw 1-hydroxynethyl fluorenone can
be used without' further purification. 2 g.,of Jpalladiumon carbon catal yst
contai ni ng about 10 wei ght percent Pd was‘wei'ghed into a flask and 4.2 ¢
(0.02 mmol ) sof the recovered 1-nethanolftuerersne was di sgejved in 250 m

t etrahydrof uran- and added to the fl ask. The @/dr ogenati on was conduct ed at
roomtenperature with a

wherein each R’ is hydrogen or at least one of R’ is hydrocarbyl.
having from 1 to 7 carbon atoms, preferably an aliphatic hydrocar-

10 byl.

6. The metallocene according to claim 5 wherein said R’ is an alkyl

radical, preferably meth);l.
15 7. The metallocene according to claim 1 wherein x is 0.

8. The metallocene according to claim 7 wherein (FIR,) and (CpR_)

are the same,

20 9. The metallocene according to any of the preceding claims wherein
n is a number in the range of 1 to 4 and/or m is a number in the

range of 1 to 4.

10. The metallocene according to any of the preceding claims wherein
25 Me is selected from Ti, Zr, and Hf, preferably Zr and Hf.

11. The metallocene according to any of the preceding claims wherein
(CpR,,) is selected from fluorenyl. cvclopentadienyl, indenyl, and

methyl cvclopentadienvl.

N

30
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sl ight overpressure of Herr ntil 1350 m . of Herr] wey ConSuned, E‘ ;
react fon mixture wasDagett edetibafifl the sol vert of. the fii-ty&HE %EF-@@ N ‘
in vacuo. The crene col ored residue-was extracted with d nt_an _f'ﬁg l
solution was filtered over silica, and thHe& ¥lvent” renoved i n vactuo: The
resulting product, 1-nethyl fluorene, was a colorless solid and fornmed in
quantitative yield. 14

12. The metallocene according to any of the pféceding claims wherein
(FIR ) is selected from fluorenyl (n=0), 1-tert-butyl fluorenyl, 2-ethyl
fluorenyl, 2-tert-butyl fluorenyl, 4-tert-butyl fluorenyl, 4-methyl fluore- *
nyl, 2,7-di-tert-butyl fluorenyl, and 2,7-di-tert-butyl-4-methyl fluorenyl.

13. The metallocene according to any of the preceding claims whéirein

Q is halogen, preferably chlorine.

14. The metallocene according to claim 2 being selected from (I,1-

10 difluorenylmethane)zirconium dichloride, (1,2-difluorenyl ethane)
zirconium dichloride, (1,2-difluorenyl ethane) hafnium dichloride, (1,3-
difluorenylpropane) zirconium dichloride, (1,2-difluorenylethane) hafni-

um dichloride, (1,3-difluotenylpropane) hafnium dichloride, (1-fluore-
nyl-2-methyl-2-fluorenylethane)zirconium dichloride, dimethylisilyldifiuo-

15 renyl zirconium dichloride, (1,2-di(1-methyl fluorenyl)ethane)zirconium
dichloride, (1,2-di(1-methyl fluorenyl)ethane) hafnium dichloride, (1,2-
di-(2-ethyl fluorenyl)ethane)zirconium dichloride, (1,2-di(2-tert-butyl
fluorenyl)ethane)zirconium dichloride, (1,2-di(2-tert-butyl fluorenyl)et-
hane)hafnium.dichloride, (1,2-di(1-tert-butyl fluorenyl) ethane) zirconi-

20 um dichloride, (1,2-di(4-methyl fluorenyl) ethane) zirconium dichlori-
de, (1,2-di(4-methyl fluorenyl)ethane) hafnium dichloride, (1,2-di(4-
tert-butyl fluorenyl)ethane) zirconium dichloride, (1-(fluorenyl)-1-
(cyclopentadienyl)methane) zirconium dichloride, (1-(fluorenyl)-1-
(cyclopentadienyl)methane) hafnium dichloride, (1-(2,7-di-tert-butyl

25 fluorenyl)-1-(cyclopentadienyl)methane)zirconium dichloride, (1-fluore-
nyl-2-cyclopentadienylethane)zirconium  dichloride, (1-fluorenyl-2-(3-
methyl cyclopentadienyl)ethane)zirconium dichloride, (1-fluorenyl-2-

indenyl ethane)zirconium dichloride, (1-fluorenyl-2-indeny! ethane)haf-

nium dichloride, (1-fluorenyl-2-methyl-2-indenyl ethane) zirconium

30 dichloride, (1-fluorenyl-2-methyl-2-indenyl ethane) hafnium dichloride,

T
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flruorene. A quantitative yield’of 1-cacboxylic acid flucrene, T1.¢€. fornula
3,/ was obtained. The vol une of hydrogen éénsuned was 960 m . This product
was then reduced to 1-hydroxymethyl fluorene, i.e. formula 4, by using the
Li‘AlH err] and. AlCl[err] as described for. the production of the

1-,hydr oxymet hyl f (bisifkooerylmethihe)vinddidmodichiddiride, (fll2+idifbrozemdsethhan)vaeduced

i h | I adi I h 0 yield 1-nmethyl .
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trichloride, (l-fluorenyl-2-methyl-2-(3-methyl  cyclopentadienyl)etha-
ne)zirconium dichloride, (1-(1-methyl Quorenyl)—Z-(4-methyl fluore-
5 nyl)ethane)zirconium dichloride, (1-(2,7-di-tert-butyl fluorenyl)-2-(fluo-
renyl)ethane)zirconiufn dichloride, (1,2—di(2,7-di-tert—butyl-4-méthyl
fluorenyl)ethane zirconium ‘dichloride, and (1,2-di-(1-methyl-4-methyl

fluorenyl)ethane) zirconium dichloride.

10 15. The metallocene according to claim 2 being (fluorenyl)-1-(cyclopenta-

dienyl) methane zirconium dichloride.

16. The metallocene according to claim 7 being selected from bis(1-
methyl-fluorenyl)zirconium dichloride, bis(1-methyl fluorenyl)zirconium

15 dimethyl, bis(1-methyl fluorenyl) hafnium dichloride, bis(1-tert-butyl
fluorenyl)zirconium dichloride, bis(2-ethyl fluorenyl) zircomium di-

chloride, bis(4-methyl fluorenyl)zirconium dichloride, bis(4-methyl
f_luorenyl)hafnium dichloride, bis(2-tert-butyl  fluorenyl)zirconium

dichloride, bis(4-tert-butyl fluorenyl)zirconium dichloride, bis(2,7-di-

20 tert-butyl fluorenyl)zirconium dichloride, bis(2,7-di-tert-butyl-4-methyl
fluorenyl)zirconium dichloride, and bis (2-methyl fluorenyl)zirconium

‘ dichloride.

17. A process for preparing a fluorenyl-containing metallocene compri-

25 sing reacting an alkali metal salt of at least one ﬂuqrenyl-coritaining
compound with a transition metal compound of the formula MeQ,

in the presence of a non-halogenated solvent for the fluorenyl salt

: which solvent is non-coordinating with the transition metal com-

pound.

L
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The process according to claim 17 wherein sdid solvent is selected

from toluene, pentane, hexane, and diethylether.

The process according to claim 17 wherein said fluorenyl-containing
compound is a bridged compound in ‘which a fluorenyl radical is

bonded to another cyclopentadienyl-type radical by a bridging group.

The process according to claim 17 wherein said alkali metal salt of
said fluorenyl-containing compound has been formed by reacting an
alkali metal alkyl with a fluorenyl-containing compound in the pre-
sence of a non-halogenated solvent for the fluorenyl salt which is

non-coordinating with the transition metal compound.

The process according to claim 17 wherein said metallocene has the

formula (I) as defined in any of claims 1 to 16.

A process comprising reacting fluorenyl methyl chloride with an
alkali metal salt of cyclopentadiene to produce 1-fluorenyl-1-cyclopen-
tadienyl methane; forming a divalent alkali metal salt of 1-fluorenyl-
1-cyclopentadienyl methane; reacting the said divalent alkali metal
salt with a transition metal halide of the formula MeQk wherein
Me is selected from Zr, Hf, and Ti; each Q is individually selected
from the group consisting of hydrocarbyl or hydrocarbyloxy radicals
having 1 to 20 carbon atoms and halogens; at least one Q is a
halogen; and k is a number corresponding to the valence of Me; to
produce the corresponding bridged metallocene; and using said
metallocene to polymerize an o-olefin containing at least three

carbons per molecule.

[T
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for the polymerization of olefins.

s 24, The use of claim 23 wherein said co-cdtalyst is an alkylaluminoxane.

25. An ethylene/1-hexene-copolymer having a density of less than 0.90

and a relative comonomer dispersity of at least 106 %.
'_; 10 26. The copolymer of claim 25 having a density of about 0.88.

27. A syndiota;tic homopolymer of 4-methyl-1-pentene having a 13C
NMR spectrum having a”peak at 43.1 ppm which is greater than 0.5
of the total peak intensities present in the range of 42.0 and 43.5
15 ppm, wherein the next most intense peak above the peak at about
46.1 ppm is more intense than any peak between the major peaks
at 46.1 ppm and 43.1 ppm, and the next most intensive peak bet-
ween 43.1 ppm and 35 ppm is mere intense than any peak between
the major peaks at 46.1 and 43.1 ppm.
20
28. The polymer of claim 27 characterized by the B¢ NMR spectrum
{ of figure 1. '

| HII!III IHIH IIIII lllll H Illl



[ 3 F _ 3 ] ‘s‘ o‘- 15‘_’0'7“‘”1 Sn991 \
Exanmple |11 | Pr epar atl\on of 2- et hyI
[err] ~

- -ee

Datgs v//b/w

T S 8 e e a3 o .,g

- an ~ - - . - - -

10 ppin

15

20

FIG. |

——r




. 2y veplasemsit =
Ln this reactlon 2- acet | fluorene, i.e. formula 7, was conver.t éd978uso
P-ethyl fluorene by.,h énatlon The hydrogenatl ed N L Y:*'
anal ogous a9 he re sed"t o convert t-he conpoJFI"Uﬁ’s " % t he
conpound of formila 5. The H!errL volune Esed was 970 m . val
of the solvent in vacuo, a c S obt al ned. It was
di ssolved in pentane and the solution was filtered over silica. Pent ane

was 1 emved in Vagysreny 1 i8p¥d Bifly Ofeca1fbdifles L0 AR 100 GUBRLT Lol ve.
Exanple 1V Preparation o tert-butyl fluorene err]
methods for making the metallocenes Also disclosed are methods for

21.C

using the metallocenes as polymerization catalysts. In addition,

polymers resulting from such polymerizations are disclosed.
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In this reaction 2-acetyl fluorene was reacted with tri
nmet hyl ati on was anal ogous to the conversion of conpoun
descrifed in Exanple Il. However, in this case, only

Al Me[err] was necessary. The 2- tert butlyl fluorene wa
solid in quantitive yield.
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ORGANOMETALLIC FLUORENYL COHPOUNDS, PREPARATION, AND USE

e

This invention relates to organometallic compounds. Hofﬁ"
specifically, this invention relates to organometallic compounds’

containing at least one fluorenyl ligand. In another aspect, thﬁé
invention relates to polymerization catalyst systems which conﬁéin
organometallic “fluorenyl compounds. In still another aspect, this
invehtién relates to a method for polymerizing olefins using ‘such

organometallic fluorenyl compounds and to the polymers resulting from
‘such polymerizations.

Background of the Invention _
Since the discovery of ferrocene in 1951, a number of
metallocenes have been prepared by the combination of compounds having

cyclopentadienyl structure with various transition metals. The term

“cyclopentadienyl structure" as used herein refers to the following
structure.
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16 - : Example V - Preparation_of

4-met hyl fl uorene

' ' Two different reaction schenes
prepare 4-methyl fluorene, i.e. fornula 215 The schenes T&%\Sgéegﬁﬁn#g%eﬂo

| Date :(.5..0CT..1996....

The term "cyclopentadiene-type compounds” as used herein
refers tolcompoﬁnds cdntaining the cycloﬁentadiene structure. Examples
include 'ﬁnsuﬁstituted ciclopentadiene, unsubstituted indene,
unsubstituted fluorene, and substituted varieties of such compounds.
Also anluded is tetrahydro indene.

Hany of the cyclopentadiene-type metallocenes have been found
useful in catalyst systems_for the polymerization of olefins. It has
been.noted in the ﬁrtithat variations in t@f chemical structure of such
cyclopentadienyl-type metallocenes can have .significant effects upon the
suitability of.the'metallocéne 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 stereoselectivity
of the catalyst, the stability of the catalyst, and other propert;es of
the resultzng polymer; however, the Kffects of various substituents is
still largely an empirical matter, that is, experiments must be
conducted in order to determine just what affect a particular variation
will.have_upon.a particular type of cyclopentadienyl-type metallocene.
Some examples of some cyclopentadienyl-type metallocenes are disclosed
in U.S. Patent Nos. 4, 530 914; 4,808,561; and 4,892,851, the discloéures
of which are xncorporated herein by reference.

‘While there are references in the prior art which have
envisioned metallocenes containing fluorenyl groups, only & very limited
number of fluorenyl-containing metéllocenes have actually been‘prepa:ed
prior'to the present invention. The Journal of Organometallic
Chemistry, Vol. 113, pages 331-339 (1976), the disclosure of which is

" incorporated herein by reference, discloses preparing bis-fluorenyl
zirconium dichloride and bis-fluorenyl zirconium dimethyl.
U.S. Pateﬁt 4,892,851 and the New Journal of Chemistry, Vol. 14, pages
'499-503, dated 1990, the disclosures of which are incorporated herein by
. reference, each disclose preparing a metallocene from the ligand
l,i-dimethylmethylene-l*(fluorényl)-l-(cycldbentadienyl). The New
Jdurnal of-Chemist;y article also discloses preparing a similar compound

in which'the'cyclopentadienyl radical has a methyl subsfituent in the
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number 3 position. The term fluorenyl as used herein refers to

9-fluorenyl unless indicated otherwise.
An object of the present invention is to provide certain new
fluorenyl-containing metallocenes. Another object of the present

invention is to provide a method for preparing new fluorenyl-type

' metallocenes. Still another object of the present invention is to ¢

provide polymerization catalysts employln& fluorenyl-type metallocenes.
St111 yet another object of the present 1nventlon is to .provide
processes for the polymer;zatlon of oleflns using fluorenyl-type
etallocene catalyst systenms. Still yet another object of the present
invention is to - provide polymers produced uéing such .-

fluorenyl-containing metallocene catalysts.

Summary of the Invention

In accordance with the present invention, there are provided

new metallocenes of the formula R"*(Fan)(CpRm)Her.whérein Fl is a

fluorenyl - radical, Cp is a cyclopentadieﬁyl indenyl, tetrahydro
indenyl or fluorenyl radical, each R is the same or different and is an
organo radical having 1 to 20 carbon atoms, R" is a structural brldge
linking (FIR ) and (CpR ), Me is metal selected from the group
consisting of IVB VB, and VIB metals of the Periodic Table, each Q is
the same or different and is selected from the group consisting of
hydrocarbyl or hydroéarbyloxy radicals having 1 to 20 carbon atoms and

halogens, x is 1 or 0, k is a number_sufficient to fill out the

" remaining valences of Me, n is a number in the range of 0 to 7, m is a

number 'in the range of 0 to 7, further characterized by the fact that if
(CpRm) is unsubstituted fluorenyl and x is 0, then n is 1 to 7, and if
(CpRm) is unsubstxtuted cyclopentad1eny1 or 3-methylcyclopentadienyl and

X is l,l-dlmethylimethylene, then'n =1 to 7.

In dccordance with another aspect of the present invention,
there is provided a method for forming fluorenil-containing metallocenes
comprising reacting an alkali metal salt of the selected fluorenyl

compound with a transition metal compound of the formula MeQk in the
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presence of & non-halogenated solvant for the fluorenyl sal:
. P o If—",‘?‘gv“d-
solvent is non-coordinating with the transition metal helidd.

[n accordance with still another aspect of the graseat .

invention, chefe'is provided a process for the polymerization of olelins
comprising contacting said olefins under suitable reaction cenditic:ns
with a catalyst system comprising a Elu?renyl-containing métallocéne.as
described above in combination with ,a suitable organcaluminum
co-catalyst.

Still further in accordance with the present invention thars

is'prévided the polymer products resulting from such polymerizations:

Description of the Drawing

Figure 1 is the '3C NMR spectrum of a polymer produced by
polymerizing &4-methyl-l-pentene using (l-fluorenyl-l-cyclopentadierny
methane)zirconium dichloride as a catalyst.

Detailed Description of the Inventicn

The novel metallocenes provided in accordance with :ha2

‘Q
"
(L
“n
)

)
ol

invention fall into two broad general categories. One category iavelv

metallocenas in which a fluorenyl radical, either substituted or

unsubstituted, is bonded to another cyclopentadienyl-type radical by

bridging structure R". These metallocenes are referred to herein as
bridged metallocenes. The other category deals with metallocenss whizh
are unbridged, that is the fluorenyl radical ligand and the othe:
cyclopentadienyl-type ligands are bound to the metal but not to each
other; These metallocenes are raferred to as unbridged metaliocenes.
Methods for preparing fluorenyl-containing cyclopentadiene-zype
compounds which can be used in making the metallocenes are disclosed :i-
the.aforémentioned U.S. Patent application Serial No. 697,363.

The metal, Me is selected from the group ¥, VB, or VI3 mazz
of the Periodic Table. The currenﬁly preferred metals include zitaniu-
zirconium, hafnium, chromium, and vanadium. The.R" can be seleczad fro-
any suitable bridging structure. Typical examples include hydzocachyl
and heteroatom containing alkylene radicals, germanium, silizon,

phosphorus, boron, aluminum, tin, oxvgen, nitrogen, and the like.
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The R" bridge when.hydrocarbyl can be aromatic in ﬁa:u:e. sush as 3
pheny1 sub§Eitdced:slkylene; however, the currently prefecz2d modss
employ aliphatic alkylene bridges. The currently most pr=ferrad briZgas
are hydrocarbyl ocv:heterocatom containing alkylene radical haviag 1 oo 3
carbon atoms. In an especially preferred embodiment k is'equal to ka2
valence of e minus 2.

The substituents R can be selected from a wide range of
substituents. In the preferred embodimehts the substituents R are ezch

independently éelgcted from hydrocarbyl radicals having 1 te 20 carbtex

atoms. In a particularly preferred embodiment, the hydrocarbyl radicsz

“wn

R are alkyl radicals. More preferably the alkyl R radicals have 1 tc
carbon"aﬁ§ms.-'Each Q is a hydrocarbyl radical such as, for example.
aryl, alkyl, alkenyl, alkaryl, or'arylalkyl radical having from 1 to.ZS
carbon atcms!-hydrécarbyloky radicals having 1 to 20 carbon atcas, }:
"halogen. | .

| Exemplary Q hydrocarbyl radicals include methyl, ethrl,
propyl,-bdtyl,.amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, nonyl.
decyl, cetyl, 2-ethylhexyl, phenyl, and the like. Exemplary taloge=x
atoms iﬁélude'chlorine, bromine, fluorihe, and godine and of these
halogen atoms, chlorine is currently preferred. Exemplary hydrocarbexy
radicals include methoxy, ethoxy, propoxy, butoxy, amyloxy, anc the
like.

Illustrative, but non-limiting examples of unbridgad
metallocenes fgllihg within the scope of the above formula inciud=
bis(l-methyl fluorenyl) zirconium dichloride, bis(l-methyl fluorenyl
zirconium dimetﬁyl, bis(l-methyl fluorenyl) hafnium dichloride,
biS(l-t-butyl fluorenyl)zirconium dichloride, bis(2-ethyl fluoreayl)
zirconium dichléfide, bis(&-methfl fluorenvl)zirconium dichloride,
bis(4-methyl fluorenyl)hafnium dichloride, bis(2-t-butyl fluerenyi)
zirconium dichloride, bis(4-t-bucyl Eluorenyi)zi:conium dichloride,

o - fluoreny! L
bis(2,7-di-t-butyl &£twering)zirconium dichloride, bis(2,7-di-t-butyl-
L-methyl fluorenvl)zirconium dichloridgf and the like.

. Illustrative, but non-limiting examples. of metallocenes

containing bridged fluoranyl 1ligands include for example

P bis-[2-methyl fluocenyl) tirconium dichloride
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procedure simlar to that disd osedRE Dée @L 53 g‘-f%m

“that no acetic anhydride was ead, hydrogen

acid were used.to obtain a 67% yleld of 2,2'-dicarboxylic acid blphenyl,
I.e. fornmula 10. ° The bi phenyl product of fornmula 10 was then
oxi di zed using sulfuric acid in the manner taught in J. Am Chem Soc. 64,

2845 (1942) to obtain an 82% yield of 4-carboxylic acid fluorenone, i.e.
formula [err]

(1,1-dif luc anylmathane)zirconium aichlo—:‘e, (i

n
- -

zirconium dichleride, (1, 3- -difluorenylprcpane)zizconium dichicrice,

dichloride - tdienloriole
(1,2- dlfluo.env1echane)hafn1u3\ (1,3-difluorenylpropane)hz :T;‘,f
(l-fluoreny;-z-metnyl---Eluorenylethane)zi:conium dichleride,
dimethylsilyldifiuorenyl zirconium dichieride, (1,2-di(l-meznvi

fluorenyl)ethane)zirconium dichloride, (1.2-di(l-methyl {luczenyl)
ethane) hafniuh dichloride, (1,2-di(2-ethyl Lluorenvl)etnaﬂe.ai—:cnlu1
dichloride, {1,2-di(2-t-butyl fluorenyi)éthane);lrconlum dichloride,
(1,2-di(2-t-butyl fluorenyl)ethane)hafnium dichloride, (1,2-di(i-zc-butyl
. fluorenyl) echane) zirconium dichloride, (1,2-di(4-methyl flueczenvl).
‘ethane) zx:conium_dichloride, (1,2-di(4-methyl fluorenyl)ethane) ¢ nzfnium

dichloride, (I,Z-ditk-t-butyl fluorenyl)ethane) =zirconium dichlioride

‘1-(fluorenvl)-X-(cyclopentadienyl)methane zirconium dichleride
1-(fluorenyl)-1-(cyciopentadiepyl)methane hafnium dichloride,

- 1-(2,7-di-t-butyl fluorenyl)-1-(cyclopentadieny1)meﬁhane zircenium
dichloride, ﬁl-fluoreny1-2-cyclopentadienyIethane)zirconium dichleride,
(1-f1uoreny1-2-(3-meth?1 cylcopentadienyl)echane)zirconium dichlo:ide
(l-fluorenyl?z-indényl ethane)zirconium dichloride, - (1-fluorenyli-Z-
indenyl ethane)hafnium dichloride, (1-f1uo:eny1-2-meuhyl- -indenyl
ethane)zirconium dichloride, (1-fluorenyl-2-methyl-2-indeny!l

" ethane)hafnium dichloride, (bis-fluorenylmethane)vanadium dichlicride
(1,2-difluorenyl ethane)vanadiuﬁ dichloride, (1-fluorenyl-l-cycleopsznca-
dienyl methane) zirconium trichloride, (l-fluorenyl-2-methyi-2-(3-methy
cyclopentadienyi)e:hane)zirconium dichloride, (i-(l-methyl flu rery‘);z-.
(4-methyl £fluorenvl)ethane)zirconium dichloride, (1-(2,7-di-ct-Buzvl
fluorenyl)-’-(fluornnvl)nthane)zirconium' dichloride, (1,2-di(2, 7-di-t- ‘
butyl-4-methvl f£luor eayl)ethane)zirconium dichloride, and the like. . -

Particularly preferred metallocene species include bridged 2

bt~

12
.

unbridged me tallocenas containing at mpeast one substituted flucrenvi

"radical, i.e., there is at least one F¥®n wherein n is 1 to

~4

The inventive matallocenes as well as related metallecenes can
be prepared bv reacting an alkali metal salt of the bridged or unbridged
fluorenyl compounds with a suitable transition mactal compound in a

suitable solvant undar suitable reaction condizions.
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.and Ald [err] in the sane manfjer asgeprAcempl e il The rezlctlon proauced an:
80% yi el d of 4-hydroxynet hyl mul a 14 m@w\/ﬂﬂ't
reduced using hydrogen and the pall adi unz car bon catal ystl _
described. A quantitative yield of 4-methyl fluorene resulted. Schene 2
- The conpound of formula 11 was reduced using hydrogen and the pall adi um
carbon catal yst described previously. The reaction produced a quantitative
yield of 4-carboxylic-acid fluorene, i.e. fornula 12. Reduction of this
acid with Li AH angle MdGh[ €eddsikesilneed] | sbrB.80%s/iRled RérA=hyde oxepget hyl
fluorene, _i.e.. formyla_13. This, Odu V\@S t hen reduced usi ng . hydr ogen
and the pal® 831l 8&?%‘&‘.1‘:3?”&?;/\& < r"bﬂ e A qUnti 15R AYLA18RY Ve

4- et hyl fSOueréQEhlimitihg examples i1clude zircon ium tetrachloride, hafnium’

tetrachloride, cyclopentadienyl =zirconivm trichloride, fiuorenvi
zirconium trichld:ide. 3-methylcyciopentadienyl zirconium tr-ichloride,

-indenyl zirconium trichloride, 4-mechyl fiuorenyl zircoﬁium trichlioride,
and the like. -

The currently.preferred unbrf&ged metallocenes are -prepared by
reacting a substituted fluorenyl alkali metal salt with an inorganic
halide of the Group IVB, V B, VIB metals to form a bis(substituced
fluorenyl) metal halide. In an especially preferred embodimesnt bridged
fluorenyl compounds of the formula (F1Rn)R"(CpRm) are used wherein Tl,
R, R", and m are as defined ebove, and where n is 1 to 7, most

preferably 1 to &,

Metallocenes in which Q is other than a halogen can be

"

readily
prepared by reacting the halide form of the metallocene with en

alij

i}

ﬂ)
"\

metal salt of the hvdrocarbyl or hydfocarbvlotv radical under cenditions

as have been used in the past for forming such ligands in prior ar

Or auomes,
%g. Chem. 1:i3,

0 331-339 (l976).: Another approach involves reacting a compound of the

metallocenes. See, for example, the aforemention J.

formula MeQk wherein at least ome Q is hydrocarbyl or hydrocarbylexy
with the alkali metal salt of the bridged or unbridged fluorenvi
compound. -

One embodiment of the present inventioﬁ involves carrving out
the reaction of the fluorenyl-containing salt and the transition mezal
compound in the presence of a liquid diluent which is non-halogenated
and non-coordinating toward tho'ﬁransition metal compound. Ezampies.of
such suitable liqﬁid include hydrocarbons such as toluene, pentane, or
hexane as well as non-cyclic ether compounds such as dlethylether. 1z
‘has been found that the use of such non-halogenated non-coordinating
solvents generally allows one to obtain ‘large amounts of substantially
pure metallocenes and in a more stable Eorm;-and also often allows the

er
reaction to be conductac under -“waf temperzture conditions, than when

THF is used as the diluent. In an especialiy prefearred embodimen: the
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described in Exanple Il to pr 4-tert - || Bptasd. Pe

‘Exanpl e VI
4-carboxylic acid fluorene wa

+-uoreng

18 Exanpl e VI8 Pr epar at FoT—01
2, 7-bis(tert-butyl)-4-nmethyl fluorene

fluorenyl-containing salt used as a ligand is also prepared in a
diluent that

liquid

is non-halogengted and noﬁ4coordinating toward the

- transition métal.. |

The Eérmation of the alkali metal salt of the bridged or
unbridged Eluorenjl~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 cyclopentad1eny1 type compounds, the bridged '
compounds having two cyclopentadienyl-type radicals per molecule. The

. molar ratio of the alkali metal alkyl to the cyclopentadienvl type
radicals présent can vary, generally however,'the ratio would be in the
range of about 0.5/1 to about 1.5/1, still more preferably about 1/l.

_ Typically, the alkali metal of the alkali metal alkyl would be selecied
from sodium, potassium, and lithium, and the alkyl group would have 1 to.
8 carbon atoﬁs, more preferably 1 to &4 carbon atoms. Preferably if the
fluorenyl salt is formed using tetrahydrofuran (THF) as the.liQUid
solvent,'the salt is isolated and substantially all of the THF is
removed before the salt is contacted with the transition metal Halide.
The molar ratio of the Sridged or unbridged fluorenyl compound to the
transition metal compound‘can vary over a wide range depending upon- the
results desired. Typically, however, when an pnbridged fluorenyl
compound is used, the molar ratio of the unbridged fluorenyl compound':o
the transition metal compound is in the range of from about 1l %o 1l zo
about 2 to 1 and when a bridged fluorenyl compound is used the molar
ratio of the bridged fluorenyl compound to the transition metallcompouni
is about 1 to 1.

- The resulting metallocene can be recovered and purified using

conventional techniques known in the art such as filtration, extraction,

crystallization, and re-crystallization. It is generally desirable to

recover the metallocene in a form that is free of any substantial amcunc
of by-product impurities. Accordingly, recrystallization awd fractinnal
crystallization to obtain relatively pure metallocens is desireable.

Dichloromethane has been found to be pafticularly useful for such

recrystallizations. As a general! rule, it has been found that the

metallocenes basad on unbridged fluorenyl compounds are less stzable than

|
!
g
i



[err] 2, 7-bis(tert-butyl)-4-nethylene chlo iRPLACEMENTSHERY
reduced using hydrogen and the pall adi um carbon catal yst gxgbwfﬁnogT 1396

Guantitative yield of 2, 7-bis(tert-butyl)-4-methyl fluore S

Exanple VI 11 . Preparation of 9, 2-bi s(9-fl uorenyl) et hane

_the metallocene compounds formed from bridged fluoreny!l compourds.
Since the stabilitx of the various metallocenes varies, it is generally
désirable 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 at low
temperature, i.e. below 0°C in the absence of oxyvgen or water.

The resulting fluorenyl containing‘metallocenes can be used in
combination with a suitable co-catalyst fér the polymerization of

-olefinic monomers. In such processes the metallocene or the co-catalyst
can be employed on a solid insoluble particulate support.

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

.ca;alysts.' Some typical examples include organometallic compounds of
metals of Groups IA, IIA, and IIIB of the Periodic Table. Examples of
such compounds have included organometallic ha;ide compounds,
organometallic hydrides aﬁd even metal hydrides. Some specific examples

. ihclude triethyl aluminum, tri-isobutyl aluminum, diethyl aluminum
chloride, diethyl aluminum hydride, and the like.

The currently most preferred co-catalyst is an alumznoxane.
Such compounds include those compounds having repeating units of the

formula

R

—;e—;'u - 09+
where R is an alkfl_group generally having 1 to 5 carbon atoms.
Aluminoxanes, also sometimes referred to as- poly(hydrocarbyl aluminum
oxides) are well known in the art and are generélly prepared by reacting
an organo hydrocarbylaluminum compound with water. Such a preparation
' techniques are- disclosed in U.S. 3,242,099 and 4,808,561, the
disclosures of which are incorporated herein by reference. The
currently preferred co-catalysts are prepared either .from
trimethylaluminum or triethylaluminum, sometimes referred to as
poly(meﬁhyl aluminum oxide) and poly(ethyl aluminum oxide),
tespectively. [t is-also within the scope of the invention to use an

aluminoxane in combination with. a trialkylaluminum, such as disclosed in
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U.S. Patent No. 4,794,096, the disclosure of which'is incorperated

" herein by reference.

The flﬁdrenyl-con;aining metallocenes in combination with cthe
aluminoxane co-catalyst can be used to poiymerize olefins. Generally
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 ogé the polymerizaﬁions in
the presénce of supported forms of the catalyst and/or co-catalyst in a
slurry or gas phase polymerization. It is within the scope of the'.

invention to use a mixture of two or more fluorenyl-containing

_ metallocenes or a mixture of an inventive fluorenyl-containing -

metallocene with one or more other cyclopentadienyl-type metallocenes.
The fluorenyl-containing metallocenes when used with
aluminoxane are particularly' useful for the polymerization of
mono-unsaturated aliphatic alpha-olefins having 2 to 10 carbon atoams.
Examples of such olefins include ethvlene, propylene, butene-1,
pentene-1, 3-meth§1butene-1, hexene-1, L-methylpentene-1,
3-ethylbutene-1, heptene-l, octene-1, dscene-l, h,&-dimethyl-l—pentgne,
4,4-diethyl-1-hexene, 3-4-dimethyl-1l-hexene, and the like and mixtures

thereof. The catalysts are particularly useful for preparing copolymers

of ethylene or propylene and genarally a minor amount, i.e. no more thean

about 12 mole percent, more typically less than about 10 mole percent,
of the higher molecular weight oliefin.

The polymerizations can be carried out under a wide range of

conditions depending upon the particular metallocene employed, and the .

results desired. Examples of cypical coriditions under which the
metallocenes can be used in the polymerization of olefins include

conditions such as disclosed in (.S. Patents 3,242,099; 4,892,851; and

4,530,914; the disclosures of which arce indorporated herein by

. reference. It is considered tha: generally any of the polymerization

procedures used in the prior art with any transition metal based

catalyst systems can be employed with the present fluorenyl-containing

metallocenes.
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About 8.3 g (0.05 n) of fluorene was dissolved in 150 m (JfHEPLACEMENTSHEET
fetrahydrofuran. Then 31.8 mM (0.05 m) of butyl lithium (1.6 r@l@nﬁc{]’nm

Date M. ¥ .0,
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Genarally the molar ratio of the aluminum in the aluminoxana
to the transition.metal in the metallocene would be in the range of
about 0.1:1 to about 10°:1 and more preferably about 5:1 to about 10°:i.
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, hexane, heptane, -octgne, 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
rahge of from abouﬁ 1 to about 500 etmospheres or greater.

The polymers produced with this invention have a wide range'cf
uses that will be apparent to those skilled in the art from the physical
properties of the respective pdlymef. Some of the catalysts are useful
for preparing syndiotactic polymers. The term syndiotatic 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 monomeric repeating'uﬁits
in which the position. of thé alkyl group relative to the plane of ths

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

A further understanding of the present invention, its various

aspects, objects and advéntages will be provided by the following
" examples.

Examples
Example [

Preparation of l-methyl fluorene

Two different reaction schemes have been used to prepare
l-methyl fluorene from fluoranthene. The resaction schemes can be
illustrated by the following flow diagram. Bec:zh schemes involve the use

of l-carboxylic acid fluorenone as a starting material.



hexane) was added dropwi se to this solution. - After one haﬂFPLQ¢§MFNT@%E¥§
m of dibronoethane in 25 m of tetrahydrofuran was added. Thegs tE@g
Vias stirred for 3 hours. The yellow solution was washed PﬂngSHQQEﬁm

aqueous NH err]d solution (5 g NH[err]t?/SO m. Herr] O, then washéd Wi tn
‘50 mM of water and then the organi c phase was dried over Na[err]SOerr].
Then the sol vent was renoved in vacuo. The |ight yellow resi due was washed
twice with 25 m of pentane. The resulting product was white. The yield
was 12.5 g, i.e. a yield of about 70% based on the noles of ‘fluorene
reacted. The product was confirnmed through [err]H NVR’ [err]C NVR, nass
spect roscopy, d. gas chrq/ t ogr aphy. :

%

Pd/C
H, /.  LiAlH./
AICI,

3 2
LiAlH,./ Pd/C |
AlCl, H,
WV
\ .
L _
4 CH,OH 5 CH,

To prepare. the 1'-;a£boxylic acid fluorenone, i.e. formula',l,
'20.2 g (0.1 m) .of fluoranthene was dissolved in 150 ml of acetic acid at
g90°C. .At that temperature 200 ml of 30% aqueous H,0,, was then added
gradually. Then the reactioﬁ mixture was stirred for another 3 hours at
that temperature. At the beginning of the reaction; a light yellow
precipitate was formed that disappeared after some time. Then the

reaction wmixture was cooled te 0°C in an ice bath. An orange



Exanple I X . Preparation of 1-bromo-2-(fl uor dhPEPLAGEMENT SHEET !

[wer r] Date B&QCTIQ&
13 | =

precipitate was formed and filtered off. The filtrate was poured :in:za

cold diluted aqueous HCl. An orange yellow precipitate was formed wxich
~was washed twice with H,0 and then dissolved in an aqueous NH, soluzion
in order to remove the unreacted fluoranthene. Then the mixture w=ss
filtered. When the filtrate was neutralized with qu, an orange
precipitate was formed. The précipitate, 1-carboxylic;acid fluorencne,

was filtered off and dried. The amount produced waSTHS.a g.

Scheme I

~ About 0.76 g (0.02 mmol) of LiAlH, was suspended in a mixtuse
of 75 ml of diethylether and 25 ml of petrahydrofuran (dried ove:x-
LiAlH,). The mixture was cooled to 0°C in an ice bath. Then 1.35 g
(0.01 mmol) of.AICI, was added in small portions and the mixture was
stirred at room temperature for 15 min. Then 4.2 g (0.02 mmol) of zhe
carboxylic acid fluorenone dissolved in 400 ml of tetrahydrofuran w3s

added via a dropping funpel while.the reaction mixture was heated =o
reflux. Stirring was maintained for an additional 30 min. Then t==
‘reaction mixture was cooled to room temperature and the unreacted L---xk
was destroyed with an aqueous solution of HCl. The organic phase wszs
‘removed in vacuo. ' The solid, i.e. l-hydroxvmethyl fluorenone (form=isa
2), was recovered in the amount of 3.2 g. The raw 1- hydroxymetnﬁ-
fluorenone can be used without further purification. 2 g of palladiusm
on carbon catalyst containing about 10 weight percent Pd was weighed
~into a flask and 4.2 g (0.02 mmol) of the recovered l-methanol
fluorenone was dissolved in 250 ml tetrahydrofuran and added to thsa

el

flask. The hydrogenatlon was conducted at room temperature with =z

=

slight overprnssure of H, until 13:0 ml of H, was consumed. The
reaction mixture was filtered and the solvent of the filtrate was
removed in vacuo. The creme colored residue was extracted with pentane,
. the solution was filtered dver silica, and the solvent removed in vazus.
The resulting product, 1l-methyl fluorene, was a colorless solid an7d

formed in quantitative yield.
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In this reaction, 8.3 g (0.05 m of fluorene was dissol ved
tetrahydrofuran. Then 31.8 ml (0.05 m of butyl lithium (1.6 I rCT1
Hexane) was added dropwi se to this solution. After one hoyrDatet. Jio ....... ‘9%
sol uti on was added gradually to a stirrtd solution of 9 ni F—— A
di bronoethane in 300 ml of pentane within 2 hours. Then the reaction
m xture was treated wth 50 m of an aqueous NH err]C solution, and then
washed with 50 m of water. The organic phase was dried over

Na[err]SJerr]. Then the solvent was renoved in vacuo. The yellow
resi due was dissol ved

X
m
éé
1
d
(+}
e
m
m
w—f

Scheme II
In thé second route, the l-carteoxvlic acid fluocenone is
reduced using the palladium carbon catalys:t in the same manner as
.described for converting the l-hydroxvmethyl fluorenone to l-methyl
fluorene. A quantitative yield of l-carbexylic acid fluorene, i.e.
fdrmula 3, was obtained. The Qolume of.hydrogen consumed was 960 ml.
This product was then reduced to l-hydroxymethyl fluorene, i.e. formula
._ 4, by using the LiAlH, and AlCl, as described fér the production of the
1-hydroxymethyl £luorenone. The l-hydroxymetﬁyl fluorene was ;hen
reduced using the palladium carbon catalyst énd hydrogen to yield

l-methyl fluorene. ' -

Example II
Preparation of l-tert-butvl fluorene

N

5 AlMe, | |
X ~_" 72
3 CooH- 6
CH, CH,
CH,

About i g (0.01 mmol) of 1-carboxylic acid fluorene was
suspended in 50 ml of toluene. Then 4.6 ml AlMe; was added to the
solution and tﬁe reaction mixture was refluxed for 10 hours; Upon
heating, the reéction mixture formed a homogeneous solution. The
reaction mixture was codled to room temperature and then poured into ice

" cooled diluted aquaocus HCl. The organic layer was separated, washed
.with H,0, and dried'over Na,SO,. Then the solvent was removed in vacuo.
The colorless residhe was extracted with pentane, the solution filtered
over silica, and the solvent removed in vacuo. The yield of

l-tert-butyl fluorene, formula &, was quantitative.
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20 in pentane. The pentane solution was filtered BEPEA¢EMENTSHFEE
Sox 08 s

.solution was concentrated to about 20% of the original v
product was crystallized at -30[err]C. A vyield of 10.88}/gDaté:
2- (fluorenyl)ethane was obtained. The pt®duct was charac
NVR, [err]C NMR, ‘and Mass spectroscopy.

Example TII
Preparztion of 2-ethyl fluorene

‘_ = N\ CH,

CH,

Ted]

‘In this reaction, 2-acetyl fluorene, i.e. formula 7, was
converted into 2-ethyl flucrene by hydrogenation. The hydrogenacion
reaction was analogous to the reacticn used to convert the compound cf
formula 6 to the compound of formula 5. The H, volume used was 970 ml.
After the removal of the solvént_in vacuo, a creme colored solid was
obtained. It was dissolvad in.pentane and the solution was filtered
err silica. Pentane was cemoved in vacuo. The yield'of Zﬁechyl

fluorene was quantitative.

Example IV

Preparation of 2-tert-butyl fluorene

A\

s CH,

CH,
CH,

v

In this reaction Z-zcetyl fluorene was reacted with trimethyl
aluminum. The methylation w2s analogous to the conversion of compound 3
to compound 6 described in Zxample II. However, in this case, only 2
two-fold excess of AlMa; wa: nacessary. The 2-tert-butyl fluorene was

formed as a white solid in giintitative yield.
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was a nonoval ent salt and about 1 mllinole when the fl uorj
a divalent salt. - The resulting solution was typically sti
additional 30 mnutes and then concentrated to about 50 m
filtered. The orange to red-col ored sol1ds renaining on th
“were dissolved in dichloronmethane and the resultihg sol ution was

concentrated and recrystallized, generally at about -78[err]C I n
the runs prepared using toluene as the solvent, about 1 mllinole of the
bri dged or unbridged fluorenyl conpound was mxed in 250 mlliliters of
toluene. This was conbined with nethyllithium (1.6 nolar in diethyl ether)
in an anount sufficient to provide 1 millinole of nmethyllithiumfor the

unbri dged conpounds and 2.nillinoles of the methyllithiumfor the bridged
fl uorenyl Conpoundsﬁoth(ﬁzggjngs trgguier)écgpgairggxylic acid fluorenone, formuls 11,
As a starting material. This compound was produced from phenanthrens
using a procedure similar to that disclosed in J. Org. Chem. 21, 243
© (1956) except that né acetic anhydride was used. Instead, hydroger
Zperoxide and acetic acid were used ‘to obtain a 67% yield of
2,2'-dicarboxylic acid biphenyl, i.e. formula 10.
.The'bipheﬂyl product of formula 10 'was then oxidized using
sulfuric acid in the manner taught in J. Am. Chem. Soc. 64, 2845 (1952

to obtain an 82% yield of 4-carboxylic acid fluorenone, i.e. formula 1..

Scheme 1- ,

The cohpound of formula 1! was reduced using LiAlH, and AlCL,
in the same manner as in Example I. The reaction produced an 80% yield
of h-hydroxyme;hyl'fluorenone, i.e. formula 14, which was then reduced
using hydrogen apd.fhe palladium carbon catalyst previously describeé.

A quantitative yield of 4-methyl fluorene resulted.

Scheme 2

The compound of formula 11 was reduced using hydrogen and the
palladium carbon cétalyst described previously. The reaction produced z
quantitative yield of &4-carboxylic acid'fluorene, i.e. formula 12.
Reduction of this acid with LiAlH, and AlCl; resulted in an 80% yield of
4-hydroxymethyl fluorene, i.e. formula 13. This product was then
reduced using hydrogen and the palladium carbon catalyst to produce.a

quantitative yield of &4-methyl fluorene.

Example VI
Preparation of 4-tert-butyl fluorene

A—Caqboxilic acid fluorene was reacted with trimethylaluminum
" generally as described in Example LI to produce a 60% yield of &4-tert-

butyl fluorene.



21 discussed in the previous paragraph also applies.) The hEﬁL&@ﬁ?Eh?ggEET
m xture was heated at reflux until no nore nmethane gas was jpeing released.
The solution was then allowed to cool to roomtenperature. etﬂ&ﬂﬁCTi
metal halide was then slowy added to tH sol ution. Again, |about™ g g
mllinoles of transition nmetal conpound was enpl oyed with the nonoval ent

fluorenyl salts and.about 1 millinmole was enployed with the dival ent
fluorenyl salts. The suspension was then stirred for about 30 minutes. The
sol ution was then concentrated to abBtgvede ¥id 75 milliliters and filtered.

The orange to red pebpdiatdh tles fi-htief e 2lab e MWL L ndi B0l 86 drfd
di chl oronet hane and the resulting solutron was concentrated and cooled to
-78[err]Cto obtain the netallocene as a solid precipitate. :

" CH,Cl CH,

2,7-bis(tert-butyl)-4-methylene chloride fluorene was reduced
using hydrogen and the palladium carbon catalyst to obtain a

quantitative yield of 2,7-bis(tert-butyl)-4-methyl fluorene.

Example VIII -
Preparation of 1,2-bis(9-fluorenyl)ethane

ZBali <::> <:::>; |
| ®

2
H Li
Br(CH,),Br"

About 8.3 g (0.03 m) of fluorene was dissolved in 130 ml of

tetrahydrofuran. Then 31.8 ml (0.05 m) of buctyl lithium (1.6 molar in-




Procedures of those general types have been used to prepar; éﬁlfc‘é‘ﬁw'%ﬂ
met al | ocenes: " (1, 2-difluorenyl ethane) zirconiu cﬁch oride;

¢1-fluorenyl -2- indenyl ethane) zirconiumdichloride and hafgiu 5§ 0CT 1996
di chl oride; (1-fluorenyl-I-cycl opentadi Eyl met hane) zi r choitsd—— S
-dichloride; (I-fluorenyl-I|-cyclopentadi enyl met hane) zi r coni um '
‘trichloride, (1,2-di(2-tert butyl fluorenyl) ethane) zirconiumdichloride
~and haf nium di chl oride; (1,2-di(2-nmethyl fluorenyl)ethane) zirconium
dichloride; (1,2-difluorenyl ethane) hafnium dichloride;,  Dbis

(2,7-tert butyl-4-nethyl fluorenyl)zirconium dichloride; :

(1,3-di fl yRLERY) REORRIRE) dZdduaRi tiMedli ¢ N Ak den and -haf idmgi £hlani de;
(1-flourenyl-2- methyl-2-fluorenyl et hanef) _zirconi umdichl orj ge; di get hyl
silyl diflQ@of2m ofi FEFArESENGPEhtbZPdBL of Fe5riVEI2 niFy Y 1876P8ny1 ) Bt hane)
zi rconi umsdilabiar wde; syitrett diog 13 ks butTyik §¢ lowesyilukebhans) wvaskgomiium -
di chl ori de.sand hafni I.chlord.de:. (1. 2-di (2x8thylaf yl hanp

zi rconi umes(% (‘:“ﬁl ?)?i_meEJ ‘ﬁ%u%al#iﬁ"idl}ms%llu%ﬁf’%r‘i[yd%; Nﬁ“é}f?%-%y?ﬁﬁ?ér%ﬁ%‘u?ﬁhm

fl uor enyl )witthah@® wl of ovdtem eid ther | the; ofdarficypasey 29 -d8iclopesh Hdi 8Py
ethane) zifeAnkhin 1604 Okiadeyedobad | HORGRYY - 2-Th3; TBIHRY keYduwORRBIAL Qi )

~washed twice with 25 ml of pentane. The resulting product was white.

- The yield was 12.5 g, i.e. a yield of about 70%, based on the moles of
£luorene reacted. The product was confirmed threugh 'H NMR, '°C NMR,

mass spectroscopy, and gas chromatography.

Example IX . .
Preparation of l-bromo-2-(fluorenvi)ethane

H (CH,).Br

in this reaction, 8.3 g (0.05 m) of fluorene was dissolved in
150 ml of tetrahydrofuran. Then 31.8 ml (0.05 m) of butyl lithium (1.6
molar in hexane) was added dropwise to this soluzion. After one hour,
this solqtion was added gradually to a stirred sciution of 9 ml (0.1 m)
of dibrémoethane in 300 ml of pentane within 2 hours. Then the reaction
mixture was treated with 50 ml of an aqueous NH,Cl solutioh, and then
washed with 50 ml of water. The organic pliase was dried over Na,SO,.

Then the solven: was removed in vacuo. The yellow rasidue was dissolved



et hane zirconiumdichloride; (1-fluorenyl-3-indenyl propan )ngpmcgmmsﬂegr
~dichloride; (1-fluorenyl-2-nethyl-2-cyclopentadienyl ethang) zi

dichloride; (1-fluorenyl-2-methy-2-indenyl ethane) zirconi
(-2-fl uorenyl - 2- et hyl - 2- ( 3- net hyl cycl o t adi enyl ) et hane) ' '

22 dichloride; (1-(1-methyl fluorenyl)-2-(4-nmethyl fluorenyl)ethane)
zirconiumdichloride;, (1-(1-tert butyl fluorenyl)-2-(4-tert butyl '
fluorenyl) ethane) zirconirumdichloride; bis (2,7-di-tert butyl-4-nethyl

in pentane. The pentane solution was filtered over silica. Th

[

- solution was concentrated to about 20% of the original volume and then
the product was crystallized at -30°C. A yield of 10.88 g of l-bromo-
2-(fluorenyl)ethane was obtained. The product was characterized through

'H NMR, '?C NMR, and Mass spectroscopy.

_ _ Example X .
A number of fluorenyl-containing‘metallocenes were prepared

using either diethyl ether or toluene as a solvent.

- When diethyl ether was used as a solvent, about 1 millimole of

the respectxve bridged or unbridged fluorenyl compound was dissolved in

. 200 milliliters of ether. Then 1.6 molar methyllithium in diethyl echer
was added to the solution to provide 1 millimole of methyllithium for
each millimole of c}clopentadienyl-ﬁypé radical. (An exception would be
in the case . in which it was desired to produce a mono-valent salt of a
bridged fluorenyl compound. In such a case then only about 0.3

- millimole of methyl lithium would be used for each millimole of
-cyclopentadienyl-type radicals:) The reaction mixture was stirred until
no additional methane gas was evolved. This was done at room
temperature. Next the transition metal halide was added in-sma;i
portions to the solution of the fluorenyl salt. The amount of
transition metal wés about 0.5 millimoles when the fluorenyl compound
was é monovalent salt and abouﬁ 1 millimole when the fluorenyl compound -
was a divalent salt. The resuiting solution was typicﬁlly stirred for
an additional 30 minutes and then concentrated to about 50 millilicers
and filtered. The orange to red-colored solids remaining on the filter
plate were dissolved in dichloromethane and the resulting solution was
concentrated and recrystallized, generally at about -78°C. .

In the runs prepared using tolupne as the solvent, about 1.
millimole of the bridged or unbridged fluorenvl compound was mixed in
250 milliliters of toluene. This was combined with methyllithium (1.6

" molar in diethyl ether) in an amount suffiéignt to provide 1 millimole
of methyllithium for the.unbridged compounds and 2 millimoles of the

methyllithium for the bridged fluorenyl compounds.” (Again the exception



fluorenyl) zirconium di chl offFee—
“dichlori de, (1, 1-difluoreny 'ﬁﬁﬁ 1§~
fl uorenyl) zirconium dichl ofli de;

‘dichloride; bis(2-ethyl fluoreny n|un1d|chlor|de Cas=A=TTEL Ny

{1 uor ey ﬁ?&?ﬁ@ ........... ..

fl uorenyl.) zircdniun1dich|or|de and bis (4-nmethyl fluorenyl) hafnium

di chl ori de. Use of Fluorenyl Metall ocenes : A nunber of

fluorenyl -containing netall ocenes prepared in accordance with the present
i nvention were evaluated for their effectiveness as catalysts for the
pol yneri zation of olefins. The specific netallocenes eval uated are

referred t(ﬁs'cﬂséenie xtxoit‘l O\Qﬁrp‘g o)rugbé)fr% g?;:ﬁm (JI TS ol Las }  Then cl@trqzla}{gt_on

A (1 -di fl uorenyl etfhane
mixture was heated at reflux until no moLe methane gas was being

teleased. The solution was then allowed to cool to room temperature.
The transition metal halide was then slowly added to the solutica.
Again, about 0.5 millimoles of transition metal compound was employed
with the'divalent'fluorenyl salﬁs and about 1 millimole was employved
with the monovalent fluorenyl salts. The' suspension was then stirred
for about 30 minutes. The solution was then concentrated to about 30 o
75 milliliters and fiitered; The orange to red solids oan the filter
platelwére dissolved in dichloromethane and the resulting solutioﬁ'was

- concentrated and cooled to -78°C to obtain the metallocene as a solid
precipitate. ' ' -

© Procedures of those'general types have been used to prepare
the following metallocenes: | .

(1,2-difluorenyl ethane) zirconium dichloride; (l1-fluorenyl-2-
indenyl ethane) =zirconium dichloride and -hafnium dicnhlorvide:
(1-fluorenyl-l-cyclopentadienyl methane)zirconium dichloride:
(1-fluorenyl-l-cvclopentadienyl methaﬁe)zirconium trichloride,' _
(1,2-di(2-tert butyl fluorenyl) ethane) zivconium dichloride and hafnium
dichloride; (l,Z-di(Z-mthyl fluorenyl)ethane) zirconium dichloride;
(l,Z-diflﬁorenyl ethane) 'hafnium dichloride; bis (2,7-tert
butyl-4-methyl fluorenyl)zirconiﬁh dichloride; (1;3-dif1uorenyl_

. propane) zirconium dichloride and hafnium dichloride; (l-floufenyl-z-
methyl-2-flucrenyl ethane) zirconium dichloride; dimeth?i silyl
'difluorenyl zirconium dichloride; (1,2-di(l-methyl fluorenyl)ethane)
zirconium dichloride; (1,2-di(l-tert butyl fluorenyl)ethane) zirconium
dichloride and hafnium dichloride; (1,2-di(2-ethyl fluorenyl)ethane
zirconium dichloride and hafnium dichloride; (l.,2-di(4-tert butyl
fluorenyl)ethane zirconium dichloride; (1-fluorenyl-2-cyclopentadieny:
ethane) zirconium dichloride; (l-fluorenyl-2-(3-methylcyclopentadianyl}
ethane zirconium dichloride; (1-fluorenyl-3-indenyl propane) zirconiunm
-dichloride; (1-Eluorenyl-Z—methyl-i-cyclopenta&ienyl ethane) zirconium
dichloride; (1-fluorenyl-2-methy-2-indenyl ethane) zirconium dichloride

(l-fluorenyl-2 mnthyl 2-(3- methylcxclopenuadxenyl)uthano\ zirconium
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B (1-fluorenyl -2-indeny N rcorp.um di chl ori de REPLA '
(1-fluorenyl-1-cycl opent adl € ;ﬁh :4 %é)%c'\g i um CEMENT%HEET'
-di chl ori de b fl ol |- f1uorenyl)|pparn@): OCT 1996
zi rconi um di chl ori . E = ——
(2, 7-ditertbutyl-4- rrethyl fluorenyl) zirconium
di chl ori de . F (1-fluorenyl-1-cycl opent adi enyl net hane)
Zi rconium trichloride- - G bis
(1- met hyl - 4- et hyI fluorenyl)zirconium di chl ori-de
H - (1-fluorenyl - 2-net hyl - 2-i ndenyl -ethane) zirconium
di chl ori déichloride; (1l«(l-pethyl (flydinf ] ugr &irylecbr harfdlo hefyiiD extisdiechl or i de
zirconium dichleride; {i-{l-ter:z buzwi fluoraayl)-2-(4-terc buty.
fluorenyl) ethane) zirconium dichloriZs: bis (2,7-di-tert butyl-&4=-mazzvi
VQHM;'\:'\A—
fluorenyl) =zizconium dichloride; (l.2-diflucrenyl ethane) wendiusz
dichloride, (1,1-diflucrenyl mechane} _“f?&u dichloride, bis(l-mezhyv:

fluorenyl) zirconium dichloride; bis (1l-methyl fluorenyl) hafniu=m
dichloride; bis(2-ethyl fluorenyl)zirconium dichloride; bis (4-methx:
fluorenyl) zirconium dichloride, and >is (d-methyl fluorenyl) hafnium

dichloride.

‘Use of Flub;envl Metallocenes

P

A number of fluorenyl-contzining metallocenes prepared :i-

-‘accordance with the present inventiecn were evaluated for their

[}

effectiveness as catalysts for the pclymerizacion of oclefins. Th
specific metallocenes evaluated are referred to in the following tablss

as follows:

Catalyst

A (l1,2-difluorenyl e:Hané) zirconium dichloride

) (1-fluorenyl-2-indanyl ethane) zirconium d’chlo: Zs

C (1-fluorenyl-l-cyclopentadienyl methane) zirconiuz
dichloride

D . (1,2-di(2-tertbutyi fluorenvyl)ethane) zirconium
dichleride

2 bis (2,7-terctbutyi-2-methyl fluorenyl) zirconium
dichloride

r (1-fluorenyl-l-cyclopentadienyl methane) zirconius
trichloride

G

bis (il-methvl-4-mezhyl fluorenyl)zirconium

dichloride

az

(1-fluorenyli-2-methv1-2-indenyl ethane) zirconium

dichloride

I "(1,2-diflnorenyl =<hane) hafnium dichloride
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2~ 3 The pol ynerizations were carried out in an autog
reactor using nethylal um noxane as a cocatal yst. The sour
met hyl al umi npxane varied. In sonme runs_a 30 wei ght percen
sol uti on obtained from Schering was use® In other runs =y
percent toluene solution of the nethylal um noxane obtai ned fron1EthyI Corp
was used. In a dry box under substantially inert conditions the solid

net al | ocene was added to a serun1V|aI and then a known quantity of the

met al | ocene sol ution .

aa

The polymerizations were carried out in an autoclavas Lype reacteor usin

[V}

mathylaluminoxane as a cocatalyst. The source .of the methvlalum:zaxan

[13

varied. In some runs a 30 weight percent toluene solution obtainszi froz
Schering was used. In other runs a !0 weight percent toluene sc.uzier

~of the methylaluminoxane obtained from Ethyl Corp was used. In

)
Q.
r
«

box under substantially inert conditions the solid metallocene was zdds
to a serum vial and then a known quantity of the metallocene soluzion

was added to the vial. The gram atom rati; of the aluminum in che
aluminoxane to the metal in the metallocene.was.about 2200 to 1. Some

- of the resulting catalyst system solutions were used in more thax cae
polymerization. Accordxngly, all the catalyst system soluticns werce nets .

- =3

used immediately after preparation. For optimum results it is

considered desirable to use the catalyst system soon after p:epara:Low
~ The catalyst system solution was added to the polymerizztion
reactor which had been sultably prepared for the particular
polymerization to be conducted. Typically for the pciy merization of
propylene the reactor contained ligquid propyleﬁe as the reactizsn
diluent. For polymerizations of ethylene or 4-methyl-l-pencene liguid
isobutane diluent was employed. frer the catalyst was charged then
monomer and hydrogen, if employed, was added at room temperature. The
reaction was then allowed to proceed for a period of time at which the
reactor was cooled in an attempt to maintain a selected reacticz
temperature. In most cases after the polymerization was complets zhe
dilpent was Elashéd off and the polymer solids recovered and
characterized. In some cases wheres the pdlymer was of low molecular
weight or substantially all in solution the liquid woulid be drained znd

the unreacted monomer, comonomar, and/or diluent removed by evaporz:ion.

cn

= Ko

Various characteristics of che polymer and the poivmeriza
were characterized. Examples‘of characteristics deternined in var;ﬁ;f
..cases include density in grams/ml (ASTM D1505-68); Melt Flow Index i
grams of polymer/10 minutes (ASTW D:1238-65T, Condition L); High Lnad
HYelt Index in grams of polymer/10 minutes 190°C (ASTM D1233, Condizion
€): Melt Index in grams of polvme:z/1i0 minutes 190°C (ASTM D233,

Condition E); heptane insolubles dezarmined by tha weight percen: of
; 3 3 f



was added to the vial.. The gramatomratio of the alum nu i '
.alum noxane to the netal in the netall ocene was about 2200 A#HBEQEWWEET
the resulting catal yst system solutions were used in nore @lseac

pol ymeri zation. Accordingly, all the ca2élyst system sol utlbans ‘e %{L To& ------

used imediately after preparation. For optinmum results it i s

-consi dered desirable to use the catal yst system soon after preparation.
The catal yst system sol uti on was added to the pol ynerization reactor which
had been suitably prepared for the particular polymerization to be
conducted. Typically for the polynerization of propylene the reactor
contained 1liquid propylene as the reaction diluent. For polynerizations
of ethylene or 4-nethyl-1-pentene |liquid isobutane diluent was enpl oyed.
After the catal yst was charged then nononer and hydrogen, if enployed, was
added at roomtenperature. The reaction was then allowed to proceed for a
period of tinme at which the reactor was cooled in an attenpt to naintain a
sel ect ed rieactuwmle tp@rtpearatnaheiningnanm*t exases: iaht et hiso ddbhgnbep@aki on was

‘conpl ete t ‘?c‘i“x%“ Dtoe Ashed 9{ f..gnd mthﬁfpglé/,(tqalsoﬂica% recover ed

[ -4 if
and characteri h sorre Zi:ases Wher®s °t he pol ymer was of A ecul ar

Calorimetry; molacular weights by size exclusion chromatography, i.=.
weight average molecular weight referred to herein as Mw and number
éve:agé_molecula: weight referred to herein as Hn; hetefogenity incdax
determined by .dividing Mw by Mn. The (SEC) size exclusion
chromatography was conducted using a linear colunn capable of . resovl: ing -
the wide range of molecular weights generally observed in polyolefirs,
such as polyethylene. The SEC used a 1,2,4-trichlorobenzene solution”cof
the polymer at 140°C. The intrinsic v1scosgty was calculated from ths
" SEC using the Mark-Houwink-Sakrada const;nts, i.e. k-HVa in
deciLiters/gram; referred to in the following.tables as IV. Unless
indicated otherwise the conditioms empléye& for characterizing the
various properties were the same for 'each polymer evaluated. In soms
cases infrared and 13C NMR spectra were taken of the polymer. The NMR
. spectra were conducted on a 1,2,4-trichlorobenzene solution of the
polymer. The base standard in the NMR spectra was 0 ppm based on

. tetramethylsilane.

Example XI

"Ethvlene Polymerization With

(1.2 difluorenylethane) zirconium dichloride

- A numbe: of polymerization runs were conducted to evaluéte Tha
effectivensess of (1l,2-difluorenylethane) zirconium dichloride as a
catalyst for the polymerization of ethylene-boﬁh alone and wich a
comonomer. The various polymerization variables and the results are
summarized in the following Table. The vafue reported for comonoma:z
‘when used in al zhe following tables refers.to grams of the . comonome

also yield is in grams. PC)' awel P“ are “‘H fmv‘l“w[ /Jv-cnurcs oé'-

e.Lk71<m auwed fr\\/o(*-olt\f\ IU\ [Gh. fH.AAC z; w\ w.uu‘-c:
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. neight or substantially all in solution the 1iquid would
.unreacted nononer, conononer, and/or diluent renoved by €
Various characteristics of the polyner_and the polynerizali
characteri-zed. Exanples af characteri 3Pics determned in _
“include density in grans/m (ASTM D1505-68); Melt Flow Index in granms of
pol ymer/ 10 m nutes (ASTM D1238-65T, Condition L); H gh Load Melt Index in
grams of polynmer/10 mnutes 190[err] C (ASTM D1233, Condition E): Melt
I'ndex in granssof pelymgy/10 minytes 190[err]C (ASTM D12331,= Condition E);
hept ane insol ubl es determ ned by the wei ght pefcent™of ~ £
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4insoluble polymer remaining after extraction wi'th boiiing

L AREMENT prps—

point in degrees centigrade by Differential Scanning Cal ofinetry; mol ecul ar

wei ghts by size exel usion chronat ograpaé, i.e. weight ave %Mm “ .....
wei ght [ i er aver

referred to herein as Mv and nu age nol ecu ght

referred to herein as M heterogenity index determned by dividing Mv by
wh. The (SEC) size exclusion chromatography was conducted using a
linear colum capable of resovling

The table demonstrates that the fluorenyl-containing
- metallocene is.capable of producing polymers of ecthylene having a wics
range of properties. In the absence of hydrogen the polymer was a very
" high molecular weight material as evidenced by the low HLMI, i.e. High
Load Heft Index. The data further demonstrates that copolymerization of

ethylene and hexene can result in lower density polymers.

Examgle XII
" Ethylene Polymerization with Various Bridged Fluorenyl Metallocenes

A number of ethylene polymerizations were also conducted using
other bridged metallocenes. The various polvmerlzatlon variables and
'the results are summarized in the following Table. Runs & ‘and 5 from

the previous Table are included for compariscen.



the wi de range of nol ecul ar wei ghts generally observed in po i BS——Guebe
as pol yet hyl ene. The SEC used a 1,2,4-trichl orobenzene sol ut HEFUACEMENT SHEET
pol ymer at 140[err]C. The intrinsic viscosity was cal cul atedjfromthe Sﬁc
using the. Mark-Houw nk-Sakrada constangd,” i.e. k[err]MA aatd:. 0. 5 fCT. 1995
deciliters/gram referred to in the following.tables as |IV. =

i ndi cated otherw se the conditions enployed for characterizing the various

properties were the sane.for each polymer evaluated. |In sonme cases
The NMR spectra

infrared and 13C NVR spectra were taken of the polymer.
were conducted on a 1,2,4-trichl orebefzenge Qplutlon g; the polymer. The
base standard in the NNR spectra was O ppn1based on tEtranEthyIS|Iane
Exanpl e XI- Et hyl ene Pol ynerization Wth

(1.2 difluorenyl ethane) zirconiumdichloride i A nunber of
polynerlzatlon runs were conduct ed>t oneval ugte_t he eftectlveness of

(1, 2-di fl uorenyl et hane) zirconiumdichloride as a~ # 8
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eatalyst for the polynerization of ethylene both al one g ﬁggngmsﬂggr
conononer. The various pol yneri zation vari abl es and t esults are

‘surmarized in the fol l.owing Table. ez' val ue reported %tecg@_ﬁﬁf

used in all the follow ng tables refeld to grams of the_Conpnompr—ealga—

yield is in grams. PC[err] and PH err] are the partial pressures or

et hyl ene and hydrogen in psi. Tinme is in mnutes. 25 J[err]
demonshates -

The Table demesstatss that (i-fluorenyl-2-indenyl ethane)

zirconium . dichloride, i.e Catalyst B, and Catalysct C, i.e _
- methane

(1-fluorenyl-l-cyclopentadienyl ethens) zirconium dichloride are alsc
suitable for  the polymerization of ethylene. Qa:alyst C gave a higher
molécular weight material as indicated by the HLMI values. Rua 14
demonstrates that Catalyst C is also capable'of producing a copolymer of
ethylene and hexene. The particular copolyder produced in this run is
paiiiig{srly unusual in that in contained 12.4 mole percent comonomer
am%NZ ;elative comonomer dispersity of 105.9. The mole percent
comonomer and telative comonomer dispersity were determined from NMR
spectroscopy using the technique disclosed . in U.S. 4,522,987, the
disclosure of which is incorporated herein by reference. Such a polymer
can be referred to as a low density super random copolymer, i.e. a

" polymer having a super random distribution of the comonomer.

Example X111

Propbvlene Polymerization With Various Fluorenvl Metallocenes

A number of polymerizations of propylene were conducted using .
varicus fluorenyl-containing metallocenes. The reaction variables and

the results are summarized in the following Table.
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. Table 11
“Type Catalyst btu.. . ML . ) .
Run  Catalyst Temp. °C ng APHZ  Time VYield _MF  Density Mwx10® HI IV Insolubles M.1 °C
. A32.€
15 C 60 .3 NA 30 360 19.6 0.8843 83.3 3.6 0.78 96.6 Tyt
; . AC
16 C 60 1 NA 60 230 14.6 0.8812 9 4.3 0.86 92.4 . P
17 C 60 1 - 3.5 60 431 15.6 0.8829 89.3 2.3 0.83 . 96.1 130, 8
18 c 70 1 10 60 400 27  0.8797 74.8 2.1 0.72 78.5 136.8
19 c 70 1 5 60 16 . wax - - - - 9.7 RK
20 D 60 2.3 . NA 50 270 - <0.8740 MH..O 2.5 0.55 93.4 -
21 E 60 1.6 10 60 9.5 - - - - - - -
22 E 23.6 - ‘1.6 o 60 0 - - - - - - -
23 F 70 2.5 25 60 3 - - - - - - -
2 F 70 2.5 25 60 5 - - - - - - -
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~The table denonstrates that the fluorenyl-containing n
gapabl e of producing polyners of ethylene having a w de

REPLACEMENT SHEET

30 pate 0.9 OCT 1996
[ N N Lnd N
2 = ~ o W g
b
[}
-]
ot
Y 4 -
> = = @ vl
¢ <
w7
r ®
' —
]
~ ~7 -~ -~ ~4 "3
o =) = o o :
o
(o]
<
o
] et
w - I o
. w N wn ~ Lo e
o <
7]
'
fovy [ o -t b )
s 3 5 35 sz [z
. o
=]
o . N N N ¥
& w P=-) o (=] ;
- @
i I3
-
— (%) ool g = B g
=~ S N =N - ® =
o o Y @
[«
o]
bt
—
-
[ 1 1 ¥ ! :Fz 3
n ]
=
[
o
[ =3
g :
' ' ' t ' o g
e L
)
bt
=
5
) t s ' ! =
9.
L
1 1 1 -t ! :
[ 1 ] 1 ¥
Yol
23
)
Q
1 1 ] ! ] .E‘
o
St
]
]

i

i—
43



range of properties. In the abgence. [0 tlhe pol yr
nol ecul ar wei ght material as e%ﬁi@ﬁcﬁ%@ﬁ%@% HLM ,

I ndex. The data further denonsfirates

rizatio
hexene can result in |ower density pol rs.
Exanpl e X1 Et hyl ene Pol ynerization with Various Bridged Fluorenyl
Met al | ocenes A nunber of ethylene polynerizations were also

conduct ed using other bridged netallocenes. The various polynerization
variables and the results are summarized in the followng Table. Runs 4
and 5 fromthe previous Table are included for conparison.

Table ITf demonstrates that Catalyst C, i.e.

(%)

(1-Eluorenyl-l-cyclopenCadienyl methane) zirconium dichloride, can be
used to produce a polymer from propylene. The data in rums 15-17 shows
that the polypropyvlene is highly crystalline as demostrated by che
"heptane insolubles values. It is believed that the polymer contains

high levels of syndiotactic molecular structure. .

Run 20 demonstrates that Catalyst D, i.e. (1,2-di(2-tert butyl
fluorenyl)ethane) zirconium dichloride ca& be used to produce a-
crysﬁalline polypropylene.

Run 21 demonstrates that Catalyst E, i.e. the unbridged .
metallocene bis(2,7-di-tertbutyl-4-methyl fluorenyl) zirconium
dichloridé. produced onlv a small amount of solid polypropylene at 60°C.
Run 22 shows that Catalyst E was not partlcularly effective at all at
o°cC.

Run 23 and 24 employed a non-sandwich bonded metallocene, i.e.
a metallocene in which only one of the cyclopentadienyl-type radicals
was bonded to the transition metal. The catalyst produced only about 3

to S grams grams of solid polymer along with about &5 to 55 grams of low
‘molecular weight propylene.soluble polymer. Unless indicated otherWisel
by the formula or other means, all the bridged metallocenes referred to

herein are sandwich bonded. _

Run 25 employed an unbridged metallccene, e.g. bis(l-methyl-4-
methyl fluorényl)_zirconium dichloride. It yielded 41 grams of a solid
polyproﬁylene. It would therefore appear that Catalyst G is somewhat
more active than GCatalyst E. .

Run 26 employed the. bridged metallocene (l-fluorenyl
~2-indenyl ethane) zirconium dichloride. Although this catalyst yielded
460 grams'of solid polymer 94.4 weight percent of the polymer was a low
molecular weight xylene soluble polymer. Similarcly, the bridged
metallocene (1-Eluoreny1-2-methy1-2-indenyl ethane) zirconium dichlerida
in Run 27 yialded 82 grams of solid, 88 weight percent of which was low

molecular weight xylene soluble material.
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~Runs 2§ and 29 employed bridged metallocenes based on
1,2-difluorenyl ethane. Both the zirconium and the hafnium metallocenes

yielded solid polypropylene.

Catalyst C, i;e. (1-Eluorenyl—l-cyclopentadiényl methéne)
zirconium dichlpridé, was evaluated as a catalyst for the polymerization
of &4-methyl-l-pentene. The amount of the meéallocéne employed was 3 mg.
The polymerization was conducted in the presence of hydrogen with the

- differential pressure of the hydrogen being 25. The polymerizatien
temperatufe was 120°C and the length of the polymerization was 2 hours.
The polymerization resulted in the production of 96.7 grams_of a sclid
having a weight average molecular weight of 33,330; & heterogenity index:
of 1.8; and a calculated intrinsic viscosity of 0.12. About 92 weight
percent of the solid was insoiuble in beiling heptane. The polymer had
a melting point of 197.9°C. A 13C NMR spectrum was taken of the polymer
as recovered, i.e. without hepﬁane solubles removed, and it indicated
that the polymer contained a substantial amount of syndiotactic _
functionality. A copy of the '3C NMR spectrum is provided in Figure 1.
Significant peaks were observed at about 22.8, 24.8, 26, 31.8, AZ{S,
43.1, 46.1, and 46.2 ppm. The intensity of the peak at 43.1 ppm has
greater than 0.5 of the total peak.intensities in the range of 42.0 aad
43.5 ppm. The peak at about 46.2 ppm had a greater intensity than any
peak between the major peaks at 46.1 and 43.1 ppm. Further, the peak at

- about 42.8 ppm had a greater intensity than any peak between the major
peaks at 46.1 and 43.1 ppm. These peak locations are relative to a peak

of zero ppm for tetramethylsilane.

Example XV _
Under conditions substantially as used in Example XIIL, a run

.was carried out attempting to polymerize &4-methyl-l-pentene with
Catalyst A, i.e. the bridged catalyst (1,2-difluorenyl ethane) zirconium '
dichloride. In this case 7 mg of the catalyst was employed and 180

~grams of solid atactic wax-like polymer was obtained.
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A similar run was conducted substituting the unbridged
metallccene, bis(2-methylfluorenyl) zirconium dichloride for Ca:alys:lé
in the polymerization of 4-methyl-l-pentene.

In this run S mg of the metallocene was used and 9.7 grams of solid
polymer was recovered. Twoc samples of the polymer were subjected te-”
heptane oxtraction. The extraction gave heptane insoluble values of

54.8 and 68.8. The catalyst.was thus not gs- active as either the

bridged Catalyst mentioned in the precediﬁg,paragraph or bridged
Catalyst A.
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dichloride, 1i.e Catalyst B

andRERBAQED St i.e
"(1-fluorenyl -1-cyclopent adi e oiass ==ni um di chl
“suitable for the polynerization of eth'§/4ene Cat alyst C

nmol ecul ar wei ght material as indicated by the HLM values. . Run 14
demonstrates that Catalyst Cis also capable of producing-a-copol yner of

et hyl ene and hexene. The particul ar copol yner produced [ hi s run is—
particularly unusual in that in contained 12.4 nole perﬂ[’
rel ative conononer dispersity of 105.9. The nol e perc

ﬂ@dAa
rel ative comononer di spersity were determ ned from NWVR spect rosdbpy usi'ng
the technique disclosed in U S 4,522,987, the disclosure of which is

i ncorporated herein by reference. Such a polynmer can be referred to as a

| ow density super random copol yrmer, i.e. a polyner having a super random
di stribution-of the conononer.

LAIMS
1. A metallocene of the general formula (I):
R'(FIR )(CpR,,)MeQ,. (0

wherein Fl is a fluorenyl radical, Cp is a cyclopentadienyl, indenyl,
_tetrahydro indenyl, or fluorenyl radical, each ‘R is the same or
different and is an .drgano radical having 1 to 20 carbon atoms, R
is a structural bridg linking '(Fan) and (CpR). Me is metal selec-
ted from IVE, VB, and VIB merals of the Periodic Table, each Q
is the same or different and is selected from hydrocarbyl or hydro-
carbyloxy radicals having 1 to 20 carbon atorﬁs and halogen, x is 1
or 0, k is a number sufficient to fill out the remaining valences of -
Me, n is a ‘number in the range .of 0 to 7, m is a number in the
range of 0 to 7. with the provxso that if (CpR,) is unsubstituted
fluorenyl and x is O, then n is 1 to 7, and if (CpR,) is unsub-

stituted cyclopentadienyl or 3-methylcyclopentadienyl and R" is 1,1-

dimethyl-methylene, then n = 1 to 7.

[

The metallocene according to claim | wherein x is L.

(93]

The metallocene according to claim 2 wherein (CpR,) and (FIR.)

are different.

4. The metallocene according o claim 2 wherein RVis the divaleat

methylene radical --CH,--.
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The metallocene according to claim 2 wherein R" has the formula
I

R R
—"C'—(F; (11)
|

wherein each R’ is hydrogen or at least one of R is hydrocarbvl.

having- from 1 to 7 carbon atoms, preferably an aliphatic hydrocar
byl.

- The metallocene according to claim 5 wherein said R is an zikyl

radical, preferably methyl. -
The metaliocene according to claim 1 wherein x is 0.

The metallocene according to claim 7 wherein (FIR)) and (CpR,)
are the same.

The metallocene according to any of the preceding claims wherein
n is a number in the range of 1 to 4 and/or m is a number in the
range of 1 to 4.

The metallocene according to anv of the preceding claims wherein

Me is selected from Ti, Zr, and HE, pfefe_r'ubly Zr and HE.

The metallocene according to any of the preceding claims wherzin
(CpR,,) is selected from fluorenyl. cvelopentadienyl, indenyl. und

methyl cvclopentadienyl.

LACEMENT SHEET
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. The metallocene ‘according to any of the preceding claims wherein

(FIR,) is selected from fluorenyl (n=0), l-tert-butyl fluorenyl, 2-ethyl

fluorenyl, 2-tert-butyl fluorenyl, 4-tert-butyl fluorenyl, 4-methyl fluore-

nyl, 2,7-di-tert-butyl fluorenyl, and 2,7-di-tert-buryl-4-methyl fluorenyl.
+

. The metallocene according to any of the precedmv clalms wherein

Q is halogen, preferably chlorine.

The metallocene according to claim 2 being selected from (},1-
diﬂuorénylmethane)zirconium dichloride, (1,2-difluorenyl ethane)
zirconium dichloride, (1,2-difluorenyl ethane) hafnium dichloride, (1,3-

difluorenylpropane) zirconium dichloride, (1,2-difluorenylethane) hafni-

um d1chlor1de (1,3-difluorenylpropane) hafnium dichloride, (1-fluore- -

nyl-z-meuhyl -2-fluorenylethane)zirconium dichloride, dimethylsilyldifiuo-

reayl zirconium dichloride, (1,2-di(1-methyl fluorenyl)ethane)zirconium

- dichloride, (1,2-di(1-methyl fluorenyl)ethane) hafnium dichloride, (1,2-
di-(2-ethyl fluorenyl)ethane)zirconium dichloride, (1,2-di(2-tért-butyl |

fluorenyl)ethané)zirconium dichloride, (1,2-di(2-tert~butyl fluorenyl)et-

hane)hafnium dichloride, (1,2-di(1-tert-butyl fluorenyl) ethane) zirconi-
um dichloride, (1,2-di(4-methyl fluorenyl) ethane) zirconium dichlori-
de, (1,2-di(4-methyl fluorenyl)ethane) hafnium dichloride, (1,2-di(4-
tert-butyl fluorenyl)ethane) zirconium dichloride, (1-(ﬂuorenyl)-11
(cyclopentadienyl)methane) zirconium dichloride, (1-(fluorenyl)-1-
(cyclopéntadienyl)methane) hafnium dichloride, (1-(2,7-di-tert-butyl

fluorenyl)-1-(cyclopentadienyl)methane)zirconium dichloride, (Iéﬂhore-

nyl-2-cyclopentadienylethane)zirconium  dichloride, (1-fluorenyl-2-(3-

methyl cyclopentadienyl)ethane)zirconium dichloride, (1-fluorenyl-2-
indenyl ethane)zirconium dichloride, (l-ﬂuorenjil-Z-indenyl ethane)haf-
nium dichloride, (1-ﬂuorenyl-'.’.-methyl-l-indenyl ethane) zirconium

dichloride. (l-fluorenyl-2-methyl-2-indenyl ethane) hafnium diéhloridc,

J
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(bis-ﬂuorenylmet'hane)vanadium dichloride, (1,2-difluorenyl ethane)va-

nadium dichloride, (1-fluorenyl-1-cyclopentadienyl methane) zirconium

trichloride,  (1-fluorenyl-2-methyl-2-(3-methyl  cyclopentadienyl)etha- -

ne)zii'cor;ium dichloride, (1-(1-methyl fluorenyl)-2-(4-methyl fluore-
nyl)ethane)zirconium dichloride, (1-(2,7-di-tert-butyl fluorenyl)-2-(fluo-
renyl)’ethane)zirconium dichlbride, (1,2-di(2,7-di-tert-butyl-4-methyl
fluorényl)ethane zirconium ‘dichloride, and ( 1,2-di-(I-methyl-ﬁ-methyl
fluorenyl)ethane) zirconiu.m dichloride. |

The metallocene according to claim 2 being (fluorenyl)-1-(cyclopenta-

dienyl) methane zirconium dichloride.

The metallocene according to claim 7 being selected from bis(1-

méthyl-ﬂuorenyl)zirconium dichloride, bis(1-methyl fluorenyl)zirconium

dimethyl, bis(1-methyl fluorenyl) hafnium dichloride, bis(l-tert-butyl |

fluorenyl)zirconium dichloride, bis(2-ethyl fluorenyl) zirconium di-

chloride, bis(4-methyl fluorenyl)zirconium dichloride, bis(4-methyl
fluorenyl)hafnium  dichloride, bis(2-tert-butyl  fluorenyl)zirconium
dichloride, bis(4-tert-butyl fluorenyl)zirconium dichloride, bis(2,7-di-
tert-butyl ﬂuo;enyi)zirconium dichloride, bis(2,7-di-tert-butyl-4-methyl
fluorenyl)zirconium dichloride, and bis (2-methyl fluorenyl)zirconium
dichloride. -

A process for preparing a fluorenyl-containing metallocene compri-
sing reacting an alkali metal salt of at least one fluorenyl-containing
compound with a transition metal compound of the formula MeQ,
in. the presence of a non-halogenated solvent for the fluorenyl salt

which solvent is non-coordinating with the transition metal com-
pound.

.




“Table |11 demonstrates that €&t L oeen | REPLACEMENT SHEET
(1-fluorenyl -1l -cyclopentadi %"'ﬁﬁﬁ 2 Zi rcofpi um dichl
‘to produce a pol ymer from prippyl in runs 15-

|de
i 0T e
pol ypropyl ene is highly crystalline as°8@enostrated by th
i nsol ubl es values. It is believed that the polyner contai'ns high 1evels of

syndi otactic nol ecul ar structure. hat
Catalyst D, i.e. (1,2-di(2-tert butyl fluorenyl )ﬂﬂmﬁmrn', mnm "}n
di chl ori de can be used to produce a crystalline pblypraepykene. =
‘Run 21 denonstrates that Catalyst E, i.e. the unbridged netall ocene
bis(2,7-di-tertbutyl - 4-net hyl fl uorenyl ) zirconiumdichl oride, produced
only a small anount of soelid polypropylene at 60C. Run 22 shows that :
" Catal yst 1B. \Aﬁhenmocpsr-mmdiagltp elfimc 7 wehereimlshidatso®get ri§ Gelected = Run
23 and 24 er’r‘EF lc_)%g a non-sandwbch bondgd nghﬁxghocene I.e. a netallocene in
whi ch only .oH8 B PERIBEn PEtRnEN PRd: JISEVISEIPE Al s  was bonded to the
transition nmetal. The catal yst produced only about 3 to 5 grans grans of .
: SO|Id pol ymer along with about 45 to 55 grans of |ow

19. The process according to claim 17 wherein said fluorenyl-containing

compound is a bridged compound in ‘which a fluorenyl radical is

bonded to another cyclopentadienyl-type radical by a bridging .group.

20 The process according to claim 17 wherein said alkali metal salt of
said fluorenyl-containing compound has been formed by reacting an
alkali metal alkyl with a fluorenyl-containing compound in tﬁe pre-
sence of a non-halogenated solvent for the fluorenyl salt which is

non-coordinating with the transition metal compound.

21. The process according to claim 17 wherein said metallocene has the
formula (I) as defined in any of claims 1 to 16.

22. A process comprising reacting fluorenyl methyl chloride with an
alkali metal salt of cyclopentadiene to produce 1-fluorenyl-1-cyclopen-
tadienyl methane; forming a divalent alkali metal salt of 1-fluorenyl-
1-¢yclopentadieny1 methane; reacting the said divalent alkali metal
salt with a transition metal halide of the formula MeQk wherein
Me is selected from Zr, Hf, and Ti; each Q is individually selected
from the group consisting of hydrocarbyl or hydrocarbyloxy radicais
having 1 to 20 carbon atoms and halogens; at least one Q is a
halogen; and k is a number corresponding to the valence of Me; to
produce the corresponding bridged metallocene; and using said

metallocene to polymerize an a-olefin containing at least three

carbons per molecule.
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the fornmula or other .neans, &l _th | | ocenes
*are sandw ch bonded. n 25 e oned an unbri dged matg 6@:3@
e.g. bis(l-nmethyl-4- methyl fluorenyl )3 i rconi um dichl ori 4.2
grans of -a solid polypropylene. It would therefore appear Syt G

i s somewhat nore active than Catalyst E. - ... Run 27 enpl oyed the
bri dged netal | ocene (1-fluorenyl -2-indenyl et hane) zi rconi'um-di chl ori de.
Al t hough this catal yst yielded 460 grans of s ‘ wei ght
percent of the polymer was a | ow nol ecul ar we ﬂ" ﬁml e pol yner.
Simlarly, the bridged netallocene (1-fl uorenyl - - 2% et hyl - 2-1fadenyl et hane)

zirconiumdichloride in Run 26 yiel ded 82 grans of solid, 88 weight percent
of which was | ow nol ecul ar wei ght xyl ene sol uble materi aI .

ﬁsﬁueameufwn

~ 23. The use of the metallocene of the formula (I) as defined in any of
the claims 1 to 16 in combination with an organometallic co-catalyst
for the polymerization of olefins.

24. The use of claim 23 wherein said co-cdtalyst is an alkylaluminoxane.

25. An eihylene/l-hexene-copdlymer having a densiry of less than 0.90 -

and a relative comonomer dispersity of at least 106 %.
26. The copolymer of claim 25 having a density of about 0.38.

27. A syndiotaétic homopolymer of 4-methyl-1-pentene having a B¢
NMR spectrum having a peak at 43.1 ppm which is greater than 0.5
of the total peak intensities present in the range of 42.0 and 43.5
ppm, wherein the next most intense peak above the peak at abdut_
46.1 ppm is.more-intense than any peak between the major peaks
at 46.1 ppm and 43.1 ppm, and the next most intensive peak bet-
ween 43.1 ppm and 35 ppm is more intense than any peak between
the major peaks at 46.1 and 43.1 ppm.

28. The polymer of claim 27 characterized by the °C NMR spectrum
of figure 1. o
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™32 Runs 27 and 28 enpl oyed bridged netal |l ocen

.1, 2-di fluorenyl ethane. Both the zirconium and the hafni CEMENTSHEET
yielded solid polypropyl ene. ExarTBI e XV
Catalyst C, i.e. (1-fluorenyl-I-cyclopentadi enyl nethane)|| Date{.5. CI..JSS ......
1/1
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zirconiumdichl oride, was evaluated as a catal yst for the pokypserizatian—of-—
4-met hyl -1 - pentene. The anmount of the netall ocene enpl oye] RERLACEMENTTSQEET
pol ymeri zati on was conducted in the presence of hydrogen With ng 0CT Ko ’
differential pressure of the hydrogen being 25. The pol yngrbatall.qn................. =
tenperature was 120[err] C and the Ieﬂggﬁggq he pol yneri z ot Fowas—2—Hoorss
The polynerization resulted in the pro of 96.7 grans of a solid
havi ng a wei ght average nol ecul ar wei ght of 33,330; a heterogenity index of
1.8; and a calculated intrinsic viscosity of 0.12. About 92(Figuml) percent

of the solid was insol @i@ﬂ@h@@f&ﬂﬁ?ﬁﬂiﬂﬁqyﬂheﬁﬁ%‘)gad a mel ting
» X\/'

point of 197.9[err]C.:

Under conditions substantial |y PREPATRATION,ARDIIGE X! 11, a run was carried
out attenpting to polynerize 4-methyl-1-pentene with Catalyst A i.e. the
bri dged catal yst (1, 2-difluorenyl ethane) zirconiumdichloride. In this
case 7 ng of the catal yst was enpl oyed and 180 grans of solid atactic
wax- | i ke pol yner was obt ai ned.

Fluorenyl-containing metallocenes are disclosed along with

methods for making the metallocenes. Also disclosed are methods for

usin
g the metallocenes as polymerization catalysts. In addition
3

polymers resulting from such polymerizations are disclosed.
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number 3 position. The term fluorenyl as used herein refers to
9-fluorenyl unless indicated otherwise.

An object of the present invention is to provide certain new
fluorenyl-containing metallocenes. Another object of the present
invention is to provide a method for preparing new fluorenyl-type
metallocenes. Still another cobject of the present invention is to
provide polymerization catalysts employing fluorenyl-type metallocenes.
Still yet another object of the present invention is to provide
processes for the polymerization of olefins using fluorenyl-type
metallocene catalyst systems. Still yet another object of the present

invention 1is to provide polymers produced using such
fluorenyl-containing metallocene catalysts.

Summary of the Invention
In accordance with the present invention, there are provided

new metallocenes of the formula R"x(FIRn)(CpRm)Her wherein Fl is &

fluorenyl radical, Cp is a cyclopentadienyl, indenyl, tetrahydro

indenyl, or fluorenyl radical, each R is the same or different and is an.
organo radical having 1 to 20 carbon atoms, R" is a structural bridge
linking (FIR n). and (CpRm) » Me is metal selected from the group
consisting of IVB, VB, and VIB metals of the Periodic Table, each Q is
the same or different and is selected from the group consisting of
hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon atoms and
halogens, x is 1 or 0, k is a number sufficient to £ill out the
remaining valences of Me, n is a number in the range of 0 to 7, m is a
number in the range of 0 to 7, further characterized by the fact that if
(CpR.) is unsubstituted fluorenyl and x is O, then n is 1 to 7, and if
(CpRm) is unsubstituted cyclopentadienyl or 3-methylcyclopentadienyl and
R" is 1,1-dimethyl-methylene, then n = 1 to 7.

In accordance with another aspect of the present invention,
there is provided a method for forming fluorenyl-containing metallocenes
comprising reacting an alkali metal salt of the selected fluorenyl
compound with a transition metal compound of the formula Her in the



T
A simlar run was conduct ed substituting the unbr (T&g&Aﬁ%FEFITOSCHeErFe

bi%s(2- met hyl fl uorenyl) zirconiumdichloride for i—%@’f&fﬂﬂf‘m ______
pol yneri zati on of 4-methyl-1-pentene. In this run oo ol the

was used and 9.7 granms of solid pol yner wassupsaNReheet TWB ORGH&S1997t he
poI ymer were subjected to heptane extraction. The extraction gave heptane

I nsol ubl e val ues of 54.8 and 68.8. The catal yst was thus not as active as
either the bridged Catal yst nmentioned in the precedi ng paragraph or bridged

Cat al yst A _ 4

presence of a non-halogenated solvent for the fluoreny! salt which solvent is non-coordinating
with the transition metal compound.

In accordance with still another aspect of the present invention, there is
provided a process for the polymerization of olefins comprising contacting said olefins under
suitable reaction conditions with a catalyst system comprising a fluorenyl-containing
metallocene as described above in combination with a suitable organoaluminum co-catalyst.

Still further in accordance with the present invention there is provided the
polymer products resulting from such polymerizations.

Further in accordance with this invention there is provided a process

\/ comprising reacting fluorenyl methyl chloride with an alkali metal salt of cyclopentdiene to
produce 1-fluorenyl-1-cyclopentadienyl methane; forming a divalent alkali metal salt of 1-
fluorenyl-1-cyclopentadienyl methane; reacting the said divalent alkali metal salt with a
transition metal compound of the formula MeQ, wherein Me is selected from Zr, Hf, and Ti;
each Q is individually selected from the group consisting of hydrocarby! or hydrocarbyloxy
radicals having 1 to 20 carbon atoms and halogens; at least one Q is a halogen; and k is a

nummber corresponding to the valence of Me; to produce the corresponding bridged metallocene;

and using said metallocene with a cocatalyst to polymerize an alpha olefin containing at least
three carbons per molecule.

Detailed Description of the Invention

The novel metallocenes provided in accordance with the present invention fall -

into two broad general categories. One category involves metallocenes in which a fluorenyl
radical, either substituted or unsubstituted, is bonded to another cyclopentadienyl-type radical

by a bridging structure R". These metallocenes are referred to herein as bridged metallocenes.

The other category deals with metallocenes which are unbridged, that is the fluorenyl radical

ligand and the other cyclopentadienyl-type ligands are bound to the metal but not to each other.

These metallocenes are referred to as unbridged metallocenes. Method for preparing fluorenyl-

containing cyclopentadiene-type compounds which can be used in making the metallocenes are

disclosed in the aforementioned U.S. Patent Application Serial No. 697;363.
The metal, Me is selected from the group IVB, VB, or VIB metals of the
Periodic Table. The currently preferred metals include titanium, zirconium, hafnium,

chromium, and vanadium. The R" can be selected from any suitable bridging structure.

Typical examples include hydrocarbyl and heteroatom containing alkylene radicals, germanium,

silicon, phosphorus, boron, aluminum, tin, oxygen, nitrogen, and the like.
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preparing a fluorenyl-containing netall ocene conprisitng (1),r m
al kali metal alkyl with a suitable fluorenyl precursipmpater. tﬁeag rC
non-.hal ogenated |iquid diluent consisting of B T
from hydrocarbons and non-cyclic ethers t¢g prggg‘l‘ée a £ uo$ er‘!y -cBn i T ng
al kali nmetal salt which is substantially free of THF and (2) then reacting
the thus protiec®l biidgs eshgh-hydeedaxbyl rgnskd taromdtiicaid manste,i suchmaisah
g_olrrpoutnd of mt%yi Osml:@:dtve&% lﬂkyléfnla? pswltzsep,tce%hef c.fulaeﬁmkmlﬂa& eﬂ;dlengg _

Il uent consi sting essenti 0 sol v or e ore sa ich is
non- coor di na?'\'%@yvﬂlliﬂh‘ttﬁ‘é ‘th%l%é'FtlT’gﬁz??Et a °c8‘fﬁ58ﬁ{1i(§, " e?'éﬁr}ﬁrw }’§i‘¥]‘ﬁet al
sel ect ed frosre hedapcathylconbptaroatpmotonteBringBalkydene/rBlishl thawite ) ¢di €

Tabl e, each Qibdn!dton$aMenUn Sidet8iAR! prtdricd aMlcAChAE & riameduadr 06 ady! or
hydr ocar byl oxy, radi cal s haV|Qg 1 to 20 carbon atons or halogens, and k is a

nunber suf fi ¥4ieAce o ¢ minus

The substituents R can be selected from a wide range of

for

S
a
e

ljof a

substituents. In the preferred embodiments the substituents R are each

independently selected from hydrocarbyl radicals having 1 to 20 carbon

atoms. In a particularly preferred embodiment, the hydrocarbyl radicals

R are alkyl radicals. More preferably the alkyl R radicals have 1 to S

‘carbon atoms. Each Q is a hydrocarbyl radical such as, for example,
\J aryl, alkyl, alkenyl, alkaryl, or arylalkyl radical having from 1 to 20
carbon atoms, hydrocarbyloxy radicals having 1 to 20 carbon atoms, or
halogen. : '

Exemplary Q hydrocarbyl radicals include methyl, ethyl,
propyl, butyl, amyl, isocamyl, hexyl, isobutyl, heptyl, octyl, nomnyl,
decyl, cetyl, 2-ethylhexyl, phenyl, and the like. Exemplary halogen
atoms include chlorine, bromine, fluorine, and iodine and of these
halogen atoms, chlorine is currently preferred. Exemplary hydrocarboxy
radicals include methoxy, ethoxy, propoxy, butoxy, amyloxy, and the
1like.

Illustrative, but non-limiting examples of unbridged
metallocenes falling within the scope of the above formula include
bis(l-methyl fluorenyl) zirconium dichloride, bis(l-methyl fluorenyl)
zirconium dimethyl, bis(l-methyl fluorenyl) hafnium dichloride,
bis(1-t-butyl fluorenyl)zirconium dichloride, bis(2-ethyl £fluorenyl)
zirconium dichloride, bis(4-methyl fluorenyl)zirconium dichloride,
bis(4-methyl fluorenyl)hafnium dichloride, bis(2-t-butyl £luorenyl)
zirconium dichloride, bis(4-t-butyl fluorenyl)zirconium dichloride,
bis(2,7-di~t~butyl flmi*eny]) zirconium dichlorid_e, bis(2,7-di-t=-butyl-
4-methyl fluorenyl)zirconium dichloride, and the like.

Illustrative, but non-limiting examples of metallocenes
containing bridged fluorenyl 1ligands include for example



out the valences of Me.-2. A process for|| fTERMACENENT SHEET

fl uorenyl - contai ni ng netal |l ocene conprising (1) reafti ng rﬁzﬂclfamrre tlal
al kyl with a suitable fluorenyl precursor in the priesfce’gh g oo

non- hal ogenated liquid diluent consisting of & bEf?ﬁ& T g
from hydrocarbons and non-cyclic ethers tog proguce ag E%FenTy b%g%féreﬁéﬁ
al kali nmetal salt which is substantially free of THF and (2) then reacting

t he thus prod@nedd{dzuefﬁsyieth&m&ﬁidahm Sdich1av¥illd, a(t 2285 lubbéhyIDbetane

conmpound of t nmul n e d
di Imtjezt COI‘]SI%% n'?I ess@n%gﬁ?é #f“i- eas{&g%&f F?MBQ J&ﬁ#@gt ggébtﬁgrld !
hydr ocar bons @ ﬂh‘éﬂﬁnummlmﬂ%@ $-§1fblommropse¢)b%fp@a‘ Bleridee
group consi st(ngluérehyﬁz-b&hymﬂﬂdie@ileh:hﬁ:el?eincedin Tabl elichkadidg) i s t he

sane or diffe &ﬁdlkhfi}‘I%ﬁﬁﬁJo@&Jﬁd Lifu&w&rqqamﬂdeor hydz-qqaimslcw

radi cal s haV|n car bon "at ons_or. hal ogen 25:1 K IS ag
sufficient toffiorensdiethane)zizsaniums dich ]fVé idey” (1,2-di(1-methxl ,f E‘é’é‘:‘,’yn
accordi ng to ethana) hafuher dichloaidd,| { 1y2-di(R-kthynt fba‘orszkselpe(:&)neDsi&ehﬁmt ed

fromthe gr Ougic(iﬁgﬂd%t i pg, ﬁﬁiéﬁk%@l Eﬁi&@&fi)eaﬂqe %88fun? dichloride, A

process according to claim wherein sa uoren nt |n| salt 1s
bri dged conpofid-fH ZrkTRuyh ﬁpP‘EﬁfPEWh?nﬁpﬁ%ﬂi“ﬂ' 515%%’6% ggfﬂe r‘""‘“‘y1
cycl opent adi efltortyyid etitdieT azideyn tumbrdicdiorgder cmpz-cﬂ(ls-methyl fluorényl)ocess
according to Q:t@hm %1:9&8_@“ Ql'i@lgloqi&@,t e‘i,lﬂﬁmengéhyi hﬁugfgnwbéhane) hafnium
“dichloride, (1,2-di(4-t-butyl fluorenyl)ethane) zirconium dichloride,

o 1-(fluorenyl)-1-(cyclopentadienyl)methane zirconium dichloride,

1-(£fluorenyl)-1-(cyclopentadienyl)methane hafnium dichloride,
1-(2,7-di~t-butyl fluorenyl)-1-{cyclopentadienyl)methane zirconium
dichloride, (1-fluoreny1-2-cyélopentadienylethane)ziréonium dichloride,
(1-£fluorenyl-2-(3-methyl cylcopentadienyl)ethane)zirconium dichloride,
(1-fluorenyl-2-indenyl ethene)zirconium dichloride, (1-fluorenyl-2-
indenyl ethane}hafnium dichloride, (I-fluorenyl-z-methyl-z-indenyl
ethane)zirconium dichloride, (1-£fluorenyl-2~methyl-2~indenyl
ethane)hafnium dichidride, (bis-fluorenylmethane)vanadium dichloride,
(1,2-difluorenyl ethane)vanadium dichloride, (i-fluorenyl-l—cyclopenta-
dienyl methane) zirconium trichloride, (1-fluorenyl-2-methyl-2-(3-methyl
cyclopentadienyl)ethane)zirconium dichloride, (1~(1-methyl fluorenyl)-2-
(4-methyl fluorenyljethane)zirconium dichloride, (1-(2,7-di-t-butyl

_ fluorenyl)-2-(fluorenyl)ethane)zirconium dichloride, (1,2-di(2,7-di-t-
butyl-4-methyl fluorenyl)ethane)zirconium dichloride, and the like.

) Particularly preferred metallocene species include bridged and
unbridged metallocenes containing at least one substituted fluorenyl
radical, i.e., there is at least one FlRn wherein n is 1 to 7.

The inventive metallocenes as well as related metallocenes can
be prepared by reacting an alkali metal salt of the bridged or unbridged
fluorenyl compounds with a suitable transition metal compound in a
suitable solvent under suitable reaction conditions.
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is a cycl opent adi enyl CASE: 32978 Demzjné ..... ‘ _____________
35 indenyl, tetrahydro indenyl, or fluorenyl radic

or .different. and is an organo radi cal havin 0 a
structural bridge linking (FIR err]) and Cpg%%$$ ua@ﬁga§€ 23?2? gf
fromthe group consisting of IVB, VB, and VIB netals of the Perlodlc Table,
each Qis the sane or different and is sglected fromthe group consisting
of hydrocarbyl or hydrocarbyl oxy radicals having 1 to 20 carbon

The term transition metal compound as used herein includes

compounds of the formula MeQk wherein Me, Q, and k are as defined above.
Some non-limiting examples include zirconium tetrachloride, hafnium
tetrachloride, cyclopentadienyl =zirconium trichloride, <£fluorenyl
zirconium trichloride, 3-methylcyclopentadienyl zirconium trichloride,
indenyl zirconium trichloride, &4-methyl fluorenyl zirconium trichloride,
-and the like.

The curremntly preferred unbridged metallocenes are prepared by
reacting a Qubstituted fluorenyl alkali metal salt with an. inorganic
halide of the Group IVB, V B, VIB metals to form a bis(substituted
fluorenyl) metal balide. In an especially preferred embodiment bridged
fluorenyl compounds of the formula (FIR,)R"(CpRp) are used wherein F1,
R. k" and m are as defined above, and where n is 1 to 7, most
preferably 1 to 4.

Metallocenes in which Q is other than a halogen can be readily
prepared by reacting the halide form of the metallocene with an alkali
metal salt of the hydrocarbyl or hydrocarbyloxy radical under conditioms
as have been used in the past for forming such ligands in prior art
metallocenes. See, for example, the aforemention J. Orsanamet. Chem. 113,
331~-339 (1976). Another approach involves reacting a compound of the
formula MeQk wherein at least one Q is hydrocarbyl or hydrocarbyloxy
with the alkali metal salt of the bridged or unbridged £fluorenyl
compound.

One embodiment of the present invention involves carrying out
the reaction of the fluorenyl-containing salt and the transition metal
compound in the presence of a liquid diluent which is non-ﬁalogenated
and non-coordinating toward the transition metal compound. Examples of
such suitable liquid include hydrocarbons such as toluene, pentane, 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
pure metallocenes and in a more stable form; and also often allows the
reaction to be conducted under higher temperature conditions, than when
THF is used as the diluent. In an especially preferred embodiment the
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remai ni ng val ences of Mg, n is a nunmber in the range o (‘héo? .
nunber in the range of 0 to 7, further characteri ze:iDDSﬁt ac*t----t--hat i f

(CpRlerr]) is unsubstituted fluorenyl and x §gb&ittéeRebt | S|3L059° or 79§71 f
(CoRlerr]) is unsubstituted cycl opentadiegyl or 3- net hyT cycl opent adi enyl
and R is 1,1-dinethyl-nethylene, then n=1 to 7. 6. A process
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process acco?’Eﬁ“ﬁb °6‘ E?'%% m 6, wherein said |iquid diluent of step (2)
consi sts essential | yThé forhstdoncef [the. alkali metal salt Af pthac®asdgedceedi ng to
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ordi nary room tenperature Focess acc d|n fo claim 2,
wher ei nysai d“?]iadggﬂ 49 Pﬁeﬁlle G‘Fk’s]tieﬂ"?‘}) atky ko Ehe cyelopentadieny] type

radicals present can vary, generally however, the ratio would 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
A\, from sodium, potassium, and lithium, and the alkyl group would have 1 to
8 carbon atoms, more preferably 1 to & carbon atoms. Preferably if the
fluorenyl salt is formed using tetrahydrofuran (THF) as the 1liquid
solvent, the salt is isolated and substantially all of the THF is
removed before the salt is contacted with the transition metal halide.

A

The molar ratio of the bridged or unbridged fluorenyi compound to the
"transition metal'compound can vary over a wide range depending upon the
results desired. Typically, however, when an unbridged fluorenyl
compound is used, the molar ratio of the unbridged fluorenyl compound to
the transition metal compound is in the range of from about 1 to 1 to
about 2 to 1 and when a bridged fluorenyl compound is used the molar
ratio of the bridged fluorenyl compound to the transition metal comﬁbund
is about 1 to 1.

The resulting metallocene can be recovered and purified using
conventional techniques known in the art such as filtration, extraction,
crystallization, and re-crystallization. It is generally desirable to
recover the metallocene in a form that is free of any substantial amount
of by-product impurities. Accordingly, recrystallization and fractional
crystallization to obtain relatively pure metallocenes is desireable.
Dichloromethane has been found to be particularly useful for such
recrystallizations. As a general rule, it has been found that the
metallocenes based on unbridged fluorenyl compounds are less stable than



consi sts essentially of a hydrocarbon. 15.
claim2, wherein said liquid diluent of step (2)
di et hyl ether. 16. A process according t []C%BS@i nfjsai d
liquid diluent consists essentially of an ar ' borp- 14

A process according to claim 16, wherei nisai %slct]'w C 997
essentially of toluene. 18. A process according to claim 14,
wher ei n eact’-@-j Eatent No. 4,794,096, the dissdesuresef othdrihglst dnepedoratel

wher ei n sai thdredprignybeegemdeai ni ng al kali netal salt and the netal |l ocene are

prepared in a liqui d'l‘ é lflft?or}:teny Qﬁgxlt%’ix'.ﬂ% Eest':saq%ée?iles! yinoéombination with the

aluminoxane co-catalyst can be used to polymerize olefins. Generally
such polymerizations would be carried out in a homogeneous system in
which the catalyst and co-catalyst were soluble; however, it is within
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the scope of the present invention to carry out the polymerizations in
t;he presence of supported forms of the catalyst and/or co-catalyst in a
slurry or gas phase polymerization. It is within the scope of the
invention to use a mixture of two or more fluorenyl-containing
metallocenes or a mixture of an inventive fluorenyl-containing

‘metallocene with one or more other cyclopentadienyl-type metallocenes.
N The fluorenyl-containing metallocenes when used with
aluminoxane 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,
pentene-1, 3-methylbutene-1, hexene-1, 4-methylpentene~1,
3-ethylbutene-1, heptene-1l, octene-1, decene-1l, &4,4~dimethyl-l-pentene,
4,4~diethyl-1-hexene, 3,4-dimethyl-l-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 less 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 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 discloéures 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 fluorenyl-containing
metallocenes.
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fluorenyl pre&ogssabout SiOOlftinutes. The solution was then concentrated to about 50 to
75 milliliters and filtered. The orange to red solids on the filter
plate were dissolved in dichloromethane and the resulting solution was
concentrated and cooled to -~78°C to obtain the metallocene as a solid
precipitate.

Procedures of those general types have been used to prepare
the following metallocenes:

(1,2-difluorenyl ééhane) zirconium dichlofide; (1-fluorenyl-2-~
indenyl ethane) zirconmium dichloride and hafnium dichloride;
(1-fluorenyl-1-cyclopentadienyl methane)zirconium dichloride;
(1-£fluorenyl-l-cyclopentadienyl methane)zirconium trichloride,
(1,2-di(2-tert butyl fluorenyi) ethane) zirconium dichloride and hafnium
dichloride; (1,2-di(2-metﬁy1 fluorenyl)ethane) zirconium dichloride;
(1,2~difluorenyl ethane) hafnium dichloride; bis (2,7~tert
butyl-4-methyl fluorenyl)zirconium dichloride; (1,3-difluorenyl
propane) zirconium dichloride and hafnium dichloride; (1-flourenyl-2-
methyl-2-fluorenyl ethane) =zirconium dichloride; dimethyl silyl
difluorenyl zirconium dichloride; (1,2-di(1-methyl fluorenyl)ethane)
(P zirconium dichloride; (1,2-di(l-tert butyl fluorenyl)ethane) zirconium
dichloride ‘and hafnium dichloride; (1,2-di(2-ethyl f£luorenyl)ethane
zirconium dichloride and hafanium dichloride; (1,2-di(4-tert butyl
fiuorenyl)ethane zirconium dichloride; (1-fluorenyl-2-cyclopentadienyl
ethane) zirconium dichloride; (1-fluorenyl-2-(3-methylcyclopentadienyl)
ethane zirconium dichloride; (1-fluorenyl-3-indenyl propane) zirconium
dichloride; (l-fluorenyl-2-methyl-2-cyclopentadienyl ethane) zirconium
dichloride; (1-fluorenyl-2-methy-2-indenyl ethane) zirconium dichloride;
(1-fluorenyl-2-methyl-2-(3-methylcyclopentadienyl)ethane) zirconium
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further chardehlsgidey by the fact that if Cp is cyclopentadienyl and R' is
a al kyl ene radical then

Use of Fluorenyl Metallocenes

A number of fluorenyl-containing metallocenes prepared in
\_ accordance with the present invention were evaluated for their
effectiveness as catalysts for the polymerization of olefins. The
specific metallocenes evaluated are referred to in the following tables
as follows: -

Catalyst
A (1,2-difluorenyl ethane) zirconium dichloride
B (1-fluorenyl-2-indenyl ethanme) zirconium dichloride
C (1-fluorenyl-l-cyclopentadienyl methane) zirconium
dichloride
D (1,2-di(2-tertbutyl fluorenyl)ethane) zirconium
dichloride _ :
_ E bis (2,7-ditertbutyl-4-methyl flwrenyl) zirconium
o dichloride . .
N F (1-fluorenyl-1l-cyclopentadienyl methane) zirconium
- trichloride . :
G bis (l-methyl-4-methyl fluorenyl)zirconium
dichloride '
H (1-fluorenyl-2-methyl-2~indenyl ethane) zirconium
" dichloride

I (1,2-difluorenyl ethane) hafnium dichloride
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A process according to claim 26, wherein saigbggq&g{% oRERE. i,g\,@&otﬁ@pr.li&)&ed
nmet al | ocene. 28. A process accanding to claim 27, erern s a
fluorenyl radical. 29. A process according to claim 28, wherein
(FIR[err]) and (CpR[ ¥ab}y HIE | demonsirakessyifdet t (Ragelystuofenyd-er adi cal s. 30.

A pL O|CfG|SS aCQQfﬂiﬂ%ﬂeﬁﬂ-ﬂ@ﬁcéBp%ﬁf&@l@ﬁ im.gtmemﬁunaeen@imoms(lm ba
met hy uoren zi rconi um di orjde. 31. rocegs_according to
Craim 29 whabed o RESG T Pofvmed 4-o pdpytons, o) qae oL 0 18- Bk
di chl ori de. that the polypropylene is highly crystalline as demostrated by the
" heptane insolubles values. It is beliqved that the polymer contains

high levels of syndiotactic molecular structure.

Run 20 demonstrates that Catalyst D, i.e. (1,2-di(2-tert butyl
fluorenyl)ethane) zirconium dichloride can be used to produce a
crystalline polypropylene.

Run 21 demonstrates that Catalyst E, i.e. the unmbridged
metallocene bis(2,7-di-tertbutyl-4-methyl fluorenyl) =zirconium

"dichloride, produced only a small amount of solid polypropylene at 60°C.
" Run 22 shows that Catalyst E was not particularly effective at all at
0°C.

Run 23 and 24 employed & non-sandwich bonded metallocene, i.e.
a metallocene in which only bne of the cyclopentadienyl-type radicals
was bonded to the transition metal. The catalyst produced only about 3
to 5 grams grams of solid polymer along with about 45 to 55 grams of low
molecular weight propylene soluble polymer. Unless indicated otherwise
by the formula or other means, all the bridged metallocenes referred to

. herein are sandwich bonded.

Run 25 employed an unbridged metallocene, e.g. bis(l-methyl-4-
methyl fluorenyl) zirconium dichloride. It yielded 41 grams of a solid
polypropylene. It would therefore appear that Catalyst G is somewhat
more active than Catalyst E.

Run 27 employed the bridged metallocene (1-fluorenyl

N -2-indenyl ethane) zirconium dichloride. Although this catalyst yielded
460 grams of solid polymer 94.4 weight percent of the polymer was a low
molecular weight xylene soluble polymer. Similarly, the bridged
metallocene (1-fluorenyl-2-methyl-2-indenyl ethane) zirconium dichloride
in Run 26 yielded 82 grams of solid, 88 weight percent of which was low
molecular weighf xylene soluble material.
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32. A process according to claim 26, den

is 1 and R" is selected fromthe group consistifig,af } Gfrpand al kyl ene
radi cal s having at |east two carbon atons in th Aalkvulona-ehbalin.  33.

A process according to claim 26, wherein X gyhstitafedskéet S13 Odtober 997

radi cal . 34. A process according to claim 26, wherein x is 0 and
Cp is an indenyl radical. 35. A process according to claim 26,
wherein x is 0 and Cp is a cycl opentadi enyl radical. 36. A
‘process according to claim?26, wherein x is 0 and FIR[err] is unsubstituted
fluorenyl. 37. A process accotai ng to claim26, wherein said
cocat al yst conpri a | kyl alo;um npxane . cess _accordi ng
to claim 37, wher ?@se?%@laééeaélss eB%nf")yﬁgr Pﬁg%ed:%g?muocmé pg%egr o€ess

accor di ngledrdifineredgl ofhanei n Both thepzidconiumend Lhenhafindyacmetedlocenes

A processyderddddsonid Pofypibpyidde. Wnerein said netal l ocene is bridged. 41.

A process according to claim40, wherein said netallocene is selected from
the group consisting of (1,2-difluorenylethane) zirconiumdichloride,

(1-fluorenyl - B Example XIV
Catalyst C, i.e. (1-fluorenyl-li-cyclopentadienyl methane)

zirconium dichloride, was evaluated as a catalyst for the polymerization
of 4-methyl-l-pentene. The amount of the metallocene employed was 5 ng.
The polymer?zation was conducted in the presence of hydrogen with the
w differential pressure of the hydrogen being 25. The polymerization

temperature was 120°C and the length of the polymerization was 2 hours.
"The polymerization resulted in the production of 96.7 grams of a solid
having a weight average molecular weight of 33,330; a heterogenity index
of 1.8; and a calculated intrinsic viscosity of 0.12. About 92 weight
percent of the solid éas insoluble in boiling heptane. The polymer had
a melting point of 197.9°C.

Example XV
Under conditions substantially as used in Example XIII, a run

was carried out attempting to polymerize &4-methyl-l-pentene with.
Cagalyst A, i.e. the bridged catalyst (1,2-difluorenyl ethane) zircoﬁium-
dichloride. In this case 7 mg of the catalyst was employed and 180
grams of solid atactic wax-like polymer was obtained.
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ethyl ene is polynerized in the presenc&bf another al pha olefin having 4 to
8 carbon atons. 44. A proc&sh Adddr8ling to claim 37, wherein :

propyl ene is polynerized. 45 . A prqcess, accordinhg to claj m 44,
wher ei n propyl ene honérpétpcﬁ%for iPsen3ring @cflyprenyl-containing metallocene comprising

(1) reacting an alkali metal alkyl with a suitable fluorenyl precursor in the presence of
a non-halogenated liquid diluent consisting of at least one liquid selected from
hydrocarbons and non-cyclic ethers to produce a fluorenyl-containing alkali metal salt
which is substantially free of THF and (2) then reacting the thus produced fluorenyl-
containing salt with a transition metal compound of the formula MeO, in the presence
of a non-halogenated liquid diluent consisting essentially of a solvent for the fluorenyl
salt which is non-coordinating with the transition metal compound, wherein Me is a
metal selepted from the group consisting of IVB, VB, and VIB of the Periodic Table,
each Q is the same or different and is selected from hydrocarby! or hydrocarbyloxy
radicals having 1 to 20 carbon atoms or halogens, and k is a number sufficient to fill
out the valences of Me.

2. A process for preparing a fluorenyl-containing metallocene comprising
(1) reacting an alkali metal alkyl with a suitable fluorenyl precursor in the presence of
a non-halogenated liquid diluent consisting of at least one liquid selected from
hydrocarbons and non-cyclic ethers to produce a fluorenyl-containing alkali metal salt
which is substantially free of THF and (2) then reacting the thus produced fluorenyl-
containing salt with a transition metal compound of the formula MeQ, in the presence
of a non-halogenated liquid diluent consisting essentially of at least one liquid selected
from hydrocarbons and diethyl ether, wherein Me is a metal selected from the group
consisting if IVB, VB, and VIB of the Periodic Table, each Q is the same or different
and is selected from hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon
atoms or halogens, and k is a number sufficient to fill out the valences of Me.

3. A process according to claim 2, wherein said liquid diluent of step (2) is
selected from the group consisting of toluene, pentane, and hexane.

4, A process according to claim 2, wherein said fluorenyl-containing salt is
a bridged compound in which a fluorenyl radical is bonded to another
cyclopentadienyl-type radical by a bridging group.

5. A process according té claim 2, producing a metallocene of the formula
R"(FIR )Y(CpR,)MeQ, wherein Fl is a fluorenyl radical, Cp is a cyclopentadienyl,

CASE: 32978
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(1, 2-difluorenyl *ethane) zirconium dichl origighstRO Qljregf-d‘lyé'@{z??@}"wﬁf‘a”e)

haf ni um di chl ori de. 47. A pro88ss according to claim wherein

FIR[err] apde Riétfahbdﬂorlnééﬁgﬂi dFEhdré i3t Sdtitcal Gich K {soth€8hme 48 different and isA
process according to claim 7, wherein 4-net hyl - 1- pentene is pol yneri zed.

49. an orgaspgedical havingr Hime0 carbon atoms3R" inBeturturat bridge dinking(FORR err ]

in said nme e A Lhfaren 0 . r SvAaFCcahdi to
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47, wherein said netallgocepe is (1- fluorenyl-1-cyclopentadi enyl nmethane)

zi r coni um &{¥R| psigeng obhydrocarbyl or hydrosabyloxy radicdls bavigeotodharbary,
Yo ol af m 53CR R R T PRy & shinbly,sarfisienttp 6l ot thoYefdping 20001 €1 10
accor di ng valendeaiohM&, n isheenwmnberfiti thes ran@efo€ Orth-7, m is a number in the range of 0

to 7, further characterized by the fact that if (CpR,) is unsubstituted fluorenyl and x is

0, then n is. 1 to 7, and if (CpR,) is unsubstituted cyclopentadieny! or 3-

methylcyclopentadienyl and R’ is 1,1-dimethyl-methylene, then n=1 to 7.

' 6. A process according to claim 2, wherein Me is selected from Ti, V, HF,
N~ and Zr.
7. A process according to claim 6, wherein at least one Q is a halide.
8. A process according to claim 7, wherein each Q is a halide.
0. A process according to claim 6, wherein said liquid diluent of step (2)
consists essentially of a hydrocarbon.
10. A process according to claim 9, wherein said liquid diluent is an alkane.
11. A process according to claim 10, wherein said liquid diluent is an alkane
having 5 to 6 carbon atoms. '
12. A process according to claim 11, wherein said liquid diluent is pentane.
13. A process according to claim 12, wherein said salt and said transition
\J metal compound are reacted at ordinary room temperature.

14. A process according to claim 2, wherein said liquid diluent of step (2)
consists essentially of a hydrocarbon.
15. | A process according to claim 2, wherein said liquid diluent of step (2)
consists essentially of diethyl ether.
16. A process according to claim 2, wherein said liquid diluent consists

- essentially of an aromatic hydrocarbon.
17. A process according to claim 16, wherein said liquid diluent consists
essentially of toluene. '
18. . A process according to claim 14, wherein each Q is Cl.
19. A process according to claim 18, wherein said fluorenyl-containing alkali

metal salt and the metallocene are prepared in a liquid diluent consisting essentially of
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-39 Fluor gruhy daftds (f:?ép%red in a liquid diluent consisting essentially of diethyl ether.

21. A process for polymerizing an olefin comprising contacting said olefin

to

under suitable polymel_'ization conditions with a catalyst system comprising a fluorenyl-
containing metallocene and a suitable cocatalyst, wherein said fluorenyl containing
metallocene has been produced by the process of claim 2.

22. A process according to claim 21, wherein said fluorenyl precursor is a
compound Baving a fluorenyl group bonded to a cyclopentadienyl group by an alkylene
radical.

23. A process according to claim 22, wherein said fluorenyl precursor is
formed by reacting an alkali metal fluoreny! with a dihaloalkylene in the presence of a
non-halogenated liquid diluent consisting essentially of a hydrocarbon to form a
fluorenyl alkylene halide which is then reacted with an alkali metal cyclopentadienyl-
type compound also in the presence of a liquid diluent consisting essentially of a
hydrocarbon.

24, A process according to claim 23, wherein said fluorenyl precursor is of
the formula F1-R-Cp wherein Fl is unsubstituted fluorenyl, R is a C, to C; alkylene
radical and Cp is unsubstituted cyclopentadienyl.

25. - A process according to claim 2, wherein Me is selected from Zr and Hf.
26. A process for polymerizing an olefin comprising contacting said olefin
under suitable polymerization conditions with a catalyst system comprising a fluorenyl-
containing metallocene and a suitable cocatalyst, wherein said fluorenyl-containing
metallocene is selected from the group consisting of metallocenes of the formula

R"(FIR )(CpR,)MeQ, wherein Fl is a fluorenyl radical, Cp is a cyclopentadienyl,
indenyl, tetrahydroindenyl, or fluorenyl radical, each R is the same or different and is
an organo radial having 1 to 20 carbon é.toms, R" is a structural bridge linking (FIR )
a}nd (CpR,,), Me is a metal selected from the group consisting of IVB and VB metals of
the Periodic Table, each Q is the same or different and is selected from the group
consisting of hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon atoms and
halogen, x is 1 or 0, k is a number sufficient to fill out the remaining valences of Me,
n is a number in the range of 0 to 7, m is a number in the range of 0 to 7, further

characterized by the fact that if Cp is cyclopentadienyl and R" is a alkylene radical then
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using said . . .
methylfluorenyl) zirconium dichloride.

, 31. A process according to claim 29, wherein the metallocene is bis(1-

- methylfluorenyl) hafnium dichloride. _
32. A process according to claim 26, wherein Cp is indenyl and x is 1 and
R" is selected from the group consisting of —CH,— and alkylene radicals having at
least two carbon atoms in the main alkylene chain.
33. A process according to claim 26, wherein x is 0 and Cp is a fluorenyl
radical.
34. A process according to claim 26, wherein x is 0 and Cp is an indenyl
radical. |
35. A process according to claim 26, wherein x is 0 and Cpisa
cyclopentadienyl radical.
36. A process according to claim 26, wherein x is 0 and FIR is

~ unsubstituted fluorenyl. |
37. A process according to claim 26, wherein said cocatalyst comprises an
alkylaluminoxane. ‘
38. A process according to claim 37, wherein ethylene is polymerized.

39, A process according to claim 38, wherein said metallocene is unbridged.

40. A process according to claim 38, wherein said metallocene is bridged.
41. A process according to claim 40, wherein said metallocene is selected

from the group consisting of (1,2-difluorenylethane) zirconium dichloride, (1-fluorenyl-
2-indenyl ethane) zirconium dichloride, and (1-fluorenyl-1-cyclopentadienyl methane)
zirconium dichloride.

42, A process according to claim 41, wherein ethylene homopolymer is
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43, A process according to claim 41, wherein ethylene is polymerized in the

presence of another alpha olefin having 4 to 8 carbon atoms.

44, A process according to claim 37, wherein propylene is polymerized.
45. A process according to claim 44, wherein propylene homopolymer is
produced. '

46. | A process according to claim 45, wherein said metallocene is selected

from (1-fluorenyl-1-cyclopentadienyl methane) zirconium dichloride, (1,2-di(2-tertbutyl
fluorenyl)ethane) zirconium dichloride, (1,2-difluorenyl ethane) zirconium dichloride,
and (1,2-difluorenyl ethane) hafnium dichloride.

47. A process according to claim 45, wherein FIR, and CpR,, in said

e metallocene are different.
48. A process according to claim 37, wherein 4-methyl-1-pentene is
polymerized.
49, A process according to claim 38, wherein FIR, and CpR,, in said
metallocene are different.
50. A process accbrding to claim 49, wherein said metallocene is (1-
fluorenyl-1-cyclopentadienyl methane) zirconium dichloride.
51. A process according to claim 47, wherein said metallocene is (1-
fluorenyl-1-cyclopentadienyl methane) zirconium dichloride.
52. A process according to claim 37, wherein Cp is cyclopentadienyl and x
is 1.

~ 53. A process according to claim 52, wherein R" is an alkylene radical.
54. A process according to claim 53, wherein R" is —CH,—
55. A process according to claim 54, wherein propylene is polymerized.
56. A process according to claim 55, wherein a homopolymer of propylene

is produced.

57. A process according to claim 37, wherein Cp is an indenyl radical and x
is 1.

58. A process according to claim 57, wherein R" is an alkylene radical.

59. A process according to claim 58, wherein R" has two or more carbons in

the main alkylene chain.
60. A process according to claim 37, wherein CpR,, and FIR, are substituted
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3g Substitute : '
fluorenyl radicals.
61. A process according to claim 60, wherein CpR_, and FIR, are the same.
62. A process according to claim 47, wherein Fl is a fluorenyl radical and
Cp is an indenyl radical.
63. A process according to claim 37, wherein xis 1 and R" is a silyl radical.
64. A process according to claim 43, wherein said metallocene is (1-

fluorenyl-2-indenyl ethane) zirconium dichloride,

65. A process according to claim 43, wherein said metallocene is (1-
ﬂuorenyl-l-cyclopentadienyl methane) zirconium diclﬂoride.

66. A process according to claim 43, wherein said metallocene is (1,2-
difluorenylethane) zirconium dichloride.

67. A process comprising reacting fluorenyl methyl chloride with an alkali
metal salt of cyclopentadiene to produce l-ﬂuorenyl-l-cyclopentadienyl methane;
forming a divalent alkali metal salt of l-ﬂuorenyl-l-cyclopentadienyl methane; reacting
the said divalent alkali metal salt with a transition metal compound of the formula
MeQ, wherein Me is selected from Zr, Hf, and Ti; each Q is individually selected from
the group consisting of hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon
atoms and halogens; at least one Q is a halogen; and k is a number corresponding to
the valence of Me; to produce the corresponding bridged metallocene; and using said
metallocene with a cocatalyst to polymerize an alpha olefin containing at least three

carbons per molecule.



