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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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The term "cyclopentadiene-type compounds” as used herein
reférs to compounds containing the 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 catalyst systems for the polymperization of oleflns.{' It has
been noted in the art that variations in the chemical structure of such
cyclopentadxenyl-type metallocenes can have.51gn1f1cant effects upon the
suitability of the metallocsne 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
still largely an empirical matter, that is; experiments must be
conducted in ofder 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.

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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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-containihg 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

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
(CpRm) is unsubstituted fluorgpyl and x is 0, then n is 1 to 7, and if
(CpRm) is unsubstituted cyclopentadienyl or 3-methylcyclopentadienyl and
Eﬁkf i§ 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 MeQk in the
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presence of a non-halogenated solvent for the fluorenyl sal: which

(2}
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solvent is non-coordinating with the transition metal 3 .
In accordance with still another aspect of the present
invention, there is provided a process for the polymerization of olgfi:s

comprising contacting said olefins under suitable reaction conditico

in

with & catalyst system comprising a flu?renyl-containing metalilocene :zs
described above in combination with ,a suitable organoaluminum
co-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
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 metallocenes which
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
the aforementioned U.S. Patent application Serial No. 697,363.

The metal, Me is selected from the group %ﬁ% VB, or VIB metz’s
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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phenyl substituted alkvlene; however, the currently preferrsd modes

employ aliphatic alkylene bridges. The currently most preferrec bricdgss

Y

are hvdrocarbyl or heteroatom containing alkylene radical having 1 t2 3

carbon atoms. In an especially preferred embodiment k is equal to %
valence of Me minus 2.

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

independently selected from hydrocarbyl radicals having 1 to 20 carbecn

atoms. In a particularly preferred embodiment, the hydrocarbyl radiczls

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, eth&l,
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)
zirconium dichloride, bis(4-methyl fluorenyl)zirconium dichloride,
bis(4-methyl fluorenyl)hafnium dichloride, bis(2-t-butyl fluorenvl)

zirconium dichloridiﬁnrfiigi-t-butyl fluorenyi)zirconium dighloride,
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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(1,1-difluorenylmethane)zirconium dichlorics, (i.2-diflucrenvizthane
zirconium dichloride, (1,3-difluorenylprcrane)zirconium dichlicride,

drchloriole . . eenlorisle
(l,2—difluorenylethane)hafniugv (1,3-d;:1uorenylpropane)nafni:€c
(1-fluorenyl-2-methyl-2-fluorenylethane)zirconium dicnhlorica,
. t
dimethylsilyldifluorenyl zirconium dichioride, (1,2-di(l-mez=v}

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(;-:-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-(fluorenyl){}“(cyclopentadienyl)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-fluorenyl-l-cyclopenta-
dienyl methane) zirconium triﬁhloriﬁe, (1-fluorenyi-Z-methyl-Z-(3-me:hy1
cyclopentadienyljethane)zirconium dichloride, (1-(l-methyl fluorenyl)-2-
(4-methyl fluorenyvl)ethane)zirconium dichloride, (1-(2,7-di-t-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 at?1%i?st one substituted fluore
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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The term transition metsl compcund as used herein inciudes
compounds of the formula ¥eQk wherein He, Q. and k are as defined zdove.
Some non-limiting examples include zirconium tetrachloride. haZaium
tetrachloride, cvclopentadienyl =zirconium trichloride, fiuorenvi
zirconium trichloride, 3-methylcyclopentacienyl zirconium t:ichloﬁide,
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.

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

Orcomomet.
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
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 ééizg-temperature conditions, than wnen

THF is used as the diluvent. In an especially preferred embodiment the
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fluorenyl-containing salt used as a ligand is also prepared in & liguigd
diluent that is non-halogenated and non-coordinating toward the
transition metal.

The formation of the alkali metal salt of the bridged or
unbridged fluorenyl compound can be formed using generally any techniqbe
known in the art. For example, such can be prepared by reacting an
alkali metal alkyl with the cyclopentadieg§l type compounds, the bridged
compounds having two cyclopentadienyl-type radicals per molecule. The
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
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,
crystallizqtiqn, and re-crystallization. It is generally desirable to
recover the metallocene in & 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 comoounds formed from brldgea 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
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The fluoremyl-containing metallocenes in combination 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
the scope of the present invention to carry ogg the polymerizations in
the 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.

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 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 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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Generéiiy the molar ratio of the aluminum in the aluminoxane
to the transition metal in the metzllocene 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, octane, cyclohexane,
methylcyclohexane, toluene, xylene, and the }ike. The polymerization
temperdture can vary over a wide range, temperatures typically wpuld‘be
in the range of about -60°C to about 280°C, more preferably in the range
of about 20°C to about 160°C. Typically the pressure would be in the
range of from about 1 to about 500 atmospheres or greater.

The polymers produced with this invention have a wide range of
uses that will be apparent to those skilled in the art from the physical
properties of the 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.

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,
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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The filtrate was poured :
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cold diluted aqueous HCl. An orange yellow precipitate was formed which

was washed twice with H,0 and then dissolved in 4n aqueous NH; sol:zion

in order to remove the unreacted fluoranthene. Then the mixture w

filtered. When the filtrate was neutralized with HCl, an orange

2s

precipitate was formed. The precipitate, l-carboxylic acid fluorenecne,

was filtered off and dried. The amount produced was 13.4 g.

Scheme I

About 0.76 g (0.02 mmol) of LiAlH, was suspended in a mixzure

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 1.35

&

{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

carboxylic acid fluorenone dissolved in 40

0 ml of tetrahydrofuran «

added via a dropping funnel while the reaction mixture was heated

reflux. Stirring was maintained for an additional 30 min. Then =t:

2s
-0

-

-~
e

reaction mixture was cooled to room temperature and the unreacted LislH,

was destroyed with an aqueous solution of

HCl. The organic phase w=zs

removed in vacuo. The solid, i.e. l-hydroxymethyl fluorenone (formula

2), was recovered in the amount of 3.2 g.

The raw 1l-hydroxymethy

fluorenone can be used without further purification. 2 g of pallad

lum

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 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

Py
=

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 resulting product, l-methyl fluorene, was a colorless soldid and

formed in quantitative yield.
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In the secoﬁ&"tbufétmzﬂé l-carbexylic acid fluorenone is
reduced using the palladium carbon catalyst in the same manner as
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 ﬁsing 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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““P?éﬁé?é%ion of 2-ethyl fluorene

In this reaction, 2-acetyl fluorene, i.e. formula 7, was

- e

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.

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, — ~
| >
/ 0 / CH,
\{ CH,
CH, 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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Preparation of &4-methyl fluorene

Two differerit reaction schemes have been used to prepare

4-methyl fluorene, i.e.

follows.

formula 15.

The schemes can be summarized as

H,0,/CH,COOH
g "
'COOH
HOOC
2
™ H,S0, ul///
10
COOH
/I
\'
. ._
Pd/C LiAlH,/Al1Cl,
H, 1
COOH CH,OR
|
M
0
12 14
LiAlH./ Pd/C
AlC1, \L CH,OH H, \L CH,
Pd/C

o

78US
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Both schemes require 4-carboxylic acid fluorenone, formula 3.
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
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.

Exemple 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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Preparation of 2,7-bis(tert-butyl)-4-methyl fluorene

CH,C1 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-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,),

H
~
NS

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



i ) -piacement sneet

I
EN
THIS SHEET HAS BE
| | CED
. | - REPLA . st
bate: 5(/°/%¢ o = C o .

i e 19 - oL

r one hour, 2.3 ml

©

hexane) was added dropwise to this solution. Af:
{(0.25 m) of dibromoethane in 25 ml of tetrahydrofuran was added. The
solution was stirred for 3 hours. The yellow soiution was washed with
50 ml of an aqueous NH,Cl solution (5 g NH,Cl/50 m}l H,0), then washed
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 Li®

Br(CH,),Br

In this reaction, 8.3 g (0.05 m) of fluorene was dissolved iﬁ
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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in pentane. The pefitane solution was filtered 6;;; gilicé: ‘The N

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
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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discussed in the previous paragraph also applies.) Then the reaction
mixture was heated at reflux until no more meéthane gas was being
released. The solution was then allowed to cool to room temperature.
The transition metal halide was then slowly added to the solution. e
Again, about 0.5 mililimoles of transition metal compound was emploved
with the divalent fluorenyl salts and aboyt 1 millimole was emploved
with the monovalent fluorenyl salts. The*® suspension was then stirred
for about 30 minutes. The solution was then concentrated to about 30 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 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) zirccenium dichloride: bis (2,7-di-tert butyl-4-me:ziv:
veounood s v
fluorenyl) zirconium dichloride; (1,2-difluorenyl ethane) vendiu=
i . va hm. U . . .
dichloride, (1l,l1-difluocrenyl methane} we=s 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-conteining metallocenes prepared iz
accordance with the present inventicn were evaluated for their
effectiveness as catalysts for the pclymerization of olefins. The
specific metallocenes evaluated are referred to in the following tabies

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 e:hane) hafnium dichloride
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The polymerizations were carried out in an autoclave type :eackgg Lsing
methylaluminoxane as a cocsatalyst. The source of the methvlaluminoxane
varied. In some runs a 30 weight percent toluene sclution obtainsZ from
Schering was used. In other runs a 10 weight percent toluene scl:tion
of the methylaluminoxane obtained from Ethyl Corp was used. In & éry
box under substantially inert conditions the solid metallocene was sdded&
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. .écme
of the resulting catalyst system solutions were used in more than one
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
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 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 Index in
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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insoluble polymer remaining after extraction with boiling heptene:

melting point in degrees centigrade by Differential Scanning

Calorimetry; molecular weights by size exclusion chromatography, i.
weight average molecular wéight referred to herein as Mw and number
average molecular weight referred to herein as Hn; hetefogenity indax
determined by dividing MHw by ¥4¥n. The (SEC) size exclusion
chromatography was conducted using a linear column capable of resovlin
the wide range of molecular weights generallx‘observed in polyolefins,
such as polyethylene. The SEC used a 1,2,4-trichlorobenzene solution of
the polymer 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
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.

{

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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Run

: 2
- 3
4
5
<=
™~
D> ¢
\
1Y oY
Xl 7
&
8
9
10

Temp. °¢
90
70
70
70
90
70
70
70
70

70

PC, PH,
Catalyst mg.  apgs &PH2  Hexene Time Yield HLMI/M1 Density Mwx10? LS
: TS
0.66 70 NA NA 20 29, HLMI=0 0.9384 633 3.9 e
A.32,
0.66 70 25 NA 60 25-8  448/2.43  g.973; 114 21.8 2
1 70 25 NA 60 3.9 668/1.42  ¢.9759 116 19.4 1,34
1 50 25 NA 60 81 363.2/7.19 0.9698 ?1.9 10.6 7.
0.66 70 2.7 90 60 815 5.1/.0042 0.89g; 170 46.6 2.03
1.65 50 NA 90 70 161 HLMI=0.13 0, ggg; 332 16.8 3,50
3 135 10 50 45 130 288.5/0.5 .9154 165 23.2 1.8
1 70 25 50 60 725 900/7.97  0.9297 159 27.1 1.8
1 70 25 25 60 62.1 waxy 0.9478 24,3 7.1 g.4
1 150 25 50 60 79 79.6 M1 0.9307 53
-

Table 1

8.9 0.79
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The table demonstrates that the fluorenyl-containing
metallocene is capable of producing polymers of &thylene having a wide
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 Melt Index. The data further demonstrates that copolymerization ot
ethylene and hexene can result in lower density polymers.

¥

Example XII
Ethylene Polymerization with Various Bridged Fluorenyl 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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. Run

4

1

12

13

14

(93]

Type Py PH,
Catalyst Temp. Catalyst, mg. #RG2  ARHP Bexene Time Yield HLMI/MI
A 70 1 50 25 NA 60 81  363.2/7.19
B 70 1.4 50 25 NA 60 100 811.8/19.6
c -70. 1 70 25 NA 60 21 0.06 HLMI
c 70 2 250 25 NA 60 37 0.07 HLMI
c 70 2 70 3 90 60 137  18.3/0.15
A 70 0.66 70 2.7 90 60 8.15  5.1/0.042

Density
0.9698
0.9727
0.9517
0.9568
0.8817

0.8981

1

.7

4.

56.

4

6

1.

o

[

o
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The Table demenetates that (1-fluorenvl-2-indenyl ethane)

zirconium dichloridé, i.e Catalyst B, and Catalyst C, 1i.e
methane

(1-fluorenyl-l-cyclopentadienyl etheme)} zirconium dichloride are alsc

" fhis 13 the repiacement sheet
32973Us

suitable for the polymerization of ethylene. Catalyst C gave a higher
molecular weight material as indicated by the HLMI values. Run 14
demonstrates that Catalyst C is also capable of producing & copolymer of
ethylene and hexene. The particular copolyher produced in this run is
pa;iiigigrly unusual in that in contained i2.4 mole percent comonomer
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
Type Catalyst sz, MI
Run Catalyst Temp. °C mg HPH2  Time Yield MF Density Mwx10?®
15 c 60 3 NA 30 360 19.6 0.8843 83.3
" 16 C 60 1 NA 60 230 14:6 0.8812 94
2
17 c 60 1 3.5 60 431 15.6 0.8829 89.3
18 c 70 1 10 60 400 27 0.8797 74,8
—_— 19 C 70 1 5 60 16 wax - -
T ——
o
e —— . R
N 20 D 60 2.3 NA 50 270 - <0.8740 51.6
%%_ 21 E 60 1.6 10 60 9.5 - - -
a
22 E 23.4 1.6 0 60 0 - - -
23 F 70 2.5 25 60 3 - - -
. 24 F 70 2.5 7™ 28 60 - - -

S

W

IV  Insolubles
.78 96.6
.86 92.4
-83 98.1
.72 78.5
- 94,7
£55 93.4

H.lo G

A32.€
Ay1

A33.C
o aeaemt}
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Run

26
27

28

Table III (Continued)

Type Catalyst pU, NT
Catalyst Temp. mg &PH2 Time Yield MF Density Mwx10®
G 70 12 10 60 41 - - -
B 70 5 10 60 460 - - -
H 70 2 10 60 82 - - -
A 70 3 0 s 30 - - -
1 70 5.2 10 60 182 - - -

o

IV

Insolubles

-

.t
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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 br;dged metallocenes based on
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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.
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A similar-rutrwas—Tonducted substituting the unbridged
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metallocene, bis(2-methylfluorenyl) zirconium dichloride for Catalysz 2
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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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

* [ L L S *

methyvlene radical --CHa--.
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The metallocene according to claim 2 wherein R" has the formula
5

i
S
R R

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

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

radical, preferably meth);l.
The metallocene 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 any of the preceding claims wherein
Me is selected from Ti, Zr, and Hf, preferably Zr and Hf.

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

methyl cvclopentadienvl.
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. The metallocene according to any of the préceding 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.

The metallocene according to any of the preceding claims wherein

Q is halogen, preferably chlorine.

The metallocene according to claim 2 being selected from (L,1-
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-
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-
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
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

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

T
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(bis-ﬂuorenylmethane)vanadium.dichloride, (1,2-difluorenyl ethane)va-
nadium dichloride, (1-ﬂuoreny1-l-cyclopentadienyl methane) zirconium
trichloride, (l-fluorenyl-2-methyl-2-(3-methyl  cyclopentadienyl)etha-
ne)zirconium dichloride, (1-(1-methyl Quorenyl)—Z-(4-methyl fluore-
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.

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

dienyl) methane zirconium dichloride.

The metallocene according to claim 7 being selected from bis(l1-
methyl-fluorenyl)zirconium dichloride, bis(1-methyl fluorenyl)zirconium
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-
tert-butyl fluorenyl)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 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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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.
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 '

I



