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FLUORENYL-CONTAINING METALLOCENES FOR USE IN OLEFIN POLYMERIZATION

This invention relates to organometallic
compounds. More specifically, this invention relates
to organometallic compounds containing at least one
benzofluorenyl ligand. In another aspect, this

5 invention relates to polymerization catalyst systems
which contain organometallic benzofluorenyl compounds.
In still another aspect, this invention relates to a
method for polymerizing olefins using such
organometallic benzofluorenyl compounds and to the
10 polymers resulting from such polymerizations.
Since the discovery of ferroceme in 1951, a
nﬁmber of metallocenes have been prepared by the
- combination of compounds having cyclopentadienyl
structure with various transition metals. The term
15 "ayclopentadienyl structure® as used herein refers to
the following structure.
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The term "cyclopentadiene-type compounds" as
used herein refers to compounds containing the
25 cyclopentadiene structure. Examples include
unsubstituted cyclopentadiene, unsubstituted indene,
unsubstituted fluorene, and substituted varieties of
such compounds. Also included is tetrahydroindene.
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structure with various tran5| on netals. The term
. Many cyclopentadiene-type metallocenes have

been found useful in catalyst systems for the

5 pPolymerization of olefins. It has been noted in the
art that variations in the chemical structure of such
cyclopentadienyl-type metallocenes can have significant
effects upon the suitability of the metellocene as a
polymerization catalyst. For example, the size of and

10 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 properties of the resulting
polymer; however, the effects of various substituents

15 is still largely an empirical matter, that is,
experiments must be conducted in order to determine
just what effect a particular variation will have upon
a particular type of cyclopentadienyl-type metallocene.
Some examples of some cyclopentadienyl-type

20 metellocenes are disclosed in U.S. Patent Nos.
4,530,914; 4,808,561; and 4,892,851.

While there are references in the prior art
which have envisioned metallocenes containing fluorenyl
groups, only a very limited number of fluorenyl-

25 containing metallocenes have actually been prepared
prior to the present invention. The Journal of
Organometallic Chemistry, Vol. 113, paQes 331-339
(1976), the disclosure of which is incorporated herein
by reference, discloses preparing bis-fluorenyl '

30 zirconium dichloride and bis-fluorenyl zirconium
dimethyl. U.S. Patent 4,892,851 and the New Journal of
Chenmistry, Vol. 14, pages 499-503, dated 1990, each
disclose preparing a metallocene from the ligand 1-
(cyclopentadienyl) -1- (fluorenyl) -1, 1-

35 dimethylmethylene; The New Journal of Chemistry
article also discloses preparing a similar compound in
which the cyclopentadienyl radical has a methyl
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The present invention provides certain new
: 5 benzofluorenyl-containing metallocenes. The invention
also provides a method for preparing new
benzofluorenyl-type metallocenes. The invention
further provides polymerizatioh catalysts employing
benzofluorenyl-type metallocenes, processes for
10 polymeriiing olefins using benzofluorenyl-type
metallocene catélyst systems, and polymers produced
using Suéh benzofluorenyl-containing metallocene
catalysts.
In accordance with the present invention,
15 there are provided new metallocenes of the formula
R", (F1R,) (CpR,)MeQ, 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 a halide or an organo radical having 1 to 20
20 carbon atoms; R"™ is a structural bridge linking (Fan,)
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
25 hydrocarbyloxy radicals having 1 to 20 carbon atoms,
hydrogen, 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 rangé of 2 to 7, m is a number in
the range of 0 to 7, further characterized by the fact
30 that in (F1R,) two adjacent positions are substituted
by four connected carbons to form a benzo substituent
on the fluorenyl radical. |
In accordance with the present invention
there is provided a process for preparing the above
35 novel metallocenes which comprises reacting one mole of
an alkali metal salt of a fluorenyl-containing compound
of the formula F1R H and one mole of an alkali metal
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compound of the formula MeQy., wherein Me, Q, k, Fl, Cp,
R, m and n are the same as defined above except that x
is only 1 when the bridged fluorenyl-containing
compound is reacted. -

In particular, there is provided a method for
forming benzofluorenyl-containing metallocenes
comprising reacting an alkali metal salt of the
selected benzofluorenyl compound with a transition
metal compound of the formula-MeQ, in the presence of a
non-halogenated solvent for the benzofluorenyl salt
which solvent is non-coordinating with respect to the

. transition metal compound.
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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 syétem comprising a benzofluorenyl-containing
metallocene as described above in combination with a.
suitable organocaluminum co-catalyst.

The present invention further provides the.
polymer products resulting from such polymerizations.

The novel metallocenes provided in accordance
with the present invention fail into two broad general
categories. One category involves metallocenes in
which a benzofluorenyl radical, either substituted or
unsubstituted, is bonded to another cyclopentadienyl-
type radical by a bridging structure R" and both the
benzofluorenyl and the cyclopentadienyl radicals of
that bridged ligand are bonded to the metal. These
metellocenes are referred to herein as bridged
metallocenes. The other category deals with
metallocenes which are unbridged, that is the
benzofludrenyl-containing ligand, either substituted or
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t he CyC|0pentadi£9¥ke£§ghcﬁgtgfg'gnclude titanium, zirconium, hafnium,
chromium, and vanadium. The R" can be selected from
any suitable bfidging structure. Typical examples
10 include hydrocarbyl or heteroatqm'containing alkylene
radicals containing 1 to 20 carbon atoms, especially 2
to 20 carbon atoms; germanium; silicon; phosphorus;
boron; aluminum; tin; oxygen; nitrogen; and the like.
The bridge can even be a cyclic hydrocarbyl structure.
15 Some examples include cyclopentylidene, adaméntylidene,
cyclohexenylidene, cyclohexylidene, indenylidene, and
the like. The R" bridge when hydrocarbyl can be
aromatic in nature, such as a phenyl-substituted
alkylene. The currently most preferred bridges are
20 hydrocarbyl or hetercatom containing alkylene radicals
having 1 to 20 carbon atoms. In an especially
preferred embodiment k is equal to the valence of Me
minus 2. _ '
_ The substituents R can be selected from a
25 wide range of substituents. In the preferred
embodiments the substituents R are each independen.tly
selected from halides or hydrocarbyl radicals having 1
to 20 carbon atoms. 1In a particularly preferred
embodiment, the hydrocarbyl radicals R are alkyl, aryl,
30 or arylalkyl radicals. More preferably the alkyl R
radicals have 1 to 5 carbon atoms. Aas noted above n is
at least 2 so that at least two adjacent positions on
Fl are connected by four carbons so that there is at
least one benzo substituent at the 1,2; 2,3; 3,4; 5,6;
35 6,7; or 7,8 position of Fl. It is also within the
scope of the present invention for (Fan) to have more
than one benzo group and for the benzo group or the
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5 Each Q is a hydrocarbyl radical such as, for
example, aryl, alkyl, alkenyl, alkaryl, or arylalkyl
radical having from 1 to 20 carbon atoms,
hydrocarbyloxy radicals having 1 to 20 carbon atoms,
hydrogen, or halogen. Exemplary Q hydrocarbyl radicals

10 include_methyl, ethyl, propyl, butyl, amyl, isocamyl,
hexyl, isobutyl, heptyl, octyl, nonyl, 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 the

15 most preferred. Exemplary hydrocarboxy radicals
include methoxy, ethoxy, propoxy, butoxy, amyloxy, and
the like.

Illustrative,_but non-limiting examples of
unbrldged metallocenes falling within the scope of the

20 above formula include bis(3,4-benzofluorenyl) zirconium
dichloride, bis(1,2:7,8-dibenzofluorenyl) zirconium
dimethyl,'bis(2,3-benzofluoreny1) hafnium dichloride,
bis(2,3:6,7-dibenzofluorenyl) zirconium dichloride,
bis(2,5-dimethyl-7H-benzo (c) fluorenyl) zirconium

25 dichloride, bis(6-isopropyl-11lH-benzo (b) fluorenyl)
zirconium dichloride, bis(2,3-benzof1uoreny1)hafniﬁm
dichloride, (cyclopentadienyl) (3, 4-benzofluorenyl)
zirconium dichloride, (cyclopentadienyl) (2,3:6,7-
dibenzofluorenyl)zirconium dichloride, (pentamethyl

'30 cyclopentadienyl) (2,3:6,7-dibenzofluorenyl) zirconium
dichloride; bis(1-(cyclopentadienyl)-1,1- (dimethyl)-1-
(3,4-benzof1uo:enyl) methane) zirconium dichloride, and
the like. _

Illustrative, but non-limiting examples of

35 bridged metallocenes containing bridged benzofluorenyl
ligands include for example 1-(cyclopentadienyl)-1-
(3,4-benzofluorenyl) -1,1- (dimethyl) -methane zirconium
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benzofluorenyl) -2- (methyl) -2- (£luorenyl) ethane
zirconium dichloride, dimethylsilyl di(2,3:6,7-

dibenzofluorenyl) zirconium dichloride, dimethyl silyl.

(3,4:5,6-dibenzofluorenyl) (cyclopentadienyl) zirconium
10 dichloride, 1,2-di(2,3-benzofluorenyl)ethane zirconium
dichloride, 1,2-di(2,5-dimethyl-7H-benzofluorenyl)
ethane hafnium dichloride, 1-(3,4-benzofluorenyl)-1-
(cyclopentadienyl) methane zirconium dichloride, 1?
(3,4-benzofluorenyl) -1- (cyclopentadienyl) methane
15 hafnium dichloride, 1-(2, 7-di-t-butylfluorenyl) -1-
(2,3:6,7-dibenzofluorenyl) methane zirconium '
dichloride, 1-(3,4- benzofluorenyl) -2- (cyclopentad;enyl)
ethane zirconium dichloride, 1-(2,3:6,7-
dibenzofluorenyl) -2- (3-methylcyclopentadienyl) ethane
- 20 zirconium dichioride, 1(2,3 benzofluorenyl) -2- (indenyl)
ethane zirconium dichloride, 1-(2,3-benzofluorenyl)-2-
(indenyl) ethane hafnium dichloride, 1-(2,3-
benzofluorenyl) -2- (methyl) -2- (indenyl) ethane zirconium
_ dichloride, bis-(3,4-benzofluorenyl) methane vanadium
25 dichloride, 1,2-di(3,4-benzofluorenyl) ethane vanadium
dichloride, 1-(2,3-benzofluorenyl)-2- (methyl)-2-(3-
ﬁethyl cyclopentadienyl) ethane zirconium dichloride,
-1-(2,3-benzof1uoreny1)-2-(3,4-benzofluoreny1) ethane
zirconium dichloride, (1-(2,7-di-t-butylfluorenyl)-2-
30 (2,3:6,7-dibenzofluorenyl) ethane zirconium dichloride,
1,2-di(2,3:6,7-dibenzofluorenyl) ethane zirconium
dichloride, 1,2 di(3,4:5,6-dibenzofluorenyl) ethane
zirconium dichloride, 1-(2,3-benzofluorenyl)-1-
(cyclopentadienyl) -1,1- (dimethyl) methane zirconium
35 dichloride, 1-(2,7-dimesitylfluorenyl)-1-(3,4-
benzofluorenyl) -1,1- (dimethyl) methane zirconium
dichloride, 1-(3,4-benzof1uoreny1)-ih
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present inventi odicHIb¥iad,S 1V @ b JF GGG - 1L.Ne POl ynerization of
ol efins conpg:y %%yclopentadlenyl) cyclopentane zirconium dichloride,
1-(3,4-benzofluorenyl) -1- (cyclopentadienyl)
indanylidene zirconium dichloride, 1-(2,3-
benzofluorenyl)-l-(cyclopentadienyl) cyclopentylidene
zirconium dichloride, 1-(2,3-benzofluorenyl) -1-

10 (cyclopentadienyl) methane zirconium dichloride, 1-
(1,2-benzof1uoreny1)-1-(cyclopentadienyl)-l,l-
dimethylmethane zirconium dichloride, and 1-(2,3:6, 7-
dibenzofluorenyl)-l-(cyclopentadienyl)-l,l-
diphenylmethane zirconium dichloride and the like.

15 A particularly preferred type of metallocene
is a bridged metallocene containing at least one
symmetrically substituted fluorenyl radical. The term
symmetrically substituted as used herein refers to
fluorenyl radlcals having substituents on opposite

20 portions of the fluorenyl radical, such as for example
2,7-dialkylfluorenyl; 2,7- ~-dicycloalkenylfluorenyl; 3,6-
dialkylfluorenyl; 2,7-dihalo fluorenyl; 2,7-
diarylfluorenyl; 1,8-dialkylfluorenyl; 4,5-
dialkylfluorenyl; 2,7-diarylalkylfluorenyl; 2,3:6,7-

25 dibenzofluorenyl; 3,4:5,6~dibenzof1uoreny1; and the
like. Most preferably the substituents on the
fluorenyl aré the same. The currently preferred alkyl
substituents have 1 to 20 carbon atoms, more preferably
1 to 6 carbon atoms, and most preferably 1 to 4 carbon

30 atoms. The currently most preferred halide
substituents are chloride, iodide, and bromide.
Examples of aryl substituents include those having 6 to
20 carbon atoms, with those having 6 to 10 carbon atoms
generally more preferred. Likewise the arylalkyl

35 substituents can contain 7 to 20 carbon atoms, more
commonly 7 to 10 carbon atoms. It should be recognized
that- in certain instances if the bridge and the
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met al | ocenes whi qf1-g3¢ 4+blenizdFadoriendll)i-1-thR1opentadienyl-1,1-
(diphenyl) methane) zirconium dichloride, (1-(3,4-
benzofluorenyl) -1-cyclopentadienyl-1,1- (dimethyl)
methane) zirconium dichloride, (1-(2,3:6,7-

10 dibenzofluorenyl) -1l-cyclopentadienyl-1,1- (dimethyl)
methane) zirconium dichloride, (1-(3,4:5,6-
dibenzofluorenyl)-1-cyclopentadieny1-1,1-(diphenyl)
methane) zirconium dichloride, or (1-(1,2:5,6-
dibenzofluorenyl) -1-cyclopentadienyl-1,1- (dimethyl)

15 methane) zirconium dichloride. By use of the term
"consists essentially of" it is intended that the
metallocene does not include any component which would
have an adverse affect on the desired properties
provided to the metallocene by the components recited

20 after the expression.

The inventive metallocenes as well as related
metallocenes can be prepared by reacting an alkali
metal salt of the selected benzofluorenyl compounds
with a suitable transition metal compound in a suitable

25 solvent under suitable reaction conditions.

The bridged benzofluorenyl ligands can be
prepared using procedures of the type taught in U.S.
Patent No. 5,191,132 and the aforementioned U.S.

Patent application Serial No. 08/064,630 and

30 07/984,054. Some methylene bridged benzofluorenyl
ligands can be made by using 6 or 6,6 substituted
fulvenes. Examples of fulvene reactions are disclosed
in U.S. Patent No. 4,892,851 and in J. Organomet. Chem.
435, 299-310 (1992). 1In general the technique involves

35 reacting an alkali metal salt of the selected
benzofluorene compound with the selected fulvene type
compound. '
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phosphorus; borog@-tolyl bromide, p-fluorophenyl bramlde, or p-t-
butylphenyl bromide, with magnesium to form a Grignard
5 reagent. Then the dropwise addition of methyl formate
and subsequent hydrolysis results in the formation of
the diarylcarbinol. The diarylcarbinol can then be
oxidized smoothly to give the corresponding substituted
benzophenone, prefefably using sulfuric acid and
10 chromic acid. The resulting substituted benzophenone
can then be reacted with cyclopentadiene in ethanol
containing sodium ethoxide to yield the 6,6-substituted
fulvene.
A variation of this technique involves the
15 production of indanyl fulvene (whidh can also be called
indanylidene fulvene) by reacting l-indanone with
cyclopentadiene in the presence of ethanol and sodium
ethoxide. The indanyl fulvene is particularly useful
in that it can be reacted with the alkali metal salt of
20 a fluorene compound, i.e. a benzofluorene, to yield an
indanyl bridged fluorenyl cyclopentadienyl compound.
An example would be 1-(3,4 benzofluorenyl)-1-
(cyclopentadienyl) indanylidene.
The benzofluorenyl compounds needed to make
25 the ligands can be prepared using procedures generally
known in the prior art. See for example U.S. Patent
No. 3,615,412, Some particularly desirable techniques
for forming certain of the benzofluorenyl compounds
will be described in further detail in what follows.
30 _ The term transition metal compound as used
herein includes compounds of the formula MeQ, wherein
Me, Q, and k are as defined above. Some non-limiting
examples include zirconium tetrachloride, hafnium
tetrachloride, titanium tetrachloride, cyclopentadienyl
35 zirconium trichloride, fluorenyl cyclopentadienyl
zirconium dichloride, 3-methylcyclopentadienyl
zirconium trichloride, indenyl cyclopentadienyl
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selected from hydrogen or hydrocarbyl radical; .or the divalent

met hyl ene radi calzircdﬂd:erdﬂchlor:.dmerﬂﬁéaﬁﬁah ﬁudr%ﬂﬁe ziSHBRiRYm
different and isg selected, from, net enyl dr en r.adicals; or
can be aromatic 9€;3ﬁ%9 Jﬁ?liﬁﬁiﬂﬁ/%ﬁﬂﬁiﬁﬂii BH%he.  The
currently nost prta:f:le:rhlmrzkﬂe,dgmi a&he IikE.ocar byl or heteroatom cont ai ni ng
al kyl ene radical s having 1fﬂ%é%¥ive metallocenes in which Q is
5 hydrocarbyl or hydrocarbyloxy can be readily prepared
by reacting the halide form of the metallocene with an
alkali metal salt of the hydrocarbyl or hydrocarbyloxy
radical under conditions as have been used in the past
for forming such ligands in prior art metallocenes.
10 See, for example, the aforemention J. Organomet. Chem.
113, 331-339 (1976). Another approach involves .
reacting a compound of the formula MeQ, wherein at
least one Q is hydrocarbyl or hydrocarbyloxy with the
alkali metal salt of the bridged or unbridged
15 benzofluorenyl compound.

_ One embodiment of the present invention
involves carrying out the reaction of the
benzofluorenyl-containing salt and the transition metal
compound in the presence of a liquid diluent which is

20 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

25 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 dichloromethane is

30 used as the diluent. In an especially preferred
embodiment the benzofluorenyl-EOntaining salt used as a
ligand is also prepared in a liquid diluent that is
non-halogenated and non-coordinating toward the
transition metal.

35 The formation of the alkali metal salt of the
bridged or unbridged benzofluorenyl compound can be
formed using generally any technique known in the art.



carbon atons. In an especially preferred enbodi nent k |s

val ence of Me m nus 2. The substituents R can be e
wi de .range ‘of “‘substituents. In the preferred enbodi nents 'i l
substituents R are each i ndependently sel ected from halide

hydr ocar byl radicals having 1 to 20 carhonmgatons. In a particul arI y
preferred enbodi nent, the hydrocar byl radicals R are al kyl, aryl, or

aryl al kyl radi caIEnr éﬂ:mm,efmcﬂblqaﬂ e pﬁ&ﬂe&ed?gyaci;gggtﬁi,{@\% 3,]}1&151
car bon at ons. at a eas WO

adj acent positi ons on %lilgie G Stcbf ecf"ﬁ‘slsql?ﬁﬂt 2'3 YRS qROUnAS €5 s
at | east one benZhe Mgidgedmompounds hafrinyg Iwds oyclofentadiehylvtyhed

DRE; :.TAICEREKITI' F]I-I - _I;léd:.c%laé FeVnd ded e, SGRRE a1 SV ¥ the [a.(?l.r rJl:I.

metal alkyl to the cyclopentad;enyl type radicals
present can vary, generally hoquer, 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,

10 potassium, and lithium, and the alkyl group would have
1 to 8 carbon atoms, more preferably 1 to 4 carbon
atoms. Preferably, if the benzofluorenyl salt is
formed using tetrahydrofuran (THF) as the liquid
solvent, the salt is isolated and substantially all of

15 the THF is removed before the salt is contacted with
the transition metal halide.

The molar ratio of the bridged or unbridged
benzofluorenyl alkali metal compound to the transition
metal compound can vary over a wide range depending

20 upon the results de;ired. Typically, however, when an

unbridged benzofluorenyl alkali metal compound is used,
the molar ratio of the unbridged benzofluorenyl
compound to the transition metal compound is in the
range of from about 1 to 1 to about 2 to 1 and when a
25 bridged benzofluorenyl alkali metal compound is used
the molar ratio of the bridged benzofluorenyl alkali
metal compound to the transition metal compound is
about 1 to 1 when one desires a bridged metallocene and
about 2 to 1 when one desires an unbridged metallocene.
30 - 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
35 substantial amount of by-product impurities. '
Accordingly, recrystallization and fractional _
crystallization to obtain relatively pure metallocenes
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fluorenyl compounds. Since the stabil;ty 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 low temperature, i.e. below
0°C. in the absence of oxygen or water.

The resulting benzofluorenyl-containing
metallocenes can be used in combination with a suitable
co-catalyst for the polymerization of olefins. 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 organometallic co-catalysts

which have in the past been employed in conjunction
with transition metal-containing olefin polymerization
catalysts. Some typical exampies 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 aluminﬁm, diethyl aluminum
chloride, diethyl aluminum hydride, and the like.
Other examples_of'known cocatalysts include the use of
a stable non-coordinating counter anion technique such
as disclosed in U.S. Patent 5,155,080, e.g. using
triphenyl carbenium

tetrakis (pentafluorophenyl)boronate. Another example
would be the use of a mixture of trimethylaluminum and
dimethylfluorocaluminum such as disclosed by Zambelli et
al., Macromolecules, 22, 2186 (1989). 1In such
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10 where R is an alkyl group geﬁerally 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 aluminum compound with water. Such preparation

15 techniques are disclosed in U.S. 3,242,099 and
4,808,561. 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),

20 respectively. It is also within the scope of the
invention to use an aluminoxane in combination with a
trialkylaluminum, such as disclosed in U.S. Patent No.
4,794,096.

The fluorenyl-containing metallocenes in

25 combination with the aluminoxane co-catalyst can be
used to polymerize olefins. ' Generally such
poiymerizations 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

30 invention to carry out the polymerizations in the

. presencé 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

35 mixture of an inventive fluorenyl-containing
metallocene with one or more other cyclopentadienyl-
type metallocenes.

The fluorenyl-containing metallocenes when
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radlca
t 13 Methylibutene-1, hexene-1, -met ylpentene-1

ethylbutene -1, heptene-1, octene-1, decene-1,4,4-
dimethyl-l-pentene, 4,4-diethyl-l-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. about 20 to 10 mole percent, more

as r1or

commonly about 12 mole percent, still more typically
less than about 10 mole percent, of a higher molecular
weight olefin. '

' The polymerizations can be carried out under
a wide range of conditions depending upon the
particular metallocene eﬁployed, 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. 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.

Generally the molar ratio of the aluminum in
the aluminoxane to the transition metal in the
metallocene would be in the range of about 0.1l:1 to
about 105:1 and more preferably'about 5:1 to about
10%:1. as a general rule, the polymerizations would be
carried out in the presence of liquid diluents which do
not have an adverse affect upon the catalyst system.
Examples of such liquid diluents include propane,
butane, isobutane, pentane, hexane, heptane, octane,
cyclohexane, methylcyclohexane, toluene, xylene, and
the like. The polymerization temperature can vary over
a wide range, temperatures typically would be in the
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A further understanding of the present

10 invention, its various aspects, objects and advantages
will be prov;ded by the following examples.

In the following examples where information
is given about the microstructure of polymers as
determined by 13CNMR the spectra were taken using

15 standard accepted spectroscopy techniques. The polymer
‘was dissolved in trichlorobenzene and the spectra was
taken with respect to an intermal standard relative to
hexamethylsiloxane which has a known reference point
relative to tetramethyl silane. From the observed

20 integrals of the relevant peaks, the details regardlng
the microstructure are calculated.

Meso Content = (mm) + 1/2 (mr)
Racemic Content = (rr) + 1/2 (mr)
_ Isotacticity = % (mm)
25 Heterotacticity = % (mr)
Syndiotacticity = % (rr)
Randomness Index = _(mr)100
' . 2 (m) (r)
Average Isotactic Block Lehgth-= 1l + 2(mm)
30 : : (mx)
Average Syndiotactic Block Length = 1 + 2(rr)

(mx)
For more detail regarding the determination of these °
values, reference can be made to chapter'3 of the
35 "Chain Structure and Conformation of Macromolecules" by
Frank A. Bovey (Academic Press, 1982).
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10 ' The inventive netall ocenes as well as related neﬂhbsmﬁﬂmﬁﬁeﬁimMmmd

be prepared by reacting an alkali nmetal salt of the selected
- benzofl uerenyl -conpounds with a suitable transition netal co ”“wﬂ(”,l

suitabl e sol vent under suitable reaction conditions.

benzof |l uorenyl |igands can be prepared usiings procedures of the type taught
~in U S Patent No. 5,191,132 and the aforenentioned U S. Patent
application Serial No. 08/064,630 and Ofx3&biegt. Some nethyl ene bridged

benzof |l uorenyl 1igands can be made by I n 6, 6 -substituted fulvenes
Exanpl es of fulvene reactions are qg—éﬁbil—i

Synthesis of 3,4-benzofluorene
A. Grignard solution was prepared in a two

5 liter two-necked flask from 13.6 g of magnesium powder,
1,000 ml of diethylether, and 123 g of distilled 1-
bromo-2-methylnaphthalene. Then 0.5 g of Ni(TPP),Cl,
was added and 114 g of iodobenzene was added dropwise
with stirring. The light brown suspension became hot

10 and was heated for a further 10 hours under reflux.

The resulting reaction product was hydrolyzed and then
extracted with ether, dried and freed from the solvent.
By vacuum distillation, an orange liquid was obtained
which was determined to be 2-methyl-1-

15 phenylnaphthalene.

Then 97.8 g of that product was combined with
81.9 g of N-bromosuccinimide and 4.2 g of «,a-azo bis
isobutyronitrile in 300 ml of carbon tetrachloride and
then heated under reflux for 8 hours. The resulting

20 product is filtered off from the succinimide. ' Then
after the solvent is removed in a vacuum, a pale yellow
solid was obtained which was determined to be 2-
bromomethyl-1-phenylnaphthalene.

Then 15.3 g of the 2-bromomethyl-l-

25 phenylnaphthalene was heated with 23 g of calcium
carbonate in a mixture consisting of 250 ml of an equal
volume mixture of water and dioxane for 10 hours under
reflux. The reaction mixture was carefully poured into
diluted hydrochloric acid and then extracted with ether

30 and dried and freed of solvent. The resulting product,
2-hydroxymethyi-1-phenylnaphtha1ene, in an amount of
about 0.45 mol was dissolved in 200 ml of acetone and
added droﬁwise to a hot suspension of 207 g of KMnO,,
280 ml of water, and 1000 ml of acetone. During the

35 dropwise addition, the mixture boiled and was then
heated for suspension was poured into a large glass
beaker containing 1000 ml of water to dissolve the
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t he production(ﬁcérhbxmlic acid product was then reacted with
polyphosphoric acid. Spécifically, 250 g of
polyphosphoric acid was heated to 100-120°C. in a 1000
ml f£lask. Then 23.9 g of the l-phenylnaphthalene-2-

10 carboxylic acid was added in portions and the mixture
allowed to stand for 1 hour at that temperature. The
mixture was then allowed to cool and diluted to 750 ml
by the careful addition of ice water. The sticky crude
product was extracted with hot toluene and washed with

15 warm aqueous sodium bicarbonate solution. The organic
phase was dried and filtered over silica gel. In a
cooling cabinet, dark red crystals of the benzo(c)
fluorenone separated from the deep red solution.

9.8 grams of the benzo(c) fluorenone were

20 dissolved in 200 ml of terahydrofuran and hydrogenated
in the presence of 0.5 g of a palladium carbon catalyst
containing 10 wt% palladium under atmospheric pressure
and room temperature. The resulting product was dried
over Na,SO,, the solvent removed and the residue

25 extracted with pentane and filtered over silica gel.
Colorless platelettes of 3,4-benzofluorene, also
sometimes referred to as benzo(c) fluorene, were
recovered. |

Example II

30 Preparation of 1,2-di-(9-(3,4-benzofluorenyl)) ethane

and Metallocene
3 grams of 3,4-benzofluorene was dissolved in
100 m1 of ether and reacted with 8.7 ml of a 1.6 molar
hexane solution of n-butyllithium. Then 0.6 ml of 1,2-
35 dibromoethane was added to the orange solution after 3
hours and then the mixture was stirred for four more
hours. Then a little water was added to carry out
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w || be describeddomers of bis 1, 2-(3,4-benzofluorenyl) ethane was '
5 obtained.

The isomeric mixture of the 1,2-ethylene
bridged-bis 3,4-benzofluorene ligand was dissolved in
diethyl ether and stirred with two molar equivalents of
n-butyllithium for at least 8 hours at room temperature

10 then one molar equivalent of zZirconium tetrachloride
was added. The mixture was stirred for several more
hours. 'The complex was extracted with dichloromethane
and filtered over Na,;S80,. A solid precipitates out at
about -25°C. to yield an approximately equal mixture of

15 the rac- and meso-forms of the 1,2-bis-(3,4-
benzofluorényl) ethane zirconium dichloride.

Example III _
Ethylene Polymerization

Ethylene homopolymerization was carried out

20 using the metallocene of Example II. The
polymerization was conducted in a 1-liter autoclave
using 0.04 mg of the 1,2-di-(9-(3,45benzof1uoreny1))
ethane zirconium dichloride in 300 ml of hexane with 1
ml of a 30 wt% toluene solution of methylaluminoxane.

25 After this, an ethylene pressure of 10 bar was applied
and the reaction mixture stirred for 1 hour at 60°C.
The recovered polyﬁer was dried using a vacuum. A
yield of 27.3 g of polymer was obtained. Thls
translates to an activity of 4.2 x 10° g of

30 polyethylene/mol zirconium-hour.

A comparable polymerization was carried out
employing the metallocene, 1,2-bis(fluorenyl) ethane
zirconium dichloride, and the activity was only 5 x 104
g polyethylene/mol Z-Hr. It is theorized that perhaps

35 the benzo substituents keep the aluminoxane counter ion
away from the active site without hindering the monomer
from coordination and insertion.
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added. The liquid was then stirred for several hours
at room temperature. Then a molar equivalent quantity
of 6,6-dimethylfulvene was added and stirring was

10 continued at room temperature. Decoloration of the _
solution occurred quickly. Then approximately 1 molar
equivalent of n-butyllithium was added in order to
transform any possible excess fulvene into a readily
soluble colorless derivative. The mixture was then

15 stirred for further 30 minutes and then hydrolyzed with
a little water. The resulting dimethylmethylene-
bridged ligand was then isolated and purified by
dissolving in a solvent, filtering over silica gel and
crystallization.

20 Then 1 g of the bridged benzofluorenyl ligand
was added to 30 ml of diethylether and stirred with
exactly 2 molar equivalents of n-butyllithium for about
8 hours at room temperature. After the liquid became
well colored, 1 molar equivalent of zirconium

25 tetrachloride was added and the mixture was stirred for
several more hours. The resulting metallocene was then
recovered and purified. |

Example V
1-(3,4 benzofluorenvl)-1,1 diphenyl-1-

30 (cyclopentadienyl) methane zirconium dichloride

1-(3,4 benzofluorenyl)-1,1l-diphenyl-1-
(cyclopentadienyl) methane was prepared using a
- procedure similar to that used in Example IV but

startihg with 6,6-diphenylfulvene. In this preparation

35 it was necessary to stir the reaction mixture overnight

to obtain the desired degree of reaction. |

The reéulting diphenylmethane bridged



corrpound of the fornula MeQerr] wherein at |least one Qis hydrmas};a&IHapgeenR ce
hydrocar byl oxy with the alkali nmetal salt of the bridged or unbri

benzof | uer ényl conpound. ~One enbodi ment of the present

i nvolves carrying out the reaction of the benzofl uorenyl -cont ai

and the transition netal - 21 -
conpound in the presence of a liquid diluent which is non- halogenated and

non- coor di nat i ng bepeefluorenyhintigand wes athenpeatited Exfm&mlesrfﬁnfg(mge e
vl | as non-oycl | S et RerL¥ELAE T oee 2eele il 47 jnfed | & el P
that the use of such non-hal ogenat ed norExampke i ng sol vents generally
Propylene Polymerization
5 The dimethyl methane bridged benzofluorenyl
metallocene of Example IV was evaluated for the
polymerization of propylene. Polymerization grade
propylene was condensed into a l-liter autoclave
reactor. It was stirred for 15-30 min with 10 ml of a
10 30 wt% methylaluminoxane solution at 20°C. and then
cooled down to a temperature in the_range of 0 to -2°C.
A catalyst solution was prepared by combining the
metallocene of Example IV with 1 ml of a 30 wt$%
solution of methylaluminoxane in toluene. The catalyst

15 solution was forced into the cool stirred autoclave
using argon pressure. The température was then brought
to 60°C. and maintained at that temperatufe for 120 min
and then the polymerization was terminated by draining
the unconsumed propylene. The polymerization.

20 demonstrated an activity of 34.9 x 103 kg of
polypropylene per mol Zr-hr. The polymér had a nominal
molecular weight of 37.5 x 103 g/mol. This was
determined using a precision capillary viscometer in
decolin at 135°C. For the determination, calibration

25 curves were available for three different polymer
concentrations. From carbon 13NMR it was determined
that the polymer had a racemic content of 93.7, i.e. it
would be viewed as a syndiotactic polymer.

Example VII

30 . Bulk polymerization of propylene using the
diphenyl methane bridged benzofluorenyl metallocene of
Example V was carried out using the same technique as
described in Example VI. This polymerization
demonstrated an activity of 42.9 x.103 kilograms of

35 polypropylene/mol Zr-hr. The nominal molecular weight
was 330 x 103 grams/mol. The presence of the phenyl
groups appears to be effective in increasing the |



al | ows one to obtain | arge anobunts of substantially pure net alﬂhggg@%g&qf{eilm

in a nore stable form and also often allows the reaction to be
under. hi gher tenperature conditions, than when dichl oronet hane HMM“H“‘
the -diluent. In an especially preferred enbodinent the

benzof | uorenyl -containing salt -used as a liggnd is also prepared in a
liquid diluent that is non-hal ogenated and non-coordi nating toward the
transition netal .molecular we:|.§1’cle SDrttd i polyiest hﬁ.tﬂidiﬁi icdiditlg ety of the

o Goed or ons Sk gl AstM £ YUY S0 ene 1

reacting an alkali netal alkyl with tBxampdenMIRTadi enyl type corrpounds or

the bridged conpounds hawﬂg, ?ﬁﬁfﬁ ﬂ%y al s per
nol ecul e.  The nol ar ratlo of t al Kal | ,8{1% {y 6{&190
cycl opent adi ehyl RSkft19eRRe #% %F T 3y sy thee s h%nmenxlﬁe

rati o woul d be i retHyfl ey dfedfitcdhin divrauriidel Wab cHrdiled it

preferably abOUtﬁgfhg conditions substantially the same as those used

in Examples VI and VII. The resulting polypropylene
had an isotacticity of 34.3%, a heterotacticity of

10 39.7%, and a syndiotacticity of 25.9% as determined by
carbon 13NMR. The polymer had a melt flow of 204. The
molecular weight as determined by size exclusion
chromatography'was 39,000. The nominal molecular
weight was 5,000.



carbon atons, nore preferably 1 to 4 carbon atons. Preferably,
benzof l uorenyl salt is formed using tetra gdrofuran (THF) as t
solvent, the salt is isolated and substahtfally all of the THF is renoved
before the salt is contacted with the transition netal halide.

13 The nol ar ratio of €he &I or unbridged

can vary over. a ui de. o e S R PR PRy R,

Typical Iy, HEREEeR §$eﬂgd5 %Hﬁ?? 3d radisadaoCpudsenytyalepentadienyl,

conpound is ikdeényl hetétrdhydrdindedlyll,Ner £1uBRehg9edalenz P! | UREEW! 15

compound to it.l:rx]ee éarnailen Solzt'lé)ffgszte%l.t Ca%’?%.%ng Ib.sail.lige or an 6rgano radical
having 1 to 20 carbon atoms, R" is.a structural bridge
linking (F1lR,) and (CPR,), Me is a Group IVB, VB, or VIB
metal of the Periodic Table, each Q is the same or different
and is a hydrocarbyl or hydrocarbyloxy radical having 1 to 20
carbon atoms, hydrogen, or halogen, x is 0 or 1, k is a
number sufficient to £fill out the remaining valences of Me, n
is a number in the range of 2 to 7, m is a number in the
range of 0 to 7, wherein in (F1R,) two adjacent positions are
substituted by four connected carbons to form at least one
benzo substituent.

Typically, the alkali netal of the alkali metal alkyl would bgysglg een Replaced
fromsodium potassium and lithium and the al kyl group woul Jm I, m Ti :
1L '

2. A metallocene according to claim 1, wherein (F1R,)
is a substituted or unsubstituted 2,3-benzofluorenyl; 3,4-
benzofluorenyl; 1,2-benzofluorenyl; 1,2:5,6-dibenzofluorenyl;
2,3:6,7-dibenzofluorenyl; 3,4:5,6-dibenzofluorenyl, or a
1,2:7,8-dibenzofluorenyl radical.

3. A metallocene according to claim 1 or 2, wherein
(CpR) and (F1R,) are the same.

4, A metallocene according to claim 1 or 2, wherein
(CpR,) and (FlR,) are structurally different.

5. A metallocene according to claim 4, wherein (CpRy,)
is a cyclopentadienyl, an indenyl, or an unsubstituted
fluorenyl radical.

6. A metallocene according to claim 5, wherein (CpRy,)
is an unsubstituted cyclopentadienyl radical.

7. A metallocene according to any one of claims 1-5,
wherein m is a number in the range of 1 to 4.

8. A metallocene according to any one of the preceding
claims, wherein n is greater than 2.

9. A metallocene according to any one of the preceding
claims, wherein Me is Ti, Zr, or Hf.

10. A metallocene according to claim 9, wherein Me

CASE: 33271
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t he range of f.rom about 1 to 1 to about 2 to 1 and when a bri dm%%thas'Been]ﬁYﬂllard

benzofl uoronyl al kali netal conpound is used the n?!aL nggf_gg H
benzof |l uérenyl alkali metal conpound to the transitio ]

about’ 1 to 1 when one desires a bridged netgl | ocene and about 2

i i ne. The resulting netallocene
one desires an unbridged netall oce Cethnl quee knova | S che

Purified I ng conventi onal

art such as 1 AR oA Hatilun! k fayd; aandratisne Bilogen.
re-crystallildation. A netajdocenkl ¥cd88hi lEothogfr ég%ovtgr LA T
in a form that i f LE z%fina%céuas%_antlal afhount _ f-’l e,
i mpurities. _Accordi ng% v, recrystaffi éaPi’%?H%dﬂmtom.rmc to cb]1°
crystalIiza@ﬂ&ﬂitﬁrbbﬁmh19r9hamiver pure_ne}allocene? :Sfofsngh e.

' t Rane has bge be partjcularly usefu '
Plegrlygi glrr:ai E'in ons. Ag g‘efégg‘g%%g? u?‘é&?‘ﬁ”l‘%st%@i’ faRendf e lplnelcedt:.rz]zg

met al | ocene§1B4%E Yhexeani #gdd 1} uorenyl conpounds are | ess stable than

the metal | oagne conpoungieth®iBEend QMR HLiAged | |c&(;ri%n;g2'c%m%%nds. Sinee
comprises (1-(3,4-begzof1uoreny1)-l-cyclopentadienyl-l,l-
(dimethyl) methane) zirconium dichloride; (1(2,3:6,7-
dibenzofluorenyl)-l-cyclopentadienyl-l,l-(dimethyl) methane)
zirconium dichloride; (1-(3,4-benzof1uorenyl)-1-
cyclopentadienyl-l,l-(diphenyl) methane) zirconium
dichloride; (1-(2,3-benzof1uorenyl)-l-éyclopentadienyl-l,l-
(dimethyl) methane) zirconium dichloride; (1-(1,2-
benzofluorenyl)-1-cyclopentadienyl-1,l-(dimethyl) methane)
zirconium dichloride; (1-(3,4-benzofluorenyl)-l-pentamethyl
cyclopentadienyl-l,l-(dimethyl) methane) zirconium
dichloride; (1-(2,3:6,7-dibenzofluoreny1)-1-cyclopentadienyl-
1,1-(diphenyl) methane) zirconium dichloride; (1-(2,3-
benzofluorenyl)-1-cyclopentadienyl-1,1-(diphenyl) methane)
zirconium dichloride; (1-(1,2-benzof1uorenyl)-1-
cyclopentadienyl-l,l-(dimethyl) methane) zirconium
dichloride; (1-(3,4-benzofluoreny1)-1-(cyclopentadienyl)-1-
(phenyl) methane) zirconium dichloride; 1-(2,5-dimethyl-7 H®
benzo(c)fluorenyl)-1-(cyclopentadienyl)?1,1-dimethyl methane)
zirconium dichloride; 1-(1,2-benzofluorenyl) -1-
(cyclopentadienyl)-1-(phenyl) methane) zirconium dichloride;
1-(3,4-benzofluorenyl)-1-(fluorenyl)-l-(dimethyl methane)
zirconium dichloride; 1-(3,4-benzof1uorenyl)-1-(inaenyl)-1-
(phenyl methane) zirconium dichloride; 1-(3,4-
benzofluorenyl)-l-(cyclopentadienyl)-l-(methyl methane)
zirconium dichloride;”1-(2,3:6,7-dibenzofluoreny1)-1-
(cyclopentadienyl)cyclopentane) zirconium dichloride; (1-
(3,4-benzof1uorenyl)-2-(indenyl) ethane) zirconium
dichloride; (l,2-di(3,4:5,S-dibenzofluorenyl) ethane)
zirconium dichloride; (1,2-di(3;4-benzof1uorenyl) ethane)
zirconium dichloride; and (1-(3,4-benzofluorenyl) -2-

(cyclopentadienyl) -ethane) zirconium dichloride.
L o



the stability of the various netall ocenes varies, it is géneral

desirable. to use the netall ocenes soon after their preparaffifpie cen Replaced
| east. to.store the netal |l ocene under conditions favoring thei : -“l]l

For exanpl e the net al | ocenes can generally be stored at |lowt
I.e. below O[err]Cin t he absence of oxyéén‘or wat er. The
resul ti ng benzofl uorenyl -contai ning netall ocenes can be used in

combi nation #th a sui paBreatliceena(acrording Ite pdaimelR;zawheredst R" is

14 ol ef i nS. | Byare8aPEPLCEERFLIAS AIRAIOCANRHY £bigudg- cat al yst can be

_enployed on a solid insoluble particulate support. Exanpl es of

sui tabl e co-catal ysts include genegal Ilg¢ any of those organonetallic
co-catal ysts which have in the pasit bqen enpl oyed in

-CcC-C -

R’ R/
wherein each R’ is the same or different and is hydrogen or a
hydrocarbyl radical wherein at least one R’ is hydrocarbyl.

15. A metallocene according to claim 14, wherein R’ is
hydrogen.

16. A metallocene accofding to claim 12, wherein R" is
a hydrocarbyl group containing 2 to 20 carbon atoms.

17. A metallocene according to claim 14, wherein R" is
a hydrocarbyl group containing 4 to 20 carbon atoms.

18. A metallocene according to claim 16, wherein R" is

the divalent methylene radical --CR"5-~, wherein each R’ is
the same or different and is a methyl, a phenyl, or a
hydrogen radical, with the further proviso that at least one
R’ is hydrocarbyl.

19. A metallocene according to claim 18, which consists
essentially of (1-(3,4-benzofluorenyl)-1l-cyclopentadienyl-
1,1~ (diphenyl) methane) zirconium dichloride, (1-(3,4-
benzofluorenyl) -1-cyclopentadienyl-1,1- (dimethyl) methane)
zirconium dichloride, (1-(2,3:6,7-dibenzofluorenyl)-1-
cyclopentadienyl-1,1- (dimethyl) methane) zirconium
dichloride, (1-(3,4:5,6-dibenzofluorenyl) -l-cyclopentadienyl-
1,1-(diphenyl) methane) zirconium dichloride, or (1-(1,2:5,6-
dibenzofluorenyl) -1-cyclopentadienyl-1,1- (dimethyl) methane)
zirconium dichloride.

20. A process'for preparing a metallocene according to
any one of the preceding claims, which comprises reacting one
mole of an alkali metal salt of a fluorenyl-containing
compound of the formula FIR H and one mole of an alkali metal
salt of a cyclopentadienyl-containing compound of the formula
CpRH or one mole of a dialkali metal salt of a bridged
fluorenyl-containing compound of the formula
R"x(FanH)(CpRmﬁ), with one mole of a transition metal
compound of the formula MeQy., wherein Me, Q, k, Fl, Cp, R, m

* [ L M S *



conjunction with transition nmetal -containing ol efin pol nErlzaIMOmwa}hsB&mRelmwd

catalysts. Sone typical exanples include organonetalli c corrpou 'Illltm"" "I II
113

netals of Grouips IA I1A and I11B of the Periodic Table.

conmpQunds have included organonetal lic halide conpounds, or a o]

hydri des andeven netal hydrides. Sone specigi< exanpl es |nclude triethyl
alum num tri-isobutyl alum num diethyl alum num chloride, diethyl

al um num hydﬁadﬁ, a&adthbeshmlseas kB ehed*ZPOYE SeRd &t OV € OF o ah‘:{f

i ncl ude the H ays ? ? ggn coordi nating counter anlon te es such
as di scl ose¥2PR 08 °PaEER 85eR¥h; centaindng LOMRIHRG 4 S

t et r aki s(]E)eln.afI uorf)phep;b):hssogegepofméhﬁiﬁgaelimlﬂmﬁ dﬂﬁ&ﬂ hg us;a a S
m xture o a an or pal umi uch as discl ose
by ZanbelIlgé#gg%ggfoﬁ§gggggégg ﬂiiggigé£f39§§§ T % ?wocesses t he
netalIocenepoiymhclzatganabyndltiqnbewéuhImyeahatyatsmysthnrgnﬁpﬂﬂszng a
SUPPOT!. = megalloclH8 GUEBEBiLY EBShnf'SAE'&F %fidif' Pl od Wifth made

al um noxane
by a process according to claim 20, and a suitable

cocatalyst.

22, A process according to claim 21, wherein said
cocatalyst comprises an alkylaluminoxane.

23. A process according to claim 21 or 22, wherein said

metallocene consists essentially of an rac/meso mixture of
(1,2-di(3,4-benzofluorenyl) ethane) zirconium dichloride.

* [4 L M S *



conpounas,i cl ude those oligoneric or polyneric conpounds haviqﬁ
units of the fornula [err] where R is an al kyl group genera i
to 5 carbon’atonms. Al uminoxanes, also sonetimes referred to asJ
_pol y(hydrocarbyl alum num oxides) are well known in the art an

generally prepared by reacting an organo al um num conpound with water.
Such preparation techni ques are 15 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
trinmethylalum numor triethylalumnum sonetines

Abstract of the Disclosure

FLUORENYL-CONTAINING METALLOCENES FOR USE IN OLEFIN POLYMERIZATION

Benzofluorenyl-containing metallocenes are
disclosed along with methods for making the metallécenes.
Also disclosed are methods for using the metallocenes as
polymerization catalysts. In addition, polymers resulting
from such polymerizations are disclosed.

CASE: 33271
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referred to as pol y(methyl al umi num oxide) and pol y(ethyl al {infrhfSRMENG SHEET
respectively. It is also within the scope of the invention|t se

al um noxane in conbination with a trial kylal um num ch, as 8t ncg?r"wnms
U.S. Patent No. 4,794,096, the disclosure of whi c‘hyéit' sttute, sheeted TFR/EE n

by reference. The fl uorenyl -containing I 1 | . "
conbi nation with the alum noxane co-catal yst can bea%ggﬁs?%éggﬂyd%riée‘?é
olefins. Generally such polynerizations would be carried out in a
honbgeneous systemin which the catalyst and co-catal yst were sol ubl e;
however, it is within the scope of the present invention to carry out the
pol ynmeri zations in the presence of supported forns of the catalyst and/or
co-catalyst in a slurry or gas phase polynerization. It is within the

scope of the invention to use a mxture of tw or nore

fluorenyl -containing netall ocenes or a mxture of an inventive

fl uorenyl -containing netall ocene with one or nore other

cycl opent adi enyl -type netal | ocenes.

ORGANOMETALLIC FLUORENYL COMPOUNDS, PREPARATION, AND USE

This invention relates to organometallic compounds.
Specifically,

'Hore

this - i :
\is invention relates to organometallic éoupounds.containing



Tr;e f|iJO

renyl - cont ai ni ng nmetal | ocenes when used with al um no

REPLACEMENTSHLKT

partlcul arly useful for the polynerization of nono-unsaturat

al pha-ol efins having 2 to 10 carbon atoms. Exanple efi-ng

i ncl ude et hyl ene, propyl ene, butene-1, pentene-1, 3%%&‘&1?'@?@11]/6/96
hexene-1, 4 r{ggpyltpeﬁnt ene-1,  3- eth | but ene- 1, heptene 1, octene-1,

decene- 1, CRFPE “°i5%‘?¥t1e égand. In%tﬁtﬂéﬁt&kphcﬂ, heaX§ne,y

3, 4-di net f‘Bél]_aE.éJ'lee&eg’% :ﬁ‘? the | i ke and m xtures thereof. The cat ef’yé?’b
are particularly uséfuf af)’r°é’péFF*h’g¥séoﬁYﬁ‘5ﬁrertshzc¢h eon1alif N6r ganoRs Y ; ENE
and gener&iehyoﬁumg F nds) 3 about 20 to 10 nol e percent, nore

16  comonly about 12 mol e péfc Ht“’s’tlﬁ‘l’“rhsre"‘wyptcathhy ingest idaage ARQUL

10 nol &opes CREthodOf £k hi,&hggr ol ecu&ar wei ght ol efin.

izing olefins uszng such organomstalllc

benzofluorenyl 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 af compounds having

cyclopentadienyl structure with various tranSLtzon metals. The term

ryrlopent:i;nnyl structure”" as used herein refers to the following

structure.

O—O

C —
O
c

\c/

Th ” r
@ term “cyclopentadiene-type compounds” as used herain refers

to: . ..
compounds containing the cyclopentadiene structure. Examples include

uns i i
ubstitited cyclopep;sdxene, unsubstituted indene, unsubstituted

fluorene. and substituted varieties of such compounds. Also included is

£ . .
etrabydroindene. Thus polycyclic cyclopentadiene compounds are included

within the ternm.

Many cyclopentadiene-type metallocenes have been found useful in

catalyst.-systems for the polymerization of olefins. It has been noted in
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The pol ynerizations can be carried out under a w de range of condbtsk,onﬁN
dependi ng upon the particular netall ocene enpl oyed, and the || mgsul Us? J ____________
desi red. Exanpl es of typical conditions under which,th een -
can be used in the polynerization of ol gfins incl'u%bsﬁﬂ%??‘?
disclosed in U S. Patents 3,242,099; 4,892,851; and 4,530, 914; the
di scl osur egheOhrt\tingd WrQat Rl POMtRbCchdREL] RtBYctueé &5feBEéh cycldpehtadienyl-
considered that generally any of the polynerization procedures used I n
the prior eype wbidllanynds’ amsihavens igaltdcahfseffectd apysitheysiidabilizy 6€ the
enpl oyed with the present fluorenyl-containing netall ocenes. .
Ceneral | y tdtalialeme nrata opadfméhizaaiaemicatmlyist. t héoralewanplex athe sdze tdfe and
transition nmetal in the netall ocene would be in the range of about 0.1:1
to about 19jbstitutiocasdompyelqpentatiabyl-tabeukigsnds hes dsenit forod dror pffectAtha
general rule, the polynerizations would be carried out in the presence of
i quid di | aeivdtineEnthto caselisivethh storepsdestivdey apothe r?ét?:&séil’yﬁ‘e
system Exarnil_ es of such liquid diluents include propane, butane,

stability of the catalyst, and other properties of the resulting polymer;

A wowe

however, the effects of vgrious substituents is still largely an emﬁirical
matter, that is, expariments must;be conducted in order to deterﬁine just
what effect a particular variation will have upon a partiéular type of
cyclopentadienyl-type metallocene. Some examples of some cyclopentadienyl-
type metallocenes are disclosed in U.S. Patent Nos.'4.530,914; 4,898,561;
and 4,892,851, the disclosures of which are incorporated herein by
referen;e.

While there are references in the prior art which have envisioned
metallocenes containing fluorenyl groups, only a very limited number of
fluorényi—contgining matallocenes have actually been prepared prior to the.
pfésent invention. The Journgl 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 zirconiuﬁ 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 incorpordted herein by reference, each disclose preparing a
metallocene from the ligand 1-(cyclopentadienyl)-1-(fluorenyl)-1,
1-dimethylmethylene. The New Journal of Chemjstry article also discloses
preparing a similar compound in which the cyclopentadienyl xadical has a
methyl substituent in the number 3 position. The te;m fluorenyl as used

herein refers to 9-fluorenyl unless indicated otherwise.
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| sabut ane, pent ane, hexane, hept ane, oct ane, cycl ohej)ane ENT SHEET

nmet hyl cycl ohexane, tol uene, xylene, and the like. The poly K
tenperature can vary over a w de range, tenperatures typi cally=—wauld e
the range of about -60[err]C to about 280[err]C, noﬁé'bﬁﬁ@#f@rﬁlﬁ%t.'i we/8
range of about 20[err]C to about 160[err]C. Typically the pressure woul d
be in the range ofAn ébipentabéuthd presabouinvefficat I®SE@residd Freaifnew

The pol yners produced with this invention have a wi de range of uses that
wil |l be dmparEhtorenyltressabiing| edtd Hochresart Ahpthart lobjedtysifcdihe prepeitd i es
of the respective polyner. 17 A further understanding of
t he preseﬁﬂyepﬁyqq“qsoﬁp previder gomethod for preparing new benzofluorenyl-type

metallocenes. Still another object of the present invention is to provide
polymerization catalysts employing benzofluorenyl-type metallocenes.’ Still.
vet another object of the present invention is to provide processes for the
polymerization of olefins‘using benzofluorenjl-type metallocene catalyst
systems. Still yet another object of the present invention is to provide

polymers pioduced using suveh benzofluorenyl-containing metallocene

catalysts.

Summdary of the Invention

In accordance with the preéent invention, there are provided'new
metallocenes of the formula R"x(FIRn)(CpRm)Mer wherein F1 is a fluorenyl
radical; Cp is a cyclopentadienyl, indenyl, tetrahydro indenyl, or
.fluorenyl radical; each R is the same or different and is a halide or an
organo radical having 1 to 20 carbon atoms; R" is a structural bridge
linking (Fan) and (CpRm); Me is metal selected from the group cénsigting
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, hydrogen, and
halogens, x is 1 or 0, 'k is a number sufficient to fill out the remaining
valences of Me, n is a pumber in the range of 2 to 7, m is a number in the
range of 0 to 7, further characterized by the fact that im (FlRn) two
adjacent positions are substituted by four connected carbons to form a

‘benzo substituent on the ‘fluorenyl radical.
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Wi ng exapl '
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aépecté, obj ects and advantages will be provided by the follg

In the foll ow ng exanpl es where information is given about t
m crostructuire of polyners as determned by [err] CNMR the
taken - using standard accepted spectroscopy techni quipstityte sl
di ssolved in trichlorobenzene and the Spectra was taken with respect to an
I nt ernal standar? rel ative to hexanet hyl sil oxane whi ch has a known
reference poi nt rBl3i5oFdance vikh anethey aspdcanef theFpresethenobsEIonsdthere
i nt egral s of ré@ed g el eva]r11t peaks, the details regarding the mcrostructure
ar e calan'af% vVided a met od for formlngbggpqggﬁgqgﬁpylfcontaingpgnregu1ﬂb2eﬁég)
Racem c . = )+ 1/ | sotacticity = %
(mm) anbfqglng reééé}%skﬁgeiigég%%qqﬁpgysalt qﬁ)eh?)sélected benzoflporzgyl

: - _ 0 .
?(/2;“( :_); AGombéind With /ﬁ({’:f&nsition metal compound oﬁ%?xgogyrem% al I?gQ 3 in t&T) 100~

presence of a non-halogeﬁated solvent for the benzofluorenyl salt which
solvent is non-coordinating with respect to the transition metal compound. .

In accordange 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 benzofluorenyl-containing metallocene as described
above in combination with a suitable organoaluminum co-catalyst.

Still further in accordance with the presenf invention there is

provided the polymer products resulting from such polymerizations.

Detailed Description of the Invention

The novel metallogenes provided in accordance witﬁ the present

invention fgll into two broad general categories. One category involves

- metallocenes in which a benzofluorenyl radical, either substituted or
unsubstituted, is bonded to another cyclopentadienyl-type radical by a
bridging structure R"™ and both the benzofluorenyl and the cyclopentadienyl
radicals of that bridged ligand are honded to the metal. These
metallocenes are referred to herein as bridged metallocenes. The other
category deals with metallocenes which are unbridged, that is the
benéofluorenyl-containing ligand; either substituted or unsubstituted, and .
the other cyclopentadienyl-type ligands that are bound to the metal are not

bound to each other. These metallocenes are referred to:as unﬁridged

metallocenes.
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(nr) For.nore detail regarding the determ nation of these vallues-—reference " |
can be rmade to Chapter 3 of the "Chain®tructure arneulsiute sheebn 166796 '

e aroog CoU €87 BY haedy, ROYPYL LRI HILE HeS8dpo 19DAh; or vIB mecaid®s
Synt hesi s 0fsd, McEdiZz0Thaiarl enthe currently pPefdrkff)deds S0libéIuad tixdnftimgpar ed
inatw liter two-necked flask from 13.6 g of magnesi um powder, 1,000 m
of di et hyl ethsdopiand hdBdug, @hromdinst bhd @dnddion omThe-Rieesn baagstlheirdnéromThen
0.5 g of Ni(TPP)[err]d[err] was added

any suitable bridging structure. Typical examples include hydrocarbyl or

heterocatom containing alkylene radicals containing 1 to 20 carbon atoms,
especially 2 to 20 carbon atoms; germanium; silicon; phosphorus; boron;
aluminum; tin: oxygen;'nit:ogen; an& fhe like. The bridge can even bela
cyclic hydrocarbyl structire. Some examples include ﬁyclopentylidene,
adamantylidene, cyclohexenylidene, cyclohexylidene, indenylidene, and the
like. The R" bridge when hydrocafbyl can be a hydrocarbyl
ethylene radical of the forﬁula

R’ R’

e

R’ R’
wherein each R’ is the same or different and 1is
selected from hydrogen or hydrocarbyl radical; or the
divalent methylene radical --CR‘,--, wherein each R’ is the
same or different and is selected <from methyl, p§enyl and
hydrogen radicals; or can be aromatic in nature, ‘'such as a L
phenyl-substituted alkylene. The currently most preferred bridges are
hydrocarbyl or heterocatom containing alkylene radicals having 1 éo 20
carbon atoms. In an especially preferred embodiment k is edual to the
valence of Me winus 2.

The substituents R can be selected from a wide range of
substituents. In the preferred embodiments the substituents R are each
independently sélected from halides or hvdrocarbyl radicals having 1 to 20
carbon atoms. In a particularly preferred embodiment, the hydrocarbyl
radicals R are alkyl, aryl, or arylalkyl radicals. Wore preferably the
alkyl R radicals have | to S carbon atoms. As noted above n is at least 2.
_so that at least two adjacent positions on Fl are connected by four carbons

so that there is at least one benzo substituent at the 1,2; 2,3; 3.,4; 5,6;

6,7; or 7,8 position of Fl.- It is also within the scope of the present
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and 114 g of iodobenzene was added dropwi se with stirring.. .The Ilgh]tcu' rjmiggﬁ
X .

The resulting reaction product was hydrol yzed and t2§'~§{ extrac by
ether, dried and freed fromthe solvent. 4By vacuum stituig sheet »A/6/86hge

liquid was obtained which was determned to Dbe

2- et hyl - 1- pheyrardght faal €312} 23 tave aore N 7.8 g of that product was
combined with 81.9 g of N br ompsucei nt i gpaa%a 541'."% §70P 476 r9° R Spozvo

bi s i sobutyrofiP¥? 19 Fif 3&Fofivcoiny! caube ot o kidsidc@Edade ﬁgd,&b@% heat ed
under reflux fQp &thér_g. _The resulting product is filtered o P TP t he
succi ni mi de. Then aft ér Th&® S8|5armeas 2 R capdeiiaed abovwsacmzma Ll pakA ygl ) ow

solid was obt aiieas st b, deternined to be n
2- br omonet hyl - 1- phenyIsnap\t‘iv;?%af'e‘hé‘."“""‘““L7 prelyrrad 15.3 g of the

2--bronomet hyl -1 - phenykgapht hal ene, was _heated wth 23 g of calci um .
carbonate in a m xture coEsF‘sta'l RG-TGFA 230 TACiER! S¥FR atuaP” VEEAMNE: ndseture of

wat er and di OXWﬁ,fWseﬂ-;ﬂ..h.oiiﬁ.s::!l:mg:era:f;ﬁfllcﬁ)('zad-EQﬁ baving from L €0 20 carhg,
atoms, nydrccarbyloxry zadicals haviag 1 te 29 cs:bon_ncahs, aydcegen, op
halogen. Zxemplazy Q éyé}oca:byl :adicais facluda aathyl, echyl, ploprl,

. buzyl. amel, iscamyl, hexyl, isnbutyl, hegeyl, occyi, nonyl, deevl, cazyl,
Zfeehylhexyl; sheayl, and the like. Exemplacy halogen atoms includa
chlovine, bromine, Fluorine, and iadine, and of these halogen atonms,
chlorine is cu:ran:l} the most p:efeF:ed. Exemplary hydrocarboxy radicals
include mechoxy, athnvy, ﬁcopoxy, hutoxy, amyloxy, and tha like.

[lluscracive, buc.non-limi£ing examples of uﬁbridged metallocenas
€alling wichin che scaope of che above formula include
bis(3,4-§eniofluo:enyf) zizconiuﬁ dichloéid?, bis(i,z:7,8—dibenzofluoren§1)

~ zicconium e;mé:hyl,..bis(Z.J-benzoﬁluorenyl) .hafnivm dichloride, |
bis(2,3F6.7-{ibenzeEluorenyl):i:conium dichlocide, bis(i;s-&iﬁe;hyiﬁfﬂ-.-,f:.
benzo (c) fluocanyl) zicconium dichlocide, bis(é-isopropyl-1lli-benzo (b)-
fincrenyl) zirconium dichloride, bis(z,J-benzofiuorenyl)hafniun dichloride,

: (nvqinpencadienyl)(J,G-honzofluo:eayl) " ziccepium dichloride,
(cyclopentadienyl) (Z;J:6,7-dibenzo£luo:enyl)zi:conium dichloride;
{pentamechyl coclopedtadienyl) (2,3:6,7-dibenzofluaceayl) zicconjum
dichlorida; bis(1-(cyclopentadieayl)-1,1'(diMEChyl)'l‘(s-"he“z°flu°reﬂyl)
mathane) mivconium dichloride, and cge like. |

{llustrative, bug non-limiting n&amples of bridged metallozages
containiag bridged beazofluorenyl ligands include for example
1'(cyclopencndienyl)-1-(3;é-henzofluorenyl)-l,1-(dimechy1)-methane
zicconium dichloride, 1,2-di(3,4-benzofluorenyl) ethane zirconium
dichloride, 1,J-di(J,ﬁ-bench}uo:hnyl) propane zicconium .dichlo:ide.

1,2-d1(2,3:6,7- dibenzofluorenyl) ethane hafnium dichlorida,
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réeaction mxture was carefully poured into diluted hydrochl or
then extracted with ether and dried and freed of solvent. Th
product, 2-hydroxynet hyl -1-phenyl napht hal ene, in an anount of A
nmol was dissolved in 200 ml of acetone gnd added dropfstgutersheetot 1/6/96

suspensi on of 207 g of KMhJerr], 280 of water, and 1000 m of acetone.

19  Thel,3uH{2 )3 dhzotBforeROHY €0 orBhdhe 2 gl ass, . beaker
cont ai ning 1000 nm of wat erre ngdi sgg?l\s/.eet he lﬁ%’ﬁ'ggiumadsichaﬁ)@f’de by the

portion- \M-(s‘.h4-heluhdﬂmbrexiyf1)-d-i-duk;ayn-zl#hucggﬁyll)la[ eggﬂlgq er U&fgm ke

product 1-phenyl napht hal ene-2-carboxylic acid was | sol ate y extraction

with et hdfchlogidher dindthyxstlydti ati(of3qi6)e-di@a MuoreddISe MirkdhAgUeous
car bonatg solution. This carboxylic acid product was
ichloride, dimethyl silyl (3,4:5,6-dibenzofluorenyl) (cyclopentadienyl)

zirconium dichloride, 1,2-di(2,3-benzofluorenyl)ethane zirconium
dichloride, ' 1,2-d1(2,5-dimethyl~-7H-benzofluorenyl) ethane hafnium
dichloride, 1-(3,4-benzof1uoreny1)-1-(cyclopentadieny1) methane zirconiuh
dichloride, 1;(3,4-benzof1uoreny1)-1-(cyc10pentadieﬁy1) .ﬁethane hafnium

. dichloride, . 1-(2,7-di~t-butylfluorenyl)-l-(2,3:6,7-dibenzof1uoreny1)
methane zirconium dichloride, 1-(3,4—benzof1uoreny1)-2-(cyc10pentadienyl
ethane zirconium dichloride, 1*(2,3:6,7-dibenzof1uoreny1)-2-(3-methy1cyélo~
pehtadienyl) ethane zirconium dichloride, 1(2.3 benzofluorenyl)-z-(1ndeny1)
ethane zirconium dichloride, 1-(2,3-benzof1uoreny1)-2-(indeny1) ethane
hafnium dichlorida, 1-(2,3-benzofluoren§1)-2-(nethyl)-2-(indeny1)_ethane '
zirconium dichloride, bis~(3,4-benzofluorenyl) methane vanadium dichloride,
1,2-di(3,4-benzof1uornny1) ethane vanadium dichloride, 1-(2,3-benzo-"
fluorenyl)-z-(methyl)-z-(3-methy1 cyclopentadienyl) ‘ethane zirconium
dichloride, 1-(2,3-benzof1uoreny1)-2-(3,4-benzof1uoreny1)lethane zir;oniug :
dichloride,  (1-(2,7-di-t-butylfluorenyl)-2-(2,3:6,7-dibenzofluorenyl)
ethane zirconium dichloride, 1,2fdi(2,3:6,7-dibenzof1uofeny1) ethane
zirconium dichloride, 1,2 di(3,4:5,6-dibenzofluorenyl) ethane zirconium
dichloride, 1-(2,3-benzgf1uorenyl)-1-(cyclopentadieny1)-1,l-édimethyl)
methane zirconium dichloride, 1-(2,7-dimesiﬁylf]uorenyl)-l-(3,4-
benzofluorenyl)-l,I-Cdimethyl) methane zirconium dichloride, 1-(3,4-
benzofluorenY1)'1-(cycldpéntadieny1)-1,1-dipheny1methane zirconium
dichloride, 1-(3,4:5,6-dibenzof1uoreny1)-1-(cyclopentadieny1)~1,I-Aimethyl.

methane zirconium dichloride, 1-(2,3-benzofluorenyl)-1- (cyclopentadienyl)
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then reacted wth polyphosphoric acid. Specifically, 25(Q g o'?C_EM:NT SH_EET
pol yphor,phoric acid was heated to 100-120[err]Cin a 1000 m fllggk. [} 4h :
23.9 g of the 1-phenyl napht hal ene-2-carboxylic acid was added i=a—por m‘r@ﬂm
and the mixture allowed to stand for 1 Hour at that Selbgtituté sheet - 17606

I Xt I To 1 I diluted to 750 m by the careful
i £ on o ToareR, MEnit (PmOtiitie. Ir ot benert lanrenid et Cavehobatta-
t ol uene ahicnydy Hadaiy1ideha’ U i bi.carbhonate solution. The
organi ¢ phase was g;“ied eandﬂfti%f;{'lfe“r?"eai%\?fe%f'ig%1 ilé'g£g’é‘P.““z‘?ﬂ"ar%tbﬂl)'rhg(cyclo-

cabi net, mn:kdieedqumabsn@fug% 3%&9’(18)“ J{ﬁﬁgg{g@ggeb_ﬁ@?g}r_gt ed Tﬁé;gqtngge

deep red sol ution. rans  of z

di ssol ved-(pyolbpentadifenyl k ety AtirRomdifh QY ted.jn, the presence of
0.5 g of _a_palladium carbon catal y;tocont ai ﬂhflﬁ’g?% \?ﬁ%%a}bfgﬁ‘?{ﬁﬂ%ﬁﬂ%“‘

at nospherirEc¥rlopentadienyi) F-do ird imepky Biethéne Hiecdrfian! t aﬂgllgg%igct ﬁ\9@5
dried over Ié\lag_ﬁrs] SJerr], the solvent renoved and the residue extrdcted
with pent ahde %ifa/Tdikenze usrery bi-il- Cayclopentadienyl)-1,1-diphenylmethane

zirconium dichloride and the like.

A particularly preferred type of metallocenes are bridged
metallocenes containing at least one symmetrically substituted fluorenyl
radical. The term. symmetrically substituted as used herein refers to
fluqrenyl radicals having substituents on opposite portions of the
fluorenyl radical, such 'as for example 2,7-dia1ky1f1uoreny1;
2,7-dicycloa1keny1f1uoreny1; 3,6-dialkylfluorenyl; 2,7-dihalo fluorenyl;
2,7-dinry1f1uoreny1; 1,8-dialkylfluorenyl; 4,5-dia1ky1f1uoreny1;
2,7-diarylalkylfluorenyl; 2,3:6,7-dibenzofluorenyl; 3,4:5,6-
dibenzofluorenyl; and the like. Most preferably the substituents on the
fluorenyl are the same. ‘The currently breferred alkyl substituents have 1
‘to 20 carbon atoms, more praferably 1 to 6 carbon atéms, and moéf
preferrably 1 to 4 carbon atoms. The currently most preferred halide
substituents are chloride, iodide, a.nd bromide. Examples of aryl |

substituents inclnde those having 6 to Zo-carbon atoms, with those ha#ing 6 -
to 10 carbon atoms generally more preferred. Likewise the arylaliyl
substituents can contai£ 7 to 20 carbon atoms, moré commonly 7 to 10 carbon .
atoms. It should be recognized that in certain instances if .the bridge and
the substituents on the (Fln) and/or (Cpm) are particularly bulky it m;y be

difficult to prepare the ligand, the dialkali metal salt, or the

metallocene.
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nes re
to as benzo(c) fluorene, were recover ed. Date 04 JUN.1996
20 Exanpl e I | Prepar a

1, 2-di - (9 (3, 4- benzof | uor enyl )) et hane and Metal | oceﬁ'e!b“itlt'd'fe sheet 13%9@%
of 3, 4-benzof |l uorene was dissolved in 100 mM of ether and reacted with
8.7 m of a 1.6 nolar hexane solution of n-butyllithium Then 0.5 m of
1, 2-di bronoet hane was added to the orange solution after 3 hours and t hen
the mixture was stirred for four nmore hours. Then a little water was

added to carry out Thednobntsive,methtlacehesd aprwdiicas welatied| netad oarhks cannbshed
with water, and then with ether and pentane and then recrystallized from
tol uene. Prapapsdibyr seacsfing tane aliald/ med sakoeérthe gplecsed benzofluorenyl

compounds with a suitable transition metal compound in a suitable solvent
under suitable reaction conditionms.

The bridged benzofluoremyl 1ligands can be prepared using
procedures of the type taught in U.S. Patent No. 5,191,132 and the
aforementioned U.S. Patent application Serial No. 08/064,630 and
07/984,054. Some nethyle:;e bridged benzo_fluotenyl ligands can be made by

using 6 or 6,6 substitnted fulvenes. Examples of fulvene reactions are

disclosed in U.S. Patent No. 4,892,851 and in J. Organomet. Chem. 435_,
299-310 (1992). 1In general the technique involves reacting am alkali metal
salt of the selected benzofluorene .compound with the selected fulvene type

compound .

The 6,6-diphenyl fulvenes can be prepared by reacting a suitable
aryl bromide, i.e. phenyl bromide, p-tolyl bromide, p-
£luorophenyl bromide; or p-t-butylphenyl bromide, with
magnesium to form a Grignard reagent. Then the dropwise
addition of methyl formate and subsequent hydrolysis results
in th.e formation of the diarylcarbinol. The diarylcarbinol canr then be

oxidized smoothly to give the corresponding substituted benzophenone,
preferably using sulfuric acid and chromic acid. The resulting substituted
benzophenone can then be reacted with cyclopentadiene in ethanol containing -
. sodium ethoxide to yield the 6,6-substituted fulvene.

A variation of this technique involves the product:ton of indanyl
fulvene (which can also be cnlle& indanylidene fulvene) by reacting
1-indanone with cyclopentadiene in the presence of ethanol and sodium
ethoxide. The. indanyl fulvene is particularly useful in that it can be

reacted with the alkali metal salt of a fluorene compound, i.e. a
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1,2-(3, 4- benzofl uorenyl) ethane was obt ai ned. The |sorrerq f,M;NTSHEET
m xture of the 1,2-ethyl.ene bridged-bis 3, 4- benzof | uorene | gg‘.ﬁgvva;sd‘jm 1996

Jate .0,

dissolved in diethyl ether and stirred with two éHar equi valents-of
n-butyllithiumfor at least 8 hours at rddm tenper Bute, sheete 1/R/198

equi val en [o urmd t et,rachl or s added. The m xture was stirred
for severglemr?oﬁgah% srg°ﬂ¥é" g% i’“‘%&g cRridged. fluoxgny} eyclopentadimhphe
SLerr] C ey ol o o Wt W-P 8 14 Beffadluo BTyl catc tonpatadeny1y

-25[err]Cto yield an approxinmately €
meso- f or mtaddnyll i@enle .2- bi s- (3, 4- benzofl uorenyl) ethane zirconiumdichloride.

Exanple |11 Et hyl ene Pol yneri zati on
Et hyl ene honopol yriirel bahzeflusesnyld cbassindy't nétsiedded NG I
Exanple Il. The pol ynerization was colﬂdgluct exc'i |r? a 1- thgéﬂau]iqgg?a’vé:‘“ug? ng

0.04 ny OFTepdEed US iz (FFo8dukab e gandalay chydun) iﬁtbﬁé'lq;r&bfcﬂﬂ UMSea for
example U.S. Patent No 3,615,412. Some particularly desirable techniques
' for forming certain oE the benzofluorenyl compounds w:Lll be described in
further detail in what follows.

.. The term transition metal compouﬁd as used herein includes
compounds of the formuls MeQk wherein Me, Q, and k are as defined above.
Some non-limit;ing examples include zirconium tetrachloride, hafnium
tetrachloride, titanium tetrachloride, cyclopentadienyl zirconium
trichloride, fluorenyl cyclopentadienyl zirconium dichloride,
3-methy1cyclopentadxeny1 zirconium trichloride, indenyl cyclopentad:.enyl
zirconium dichloride, 4-methyl fluorenyl =zirconium trichloride,
pentamethylcyclopentadienyl zirconium trichloride, and the like.

Inventive metallocenes in which Q is hydrocarbyl or
hydrocarbyloxy can be readily prepared by reacting the halide form of the
metallocene with an alkali metal salt of the hydrocarby.l or hydrocarbyloxy
radical under conditions as have been used in the past for forming such
ligands in prior art metallocenes. S.ee, for example, the aforemention J.
Organomet. Chem. 113, 331-339 (1976). Another approach involves reacting a
compound of the formula Her wherein at least ome Q is hydrocarbyl or
hydrocarbyloxy with the alkali metal salt of the bridged or unbridged
benzofluorenyl compound.

One embodiment of the present invention invo.lves carrying out the

reaction of the benzofluorenyl-containing salt ﬁnd the transition metal
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di chioride in 300 ni of e ey ?egguﬂ%OEOH(u)eB:r‘\?;a%a Lpi ?jﬂNlSSb
met hyl al um noxane. After this, an ethylene p -e‘@gﬂfeﬁé-" 189

e

and the reaction mxture stirred for 1 hour at 60[err]C. The

I 21 was dried using a vacuum A yi &@%ﬁ%ﬁ?slﬁg -oioéaygayrrer
\a/gsygﬁ{ ained. This translates to an ag2i vi tx g];rrgérzagl é |[oglryme?i o o
. Zi I um hour . !
ﬁglsygéw*‘e (‘)’H?l é“nﬁﬁhggnge of metldquiskc ddyent, Whivhs (§ Imr.g,;?gs)&ngge@r;% 4

; ; : : tivity was only 5 x 10[err

zirconi u&@&@kfiﬂf@%ﬁg a?tgva%:gef%%%p‘gé{;izga@etalpmmp&i.t hE&xheprea of such
pol yet hyl ene/ mol  Z-Ar*® _ ne counter ion away from the active®@te
subst i tUﬁﬂIt%bK@eﬂqBE& AlIaL )§2F8?ﬁ 88% Fusht % folede, pentane, or hexane ag

wi t hout hindering the nonone _
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 ap
in a more stable form; and also often allows the reaction to be conduct;d
under higher temperature condiéions » than when dichloromethane is used as

. the diluent. In an especially preferred embodiment the
benzofluorenyl-containing salt used as a ligand is also Prepared in a
liquicl' diluent that is non-halogenated and non-coorxdinating toward the .
transition metal. |

The foimation of the alkali metal salt of the bridged or
unbridged benzofluorenyl compound can be formed using generally any
technique known in the art. For example, such can be prepared by reaci;,ing

- an alkali metal alkyl with the cycldpent'adienyl type compounds or .the
bridged compounds ixa.ving two cyclopentadienyl-type radicals Per molecile.
The molar ratio of the alkali metal alkyl to the cyclopentadienyl type
rad:lcal‘_s Present can vary, generally howevér, tl_le ratio would ‘he 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; - dnd lithium, and the alkyl group would have l.to 8
carbon atoms, more prefernbjy ‘1 to 4 carbon atoms. Pfeferably, if the
benzofluorenyl 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.
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- n. _ _ J
Iln?grzll genzofl uorenyl)-1.1-dinethyl-1-( CXC| O'Pelnf ggleﬁgyl/v;s orel ate g
ane zi rconi um di chl ori de . met a
g}agggr\e/i fll:]rg g of 3,4-benzofluorene in1l300 m of etSihstitute sheet a1/6/96

i i hexane was slowy added. The liquid was
equi val ent of - byjybLigiumin dgedisar uahridged thenzaf wirahy1 alkals
then stirred for severa* ﬁ&ﬁf‘%“oﬁ T?g}ﬁ\jene was added and Stirring ves

0
Cont | nucd o Foapedre ik SEIRHon petal eotpuph cansratn eer o oubleddange

lithiumwas added

i L Y AR SR

n order to transfor 30 nut es

IcoI or | eskenfofilyatedny?. aTﬁﬂﬂT}uﬁé][i:gli ecc‘!iﬁkg[%te:m'e@s éJdr eglszurt?quﬁ&urr%p:% of Q\e
hydrol yzed with a |i e wa

glngret Esrwg%/q#gg éae[yzpdgmtehygawﬂupaﬁ&i td%e%hbsé’}ﬁfsfgid%nerﬂ Icompound is in

the range of from about 1 to 1 to about 2 to 1 and when a bridged

benzofluorenyl alkali metal compound is used the molar ratio of the bridged

benzofluorenyl alkali metal compound to the transition metal compound ig

about 1 to 1 when one desiras & bridged metallocene and about 2 to 1 when
" ome desd.res an unbridged metallocene.

The resulting metallocene can he recovered and purified using
comventional techniques known in the art such as filtrationm, extraction,
crystcllization, and re-crystallization. It is generally desirable to
recover the metallocene in a fonm that is free of any substantial amount of
by-product impurities. Accordingly, recrystallization and fractional.
cryst;allization tn obtain relatively pure netalloccnes is desirable.
Dichl oromethane has been found to be particularly useful fer such
recrystallizations. As a general rule, it has been found that éhe
metallocenes based on unbridged fluorenyl compounds are less stable ;than
the metallocene compounds formed from bridged fluorenyl compounds. Since
the stability of the various metallocones 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 low temperature, i.e. below 0°C in
the absence of oXygen or water.

The resulting benzofluorenyl—contai.n.[ng metallocenes can be used’

in combination with a suitable co-catalyst for the polymerization of
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by dissolving in a solvent, filtering over silica gel and crypgtallization.
T%en 1 g of '?he bri dged benzofluorenyl |igand was ad?edtto ? | Bate 0104 JUN 1996
di ethyl ether and stirred with exactly 2 nol ar equivalents o _

n- butg;l I'ithium for about 8 hours at room terrperatyre.su%ﬂ!té&tetshéetrddﬁtﬁ(i

22 became well colored, 1 nolar equivaﬂént of Z|rcon|un1tetrachlfr!de was
added and dlae:d Xt Ui HRA BEALdeEls " Be SEYETAcalR S MO &imchif1yets tht 19

met al | ocene was then recovered and puritied.

Exanpl e V employed on a sblid, thed308Hd $HPEfQE¥LEé:Luaporg. : :
di phenyl - 1- (cycl opent adi enyl) net hane zirconi um
di chl ori de Examples of suitable co-catalysts include generally any of those

organometallic co-catalysts which have in the past been employed in
conjunction with transition metal-containing olefin polymerization
catalysts. Some typical examples include organometallic compounds of
metals of Groups IA, IIA, and IIIB of the Periodic l;able. Examples of suc¢h
compounds have included organometallic halide compounds," organometallic
hydrides and even metal hydrides. Some. specific examples include triethyl
alumioum, tri-isobutyl aluminum, diei:hyl aluminum chloride, diethyl
aluminum hydride, and the like. Other examples of known cocatalysts
include the use of a stable non-coordinating counter anion techniques such
as disclosed in U.S. Paten't 5,155,080, e.g. using triphenyl carbenium

. tetrakis(pentaflliofopﬁéhyl)bordnate. Another example would be the use a a
mixture of trimethyla.luminum and dimetﬂylfluoroaluinum such as disclosed
by Zamhelli et, Hacr_omolecules, 22, 2186 (198§). In such processes the
matallocene or the co-catalyst can be employed on a solid insoluble
suppor't;

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

R
—(—Ll - 0=
where R is an alkyl group generally having 1 to 5 .carbon atoms.
Aluminéxanes, also Sometimes referred to as poly(hydrocarbyl aluminum -
oxides) are well known in the art and are generally prepared by reacting an’

organo aluminum compound with water. Such preparation techniques are
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1-(3, 4 benzofluorenyl) 1, 1-di phenyl -1 - (cycl opent adi enyl ) met hgne

prepared using a procedure simlar to that used in Exanple |V||ln4te: Vﬁa JUN 1996

starting with 6, 6-di pbenylfulvene. In this preparatign it was vt

stir the reaction mixture overnight to gitain the del¥bgfugegheet oﬂ/6/§6
reaction. The resul ting di phenyl net hane bri dged benzof | uorenyl

| i gand weiscledgrsh inclHcS o3, 242099 aadné ;808t 561,aahb0odistd obiirds @ £S ARECKBAYAET
as used in Exanpl e 1V. Exanpl e VI
Propylermaﬂ@ﬂf??ﬁ!ﬁﬁéahqnﬂin by referenceThd&hdi cnetrepklynpirefewcredr colpatalysts are
benzof | uoren met al | ocene of Exanple IV was eval uated for the

pol yner i mgﬁ%fe‘ﬂr'ﬁpylfé% trwtbyrb?huzéwqﬂbmlgrfa’detﬂbpyhm,vmmebiltksnsed
into a 1-I| t ocl av re It was stirred for 15-30 min with 10
m of a 30 wFFﬁ ﬂ?l%e‘a&rﬁﬁwé alunippnoxide) and| Belv(ethnl alnminum oxdde Hown

to a ter“%ﬂ%ﬁ&&%f%eﬁg. It is also within the scope of the invention to use an
aluminoxane in combination with a trialkylaluminum, such as di§closed in
U.S. Patent No. 4,794,096, the disclosure of which is incorporated'hereip-
. by reference. |

The fluorenyl-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
calalyst and co-catalyst were soluble; however, it is within the scape of
the present invention to carry out 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 metallecenes or a mixtufe of an
inventive fluorenyl-containing metallocéne with one or more other

: cyclopentedienyl-type metallocenes.

The fluorenyl-containing metallocenes when used with aluminoxane
are pértieularly nsefui for the polymerizatien of mono-unsatnfated
aliphatic alpha-olefins having 2 to 10 carbon atoms. Examples of such
olefins include ethylene, p;opylene,_butene-l, pentene-1, 3-methylbutene-1,
hexene-1, 4-methylpentene-1, 3-ethylbutene-1, heptene-i, octene-1,
decene-1, a,k-dimethyl-l-pentene, 4,4-diethyl-1-hexene,
3,4~dimethyl-1-hexene, and the like and .mixtures thereof. The catalysts
are particularly useful for prepering copolymers of ethylene or propylene

and generally a minor amount, i.e. about 20 to 10 mole percent, more
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the'range of 0 to -2[err]C. A catal yst solution was prepar ed By conbi n| na
the nmetallocene of Exanple IV with 1 m of a 30 wt % sol ution|iopae:. Y. 04 J UN 1336

met hyl al um noxane in toluene. The catal yst solution was forcet=natathe
cool “stirred autoclave using argon pressure. The tcPyRstitute sheat- 118196
23 brought to 60[err]C and mai ntai ned at fhat tenperature for 120 min and

t hen t he RS | term n ted drainin fthe unconsuned
propyl ene claThe pglzsﬁn%ﬁhz\éﬁionp?@ﬁﬂ 515 A‘?id‘%fﬁ s¥piopilly kefss3thén rabbQf e1g |

kg of pol yplemdresst, RE a had a noninal nol ecul ar
wgi ght Ioof yl§7 5 X 10[err] rmlE '*Hlfﬁ mﬁg%t%{'?‘glﬂed using a precision

capillary visconetBie Iﬂblyheﬁfﬂah@oﬁi c%§5ggr‘gr§ief But! BGaSe LS TN a;inon

calibration curves were avail abl e ge of
condjtions depending upon the particular metallocene cmployed, and the
results desired. Examples of typical conditions under which the
metallocenes can be used in the polymerization of olefins include
conditiqns such as disclosed in U.S. Patents 3,242,099; 4,892,851; an&
4,530,914; the disclosure; of which are incoéporated herein by reference.
Tt is considered that generally any of the polymerization procadures used
in the prior art with any transition metsl-based catalyst systems can be
employed with the present fluorenyl-containing metallocenes.

Generally the molar ratio of the aluminum in the aluminoxane to
the transition metal in tlie metallocene would be in the range of about
0.1:1 to about 10%:1 and more preferably about 5:1 to about 10*:1. As a
general rule, the polymerizafions would be carried out in the presence of
liquid diluents which do not have an adverse affect hpon the catalyst
system. Fxamples of such liquid diluents include propﬁne, butane,
isobutane, pentane, hexane, heptane, octane, cyclchexane,
mgthyl;yclohexane, toluene, Xylene, and the like, The polymerization
temperature can vary over a wide range, temperatures typically would be in
the range of about -60°C to about 280°C, more preferably in the range of
about 20°C to about 160°C. Typically the pressure would be in the range of
from about 1 to about 500 atmospheres or grentér.

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.
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for-three different polymer concentrations. From carbon [err]INVR |t0\£
determined that the polynmer had a racem c content of 93.7, i.g.Datd: YU IJMNJB%

viewed as a syndi otactic polyner.

Exanmpl e VI | Bul k poI yneri zati & of pr wyl%ﬁl@liﬂghe% dveragy|
nmet hane bri dged bgnzofl uor en nmet al | ocene of Exanple V was carried out
using the sane te hﬁ?’ﬁ'ﬁh@"a@ pding iof Ehergresemt . invedticn,paty iy ki ON

denonstr at acti. vit 42.9 x 10[err] kilogranms of pol ypropyl ene/ nol
Zr - hr. Thea% o?n&nal"i’ t:esy fﬂ"g "%f‘&?ﬁ“%@% 0 Rrovded by theafollmiing Toemples.

presence of the ph earg to be eff ctive in increasing the
mol ecul ar  wei ght o?n‘y‘*]e%%g wm \%‘ (S)lﬁf wharei 4B %H?tﬁ‘?“gr’rﬁf givam abewftictlieon
in the a%b%bi%u@iv,i&%ﬂﬁ&ﬂﬁ%&-as determined by '?CNMR, the spectra were E%(aai:r?;xl ©

VI
using standard accepted spectroscopy techniques. The polymer was dissolved
in trichlorobenzene and the spectra was taken with respect to an internal
standard relative to hexamethylsiloxane which has a known reference point
relative to tetramethyl silane. From the observed integrals of the
relevant peaks, the details regarding the microstructure are calculated.

._Heso Content = (mm) + 1/2 (mr)

(xrr) + l/é (mx)

Racemic Content

Isotacticity = % (mm)
Heterotacticity = % (mr)
Syndiotacticity = % (rr)

Randomness Index = (mr)100

2(m)(x)
Average Isotactic Block Length = 1 + 2(mm)
_ ) (mr)
Average Syndiotactic Block Length =1+ 2(xx)
(mr)

For more detail regard ing the determination of these values, reference can
be me:de to Chapter 3 of the "Chai.n- Structure and Conformation o€

Macromolecules” by Frank A. Bovey (Academic Press, 1982).
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Propyl'ene pol ynmerization using the nmetallocene of Exanple II,j| i td1§
bi s(benzofl uorenyl) ethyl ene bridged zirconiumdichloride, Datearr M’ 19%

usi ng conditions substantially the same as those useg L)

VI1. The resulting pol ypropyl ene had an L&otacticity®H stlgge;;%eeg 1/6/96
heterotacticity of 39.7% and a syndiotacticity of 25.9% as determ ned by
carbon [err]NHR  The polymer had a Bxampldesow of 204. The nol ecul ar

wei ght as deternined by size excl usi on chrorrat ography was 39, 000. The

nom nal nol ecul ar wei ght was 5 000 M—e—— 24 C
LAI MS 1. Il%cgn the formul a
-benzo uorene

Rx"(FlR[err])(CpR[err])l\/eq

A Gringard solution was prepared in a two liter tﬁo;necked flask
from 13.6 g of magnesium powder, 1,000 ml of diethylether, and 123 g of
distill.ed.l-bromo-2-|uethyinaptha1ene. Then 0.5 g of Ni(TPP),Cl, was added
and 114 g of iodobenzene was .added dropwise with stirring. The light brown
suspension became hot and was heated for a further 10 hours ﬁnder reflux.
The resulting reaction product was hydrolyzed and then extracted with
ether, dried and freed from the solvent. By vacuum distillation, an orange
liquid was obtained which was determined to be
2-methyl-1-phenylnaphthalene.

Then 97.8 g of that product was combined with 81.9 g of
N-bromosuccinimide and 4.2 g of o ,0-220 ‘bis isobutyronitrile in 300 ml of
carbon tetrachloride and then heated under reflux for 8 hours. The
resulting product is filtered off from the succinimide. Then after the
solvent is removed m a vacuum, a pale yellow solid was obtained which was
determined to be 2-bromomethyl-1-phenylnaphthalene. -.

Then 15.3 g of the 2-bromomethyl-1-phenylnaphthalene was heated
with 23 g of calcium carbonate in a mixture consisting of 250 ml of an
equal vohm!e mixture of water and dioxane for 10 hours under reflux. The
reaction mixture was ct-u':'efully poured into diluted hydrochloric acid and
then extracted with ether and dried and freed of solvent. The resulting
product, ?.--hydroxymethyl-1-p1:|eny1naphtha1ene., in an amount of about
0.45 mol was dissolved in 200 ml of acetone ahd added dropwise tc; a hot

suspension of 207 g of KMnO,, 280 ml of water, and 1000 ml of acetone.



is a fluorenyl radical, Cp is a cyclopentadienyl, indenyl, te r%ﬁWMENTSHEET

I ndenyl, or fluorenyl radical, each Ris the sane or differen{ and |¢
hal i de er, an organo r-adical having 1 to 20 carbon atons R' i Dateg. ! étJJUHL
e
al s of t he Periodic Table, each

bridge i nki ng (FIR [err]) and (OpR[err]?TE Me is netBubstitues 6R
group consisting of 1VB, VB, and VIB et I odi
Q i s the The saunpensiiohl gyt &gﬂ. ect ed omthe group consisting of
hydr ocar b or hydrocar byl oxy rJg(Sjl ca g h&vi % t §1888c beakexrit ons,

2
hydr ogen, cftpining,| 3900, mli of) watdr KebS & ffici ent to fill out
of Me, nlsanunberlntear{an Fresium, 7 mis

the renaigy cmtlh aI en es
a nunber T n the hge cﬂ’°’tF‘tQ¥‘Y’iSPureMtttﬂmrmteau@€J, by the fact that

in (FI R acy] a)ldtN\Q ad ent positions are substituted by four connected
carbons to form at* ' Ieg'g %‘H’é’e’ﬁ’én%@@Bbﬁqm@h&mg-bcarboxﬂn Zeid® wa

met al | ocdselatsdobgi Hek Lq erein (FIRerr] ) is selected 1%m t he
group consi sting gf su%g"tﬁjlm?ﬂ?éé Y1eink PF Utidh, elﬂtl@ctionbeBZﬂid 2penyl ;

3, 4- benzﬂh#wr'ﬂltw aunou% Q%Lw%%&on. ]l'hgs carboxyl:.c acid product ya
s

tl
1en  reacted with polyphosphoric acid. Specifically, 250 8 of

_polyphorphoric acid was heated to 100-120°C in a 1000 m1 flask Th
N . ‘ en
23.9 1=
g of the 1 phenylnaphthalene-Z-carboxylic acid was added in portio
ns
and
the mixture allowed to stand for 1 hour at that temperature The

mi

organic phase was dried and filtered over silica gel. In a cooling

cabinet,
inet, dark red crystals of the benzo(c) fluorenone separated from the

deep red solution.

9.8 grams.of the benzo(c) fluorenone were dissolved in 200 ml of
terahydrofuran and hydrogenated in the presence of 0.5 g of a palladium
carbon catalyst containing 10 wt¥ pallad:.um under atmospheric pressure and
room temperature. The resulting product was dried over Na.so,, the solvent
removed and the residue extracted with pentane and filtered over silica
g8el. Colorless plafelet_:tes of 3,4-benzof1uorene, also sometimes referred

to as benzo(c) fluorene, were recovered.
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di‘benz-ofl uorenyl; 2,3:6, 7-di bensofl uorenyl; 3,4:5, 6-di benzofl oréﬁ'sﬁ MEN

’ : cor@i
1, 2: 7, 8-di benzof | uorenyl radicals. 3. A netallocen &,ﬁ Q0idun 199

bstituted cvcl Opentad .....................
to claim2 wherein (CpR[ ir Ha% a: Isoggneugf:;d)fm uted ¢ ol opent adteny 1/6/96

(ooRor o Iy different. 5,
r and (F1R.err]) are structurally .
gTeCFEI[ F(r)cLZ]e aCC(()rd:QLg to claim2 wheEgadpls ir§ greater than 2.

unber in the range of 1
A metalloceli;e accordl ng to claim2 wherein mis a n

to 4. Iepargtion of 1 1,2-di-(9-(3, 4-benzofluorenyl)) ethane and Metallocene

3 grams of 3,4~benzofluorene was dissolved in 100 ml of ether and
reacted with 8.7 ml of a 1.6 molar hexane solution of n-butyllithium. Then
0.5 ml of 1,2-dibromoethane was added to the orange solution after 3 hours
and then the mixture was stirred for four more hours. Then a little water
was added to carry out bydrolysis, the solid product was filtered off,.
washed with water, and then with ether and pentane aﬁd thén recrystallized
from toluene. A. mixture of the rac/meso isomers of bis
1,2-(3,4-benzof1uoreny1) ethane was obtained.

The isomeric mixture of the 1,2-ethylene bridged-bis
3,4~benzofluorene ligand was dissolved in diethyl ether and stirred with
two molar equivalents of n-butyllithium for at least 8§ hours at ‘room
temperature then one molar equivalent of zirconium tetrachloride was added.

. The mixture was stirred for several more hours. The complex was extracted
with dichloromethane and filtered over Na,S0,. A solid precipitates out at
about -25°c to yield an approximately equal mixture of the rac- and

meso~-forms of the 1 2-bxs -(3 6-benzof1uoreny1) ethane zirconium dichloride.

Example III
Ethylene Polymerization

Fthylene homopolymerization was carried out using the metallocene
of Example II. The polymerization.was conducted in a 1-liter autoclave
using 0.04 mg of the 1,2-di-(9-(3_,4-benzof1uor§nyl)) ethane zirconium
dichloride in 300 ml of hexane with 1 ml of a 30 wtX toluene solution of
methylaluminoxane. After this, an ethylene pressure of 10 bar was applied.

and the reaction mixture stirred for 1 hour at 60°C. The recovered polymer
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fromJi,,

' | i i i i | ect ed
: | | ocene according to claim?2 wherein !ve is sel e _
;r erjre}_wa 8. gA net al | ocene accor di Inlg to claim2jvwhgsei v l‘bJUN ___ 1996
) - - r
ted fromZr and Hf. 9. A et a | ocene acco :
ge\l/vﬁgr ein Cp is selected fromthe gr oup, consi sti nggldistd_ytﬂ sheet aa_ve;gze
and indenyl radicals. . 10. A rreg‘al | ocene according to claim

wher ei n x wes dried using a vadulm. '_% yRLRl LeCeNs ?ngi’gi%t‘gﬁ%éﬁ . o\rméﬁ{i:i; n

(FIR[err]) is selected from 3, 4-benzof I uorenyaié OiG{enﬁ,fy;QRﬂUnQQ 1o claim

igdsgi gct :ge???rﬁetaﬁ;m;)r/?upacztvni;iystoifné]agf A: mgh . o mo

ot um et o1 gen 1 (575 2P arbAl 1 bor ooyt i 2yl pentag enyl -1, 1.

(di mothyl ) et hanch SPPRRRblen B9 lmentsatdon ( fad Sodrdiens 6bt UahsiRyklg Loy ¢l O
metallocene, 1,2-bis(fluorenyl) ethane zirconium dichloride, and the
activity was only 5 x 10° g polyethylene/mol 2-Hr. It is theo;ized that
perhaps the benzo substituents keep the aluminoxane counter ion away from "
the active site wi#héut hiﬁdering the monomer from coordination and

" insertion.

Example IV
1-(3,4-benzofluorenyl)-1,1~dimethyl-1~(c clopentadienyl)

methane zirconium dichloride

A metallocene was prepared by dissolving 5 g of 3,4~benzofluorene
in 100 ml of ether and then a molar equivalent of n-butyllithium in hexane
wAas slowly added. The liquid was then stirred for several hours at room
temperature. Then a molar equivalent quantity of 6,6-dimethy1fu1ve:_1_e was

- added and stirring was continued at room temperature. Decoloration of the
solution occurred quickly. Then approximately 1 molar equivajent of
n-buty-llithium was added in order to transform any possible exces.s fulvene
into a readily soluble colorless derivative. The mixture was then stirred .
for further 30 minutes. and then hydrolyzed with a little water. The
resulting 8imethylmethyléne-bridged ligand was then isolated and purified
by dissolving in a solvent, filtering over silica gel and crystallization.

Then 1 g of the bridged benzofluorenyl ligand was added to 30 ml
of diethylether and stirred with exactly 2 molar equivalents of

n-butyllithium for about 8 hours at room temperature. After the liquid
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. i di chi off i TR LACEMENT Sk
BT -1, 1- (di phenyl) met hane) zi rconi um ,
e benzof I tor enyl ) - 1-cycl opent adi enyl -1, 1- (d nethyl) methanel 04 JUN g5
zi rconifum di chl ori de: (1-(1,2‘benzofluorenyl)-1-02§Eggﬁﬂme6hﬁbﬁ- ' -
di met hyl) nethane) zirconium dichloride; (1-(3,4-be U di ohl or  He:
iy vl gpentos oL G )t ) um o
- : ' waf | )y 156y e! o 2 itcor : )
L7 con um-d Shlorides o 3‘9%%‘*2"@3&“*&"@‘”’1:ﬁﬁ’@g?;“;ﬂf;”rﬂ;*?‘:ﬁgﬁz%
(di pheny )addm?m?ﬂl'e(ﬁﬂrrtg? hyTse ot a‘%‘glfgg 3B Lo ap s deThe as§ B thg
ntadi enyl -1, 1- (di ) i rconi um -
ggﬁ;g?fuop@ﬁylg/ocgnQW ehen tradoedvel) add %P?%) rrelt gagﬁ% ;hlr enyl ) -
dichloride, 1-(2,5-dinethyl-7 H benzo(c)fluorenyl)-1-(cyclop

Example V-

1-(3,4 benzofluorenzl}_—_l.l dighenzl-’-l-gczclogentadien!_l)

methane zirconium dichloride-

1-(3,4 benzofluorenyl)-l,1-dipheny1.-1-(cyclopentadiényl) methane
was prepared using .a procedure similar to that used in Example IV but
starting with 6 ,6-_dipheny1fu1vene. In' this preparation it was necessary to
stir the resction mixture overnight to obtain thé desired degree of
react.icn'. _

The resulting diphenylmethane bridged benzofluorenyl ligand was

then reacted with zirconium tetrachloride in the same manner ag used in

Example IV.

Example VI
Propylene Polymerization

The dimethyl methane bridged benzofluorenyl lu'etallocene of

Examp].f;. IV was evaluated for the polymerization of. Propylene.
Polymerization grade propylene was condensed into a 1-liter autocf{ave
reactor. It was stirred for 15-30 min with 10 ml of a 30 wt®
methylaluminoxane solution at 20°C and then cooled down to a temperatuxre in
the range of 0 to -2°C. A catalyst solution was prepared by combining the
metallocene of Example IV. with 1.m1 of a. 30 wtX solution of
methylaluminoxan_e in toluene. The catalyst solution was forced into the

cool stirred autoclave using argon pressure. The temperature was then



26 1, 1-di methyl methane) zirconiumdichloride, 1-(1,2-benzof u%‘?‘%%ﬁ&“zﬁNT SHEET
(cycl opent adi enyl ) - 1- (phenyl ) nethane) zirconiumdichloride JUN 1996
benzof |l uorenyl)-1-(fluorenyl)-1, 1-di net hyl methane)_zirconiu Pl der .
1- (3,4 benzofluorenyl)-1-(indenyl)-1-phenyl net hane$ub$ﬁlm|shnﬁﬂW
1- (3, 4- benzof | uorenyl )-1-(cycl opent adi e é;l )-1-net hyl nethane) zirconium
dichloride, and 1-(2,3:6, 7-di benzof | uor®hyl) - 1- (cyclopentadienyl)cyclo-

pent ane)g Tel (o] t ccardin to

rough€id! §0 ¢ WaiOki ained at that )t/:%g | gé# (193 (fg.rg ard t\%h

claim10 wherein R" is the

each R polymBeizaiBn Ovas (ihf:iiﬁ{&ﬁa aﬁmﬁ&hﬁﬁtf]&def&mhimgbe%mw Sﬁ. ng of
net hyl , phenyl, and hydrogen radicals, with the further proviso that At

| east or&ﬂlkﬂex*szatliydrdxmnbytated an activityl 4f 3%.9et aloP ol @ £ap6 Dy pHop g1 def
claim 13 having the nane

(1-(3, 4afénz'811| GsTiiry | )The. polymesc hed ot canminal molaeyliasnypighteofand)s x

3 g/mel. This was determined nsing a pracision capillary viscometer in

lecalin at 135°C. For the determination, calibration curves were available
fc:_r_ three different polymer concentrations. From carbon !’NMR it was
determined that the polymer had a racemic content of 93.7, i.e. it would be

- viewed as a syndiotactic polymer.

Example VII
Bulk polymerization of propyleme using the diphenyl methane

bridged benzofluorenyl metallocene of Example V was carried out using the
same technique as_dascribed in Example VI. This polymerization

_ demonstrated an activity of ‘42.9 x 103 kilograms of pelypropylene/mol
Zr-hr. The nominal molecular weight was 330°x 10° grams/mol. The presené )
of the phenyl groups appears to be ezﬁfective in increasing the molecular
weight of the polymer without causing any significant rveduction in the

activity of the catalyst.

Example VIII
Propylene polymerization using the metallocene of Example II,

i.e. the bis(benzofluorenyl) efhylene bridged zirconium dichloride, was
carried out using conditions substahtiﬁlly the same as those used in
Examples VI and VII. The resulting polypropylene had an isotacticity of
34.3%, a heterotacticity of 39.7%, and a syndiotacticity of 25.9% as
determined by carbon '2NMR. The polymer had a melt flow of 204. The
molecular waight “33 determined by siza exclusion chromatography was 39,000.

The nominal molecular waight .was 5,000..



zi r coni um di chl ori de.’ 15. A netal | ocene according t o ||cREPBAGEMENT SHEE

havi ng the nane
(1- (3, 4-benzofl uorenyl ) - 1-cycl opent adi enyl -1, 1- (di met hyl ) mnet hgnléjte :

zi rconi um di chl ori de. 16. A | | ocene ac8obstitige ishe

havi ng the nane

(1-(2,3:6, 7-di benzof | uorenyl)-&-gygl pP§N di enyl -1, 1- (di net hyl ) net hane)
. | | ocene according to claim 13

zi rconium di chl ori de.

havi ng the name ] N hane)
(1-(3,4:5,6-di benzaf| ubrsmtrlllsdenQy Sk ORENLAdI enyl -1 1-(di pheny met hane
zi rconi um di chl ori de. ° n%S_&A&r?e 3ﬂ'§ﬂe#fé XiR Rgd¥ef cwhasra 3 )

332 e ez uorersty. 2% SR AR, ot ocrmbrne

i r eoni U | 019 &luorenyl radical, each R is the Same or different and is a
halide or an organc radical having 1 to 20 carbon atoms, R" is a Structurs]
b:if:lge linking (FIR u) and (chmJ, e is metal selected from the group
consisting of IVB, VB, and VIB metals of the Periodic Table, eac;.h Q is the
Same or different and is selacted from the group consisting of bydrocarby]
or hydrocarbyloxy radicals having 1 to 20 carbon atoms, hydrogen, and
halogen, x is ¢ or 1, k¥ is a number sufficient to fill out the -remaining
valences of Me, n is g number in the range of 2 to 7, m is & number in tha
range of 0 to 7, further characterized by the .fact that in .(I-;IRn) two

adjacent positions are substituted by rour connected carbons f:o form at

least one benzo substitutent.

2. A metallocene according to claim 1 wherein (FIR ) is selected
from the growp consisting of, substituted or unsubstituted, 2.,3-
benzofluorenyl H 3,4-benzo£1uora_ny1; 1,2-benzofluorenyl ;- .1,2:5,6;
cllibenzofluorenyl H 2,3:6,7-d:l.ben'.’.of1uoreny1 H 3,4:5,6-dibenzof1uoreny1, and
1,2:7,8_-dibenzof1uoreny1 radicals. - | )

| 3. A. metallocene according to claim 2 wherein (CpR ) is an
unsubstituted cyclopentadieny] radical. -

.4. Jca y
A metallocene according to claim 2 wherein (CpR ) and (FIR ) ;
' m n

are structurally different.

5.
A metallocene according to claim 2 wherein n is-greater than

6. |
A metallocene according to claim 2 wherein m is a number in

the range of 1 to 4.
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' i m 10 wher I':EPRLACEMENT SHEET
' 19. A netallocene according to claim
ﬁZdrocar byl ethylene radical of the fornula [err] V\ﬂe eu)é}‘iethlQQS
is the sane or different and is selected from hydrogenbg‘ri y b Ht;QRB/QS
radi cal.. 20. A netal | ocene ac@¥ di ng to cl Substituteisiee
hydrogen. 21. A netallocene according to claim?20 wmarel n
(CoRerr]) is unsubstituted fluorenyl. 22. A netall ocene

according to claimy0 Wﬁ&@ﬂﬂos(:ec%JeRez:cg‘rﬂm( E&Rnl)aiar 3 l;[hr;gefnar{‘llz is selected

from Ti, Zr, and Hf.

8. A metallocene according to claim 2 wherein Me is selected
from Zr and HE. _
9. A metallocene according to claim 7 wherein Cp is selected
from the group consisting of cyclopentadienyl and inde_nyl radicals.
| 10. A metallocene according to claim 2 wherein x is 1.
11. A metallocene according to claim 10 wherein (Fan) is
selected from 3,4~benzofluorenyl; 2,3:6,7-dibenzofluorenyl; and 2,3-
benzofluorenyl. . |
12. A metallocene according to claim 10 selected from the group
consisting of: .
. (1-(3,4-benzofluorenyl) -1-cyclopentedieny1-1,1-(dimethy1) methane)
 zirconium dichloride; (1-(2,3:6 ,7-d:lbenzoflnoreny1)-l-cyclopentedienyl-l,l-
(dimethyl) methane) zirconium dichloride; (.1-(3,4-benzof1uoreny1)-1-cjclo-
pentadienyl-1,1-(diphenyl) methane) zirconium dichloride;
(1-(2, 3-bemmf1uoreny1) -1l-cyclopentadienyl-1, 1-(dimethyl) lletharxe)
zirconium dichloride; (1-(1 2-benzof1uoreny1) 1-cyc10pentadieny1-1 1-
(dimethyl) methane) zirconium dichloride s (1-(3 lo-benzofluorenyl) ~1l-penta-
methyl cyclopentadienyl-1, 1~(dimethyl) methane) zirconium dichloride,
(1-(2,3:6 7-dibenzof1uoreny1) -1-cyclopentadienyl-1, 1-(diphenyl) methane)
zirconium dich loride s (1-(2,3-benzof luorenyl)- i-cyclopentadienyl-1,1-
_ (diphenyl) methane) zirconium dichloride; (1-(1 »2-benzofluorenyl)-1-
cyclopentadienyl-l,1—(dimethy1) methane) zirconium dichloride; (1-(3,4-
benzofluorenyl)-1-( cyclopentadienyl)-1-( phenyl) methane)zirconium

dichloride, 1-(2, S-dimethyl-7 H benzo(c)f luoretiy]_.) =1-(cyclopentadienyl)-

||* c L " s %*



23. A netall ocene according to claim22 wherein (FIR err]) ig| REBIACEMENT SHEET
from unsubstituted 3, 4-benzofl uorenyl and unsubstituted 3,4:5,/6 04 JUV”; "
di benzof | uorenyl . 24. A netal | ocene according to cllaPae23 = -mnlsﬁﬁﬁﬁ
wherein Me is zirconium or hafnium k 286 2, and Q i Substitite et - 1/6/96 '
25." A netall ocene according to claim10 wherein R' is a hydrocarbyl
group containing 2 to 20 carbon atons, (CpRlerr]) is an unsubstituted
cycl opent ddilehipethytli aathanadd ik rl@tel ected, fyom t roup
consi sting of 3, 4-benzofl uorenyl ;aa{zit%%-_l;’)eir?tzlg?fﬁgr'enly?;l’%%a"?%%??‘-yn‘l‘
di benzof | §6¥einpentadfieoyl}-1-€pbényQ)i SnetBhRs) €91fdonTud hgiag%%gon Li# iﬁgg of
hal ogen atons, Cl to Cl10 al kyl groups and aryl groups, an 1s seTetted
fromTi, %Zf";”f&'r‘l‘&‘m.'” =1- (fluorenq) - 1, i métinae MRtB&SE) H1Rbod QnCl@LdiSog
wherein Rf—(:ii a hg/dr ocar byl group containing 4 to 20 carbon atons. e

»% benzofluorenyl -1-(indenyl)-1-phenyl methane) zirconium ‘dichloride,

1-(3,4-benzof1uoreny1)-1-(cyclopentadienyl)-l-methyl méthane) zirconium
dichloride, and lﬁ(2,3:6,7-dibenzof1uoreny1)-1-(cyclopentadienyl)cyclo-
pentane) zirconium dichloride.

13. A metallocene according to claim 10 wherein R" is the
divalent methylene radical -?CR'Z--, wherein each R' is the same or
different and selected from the group consisting of methyl, phenyl, and
hydrogen radicals, with the further proviso that at least ome R' is
hydrocarbyl. |

14. A metallocene according to claim 13 having the name

(1-(3,4-benzof1uoreny1)-1-cyclopentad1eny1-1,1-(dipheny1) methane)
zirconium dichloride.

15. A metallocene according to claim 13 having the name

(1-(3,4-benzof1uoreny1)-l-cyclopentadienyl-1,1-(dimethy1) methane)
zirconium dichloride. -

16. A metallocene according to claim 13 having the name

(1-(2,3:6,7-dibenzof1uoreny1)-1-cyclopentadieny1-1,1-(dimethy1) methane)
zirconium dichloride.

17. A metaliﬁgene according to claim 13 bhaving the name

(1-(3,4:5,6-dibenzof1uoreny1)-1-cyclopentadieny1-1,1-(dipheny1) methane)
zirconium dichloride.

18. A metallocene according to claim 13 having the name

(1-(1,2:5,6-dibenzo£1uoreny1)-1-cyclopentadieny1-1,1-(diﬁethy1)-methane)

zirconium dichloride.
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28 ' 27. A process for polynerizing an olefin c rrpFPLAC%MENTSHEET

contacting said olefin under suitable polymerization condi t| Bﬁte"“ BM'aJUN 1996

catal yst system conprising a fluorenyl-containing netall oc

fortth in claim1 and a suitabl e cocat &%yst . Substn;;se sheptede!SQG
according to claim 27 wherein said cocatal yst conprises an
al kyl al um noxane. 29. A process according to claim28 where in

d netal | el t t f
(1 (3, bengof | wor oyl 1t Ay 4 aEESRYT o eiadd Wl wBerysn = secmnane)

zi rconi unkydrogachyDretiglene radical of the formul
(1-(2, 3-benzof l uorenyl ) -1-(cycl opent adi enyl ) - i 1- (di met hyl) net hane)
zirconiumdichloride; (1-(3,4-benzofluorenyl)-1-(cycl opentadienyl)-1, 1-

R*' R

[

-C~-C -

[ ]

R'" R'

wherein each R' is the same or different and is selected from h&drogen or.'
hydrocarbyl radical. '
20. A metallocene according to claim 19 wherein R'is hydrogen.
21. . A metallocene according to claim 20 wherein (Cpr,) is

unsubstituted fluorenyl.

22. A wmetallocene according to claim 20 wherein (CpR_) and
m
(F1Rn) are the same.
23. A matallocene according to claim 22 wherein (FIR ) is
n
selected from unsubstituted 3,4-benzofluorenyl and unsubstituted 3,4:5,6
dibenzofluorenyl.
24. A metallocene according to claim 23 wherein Me is zifébnium
-or hafnium, k is 2, and Q is a halogen.
25. A metallocene according to claim 10 wherein R'® is a
hydrocarbyl group containing 2 to 20 carbon atonms, (CpR_) is an
m
unsubstituted cyclopentadienyl radical, and (Fan) is selected from the
group consisting of 3,ZJbenzof1uoreny1; 2,3~benzofluorenyl; and 2,3:6,7~
dibenzofluorenyl radicals, each Q is selected from the gfoup consisting of
halogen atoms, C1 to C10 alkyl groups and aryl groups, and Me is selected
from Ti, Zr, and Hf.
26. A metallocene according to claim 25 wherein R'' is a

hydrocarbyl group containing 4 to 20 carbon atoms.

-
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(di phenyl ) net hane) zirconi um di chl ori de; (1-(2, 3: 6,7 di benzgf REBLAOFMENT SHEET
-1-cycl opent adi enyl -1, 1- (di net hyl ) net hane) zirconi um di chl orjj de; (1 kZ, 3-
benzof | uorenyl ) - 1-cycl opent adi enyl - 1, 1- (di phenyl) met hane) {| Patercohf uxiN..1996.

di chl ori de; (1-(2, 3: 6-7-di benzof | uor | ) - 1- (cycl Spbstitde 796
(di phenyl) methane) zirconiumdichloride; (1-(3,4-benzofluorenyl)-1-

(cycl opent adi enyl ) - 1- (phenyl) net hane) zirconium dichloride;

(1-(3, 4-benzof |l uor,gnyl ) - 2- (i ndenyl et hane zirconium dichloride;

(1, 2-di (3, 4: 5, 6-di énz%)f?rtf(%l’%ﬁy{%; éﬂ%ﬂ?&%ﬁ%&m%ﬂrﬁf&m-aﬂws contactiing; 4-
benzof | uosgyay bleSin8RGdr BuiE sl ' ,de; . a 1-(3,,4-benzof | uorenyl) -
2- (cycl opent adi ?anyl ) - etrhglrl%) zfr%‘#‘%?q%ééﬁﬁoﬂnggﬁﬁns wiek & catglyst sysgemss

accor di ngedupris rigna2 F196LdY1RcAitatheAE detal Pstlett rLZePet forth ig oL A
process according to claim30 wherein ethylene honopolynmer " 1's "produced.

claim 1 and a snitable cocatalyst.

28. A process according to claim 27 wherein said cocatalyst
comprises an alkylaluminoxane. - |

29. A process ac;ording to claim 28 wherein s;id metallocene is
selected from the group consisting of (1-(3,4~benzofluorenyl)-1-(cyclo-
pentadienyi)-l,1-(dimethy1) methane)  zirconium  dichloride;
(1-(2,3-benzof1uoreny1)-1-(cyclopentadienyl)-t!I;Cdinethyl) methane)
zirconium dichloride; (1-(3,4-benzof1uoreny1)-1-(cyc10pentadieny1)-1,1-
(diphenyl) methane) zirconium dichloride; (1-(2,3:6,7 dibenzofluorenyl)
-l-cyclopentadienyl-l,1-(dimeth§1) methane) zirconium dichloride; (1-(2,3-
benzqfluorenyl)-1—eyclopentadieny1-1,1-(dipheny1) methane) zir;onium
dichloride; (1-(2,3:6,7-dibenzof1uoreny1)-1—(cyclopentaaienyl)-l,1-
(diphenyl) methane) zirconium dichloride; (1-(3,4-benzofluorenyl)~1-
(cyclopentadienyl)-l—(phegyl) uethané) ziréonium dichloride; '
(1-(3;4-benzof1uoreny1)-2;findenyl) ethane) zirconium dichloride;
(1,2-di(3,k:5,6-dibenzof1uoreny1) ethane zirconium diéiloride; (1,2;d1(3,4-
benzofluorenyl) ethane) zirconium dichloride; and (1-(3,4~benzofluorenyl)-
2-(cyclopentadienyl)-ethane) zirconium dichloride.

30. A proce;s according to claim 28 wherein ethyleﬁe is

polymerized.

31. A process according to claim 30 wherein ethylene homopolymer

is produced.
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29 ’ 32. A process according to claim 31 wherein said %ﬁLﬁ8EQH%”@S“FET'
consists essentially of an rac/nmeso m xture of (1,2-di(3,4-b ﬁtéu@‘hﬁuw 1986

..............

et hane) zirconi um di chl ori de. ' 33. A process accordind LG CTATHY 77
30 wherein ethylene is polynerized in 28e presence Stbstintesheet paspd@fi n
having 4 to 8 carbon atons. 34. A process according to claim?28

wherei n propylene is polynerized. A process according to

- 35.

o anes e 1 g5 ont AL o BV Mhasyt, py piiiofs
consists essentially of an rac/meso mixture of (1,2-di(3,4-benzofluoxenyl)
ethane) zirconium dichloride. |

33. A process according to claim 30 wherein ethylene is
polymerized in the presence of another alpha-olefin having 4 to 8 carbon
atoms. .

34. . A process according to_clnim 28 wherein propylene is
polymerized. .

35. A process according to claim 34 wherein propylene
homopolymer is produced.

36. A process according to claim 35 wherein Flkn and CpRm in
said metallocene are d:!.ffereqt and l'-'1Rn is selected from the group
consisting of 3,4-benzofluorenyl; 2,3-benzofluorenyl; .and 2,3:6,7-
dibenzofluorenyl.

37. A process according to claim 55 wherein said metallocen;
consists essentia}ly of (1-(3,4-benzof1uoreny1)-l-éyclopentadiényl-

1,1-(diphenyl) methane) zirconium dichloride.

38. A process according to claim 35 said metallocene consists
essentially of (1~(3,4-benzofluorenyl)-1-(cyclopentadienyl)-1,1-(dimethyl)

methane) zirconium dichloride.

AR



. . _ _ Pr 12 rzazvedon 4-6 ¢
said netall ocene are different and F1R[err] is selected fromthe group
consi sting of 3,4-benzofluorenyl; 2,3-benzofluorenyl; -and 2,3:6, 7-
di benzof | uorenyl . 37. A process according to claim35 wherein
said metall ocene consists essentially of - Substitute sheet - 1/6/96

(1- (3, 4- berFASCRENLeXINFAINING METAIL OCRNES: FOR USELIN OLEFIN POMERTZATIGNE)

zirconiumdi chl ori de. 38. A process according to 'claim35 sai d

net al | ocene consists essentiglly of
(1- (3, 4-benzof | uorenyl ) - 1-(cy&%§8&ﬁﬂ;@@&l&%di met hyl ) met hane)
zirconi um di chl or Ilﬂﬁzofluotenyl-contaln!ng matallocenes are disclosed along with

methods for making the metallocenes. Also disclosed are methods for u in
Sing

the metallocenes as polymerization catalysts. In addition, polymer
: | s s

resulting from such Polymerizations are disclosed.
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