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9-SUBSTITUTED FLUORENYL COMPOUNDS AND THE PREPARATION 

AND USE OF METALLOCENES THEREOF 

This invention rel.ates to fluore·t\y/. compounds. Another aspect of 

this invention relates to fl"uorenyl compouuds having substitution at the 9 

position. In still anothei: a.spec~ the present invention relates to the 

preparation of metallocenes wtth such flu~r.enyl compounds and the use of 

such metallocenes in the polylllerization of olefins. 

Back&round of the Invention 

Since the discovery ·of ferrocer.e in 1951, a number of 

metallocenes have been prepared by the co1T1bination of compounds having 

cyclopentadiene structure \o.'.lth various transition metals. The term 

"cyclopentadiene structure11 a.s used herein refers to· the following 

structure. 

.. 

.·. 
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The term 11 cycloper.tadiene-type compo'unds 11 as used herein refers 

to compounds containing the cyclopentadiene structure. Examples include 

unsubstituted cyclopentadiene, unsubstituted indene, unsubstituted 

fluorene, tetrahydroindene, and substituted varieties of such compounds. 

Many of the cyclopentadienyl-type metallocenes have been found 

useful in catalyst systems for the polymerization 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 metallocene as a polymerization catalyst. For example, 

the size and substitutions.on cyclopentadienyl-type ligands has been found 

to affect the activity of the· ca,talyst, the stereoselectivity of the 

catalyst, the stability of the catalyst, and other properties of the 

resulting polymer; however; the effects of various substituents is still 

largely an empirical matter, that is, experiments must be conducted in 

order to determine just what affect a particular variation will have upoq a 

particular type of cyclopent.e.dienyl-type m·~tallocene. Some examples of 

some cyclopentadienyl-type ~etallocenes are disclosed in U.S. Patent Nos. 

4,530,914; 4,808,561; and 4,892,851. 

Metallocenes in which two of the metal bound cyclopentadienyl 

type groups are connected b~· a bridging st1·ucture are referred to bridged 

metallocenes. Metallocenes iu which the metal bound cyclopentadienyl type 
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groups are not connected by bridging structure are referred to as unbridged 

metallocenes. 

While there are references in the prior art which have envisioned 

metallocenes containing fluorenyl groups, ouly a very limited number of 

fluorenyl-containing metallocenes have actually been prepared·prior to the 

present invention. The Jour11al of Organometallic Chemistry, Vol. 113, 

pages 331-339 (1976), discloses preparing bis-fluorenyl zirconium 

dichloride and bis-fluorenyl zirconium dimethyl. U.S. Patent 4,892,851 and· 

the New Journal of Chemistry, Vol. 14, pages 499-503, dated 1990, each 

disclose preparing a metallocene from the ligand l, 1-dimethylmethylene­

l-( fluorenyl)-1-(cyclopentadienyl). The New Journal of Chemistry article 

also discloses preparing a similar compound in which the cyclopentadienyl 

radical has a methyl substi tuent in the number 3 position. The term 

"fluorenyl" as used herein refers to 9-fluorenyl unless indicated 

otherwise. 

An object of the. present invention - is to provide new 

fluorenyl-containing compour1ds and metallocenes. 

Another object is to provide a process for the polymerization of 

olefins using such metalloccnes. 

Summary of the Invention 

In accordance with some aspects of the present invention, there 

is provided, what are believed to be, new 9-substituted fluorenyl 

compounds. In accordance with another aspect of the present invention, 

there is provided a method for preparing 9-cyclohexylfluorenyl by reacting 

fluorenyl compounds with an ~lkali metal alkyl and a cyclohexyl halide. In 

accordance with yet another aspect of the present invention, there is 
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provided a method for preparing 9-phenylfluorenyl compounds comprising 

first preparing the 9-cyclohe.xyl compound d.s described in the preceding 

sentence and then reducing the 9-cyclohexylfluorenyl compound with a 

palladium on carbon catalyst. ·In accordanc.e with still another aspect of 

the present invention, the 9-substituted fluotenyl compounds are used to 

prepare unbridged metallocene by reacting an alkali metal salt of the 

9-substituted fluorenyl with a suitable transition metal compound. In 

accordance with still another aspect of tha present invention, there is 

provided a method for polymerizing olefins comprising contacting.an olefin 

with the resulting metallocene under suitable conditions. In accordance 

with still another aspect of the present invention, there is provided the 

polymers produced by polymerization with such metallocenes. 

Detailed Description of the Invention 

In accordance wit.h the present invention, metallocenes are 

produced having the formula (FlR ) (CpR ·) MeQk· wherein Fl is a 9-fluorenyl 
n m. 

radical, Cp is cyclopentadienyl, indenyl, tetrahydroindenyl, or fluorenyl 

;:adical, each R is the same or. different arid is an organo radical having 1 

to 20 carbon atoms, Me is metal selected fr.om the group consisting of 

Group IVB, VB, and VIB metals of the Periodi~ Taole, each Q is the same or 

different and is selected frnm the group c.cnsisting of hydrocarbyl, or 

hydrocarbyloxy radicals having 1 to 20 carbon atoms and halogens, k is a 

.number sufficient to fill out the remaining valences of Me, n is a number 

in the range of 1 to 7, and m is a number ·In the range of O to 7; wherein 

at least one R on FlR is at the 9 position of the fluorenyl radical. 
n 

Metallocenes of this type can be prepared by reacting an alkali 

metal salt of the 9-substituted fluorenyl compound with a suitable 

transition metal compound in a suitable solvent under suitable reaction 
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conditions. In some cases, it has been not:ed that if the substituent at 

the 9 position is too bulky 1 the desired metalloce~e is not obtained when 

the fluorenyl salt is reacted with cyclopentadienyl trichloride. Examples 

of such substituents incl~de 9~diphenylmethyl, 9-diphenylmethylsilyl, and 

9-mesityl. However, the process is suitable for making 

(9-ttimethylsilyl-2,7-di-t-tert butyl fluorenylj (cyclopentadienyl) 

zirconium dichloride and (9-o-tolylfluorenyl) (cyclopentadienyl) zirconium 

dichloride. 

The term "transition metal compound" as used herein includes 

compounds of the formula MeQk wherein Me, Q, and k are as defined above. 

Some non-limiting examples lnclude titanium' ·tetrachloride, zirconium 

tetrachloride, hafnium tetrachloride, cyclopentadienyl zirconium 

trichloride, fluorenyl zirconium trichloride, indenyl zirconium 

trichloride, 3-methylcyclnpentadieny l. zirconium trichloride, 

4-methylfluorenyl zirconium trichloride, .. and the like. 

Metallocenes in which Q is other than_ a halogen can be readily 

~repared by reactipg the halide form of a matallocene with an alkali metal 

salt of a hydrocarbyloxy radical under conditions as have been used in the 

past performing such ligands in prior art metallocenes. See, for example, 

the aforementioned J. Organomet. Chem., 113, 331-339 ( 1976). This 

technique has been used to produce (9-substituted fluorenyl) 

(cyclopentadienyl) zirconium dimethyl when the 9 substituent on the 

fluorenyl is methyl, isopro-pyl, phenyl, O'C' trimethyl silyl. Another 

approach involves reacting a compound of th9 formula MQk wherein at least 

one Q is hydrocarbyl or hydrocarbyloxy with the alkali metal salt of the 

fluorenyl compound. 
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In accordance with the preferred embodiment of the present 

invention, the reaction between the fluorenyl-containing salt and the 

transition metal compound is carried out tn the presence of a liquid 

diluent is non-halogenated and non-coordina.t~.ng toward the transition metal 

compound. Examples of such suitable liquids include hydrocarbons such as 

toluene, pentane, or hexane, as well as non-cycli~ ether compounds such as 

diethylether. It has been found the us1~ of such non-halogenated 

non-coordinating solvents gf'·:isrally 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 temperatures than when THF 

is used as the diluent. In an especially preferred· embodiment, the 

fluorenyl-containing salt used as the ligand for preparing the metallocene 

is also prepared in a liquid diluent that is non-halogenated and 

non-coordinating toward the transition metal. 

The alkali metal salt of the 9-.substituted fluorenyl compound can 

be formed using generally any technique known in the art. For example, 

such can be prepared by reacting an alkali metal alkyl with the 

9-substituted fluorenyl compound. The molar ratio of the alkali metal 

alkyl to the fluorenyl compound can vary, generally however, the ratio 

would be in the range of about 0.5/1 to about 1.5/1, still mqre preferably 

about 1/1. Typically the alkali metal of the alkali metal alkyl ·would be 

selected from sodium, potassium, and lithium, and the alkyl group would 

have 1 to 8 carbon atoms, more preferably 1 to 4 carbon atoms. Preferably 

if the fluorenyl salt is for.wed using tetrahydrofuran (THF) as the liquid 

diluent, the salt is isolated and substantially all the THF is removed 

before the salt is contacted with the transition metal halide. The molar 

ratio of the 9-substituted fluorenyl compound to the transition metal 
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compound can vary over a wicle range depending upon the particular results 

desired. Typically however, ~he molar ratio of the 9-substituted fluorenyl 

compound to the transition ·me~al would be in the range of from about 1/1 to 

about 2/1. 

The resulting metallocene can be re\:overed and purified using 

conventional techniques known in the art ~uch as''filtration, extraction, 

crystallization, and recrysti:.llization. · It is· generally desirable to 

recover the metallocene in a form that is free of any substantial amount of 

by-product impurities. Ac~ordingly, recr:v-stallization and fractional 

crystallization to obtain relatively pure rnetallocenes may be desirable. 

Dichloromethane has been found to be particularly· useful for such 

recrystallizations. It is generally desirable to use the metallocenes soon 

·after the_ir preparation or at least to si.:ore the metallocenes under 

conditions favoring their ntability. For example, metallocenes can 

generally be stored in the dark at low temperature, i.e. below 0°C in the 

absence of oxygen or water. 

Some 9-substituted fluorene compounds are known. Examples 

include 9-t-butyl fluorene (Can. J. Chem., 34 991-1005 (1956)), and 

9-phenyl fluorene (Chem. BlH ichte ~, 908 ( 18 72)) . A number 9-alkyl 

fluorene compounds can be prepared by reacting fluorene with butyllithium 

to form the fluorenyl lithh1m and then a&Hng the corresponding alkyl 

halide. In some cases, higher yields c'~a be obtained by using 

tetrahydrofuran as the solv~~nt rather thar. non-polar solvents such as 

hexane. Such a process has hr,en used to pr<~pare the 9-substituted "fluorene 

using the following halides: methyl chloi:<de, ethyl chloride, isopropyl 

chloride, benzyl chloride, diphenylmethyJ chloride, :trimethyl silyl 

chlorid_e, and diphenyl methy L silyl chloride. The same process also works 
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on many substituted fluorene. compounds. For example, 9-trimethyl silyl 

fluorene compounds have been prepared such as the 2, 7-dimethyl, the 

2,7-diethyl, and the 2,7-dibromo. This direct alkylation process is not 

particularly useful for preparii:lg 9-tertiary alkyl or 9-aryl substituted 

fluorenes. In order to prociuce those compounds one can react fluorenone 

with ·the necessary Grignard res.gent and then the ''resulting 9-substituted 

hydroxyfluorene can be reduced to yield the 9-substituted fluorene. Such 

techniques have been disclosed in Chem. Ges, 64 917 (1931) and J. Chem. 

Soc. B. 173 ·(1970). Instead of using iodine or zinc/HCl a.s the reducing 

agent, preferably a. BF 3 •Et 2 0/Et 3 SiH mixture• such a.s disclosed in J. Org. 

Chem., 53, 2450 (1988) or Tetrahedron Lett., 11, 1345 (1968) is used. This 

technique of reduction permits a. gentle exe0::.ution of the reaction and leads 

to quantitative yields. 

Using the described procedure starting with fluorenone it was 

possible to produce 9-phenyl. fluorene, · 9-o-tolyl fluorene, 9-p-tolyl 

fluorene, 9-mesityl fluorene, 9-p-fluoroph~.nyl £.luorene, 9-p-methoxyphenyl 

~luorene, and 9-t-butylfluor•~ne. 

In accordance with another aspect. of the present invention, there 

is provided a method for p1~eparing 9-cyclohexylfluorenyl compounds. In 

accordance with this method, a fluorene cornpound, either substituted or 

unsubstituted, is reacted with an alkali metal alkyl of the type previously 

described to produce an alkali metal salt of the fluorenyl compound which 

is in turn reacted with £~ cyclohexylhal:!de to yield the desired 

9-cyclohexylfluorenyl ·compound. Examples c-f such fluorene compounds that 

can be reacted to yield th€• 9-cyclohexylfluorenyl compound include, for 

example, unsubstituted fluoT.·~.ne, 4-methylf luorene, 2, 7-dimethylfluorene, ----------
\\\iilii~f 
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2,7-ditertiarybutylfluorene, 3-tertiarybutylfluorene, 2-methylfluorene, and 

the like. 

In accordance with still another aspect of the present invention, 

the resulting 9-cyclohexylfiuorenyl compound can be converted into the 

corresponding 9-phenylfluorenyl compound by carrying out a reduction over a 

palladium on carbon catalyst under suitable react!on conditions. 

The resulting fluorenyl containing metallocenes can be used in 

combinat"ion w"ith a suitable ~o-catalyst for the polymerization of olefinic 

monomers. In such processes the metallocene or the co-catalyst can be 

employed on a solid insoluble particulate support. 

Examples of suitabl~ co-catalysts include generally any of those 

organometallic co-catalysts which have ill the past been employed in 

conjunction with transition metal containing olefin polymerization 

catalysts. Some typical e·.umples include organometallic compounds of 

metals of Groups IA, !IA, and IIIB of the Pariodic Table. Examples of such 

compounds have included orguuometallic halide ~ompounds, organometallic 

hydrides and even metal hydrides. Some specific examples include 

triethylaluminum, triisobutylaluminum, diethylaluminum chloride, 

diethylaluminum hydride, and· the like. The most commonly used cocatalyst 

for metallocenes is aluminoxane. 

Recently, aluminum-free catalyst systems based on metallocenes 

have been developed. One example is the combina.tion of metallocene 

dimethyl complexes with Lewis acids such as disclosed in Organometallics, 

10, 840 (1991); J. Am. Chem~_Soc., 113, 3e~S (1991); Organometallics, 10, 

3910 (1991); J. Organometal!,i,~ Chem., 424, CS (1992) and 423, Cl (1992); 

and J. Am. Chem. Soc., 113, 8570 (1991). Cationic complexes of the 
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methyl) have also been four:.d to be an alternative to the metallocene 

dichloride/MAO catalyst systems. Some exa1.1ples of such catalyst systems 

are disclosed in J. Am. Chem. Soc., 109, 4111 (1987); J. Gatal., l, 80 

(1964), l, 89 (1964); and J, 99 (1964); and Organometallics, 11, 362 

( 1992). 

The currently most preferred co-catalyst" is an aluminoxane. Such 

compounds include those comppunds having repeating units of the formula 
~ 

R 
I 

-f-Al - 0-7--

where R is an alkyl group generally having l to 5 carbon ~toms. 

Aluminoxanes, also sometimes referred to as poly(hydrocarbyl aluminum 

oxides) are well known in the art and are generally prepared by reacting an 

organo hydrocarbylaluminum compound with ~-~ater. Such a preparation 

techniques are disclosed in C.S. 3,242,09~ ~nd 4,808,561. The currently 

preferred co-catalysts are prepared either from trimethylaluminum or 

triethylaluminum, sometimes referred to as poly(methylaluminum oxide) and. 

poly(ethylaluminum oxide), respectively. It i.s also within the scope of 

the invention to use an ~luminoxane in comoinati~n with a trialkylaluminum, 

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

. The fluorenyl-cont·!lining metallocenes in combination with the 

aluminoxane co-catalyst can ~e used to poly~erize olefins. Generally such 

polymerizations would be carried out in a homogeneous system in which the 

catalyst and co-catalyst we::•~ soluble; howt"ver., it is within the scope of 

the present invention to ca~·ry out the polymerizations in the presence of 
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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-cc•ntaining metallocenes or a mixture of an 

inventive fluorenyl-contain irig · metallocene with one or more other 

cyclopentadienyl-type metallocenes. 

The fluorenyl-containing metallocenes when used with aluminoxane 

are particularly useful fer. the polymerization of mono-unsaturated 

aliphatic alpba-olefins having 2 to 10 carbon atoms. Examples of such 

olefins include ethylene, propylene, butene-1, pentene-1, 3-methylbutene-l, 

hexene-1, 4-methylpentene-1, 3-ethylbutene-1, heptene-1, octene-1, 

decene-1, 4,4-dimethyl-1-pentene, 4,~-diethil-i-hexene, 

3-4-dimethyl-1-hexene, and the like and mixtures thereof. Using the 

catalysts for preparing copolymers of ethylene and propylene or polymers of 

ethylene and/or propylene and generally a minor amount, i.e. no more than 

about 12 mole percent, more ~ypically less than about 10 mole percent, of a 

higher molecular weight olefin is also contemplated. 

The polymerizatio1:s can be carried out under a wide range of 

conditions depending upon t:hr~ particular 1r.etallocene employed, and the 

results desired. Examples of typical conditions under which the 

metallocenes can be used in the polymerization of olefins include 

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

4,530,914. It is considere.d that generally any of the polymerization 

procedures used in the prior art with any transition metal based catalyst 

systems can be employed with ~he present fluorenyl-containing metallocenes. 

Generally the mol6t ratio of the aluminum in the aluminoxane to 

the transition metal in the rnetallocene par.ti.cularly in slurry or solution 

--·---------------
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polymerizations would be in the range of about 0.1:1 to about 10 5 :1 and 

more preferably about 5: 1 . to about 10 4
: l. As a general rule, the 

polymerizations would be caxried out in the presence of liquid diluents 

which do not have an adverse affect upon the catalyst system. Examples of 

such liquid diluents includE: butane, isobutane·, pentane, hexane, heptane, 

octane, cyclohexane, methylcyclohexane, toluene, xylene, and the like. The 

polymerization temperature can vary over a wide range, temperatures 

typically would be in the :::ange 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 l to about 500 atmospheres or 

greater. It is often particularly desirahie to carry out the 

polymerization in the presence of hydrogen. The amount of hydrogen needed 

for best results can be readily determined by routine experimentation. 

The polymers produced with this invention have a wide range of 

uses that will be apparent to those skilled in the art from the physical 

properties of the respective polymer. 

A further understanding of the present invention, its various 

aspects, objects, and advantages will. be provided by the following 

examples. 

Example I 

20 grams of unsubstituted fluorP.ne was combined with 200 mL of 

THF to form a solution. '.!:hen 75 mL of a 1. 6 M hexane solution of 

N-butyllithium was slowly added dropwise to the solution at room 

temperature. After the dropwise addition, the mixture was stirred for a 

further period of one hour F.t room tempe1:ature and then the reaction 

mixture was cooled to -78°C. Then 29.5 grRms of bromocyclohexane was added 

and the system was allowed t<> warm up to room temperature. The mixture was 

This Sheet Has Been Replaced 
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stirred for two more hours at room temperature and then washed with 

saturated aqueous ammonium chloride solution and then twice with distilled 

water. After drying the organic phase over Na 2 S0 4 , the solvent was removed 

in a vacuum generated by a jet of flowing water. The residue was then 

dissolved in 70 mL of penta~e and recrystallized at -30°C. A product in 

the form of colorless needh:s was obtained. The t>roduct was subjected to 

H1 NMR, C13NMR and mass spectroscopy for identification. The results were 

consistent with the compound 9-cyclohexylfluorene. 

Example II 

20 grams of the 9··cyclohexylfluorane was mixed with 1 gram of a 

palladium/carbon catalyst c:ontaining 10 wt. percent palladium and 

dehydrogenated for 12 hours at 300°C. The residue from the reaction was 

eluted with THF and suspension filtered in order to separate the catalyst. 

After concentrating the solution by evaporation, the yellow to orange 

residue was purified over silica gel. Pentane ·was used as the solvent. 

The product was subjected to analysis as in Example I and was found to have 

a structure consistent with 9-phenylfluorene. 

Example IIl 

4-methyl-9-cyclohE1xylfluorene was prepared from 4-methylfluorene 

using a method analogous to that used in Example I. Some of the resulting 

4-methyl-9-cyclohexylfluorenB was then subjected to a reduction analogou~ 

to that used in Example II. The dehydrogenation differed in that in this 

case it was carried out for 24 hours. The product was recrystallized in 

150 mL of pentane to obtain a colorless powder which had a structure 

consistent with 4-methyl-9-phenylfluorene. 
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Example IV 

Metallocenes were prepared by reacting the 9-substituted 

fluorenyl compounds produced in Examples I-III by reacting the specific 

9-substituted fluorene compound· with one ml>le equivalent of butyllithium 

using a 1.6 M hexane solution of the butyllitl:Hum. The mixture was then 

stirred at room temperature until the evolution of gas had ended. Half of 

one mole equivalent of zirconium tetrachloride was then added and the 

mixture was stirred for 30 to 60 minutes. The solution was decanted and 

the residue washed with diethylether and then dried. This process produced 

the following metallocenes, namely bis-9-cyclohexylfluorenyl zirconium 

dichloride, bis-9-phenylfluorenyl z:i.rconium ·dichloride, 

bis-9-cyclohexyl-4-methylfluorenyl zirconiurn dichloride, and bis-9-phenyl-

4-methylfluorenyl zirconium dichloride. 

In order to convert the metalloc;mes to dimethyl metallocenes, 

the metallocene dichloride complex in each case was suspended in toluene 

and mixed with two mole equivalents of methyllithium. The resulting 

mixture was stirred at room temperature until the color changed. 

Filtration over sodium sulfate was then used and after removing the 

solvent, the solid was recrysi:allized in hexane. 

Example V 

Using a procedure similar to thAt tised in Example I, other 

9-substituted fluorenyl 

9-trimethylsilylfluorenyl, 

ditertiarybutylfluorenyl. 

compounds were prepared. Specifically 

9-isopropylfluor<?<nyl, 9-trimethylsilyl-2, 7-

Example VI 

A series of metallocenes were pre.pared for evaluation in the 

polymerization of ethylene, namely: 
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Catalyst 

A ( 9-phenylfluorenyl)( cyclopentadienyl) ZrC 12 

B (9-cyclohexylfluorenyl)(cyclopentadienyl)ZrCl 2 

C (9-isopropylfluorenyl)(cyclopentadienyl)ZrC1 2 

D (9-trimethylsilylfluorenyl)(cyclopentadienyl)ZrC1 1 

E bis(4-methyl-9-phenyl fluorenyl)ZrC1 1 

F bis(9-phenylfluorenyl)ZrC1 1 

G bis(9-cyclobexyl£luorenyl)ZrC1 1 

H (fluorenyl)(cyc1opentadienyl)ZrCl 2 

I bis(fluorenyl)ZrC1 2 

The (9-substituted fluorenyl) (cyclopentadienyl) metallocenes 

were made by reacting an alkali metal salt of the respective 9-substituted 

fluorenyl compound with cyclopentadienyl zi£conium tr1chloride. 

The ethylene polyme:rizat~ons wen~ conducted for one hour at 90°C 

in a 3. 8 liter stirred, stRinless steel reactor in the presence of 

isobutane diluent, hydrogen as a molecular weight control agent, and 

soluble methyl aluminoxane as the cocatalyst. First the metallocene 

catalyst was weighed in a· dry box and dissolved in a toluene solution of 

methyl aluminoxane. The toluene methyl aluminoxane solution was prepared 

by diluting a 1. 7 M toluene solution of methyl aluminoxane, purchased from 

Ethyl Corporation, to the desired concentration. Amounts were selected so 

that the final Al/Zr molar l:atio was in the range of 400-1400/1. The 

charge order was metallocenn/methyl aluminoxane solution and then 2 liters 

of isobutane. After heating these materials to 90°C, hydro~en was added in 

the amount of a 10 psi pressure drop from a 300 c~ cylinder, and then 

ethylene was introduced so -t.hat the total reactor pressure was maintained 

at 450 psig for the entire bc-ur. EthylenP. was supplied on demand from a 
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pressured reservoir as required during each run. Polymerization was 

terminated by venting ethylene and diluent, The polymer was recovered, 

dried and weighed to dete:::-mine yields. Catalyst productivity was 

calculated by dividing polyme:- weight in grams by the weight of metallocene 

used in grams, and by the weight of zirconium used in grams, and by the 

weight of metallocene plus methyl aluminoxane in grams and is conveniently 

expressed as kg polymer per g desired catalyst component per hour 

(kg/g/hr.). The results are summarized in the following table: 

Table I 

Productivity 
Catalyst MAO/Zr g/g met. g/g Zr MI HLMI/MI 

No. mg molar /1000 /1000 g/gmet+MAC g/10 min (HLMI) 

A 0.223 787 323 1662 3300 1.44 48.3 
B 0.209 1434 621 3230 3520 too low (0.006) 
c 0.196 1018 559 2737 4200 too low (0.97) 
D 0.2 816 177 902 1720 1.1 57.8 
E 0.89 482 0.6 4 13 
F 0.74 552 2.5 18 50 
G 0.9 465 4.6 32 108 
H 0.272 921 235 1012 1716 1.5 65.4 
H 0.296 845 293 1262 2330 0.11 91.9 
I 1.35 464 16 9 295 1. 74 114 

The results demonst:rate that the (9-substituted fluorenyl) 

(cyclopentadienyl) zirconium dichloride metallocenes A, B, and C were much 

more active than the unsubst:.ltuted (fluorenyl) (cyclopentadienyl) zirconium 

dichloride catalyst, i.e. H. The (9-trimethylsilylfluorenyl) metallocene 

of Catalyst D was also very active but only for the first few minutes of 

the polymerization. 

Polyethylene obta:im~d using (9-cyclohexylfiuorenyl) (pentadienyl) 

zirconium dichloride, i.e. Catalyst B at lower temperature and pres.sure in 
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the absence of H2 was particularly interesting in that it did not appear to 

melt in a melt indexer at J.90°C and it had a unusually narrow molecular 

weight distribution particularly for a polymer having such a high molecular 

weight. The initial DSC scar, indicated a T of 141.5°C. Size exclusion 
m 

chromatography indicated a Mw/Mn of 2.61. It's weight average molecular 

weight (M ) was 1,850,000. w 

The bis(9-substituted fluorenyl) m~tallocenes E-G did not appear 

to have any major advantage over the bis(unsubstituted) fluorenyl 

metallocene I in activity; however, they did produce a polyethylene 

polymer. 

Example VII 

Using MAO as a cocatalyst under generally similar conditions to 

those used in Example VI it has been determined that both (9-methyl 

fluorenyl) (cyclopentadienyl) zirconium di.chloride and (9-t-butyl 

fluorenyl) (cyclopentadienyl) zirconium· dichloride are useful for the 

polymerization of ethylene. Both have also been similarly used for the 

<7opolymerization of ethylene and 1-hexene. In both homopolymerization and 

copolymerization it is considered desirable to use hydrogen in the 

polymerization. 

Example VIII 

A number of the inventive 9-substituted fluorenyl metallocenes 

were also evaluated as catalysts for the polymerization of propylene. The 

metallocene dichloride was d.i.ssolved in tolnene and mixed with a commercial 

methylaluminoxane (MAO) solution. The formation of the 

polymerization-active metallocene methyl cation catalyst system expresses 

itself by a color change. For the purpose of drying, 500 ml of liquid 

propylene in an autoclave was mixed with to ml of the MAO solution and 

N1lli1iD1i1iHiii 
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stirred for 30 minutes at 20°C. Then the Autoclave was cooled down to 

-10°C and the catalyst solution was added. Then the autoclave was heated 

up to 60°C and held at that .temperature for 1 hour and then the 

polymerization was stopped. The metallocenes (9-isopropylfluorenyl) 

(cyclopentadienyl) zirconium dichloride and (9-cyclohexylfluorenyl) 

(cyclopentadienyl) zirconium dichloride resulted ··•in polypropylene that 

appeared to be atactic. 
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CLAIMS 

1. An unbridged metallocene of the formula (FlRn) ( CpRm) MeQk 

wherein Fl is a 9-fluorenyl radical, Cp is selected from cyclopenta­

dienyl, indenyl, tetrahydroindenyl, and fluorenyl ·radicals, each R is 

either the same or different organo radical having 1 to 20 carbon 

atoms, Me is a metal selected from Group IVB, VB and VIB 

metals, each Q is the same or different and selected from .. 
hydrocarbyl and hydrocarbyloxy radicals having 1 to 20 carbon atoms 

and halogen, k is a number sufficient to fill out the remaining 

valences of Me, n is a number in the range of 1 to 7, and m is a 

number in the range of 0 to 7; wherein at least one R on FlRn is 

at the 9 position of the 9-fluorenyl radical. 

2. The metallocene of claim 1 wherein Me is Zr, Q is Cl, and k is 2. 

3. The metallocene of claim 1 or 2 wherein FlRn has a 9-cyclohexyl 

group or 9-phenyl group. 

4. The metallocene of claim 3 selected from bis(9-cyclohexylfluorenyl) 

zirconium dichloride, (9-cyclohexylfluorenyl) ( cyclopentadienyl)zirconi­

um dichloride, bis(9-cyclohexyl-4-methylfluorenyl)zirconium dichloride, 

bis(9-phenylfluorenyl )zirconium dichloride, (9-phenylfluorenyl) 

(cyclopentadienyl)zirconium dichloride and bis(9-phenyl-4- · 

methylfluorenyl)zirconium dichloride. 

I lllllll llllll lllll lllll II llll 
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5. The metallocene of claim 1 wherein CpRm is cyclopentadienyl, Me 

is Zr, k is 2, and Q is Cl. 

6. The metallocene of claim 5 wherein FlRn is a 9-substituted fluorenyl 

having no other substituents. 

7. The metallocene of claim 6 wherein the substituent on the 9 posi­

tion of FlRn is selected from methyl, isopropyl, t-butyl, cyclohexyl, 

phenyl, o-tolyl, p-tolyl, p-fluorc;>phenyl, and trimethylsilyl. 

8. The metallocene of claim 1 wherein FlR0 and CpRm are the same, 

k is 2 and Q is Cl. 

9. The metallocene of claim 8 wherein FlRn is selected from 9-methyl 

fluorenyl, 9-isopropyl fluorenyl, and 9-trimethyl fluorenyl. 

10. The process of claim l wherein (CpRm) is pentamethylcyclo­

pentadienyl. 

11. The metallocene of claim 1 selected from (9-isopropylfluorenyl) 

( cyclopentadienyl)zirconium dichloride, (9-trimethylsilylfluorenyl) 

( cyclopentadienyl)zirconium dichloride, (9-trimethyl-2,7-di-tert-butyl 

fluorenyl) ( cyclopentadienyl)zirconium dichloride, (9-tert-butyl 

fluorenyl) ( cyclopentadienyl)zirconium dichloride, and (9-methyl 

fluorenyl) ( cyclopentadienyl)zirconium dichloride. 

12. A compound of the formula 9-cyclohexyl (FlRn) wherein Fl is a 9-

fluorenyl radical, each R is the same or different organo radical 

having 1 to 20 carbon atoms and n is 0 to 6, each R being located 

on a respective one of positions l to 8 of the fluorenyl radical. 

111111111111111111111111111111 
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13. The compound of claim 12 wherein n is 0. 

14. A compound of the fomiula 9-phenyl (FlRn) wherein Fl is a 9-

fluorenyl radical, n is 1 to 6, and each R is the same or different 

organo radical having 1 to 20 carbon atoms, each _R being located 

on a respective one. of positions 1 to 8 of'_ the fluorenyl radical. 

15. The compound of any of the claims 12 to 14 wherein each R is an 

alkyl radical. 

16. The compound of any of the claims 12, 14 and 15 wherein n is 1. 

17. The compound of claim 16 wherein (FIRn) is the 4-methyl-9-

fluorenyl radical. 

18. A process comprising reacting a 9-alkali metal salt of a fluorenyl 

compound of the formula F1R
0 

wherein Fl is fluorenyl, n is a 

number in the range of 0 to 7, and each R is the same or differ­

ent organo radical having 1 to 20 carbon atoms, witJ:i a 

cyclohexylhalide to . produce the corresponding 9~cyclohexyl (FlRn) 

compound and, optionally, reacting said 9-cyclohexyl (FlRn) com­

pound with hydrogen in the presence of a palladium on carbon­

catalyst to produce the corresponding 9-phenyl (FIR
0

) compound. 

19. The process of claim 18 wherein FlR
0 

is an unsubstituted fluorene 

or 4-methyl fluorene. 

20. The use of the metallocenes of any of the claims I to 11 as a 

catalyst for preparing olefin polymers. 

111111111111111111111111111111 
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ABSTRACT 

9-SUBSTITUTED FLUORENYL COMPOUNDS AND THE PREPARATION 
AND USE OF METALLOCENES THEREOF 

9-substituted fluorenyl-containing metallocenes and their use in 

the polymerization of olefins is disclosed. In addition, novel 

9-cyclohexylfluorenyl or 9-phenylfluorenyl compounds are disclosed. Also 

methods for prepari~g such 9-substituted fluotenyl compounds are presented. 
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UNBRIDGED METALLOCENES OF 9-SUBSTITUTED 

FLUORENYL COMPOUNDS AND USE THEREOF 

This invention relates to fluorenyl compounds. Another aspect of this 

invention relates to fluorenyl compounds having substitution at the 9 position. In still 

another aspect of the present invention relates to the preparation of metallocenes with such 

fluorenyl compounds and the use of such metallocenes in the polymerization of olefins. 

Background of the Invention 

Since the discovery of ferrocene in 1951, a number of metallocenes have 

been prepared by the combina~on of compounds having cyclopentadiene structure with 

various transition metals. The term "cyclopentadiene structure" as used herein refers to · · · 

c c 
the following structure. REPLACEMENT SHEET ·-
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The term "cyclopentadiene-type compounds" as used herein refers to 

compounds containing the cyclopentadiene structure. Examples include unsubstituted 

cyclopentadiene, unsubstituted indene, unsubstituted fluorene, tetrahydroindene, and 

substituted varieties of such compounds. 

Many ofthc;l cyclopentadienyl-type metallocenes have be~n found useful in 

catalyst systems for the polymerization 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 metallocene as a polymerization catalyst. For 

example, the size and substitutions on cyclopentadienyl-type ligands has been fmmd 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 is still largely an empirical matter, that is, experiments must be conducted in 

order to determine just what affect a particular variation will have upon a particular type 

of cyclopentadienyl-type metallocene. Some examples of some cyclopentadienyl-type 

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

CASE: 33212 
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disclosures of which are incorporated herein by reference. 

Metallocenes in which two of the metal bound cyclopentadi -·--· 
groups are connected by a bridging structure are referred to bridged metallocenes. 

Metallocenes in which the metal bound cyclopentadienyl type groups are not connected by 

bridging structure are referred to as unbrid~ed metallocenes. 

While there are references in the prior art which have envisioned 

metallocenes containing fluorenyl groups, only a very limited number offluorenyl­

containing metallocenes have actually been prepared prior to the present invention. The 

Journal ofOrg~ometallic Chemistry, Vol. 113, pages 331-339 (1976), discloses 

preparing bis-fluorenyl zirconium dichloride and bis-fluorenyl zirconium dimethyl~ u~s: 

Patent 4,892,851 and the New Journal of Chemistry, Vol.14, pages 499-503, dated 1990, 

each disclose preparing a metallocene from the ligand 1, 1-dimethylmethylene­

l-(fluorenyl)-1-( cyclopentadienyl). The New Journal of Chemistry article also discloses 

preparing a similar compound in which the cyclopentadienyl radical has a methyl 

substituent in the number 3 position. The term "fluorenyl" as used herein refers to 

9-fluorenyl unless indicated otherwise. 

An object of the present invention is to provide new fluorenyl-containing 

compounds and metallocenes. 

Another object is to provide a process for the polymerization of olefins 

using such metallocenes. 

Summary of the Invention 

In accordance with some aspects of the present invention, there are 

provided, what are believed to be, new 9-substituted fluorenyl compounds. In accordance 

with another aspect of the present invention, there is provided a method for preparing 9-

cyclohexylfluorenyl by reacting fluorenyl compounds with an alkali metal alkyl and a 

cyclohexyl halide. In accordance with yet another aspect of the present invention, there is 

provide.d a method for preparing 9-phenyltluorenyl compounds comprising first preparing 

the 9-cyclohexyl compound as described in the preceding sentence and then reducing the 

9-cyclohexylfluorenyl compound with a palladium on carbon catalyst. In accordance with 

still another aspect of the present invention, the 9-substituted fluorenyl compounds are 

used to prepare unbridged metallocene by reacting an alkali metal salt of the 9-substituted 
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fluorenyl with a suitable transition metal compound. In accordance with still"lilrrot~----===.l 

aspect of the present invention, there are provided a method for ~olymerizing olefins 

comprising contacting an olefin with the resulting metallocene under suitable conditions. 

In accordance with still another aspect of the present invention, there are provided the 

polymers produced by polymerization with such metallocenes. 

Detailed Description of the Invention 

In accordance with the present invention, metallocenes are produced 

having the formula (FlRJ (CpRm) MeQK wherein Fl is a 9-fluorenyl radical, Cp is 

cyclopentadienyl, indenyl, tetrahydroindenyl, or fluorenyl radical, each R is the same or 

different and is an organo radical having 1 to 20 carbon atoms, Me is metal selected from 
the group consisting of Group NB, VB, and VIB_metals of the Periodic Table, each Q is 

the same or different and is selected from the group consisting of hydrocarbyl, or 

hydrocarbyloxy radicals having 1 to 20 carbon atoms and halogens, k is a number 

sufficient to fill out the remaining valences of Me, n is a number in the range of 1 to 7, and 

mis a number in the range ofO to 7; wherein at least one Ron (F!Rn) is at the 9 position 

of the fluorenyl radical. 

Metallocenes of this type can be prepared by reacting an alkali metal salt of 

the 9-substituted fluorenyl compound with a suitable transition metal compound in a 

suitable solvent under suitable reaction conditions. In some cases, it has been noted that if 

the substituent at the 9 position is too bulky the desired metallocene is not obtained when 

the fluorenyl salt is reacted with cyclopentadienyl zirconium trichloride. Examples of 

such substituents include 9-diphenylmethyl, 9-diphenylmethylsilyl, and 9-mesityl. 

However, the process is suitable for making (9-trimethylsilyl-2,7-di-t-tert butyl fluorenyl) 

(cyclopentadienyl) zirconium dichloride and (9-o-tolylfluorenyl) (cyclopentadienyl) 

zirconium dichloride. 

The term "transition metal compound" as used herein includes compounds 

of the formula MeQK wherein Me, Q, and k are as defined above. Some non-limiting 

examples include titanium tetrachloride, zirconium tetrachloride, hafuium tetrachloride, 

cyclopentadienyl zirconium trichloride, fluorenyl zirconium trichloride, indenyl zirconium 

trichloride, 3-methylcyclopentadienyl zirconium trichloride, 4-methylfl.uorenyl zirconium 

trichloride, and the like. 
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Metallocenes in which Q is other than a halogen can be r "ly prepared by ··--.... -_ .. __ 
reacting the halide form of a I_Iletallocene with ap. alkali metal s~t of a hydrocarbyloxy 

radical under conditions as have been used in the past performing such ligands in prior art 

metallocenes. See, for example, the aforementioned J. Orflanomet. Chem., 113,. 331-339 

(1976). This technique has been used to produce (9-substituted fluorenyl) 

( cyclopentadienyl) zirconium dimethyl when the 9 substituent on the fluorenyl is methyl, 

isopropyl, phenyl, or trimethylsilyl. Another approach involves reacting a compound of 

the formula MeQk wherein at least one Q is hydrocarbyl or hydrocarbyloxy with the alkali 

metal salt of the fluorenyl compound. 
- . . ... 

In accordance with the preferred embodiment of the present invention, the 

reaction between the fluorenyl-cqntaining salt and the transition metal compound is 

carried out in the presence of a liquid diluent is non-halogenated and non-coordinating 

toward the transition metal compound. Examples of such suitable liquids include 

hydrocarbons such as toluene, pentane, or hexane, as well as non-cyclic ether compounds 

such as diethylether. It has been found the use of such non-halogenated non-coordinating 

solvents generally allows one to obtain large amounts of substantially pure metallocenes. 

and in·a more stable form, and also often allows the reaction to be conducted under higher 

temperatures than when THF is used as the diluent. In an especially preferred 

embodiment, the fluorenyl-containing salt used as the ligand for preparing the metallocene 

is also prepared in a liquid diluent that is non-halogenated and non-coordinating toward 

the transition metal. 

The alkali metal salt of the 9-substituted fluorenyl compound can be 

formed using generally· any technique known in the art. For example, such can be 

prepared by reacting an alkali metal alkyl with the 9-substituted fluorenyl compound. The 

molar ratio of the alkali metal alkyl to the fluorenyl compound can vary, generally 

however, the ratio would'be in the range of about 0.5/1 to about 1.5/1, still more 

preferably about 1/1. Typically the alkali metal of the alkali metal alkyl would be selected 

from sodium, potassium, and lithium, and the alkyl group would have 1 to 8 carbon atoms, 

more preferably 1to4 carbon atoms. Preferably if the fluorenyl salt is formed using 

tetrahydrofuran (THF) as the liquid diluent, the salt is isolated and substantially all the 

THF is removed before the salt is contacted with the transition metal halide. The molar 
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ratio of the 9-substituted fluorenyl compound to the transition metal compound can vary 

over a wide range depending upon the particular results desired._ Typically however, the 

molar ratio of the 9-substituted fluorenyl compound to the transition metal would be in the 

range of from about 1/1 to about 2/1. 

The resulting metallocene can be recovered and purified using conventional 

techniques known in the art such as filtration, ex.traction, crystallization, and 

recrystallization. It is generally desirable to recover the metallocene in a form that is free 

of any substantial amount of by-product impurities. Accordingly, recrystallization and 

fractional crystallization to obtain relatively pure metallocenes may be desirable. 
-

Dichloromethane has been found to be particularly useful for such recrystallizations. It is 

generally desirable to use the metallocenes soon after their preparation or at least to store 

the metallocenes under conditions favoring their stability. For example, metallocenes can 

generally be stored in the dark at low temperature, i.e. below 0°C. in the absence of 

oxygen or water. 

Some 9-substituted fl.uorene compounds are known. Examples include 

9-t-butyl fluorene (Can. J. Chem., 14 991-1005 (1956)), and 9-phenyl fluorene 

(Chem. Berichte j_, 908 (1872)). A number of 9-alkyl fluorene compounds can be 

prepared by reacting fluorene with butyllithium to form the fluorenyl lithium and then 

adding the corresponding alkyl halide. In some cases, higher yields can be obtained by 

using tetrahydrofuran as the solvent rather than non-polar solvents such as hexane. Such a 

process has been used to prepare the 9-substituted fluorene using the following halides: 

methyl chloride, ethyl chloride, isopropyl chloride, benzyl chloride, diphenylmethyl 

chloride, trimethsilyl chloride, and diphenyl methyl silyl chloride. The· same procedure 

also works on many substituted fl.uorene compounds. For example, 9-trimethylsilyl 

fluorene compounds have been prepared such as the 2,7-dimethyl, the 2,7-diethyl, and the 

2,7-dibromo. This direct alkylation process is not particularly useful for preparing 

9-tertiary alkyl or 9-aryl substituted fluorenes. In order to produce those compounds one 

can react fluorenone with the necessary Grignard reagent and than the resulting , 

9-substituted hydroxy fluorene can be reduced to yield the 9-substituted fluorene. Such 

· techniques have been disclosed in Chem .Q§, 64 917 (1931) and J. Chem. Soc. B. 173 

(1970). Instead of using iodine or zinc/HCI as the reducing agent, preferabl a 
r:::~-------~----
RE PLACEMENT SHEET 
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BF3•Eti0/Et3 SiH mixture such as disclosed in J. Org. Chem., ,SJ., 2450 (1988) or 

Tetrahedron Lett., ll 1345 (1968) is used. This technique of reduction permits a gentle 

execution of the reaction and leads to quantitative yields. 

Using the described procedure starting with fluorenone it was possible to 

produce 9-phenyl fluorene, 9-o-tolyl fluorene, 9-p-tolyl fluorene, 9-mesityl fluorene, 9-p­

fluorophenyl fluorene, 9-p-methoxyphenyl fluorene, and 9-t-butylfluorene. 

In accordance with another aspect of the present invention, there is 

provided a method for preparing 9-cyclohexylfluorenyl compounds. In accordance with 

this method, a fluorene compound, either substituted or unsubstituted, is reacted with an 

alkali metal alkyl of the type previously described to produce an alkali metal salt of the 

fluorenyl compound which is in turn reacted with a cyclohexylhalide to yield the desired 

9-cyclohexylfluorenyl compound. Examples of such fluorene compounds that can be 

reacted to yield the 9-cyclohexylfluorenyl compound include, for example, unsubstituted 

fluorene, 4-methylfluorene, 2,7-dimethylfluorene, 2,7-ditertiarybutylfluorene, 3-

tertiarybutylfluorene, 2-methylfluorene, and the like. 

In accordance with still another aspect of the present invention, the 

resulting 9-cyclohexylfluorenyl compound can be converted into the corresponding 9-

phenylfluorenyl compound by carrying out a reduction over a palladium on carbon 

catalyst under suitable reaction conditions. 

The resulting tl.uorenyl containing metallocenes can be used in 

combination with a suitable co-catalyst for the polymerization of olefi.nic monomers. In 

such processes the metallocene or the co-catalyst can be employed on a solid insoluble 

particulate support. 

Examples of suitable co-catalysts include generally any of those 

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, HA, 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 

triethylaluminum, triisobutylaluminum, diethylaluminum chloride, diethylaluminum 

hydride, and the like. The most commonly used co-catalyst for metallocenes is 

rn-;REP::;;;:. LA-:-:"C::::-HMENT--SHE-E-. f 
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aluminoxane. 

Recently, aluminum-free catalyst systems based <:>n metallocenes have been 

developed. One example is the combination of metallocene dimethyl complexes with 

Lewis acids such as disclosed in Organometa1lics, 10 840 (199l); J. Am. Chem Soc .. 113, 

3625 (1991); Organometallics, 1Q 3910 (1991); J. Or1ianometa11ic Chem., 424, CS (1992) 

and 423, Cl (1992); and J. Am. Chem.~' ill., 8570 (1991). Cationic complexes of the 

[Cp2MMe] [A] type M =Ti, Zr, Hf; A= e.g. Bp4, [B(C6F5)4]"; and Me= methyl) have 

also been found to be an alternative to the metallocene dichloride/MAO catalyst systems. 

Some examples of such catalyst systems are disclosed in J. Am. Chem. Soc., l..Q2, 4111 

(1987); J. Cata!., 3., 80 (1964); and Omanometallics, ll, 362 (1992). 

The currently most preferred co-catalyst is an aluminoxane. Such 

compounds include those compounds having repeating units of the formula: 

R 
I 

+Al -01-

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

sometimes referred to as poly(hydrocarbyl aluminum oxides), are well known in the art 

and are generally prepared by reacting an organo hydrocarbylaluminum compound with 

water. Such preparation techniques are disclosed in U.S. Patent Nos. 3,242,099 and 

4,808,561. The currently preferred co-catalysts are prepared either from 

trimethylaluminum or triethylaluminum, sometimes referred to as poly(methylaluminum 

oxide) and poly( ethylaluminum oxide), 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 disclosure of which is incorporated herein 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 catalyst and 

co-catalyst were soluble; however, it is within the scope 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 co e of the invention to 

REPLACEMENT SHEET 
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use a mixture of two or more fluorenyl-containing metallocenes or a mixture of an 

inventive fluorenyl-containing metallocene with one or more o~er cyclopentadienyl-type 

metallocenes. 

The fluorenyl-containing metallocenes when used with aluminoxane are 

particularly useful for the polymerization of mono-unsaturated aliphatic alpha-olefins 

having 2 to 10 carbon atoms. Examples of such olefins include ethylene, propylene, 

butene-I, pentene-1,3-methylbutene-l, hexene-1, 4-methylpentene-l, 3-ethylbutene-l, 

heptene-1, octene-1, de~ne-1, 4,4-dimethyl-l-pentene, 4,4-diethyl-l-hexene, 3-4-dimethyl-

1-hexene, and the like and mixtures thereof. Using the catalysts for preparing copolymers 

of ethylene and propylene or polymers of ethylene and/or propylene and generally a minor 

amount, i.e. no more than about l2 mole percent, more typically less than about 10 mole 

percent, of a higher molecular weight olefm is also contemplated. 

The polymerizations can be carried out under a wide range of conditions 

depending upon the particular metallocene employed, and the results desired. Examples 

of typical conditions under which the metallocenes can be used in the polymerization of 

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

4,530,914, the disclosures of which are incorporated herein by reference. It is considered 

that generally any of the polymerization procedures used in the prior art with any 

transition metal based catalyst systems can be employed with the present fluorenyl­

containing metallocenes. 

Generally the molar ratio of the aluminum in the aluminoxane to the 

transition metal in the metallocene particularly in slurry or solution polymerizations would 

be in the range of about 0.1:1toabout105:1 and more preferably about 5:1 to about 104:1. 

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 included 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 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 I to about 500 atmospheres or greater. It is 

often particularly desirable to carry out the polymerization in the presence of hydrogen. 
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The amount of hydrogen needed for best results can be readily determined by routine 

. experimentation. 

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 

polymers. 

A further understanding of the present invention, its various aspects, 

objects, and advantages will be provided by the following examples. 

Example I 

20 grams of unsubstituted fluorene was combined with 200 mL of THF to 
-

form a solution. Then 75 mL of a 75 mL of a 1.6 M hexane solution ofN-butyllithium 

was slowly added dropwise to the solution at room temperature. After the dropwise 

addition; the mixture was stirred for a further period of one hour at room temperature and 

then the reaction mixture was cooled to -78 °C. Then 29.5 grams of bromocyclohexane 

·was added and the system was allowed to warm up to room temperature. The mixture was 

stirred for two more hours at room temperature and then washed with saturated aqueous 

ammonium chloride solution and then twice with distilled water. After drying the organic 

phase over NaiS04, the solvent was removed in a vacuum generated by a jet of flowing 

water. The residue was then dissolved in 70 mL ofpentane and recrystallized at-30°C. 

A product in the form of colorless needles was obtained. The product was subjected to 

H1NMR, C13MNR and mass spectroscopy for identification. The results were consistent 

with the compound 9-cyclohexylfluorene . 

. Examplell 

20 grams of the 9-cyclohexylfluorene was mixed with 1 gram of a 

palladium/carbon catalyst containing 10 wt. percent palladium and dehydrogenated for 12 

hours at 300°C. The residue from the reaction was eluted with THF and suspension 

filtered in order to separate the catalyst. After concentrating the solution by evaporation, 

the yellow to orange residue was purified over silica gel. Pentane was used as the solvent. 

The product was subjected to analysis as in Example I and was found to have a structure 

consistent with 9-phenylfluorene. 

Example III 

4-methyl-9-cyclohexylfluorene was prepared from 4-methylfluorene using 

REPLACEMENT SHEET 
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a method analogous to that used in Example I. Some of the resulting 4-methyl-

9-cyclohexyltluorene was then subjected to a reduction analogous to that used in 

Example II. The dehydrogenation differed in that in this case it was carried out for 24 

hours. The product was recrystallized in 150 mL of pentane to obtain a colorless powder 

which had a structure consistent with 4-methyl-9-phenyltluorene . 

Example IV 

Metallocenes were prepared by reacting the 9-substituted tluorenyl 

compounds produced in Examples I-III by reacting the specific 9-substituted fluorene 

compound with one mole equivalent ofbutyllithium using a 1.6 M hexane solution of the 

butyllithium. The mixture was then stirred at room temperature until the evolution of ga8 

had ende4. Half of one mole equivalent of zirconium tetrachloride was then added and the 

mixture was stirred for 30 to 60 minutes. The solution was decanted and the residue 

washed with diethylether and then dried. This process produced the following 

metallocenes, namely bis-9-cyclohexyltluorenyl zirconium dichloride, bis-9-

phenylfluorenyl zirconium dichloride, bis-9-cyclohexyl-4-methylfluorenyl zirconium 

dichloride, and bis-9-phenyl-4-methylfluorenyl zirconium dichloride. 

In order to convert the metallocenes to dimethyl metallocenes, the 

metallocene dichloride complex in each case was suspended in toluene and mixed with 

two mole equivalents of methyllithium. The resulting mixture was stirred at room 

temperature until the color changed. Filtration over sodium sulfate was then used and 

after removing the solvent, the solid was recrystallized in hexane. 

ExampleV 

Using a procedure similar to that used in Example I, other 9-substituted 

fluorenyl compounds were prepared. Specifically 9-trimethylsilyltluorenyl, 

9-isopropyltluorenyl, 9-trimethylsilyl-2, 7-ditertiarybutylfluorenyl. 

Example VI 

A series of metallocenes were prepared for evaluation in the 

polymerization of ethylene, namely: 
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Catalyst 

A (9-phenylfluorenyl)(cyclopentadienyl)ZrC12 

B (9-cyclohexylfluorenyl)( cyclopentadienyl)ZrC12 

C (9-isopropyltluorenyl)( cyclopentadienyl)ZrC12 

D (9-trimethylsilylfluorenyl)(cyclopentadienyl)ZrC12 

E bis( 4-methyl-9-phenyl fluorenyl)ZrC12 

F bis(9-phenylfluorenyl)ZrC12 

G bis(9-cyclohexylfluorenyl)ZrC12 

H (tluorenyl)( cyclopentadienyl)ZrC12 

I bis(tluorenyl)ZrC12 

The (9-substituted tluorenyl) ( cyclopentadienyl) metallocenes were made 

by reacting an alkali metal salt of the respective 9-substituted tluorenyl compound with 

cyclopentadienyl zirconium trichloride. 

The ethylene polymerizations were conducted for one hour at 90°C. in a 

3.8 liter stirred, stainless steel reactor in the presence of isobutane diluent, hydrogen as a 

molecular weight control agent, and soluble methyl aluminoxane as the cocatalyst. First 

the metallocene catalyst was weighed in a dry box and dissolved in a toluene solution of 

methyl aluminoxane. The toluene methyl aluminoxane solution was prepared by diluting 

a 1. 7 M toluene solution of methyl aluminoxane, purchased from Ethyl Corporation, to the 

desired concentration. Amounts were selected so that the final Al/Zr molar ratio was in 

the range of 400-1400/1. The charge order was metallocene/methyl aluminoxane solution 

and then 2 liters of isobutane. After heating these materials to 90°C., hydrogen was added 

in the amount of a 10 psi pressure drop from a 300 cc cylinder, and then ethylene was 

introduced so that the total reactor pressure was maintained at 450 psig for the entire hour. 

Ethylene was supplied on demand from a pressured reservoir as required during each run. 

Polymerization was terminated by venting ethylene and diluent. The polymer was 

recovered, dried and weighed to determine yields. Catalyst productivity was calculated by 

dividing polymer weight in grams by the weight of metallocene used in grams, and by the 

weight of zirconium used in grams, and by the weight of metallocene plus methyl 

aluminoxane in grams and is conveniently expressed as kg polymer per g desired catalyst 

component per hour (kg/g/hr.). The results are summarized in the following ta~le: 
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Table I 

Productivity 

Catalyst MAO/Sr gig met. gig Sr MI HLMl/MI 

No. mg molar /1000 /1000 glgmet+MAC g/10 min (HLMI) 

A 0.223 787 323 1662 3300 1.44 48.3 

B 0.209 1434 621 3230 3520 too low (0.006) 

c 0.196 1018 559 2737 4200 too low (0.97) 

D 0.2 816 177 902 1720 1.1 57.8 

E 0.89 482 0.6 4 13 

F 0.74 552 2.5 18 50 

G 0.9 465 4.6 32 108 

H 0.272· 921 235 1012 1716 1.5 65.4 

H 0.296 845 293 1262 2330 0.11 91.9 

I 1.35 464 16 9 295 1.74 114 

The results demonstrate that the (9-substituted fluorenyl) 

( cyclopentaclienyl) zirconium dichloride metallocenes A, B, and C were much more 

active than the unsubstituted (fluorenyl) (cyclopentadienyl) zirconium dichloride 

catalyst, i.e. H. The (9-trimethylsilylfluorenyl) metallocene of Catalyst D was also very 

active but only for the first few minutes of the polymerization. 

Polyethylene obtained using (9-cyclohexylfluorenyl). ( cyclopentadienyl) 

zirconium dichloride, i.e. Catalyst B at lower temperature and pressure fo the absence 

of H2 was particularly interesting in that it did not appear to melt in a melt indexer at 

190 °C. and it had an unusually narrow molecular weight distribution particularly for a 

polymer having such a high molecular weight. The initial DSC scan indicated a Tm of 

141.5°C. Size exclusion chromatography indicated a Mw ™n of2.61. Its weight 

average molecular weight (Mw) was 1,850,000. 

The bis(9-substituted fluorenyl) metallocenes E-G did not appear to have 

any major advantage over the bis(unsubstituted) fluorenyl metallocene I in activity; 

however, they did produce a polyethylene polymer. 
. REPLACEMENT SHEET 
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Example VII 

Using MAO as a cocatalyst under generally similar conditions to those 

used in Example VI it has been determined that both (9-methyl fluorenyl) 

(cyclopentadienyl) zirconium dichloride and (9-t-butyl fluorenyl) (cyclopentadienyl) 

zirconium dichloride are useful for the polymerization of ethylene. Both have also been 

similarly used for the co-polymerization of ethylene and 1-hexene. In both 

homopolymerization and copolymerization it is considered desirable to use hydrogen in 

the polymerization. 

Example VIII 

A number of the inventive 9-substituted fluorenyl metallocenes were 

also evaluated as catalysts for the polymerization of propylene. The metallocene 

dichloride was dissolved in toluene and mixed with a commercial methylaluminoxane 

(MAO) solution. The formation of the polymerization-active metallocene methyl 

cation catalyst system expresses itself by a color change. For the purpose of drying, 

500 ml ofliquid propylene in an autoclave was mixed with 10 ml of the MAO solution 

and stirred for 30 minutes at 20°C. Then the autoclave was cooled down to -l0°C. and 

the catalyst solution was added. Then the autoclave was heated up to 60°C. and held at 

that temperature for I hour and then the polymerization was stopped. The metallocenes 
,. 

(9-isopropylfluorenyl) (cyclopentadienyl) zirconilifu dichloride and (9-

cyclohexylfluorenyl) ( cyclopentadienyl) zirconium dichloride resulted in polypropylene 

that appeared to be atactic. 
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CLAIMS 

1. An unbridged metallocene of the formula (Fl~) (Cp~ MeQ2, wherein 

Fl is a 9-fluorenyl radical, Cp is selected from the group consisting of cyclopentadienyl, 

indenyl, tetrahydroindenyl, and fluorenyl radicals, each R is either the same or different 

organo radical having 1 to 20 carbon atoms, Me is a metal selected from the Group 

IVB metals, each Q is the same or different and is selected from the group consisting 

of hydrocarbyl or hydrocarbyloxy radicals having 1 to 20 carbon atoms and halogen, n 

is a number in the range of 1 to 7, and mis a number in the range of 0 to 7; wherein 

at least one R on Fl~ is at the 9 position of the 9-fluorenyl radical. 

2. A metallocene according to claim 1, wherein there is a 9-cyclohexyl 

group at the 9 position of the 9-fluorenyl radical. 

3. A metallocene according to claim 2, wherein Me is Zr and Q is Cl. 

4. A metallocene according to claim 3, named bis(9-cyclohexylfluorenyl) 

zirconium dichloride. 

5. A metallocene according to claim 3, named (9-cyclohexylfluorenyl) 

( cyclopentadienyl) zirconium dichloride. 

6. A metallocene according to claim 3, named bis(9-cyclohexyl-4-

methylfluorenyl) zirconium dichloride. 

7. 

8. 

A metallocene according to claim 1, wherein Fl~ has a 9-phenyl group. 

A metallocene according to claim 7, named bis(9-phenylfluorenyl) 

zirconium dichloride. 

9. A metallocene according to claim 7, named (9-phenylfluorenyl) 

( cyclopentadienyl) zirconium dichloride. 

10. A metallocene according to claim 7, named bis(9-phenyl-4-

methylfluorenyl) zirconium dichloride. 

11. A metallocene according to claim 1, named (9-isopropylfluorenyl) 

( cyclopentadienyl) zirconium dichloride. 

12. A metallocene according to claim 1, named (9-trimethylsilylfluorenyl) 

( cyclopentadienyl) zirconium dichloride. 

13. A metallocene according to claim 1, wherein Cp~ is cyclopentadienyl, 

Me is Zr, and Q is Cl. 

CASE: 33212 
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14. A metallocene according to claim 13, wherein Fl~ is a 9-substituted 

fluorenyl having no other substituents. 

15. A metallocene according to claim 14, wherein the substituent on the 9 

position of Fl~ is selected from the group consisting of methyl, isopropyl, t-butyl, 

cyclqhexyl, phenyl, o-tolyl, p-tolyl, p-fluorophenyl, and trimethylsilyl. 

16. A metallocene according to claim 1, named (9-trimethylsilyl-2,7-di-tert-

butyl fluorenyl) cyclopentadienyl) zirconium dichloride. 

17. A metallocene according to claim 1, wherein Fl~ and CpRui are the 

same and Q is Cl. 

18. A metallocene according to claim 17, wherein Fl~ is selected from the 

group consisting of 9-methyl fluorenyl, 9-isopropyl fluorenyl, and 9-trimethylsilyl 

fluorenyl. 

19. 

20. 

21. 

A metallocene according to claim I, wherein Cp is indenyl. 

A metallocene according to claim 19, wherein mis 0. 

A metallocene according to claim 20, wherein (Fl~ is selected from the 

group consisting of 9-methyl fluorenyl, 9-isopropyl fluorenyl, and 9-trimethylsilyl 

fluorenyl. 

22. A process for preparing a polymer comprising contacting an olefm under 

suitable reaction conditions with a metallocene of claim I. 

23. A process according to claim 22, wherein the polymerization is 

conducted using (9-cyclohexylfluorenyl) ( cyclopentadienyl) zirconium dichloride. 

24. A process according to claim 22, wherein the polymerization is 

conducted using (9-phenylfluorenyl) ( cyclopentadienyl) zirconium dichloride. 

25. A process according to claim 22, wherein the polymerization is 

conducted using (9-isopropylfluorenyl) ( cyclopentadienyl) zirconium dichloride. 

26. A process according to claim 22, wherein the polymerization is 

conducted using (9-trimethylsilylfluorenyl) ( cyclopentadienyl) zirconium dichloride. 

27. A process according to claim 22, wherein the polynieri2f1tion is 

conducted using (9-trimethylsilyl-2,7-di-tert-butyl fluorenyl) (cyclopentadri'· m~rn~~~~~s 

zirconium dichloride. 

28. A process according to claim 22, wherein (CpRui) is 

pentamethylcyclopentadienyl. 

29. A rocess accordin t 22, wherein the polymeriza~~b;;;;;;;;-..~~~~ 
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condu~ted using (9-tert-butyl fluorenyl) ( cyclopentadienyl) zirconium dichloride. 

30. A process according to claim 22, wh~rein the polymerization is 

conducted using (9-methyl fluorenyl) ( cyclopentadienyl) zirconium dichloride. 

31. A process according to claim 22, wherein the polymerization is 

conducted using bis(9-cyclohexylfluorenyl) zirconium dichloride. 

32. A process according to claim 22, wherein the polymerization is 

conducted using bis(9-phenylfluorenyl) zirconium dichloride. 

33. 

34. 

A process according to claim 22, wherein ethylene is polymerized. 

A process according to claim 22, wherein the polymerization is 

conducted using a metallocene in which Cp is indenyl. 

35. A process according to claim 34, wherein mis 0. 

36. A process according to claim 35, wherein (Fl~) is selected from the 

group consisting of 9-methyl fluorenyl, 9-isopropyl fluorenyl, and 9-trimethylsilyl 

fluorenyl.. 
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