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BRIDGED MBTALLOCENES, PREPARATION, USE IN CATALYTIC SYSTEMS 

FIELD OF THE INVENTION 

The present invention relates to a new class of metallocene compounds, to a catalyst for 

the polymerisation of olefins containing them and to a polymerisation process carried out in the 

presence of said catalyst. The invention also relates to the corresponding ligands useful as 

intennediates in the synthesis of said metallocene compounds, a..o;; well as to processes for 

preparing said ligands and said metallocene compounds. 

DESCRIPTION OF THE PRIOR ART 

Metallocene compounds with two cyclopendadienyl groups are known as catalyst components 

for the polymerisation of ole:fins. 

European Patent 0 129 368, for instance, describes the polymerisation of olefins in the presence 

of a bis-cyclopentadienyl co-ordination complex containing a transition metal. The two 

cyclopentadienyl groups can be linked by a bridging group, which is generally a divalent 

radical containing one or more carbon atoms or heteroatoms. 

Also known are bridged metallocene compounds wherein the cyclopentadienyl moiety is 

condensed to one aromatic or non aromatic ring, the cyclopentadienyl moieties being linked by 

an ethylene bridge. 

For example, European Patent Application EP-0 821 011 describes a process for the 

preparation of ethylene-based polymers in the presence of ethylenebis(4,7-dimethyl-1-

indenyl)zirconium dichloride. The polymers obtained are endowed with low molecular weight. 

Moreover, the manufacture of ethylene-bridged metallocenes involves the use of the 

carcinogenic 1,2-dibromoethane. 

As regards metallocenes having two equally substituted indenyl groups linked by a bridging 

group longer than two carbon atoms, only a few compounds have been disclosed. 

For example. EP-A-0 399 348 and EP-A-0 459 320 describe the polymerisation of ethylene in 

the presence of propylenebis(l-indenyl)zirconiwn dichloride. Although the polyethylene 

obtained has industrially acceptable molecular weight, the metallocene used in the 

polymerisation process has low polymerisation activity. 

W.A.Hemnann et aL in Angew. Chem. Int. Ed. Engl. 28 (1989), No. 11, describes the use of 
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metallocenes containing two indenyl groups linked by a 1,2-bis(dimethylsilyl)ethane group for 

the polymerisation of olefins. Although completely inactive toward propylene, an activity 

toward ethylene was observed. However, there are no data reported about the molecular 

weight of the polymers. 

It would be desirable to find carbon-bridged metallocenes which, when used in catalysts for the 

polymerisation of olefins, are suitable for the preparation of polyolefins, with the advantage of 

having higher polymerisation activities and of yielding polymers having iinproved molecular 

weights. It would also be desirable to avoid using the carcinogenic 1,2-dibromoethane used for 

the preparation of metallocenes. 

A novel class of metallocene compounds has now unexpectedly been found which has two 

identical indenyl ligands which are linked to one another by a bridging group longer than an 

ethylene radical and which can advantageously be used as catalyst components for the 

polymerisation of olefins. 

According to a first aspect, the present invention provides a metallocene compound of the 

formula (la): 

p (Ia) 

or 
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(lb) 

wherein 

R1
, same or different from each other, are C1-C20-a1kyl, C3-C20-cycloalkyl, C:z-C20-alkenyl, 

C6-Ci0-aryl, C7-C20-alkylaryl or C7-C20-arylalkyJ radicals, optionally containing silicon or 

germanium atoms, and optionally two adjacent R1 substituents can form a ring comprising 

from 5 to 8 carbon atoms; 

R2
, same or different, are hydrogen atoms, C1-C20-alkyl, C3-C20-cycloalkyl, C:z-C20-alkenyl, 

C6-Cio-aryl, C1-C20-alkylaryl, C1-C;i0-arylalkyl, NR3
2, PR3

2, AsR3
2, OR3

, SR3 or SeR3 radicals, 

optionally containing silicon, gennanium or halogen atoms; and optionally two adjacent R2 or 

R3 substituents can fonn a ring comprising from 5 to 8 carbon atoms; 

M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or to the 

lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC version), 

M' is an atom of a transition metal selected from those belonging to group 3 or to the 

lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC version), 

X, same or different, is a monoanionic ligand, such as a hydrogen atom, a halogen atom, an R'1, 

OR\ OS02CF3, OCOR', SR\ NR4
2 or PR4

2 group, wherein the substituents R4 are a 

C1-C20-alkyl, C3-Cw-cycloalkyL C:rC:z0-alkenyl, C6-C2ctaryl, C7-C20-alkylaryl or C7-C20-arylalkyl 

radical, optionally containing silicon or germanium atoms; 

and optionally the six-membered rings of the compounds of formula (la) and (lb) are 

perhydrated; 

q is an integer from 3 to 5; 

n is an integer from 1 to 4, when the six-membered rings of the compound of fommla (la) are 

not perhydrated, and is an integer of from 0 to 4, when the six-membered rings of the 

compound of formula (Ia) are perhydrated as well as in the compound of fonnuJa (lb); 
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pis an integer from 0 to 3, being equal to the oxidation state of the metal M minus two. 

The transition metal M in compound of formula (la) is preferably selected from the group 

consisting of titanium, zirconium, hafuiwn, yttrium and scandium. 

Non limiting examples belonging to this class are: 

1,3-propandiylbis( 4-methyl-1-indenyl)zirconiwn dichloride and dimethyl, 

l ,3-propandiylbis(5-methyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis(6-methyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-dimethyl-1-indenyl)zirconiurn dichloride and dimethyl, 

1,4-butandiylbis( 4. 7-dimethyl-1-indenyl)zirconium dichloride and dimethyl! 

1,5-pentandiylbis( 4, 7-dimethyl-1-indenyl)zirconium dichloride arid dimethyl, 

1,6-hexandiylbis( 4, 7-dimethyl-1-indenyl)zirconiurn dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-dicthyl-1-indenyl)zirconium dichloride and dimethyl, 

1,4-butandiylbis( 4, 7-diethyl-1-indenyl)zirconium dichloride and dimethyl, 

l ,5-pentandiylbis( 4, 7-diethyl-1-indenyl)zirconium dichloride and dimethyl, 

1,6-bexandiylbis( 4, 7-diethyl-l -indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-diisopropyl-1-indenyl)zirconiwn dichloride and dimethyl, 

1,4-butandiylbis( 4, 7-diisopropyl-1-indenyl)zirconiurn dichloride and dimethyl, 

1,5-pentandiylbis( 4, 7-diisopropyl-1-indenyl)zirconium dichloride and dimethyl, 

1,6-hexandiylbis( 4, 7-diisopropyJ-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiyl( 4,7-diisopropyl-J ... indenyl)(4-isopropyl-l-indenyl)zirconium dichloride and 

dimethyl, 

1,4-butandiyl( 4,7-diisopropyl-1-indenyl)( 4-isopropyl-1-indenyl)zirconium dichloride and 

dimethyl, 

1,5-pentandiyl( 4. 7-diisopropyl-1-indenyl)( 4-isopropyl-1-indenyl)zirconiurn dichloride and 

dimethyl, 

1,6-hexandiyl( 4, 7-diisopropyl-l-indenyl)( 4-isopropyl-1-indenyl)zirconium dichloride and 

dimethyl, 

1,3-propandiy Ibis( 4. 7-dimethy 1-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 1-tetrahydroindenyl)zirconium dichloride and diµiethyl, 

1,4-butandiylbis( 4,7-dimethyl-1-tetrahydroindenyl)zirconiwn dichloride and dimethyl, 

1,4-butandiylbis( 1-tetrahydroindenyl)zirconium dichloride and dimethyl, 
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1,5-pentandiylbis( 4. 7-dimethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,5-pentandiylbis(l-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,6-hexandiylbis( 4, 7-dimethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl. 

1,6-hexandiylbis(l-tetrahydroindenyJ)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-diethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,4-butandiylbis( 4, 7-diethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,5-pentandiylbis( 4, 7-diethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,6-hexandiylbis( 4, 7-diethyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-diisopropyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

l ,4-butandiylbis( 4, 7-diisopropyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,5-pentandiylbis( 4, 7-diisopropyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,6-hexandiylbis( 4, 7-diisopropyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4,7-ditrimethylsilyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,4-butandiylbis( 4, 7-ditrimethylsilyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,5-pentandiylbis( 4, 7-ditrimethylsilyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,6-hexandiylbis{ 4, 7-ditrimethylsilyl-1-tetrahydroindenyl)zirconium dichloride and dimethyl, 

1,3-propandiyJbis( 4-methyJ-1-indenyl)yttrium bistrimethylsilylmethyl, 

l ,3-propandiylbis(S-methyl-1-indenyl) yttrium bistrimethylsilylmethyl, 

l ,3-propandiylbis{6-methyl-I-indenyl) yttrium bistrimethylsilylmethyl, 

1,3-propandiylbis( 4, 7-dimethyl-1-indenyl) yttrium bistrimethylsilylmethyl, 

1,4-butandiylbis(4,7-dimethyl-1-indenyl)yttrium bistrimethylsilylmethyl, 

1,5-pentandiylbis( 4, 7-dimethyl-1-indenyl) yttrium bistrimethylsilylmethyl. 

l,6-hexandiylbis(4,7-dimethyl-l-indenyl) yttrium bistrimethylsilylmethyl, 

1,3-propandiylbis( 4, 7-dimethyl-1-indenyl) scandium bistrimethylsilylmethyl, 

1,4-butandiy Ibis( 4, 7-dimethyl-l-indenyl) scandium bistrimethylsilylmethyl, 

1,5-pentandiylbis( 4. 7-dimethyl-1-indenyl) scandium bistrimethylsilylmethyl, 

1,6-hexandiy Ibis( 4. 7-dimethyl-1-indenyl) scandium bistrimethylsilylmethyl. 

1,3-propandiyl( 4. 7-dimethyl-1-indenyl)( 4-methyl-1-indenyl)scandium bistrimethylsilylmethyl, 

l,4-butandiyl(4,7-dimethyl-l-indenyl)(4-methyl-1-indenyl)scandium bistrimethylsilylmethy1, 

1,5-pentandiyl( 4. 7-dimethyl-1-indenyl)( 4-methyl-1-indenyl)scandium bistrimethylsilylmethyl. 

1,6-hexandiyl( 4,7-dimethyl-1-indenyl)( 4-methyl-1-indenyl)scandium bistrimethylsilylmethyl 
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Non-limiting examples belonging to the class of compounds of formula (lb) are: 

di[l ,3-propandiylbis( 4, 7-dimethyl-1-indenyl) yttrium hydride]; 

di[ 1,4-butandiylbis( 4. 7;.dimethyl-1-indenyl) yttrium hydride]; 

di[l ,5-pentandiylbis( 4, 7-dimethyl-1-indenyl) yttrium hydride]; 

di[l,6-hexandiylbis(4,7-dimethyl-1-indenyl) yttrium hydride]; 

di[l ,3-propandiylbis( 4, 7-dimethyl-1-indenyl) scandium hydride]; 

di[l ,4-butandiylbis( 4, 7-dimethyl-1-indenyl) scandium hydride]; 

di[l,5-pentandiylbis(4,7-dimethyl-l-indenyl) scandium hydride]; 

di[l ,6-hexandiylbis( 4, 7-dimethyl-1-indenyl) scandium hydride]; 

di[l ,3-propandiyl( 4, 7-dimethyl-1-indenyl) ( 4-methyl-1-indenyi) scandium hydride]; 

di[l,4-butandiyl(4,7-dimethyl-1-indenyl) (4-methyl-1-indenyl) scandium hydride]; 

di[l ,5-pentandiyl( 4, 7-dimethyl-1-indenyl) ( 4-methyl-1-indenyl) scandium hydride]; 

di[l,6-hexandiyl( 4, 7-dimethyl-1-indenyl) ( 4-methyl-1-indenyl) scandium hydride]. 

A particularly interesting class of metallocenes according to the invention is that of the 

compounds of the formula (la), wherein the transition metal Mis zirconium, the X substituents 

are chlorine atoms or methyl groups, the substituents R2 are hydrogen atoms and q is 3. Still 

particularly preferred are those compounds in which n is 2 and the two R1 substituents are in· 

position 4 and 7 on the indenyl moieties. 

Non limiting examples of that class are: 

1,3-propandiylbis( 4, 7-dimethyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-diethyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-diisopropyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-ditertbutyl-1-indenyl)zirconiurn dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-di-n-butyl-1-indenyl)zirconiurn dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-dicyclopropyl-l-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4,7-dicyclobutyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-dicyclopentyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-dicyclohexyl-1-indenyl)zirconium dichloride and dimethyl. 

1,3-propandiylbis( 4, 7-diphenyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-ditrirnethylsilyl-1-indenyl)zirconium dichloride and dimethyl, 

1,3-propandiylbis( 4, 7-ditrimethylgermilyl-l-indenyl)zirconium dichloride and dimethyl. 
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According to another aspect of the present invention there is provided a class of ligands of 

formula (II): 

(II) 

wherein 

R1
, R 2, n and q have the meaning as reported above. 

The two double bonds of the cyclopentadienyl ring of the ligands of formula (II) can be in any 

of the allowed positions. 

The aforementioned compounds of fom1ula (II) are particularly useful as ligands for the 

preparation of the metallocene compounds offonnula (la) and (lb). 

An advantageous class of ligands according to the present invention corresponds to formula 

(II), wherein R2 are hydrogen atoms and q is 3. 

Non limiting examples of this class ofligands are: 

1,3-propandiylbis( 4. 7-dimethyl-1-indenyl), 

1,3-propandiylbis( 4, 7-diethyl-1-indenyl), 

1,3-propandiylbis( 4, 7-diisopropyl-1-indenyl), 

1,3-propandiylbis( 4, 7-ditertbutyl-1-indenyl), 

1,3-propandiylbis(4, 7-di-n-butyl-1-indenyl), 

1,3-propandiylbis( 4, 7-dicyclopropyl-l-indenyl), 

1,3-propandiylbis( 4,7-dicyclobutyl-1-indenyl), 

1,3-propandiylbis( 4, 7-dicyclopentyl-1-indenyl), 

l,3-propandiylbis(4,7-dicyclohexyl-1-indenyl), 

1,3-propandiylbis( 4, 7-ditrimethylsilyl-1-indenyl), 

1,3-propandiylbis( 4,7-ditrimethylgennyl-1-indenyl). 

According to a further aspect of the present invention there is provided a process for the 

preparation of ligands of formula (II) comprising the following steps: 
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contacting a compound of fonnula (Ill): 

and its double bond isomers, wherein 

R1 and n have the meaning as reported above, with a compound of general fonnula (CR2)qZi, 

wherein R2 and q are defined as above, and Z is a halogen atom, in the presence of a base, to 

fonn a compound of formula (II). 

As to the structural bridge (CR2)q in the above ligands, R2 and q have the meaning as defined 

above. 

Non limiting examples of bases used to form the compound offonnula (II) are hydroxides and 

hydrides of alkali- and earth-alkali metals, metallic sodium and potassium and organometallic 

lithium salts. Preferably, methyllithium or n-butyllithium is used. 

Non limiting examples of compounds of general formula (CR\Z2 are 1,6-dibromohexane, 1,5-

dibromopentane, 1,4-dibromobutane and 1,3-dibromopropane. Most preferably, 1,3-

dibromopropane is used. 

The synthesis of the above bridged ligands of formula (II) is preferably carried out by adding a 

solution of an organic lithium compound in an apolar solvent to a solution of the compound 

(III) in an aprotic polar solvent. The thus obtained solution containing the compound (III) in the 

anionic form is then added to a s?lution of the compound of formula (CR\Z:i in an aprotic 

polar solvent. The bridged ligand can be finally separated by conventional general known 

procedures. 

Not limiting examples of aprotic polar solvents which can be used in the above process are 

tetrahydrofurane, dimethoxyethane, diethylether, toluene and dichloromethane. Not limiting 

examples of apolar solvents suitable for the above process are pentane, hexane and benzene. 

During the whole process, the temperature is preferably kept between -180°C and 80°C, and 

more preferably between -20°C and 40°C. 

A still further aspect of the present invention is a process for the preparation of the metallocene 

compounds of formula (Ia), obtainable by contacting the ligand of formula (II) as described 

above, with a compound capable of forming a corresponding dianionic compound thereof and 

thereafter \\ith a compound of formula ~2, wherein M, X and p have the meanings as 
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defined above. 

The compound able to form said dianion is selected from the group consisting of hydroxides 

and hydrides of alkali- and earth-alkali metals, metallic sodium and potassium, and 

organometallic lithium salts, and preferably said anion is n-butyllithium. 

Non-limiting examples of compounds of fonnula ~2 are titanium tetrachloride, zirconium 

tetrachloride and hafnium tetrachloride. Preferably, zirconium tetrachloride is used. 

TI1e metallocene compounds of formula (la) can be prepared by first reacting the bridged 

ligands of formula (II), prepared as described above, with a compound able to form a 

delocalized anion on the cyclopentadienyl rings, and thereafter with a compound of formula 

~2• where.in M and the substituents X are defined as above. 

More specifically, said bridged ligands of formula (II) are dissolved in an aprotic polar solvent 

and to the obtained solution is added a Solution of an organic lithium compound in an apolar 

solvent. The thus obtained anionic form is separated, dissolved in an aprotic polar solvent and 

thereafter added to a suspension of the compound ~+2 in an aprotic polar solvent. At the end 

of the reaction, the solid product obtained is separated from the reaction mixture by techniques 

commonly used in the state of the art. Non limiting examples of aprotic polar solvents suitable 

for the above reported processes are tetrahydrofurane, dimethoxyethane, diethylether, toluene 

and dichloromethane. Non limiting examples of apolar solvents suitable for the above process 

are pentane, hexane and benzene. 

During the whole process, the temperature is preferably kept between -I 80°C and 80°C, and 

more preferably between -20°C and 40°C. 

A particularly convenient method for preparing the metallocene compounds of formula (la) and 

(lb), in which the two six-membered rings of the indenyl groups are perhydrated, i.e. all carbon 

atoms of the six-membered ring of the indenyl radical are saturated, is the hydrogenation 

reaction of the corresponding metallocene compounds in which both indenyl groups are 

selected from the groups of formula (Ill}. The hydrogenation reaction is carried out in a 

solvent, such as CH2Cl2, in the presence of a hydrogenation catalyst, such as Pt02, and 

hydrogen. The hydrogen pressures are preferably comprised between 1 and 100 bar, and the 

temperatures are preferably comprised between-50 and 50°C. 

When at least one X substituent in the metallocene compound of formula (I) is different from 

halogen, it is necessary to substitute at leas~ one substituent X in the obtained metallocene with 

9 



W000/31088 PCT/EP99/08378 

at least another substituent different from halogen. Such a substitution reaction is carried out by 

methods known in the state of the art. For example, when the substituents X are alkyl groups, 

the metallocenes can be reacted with alkylmagnesium halides (Grignard reagents) or with 

lithiumalkyl compounds. 

According to another embodiment, when in formula (la) the X groups have the meaning of -

R4
, as defined above, the metallocenes of the invention can be obtained by reacting directly a 

ligand of formula (II) with at least one molar equivalent of a compound of formula MX5, in the 

presence of at least (p+2) molar equivalents ofa suitable alkylating agent, wherein R'1, Mand X 

have the meaning reported above and s is an integer corresponding to the oxidation state of the 

metal M and ranges from 3 to 6. Said alkylating agent can be an alkaline or alkaline-earth 

metal, such as LiR4 or MgR\, or a Grignard reagent, such as R1MgCl or R4MgBr, as described 

in WO 99/36427. 

During the whole process, the temperature is preferably kept between -180°C and 80°C, and 

more preferably between -20°C and 40°C. 

According to a still further aspect of the present invention it is provided a process for the 

preparation of metallocene compounds of formula (lb), comprising the following steps: 

a) contacting a compound of formula (II) as defined above with a base selected from 

hydroxides and hydrides of alkali- and earth alkali metals, metallic sodium and potassium 

and organic lithium compounds. wherein the mole ratio between said base and the 

compound of formula (II) is at least 2. 

b) contacting the product obtained under a) with a compound of formula (IV) M'X3, M' 

being defmd as above, and X is a halogen atom, in the presence of a polar aprotic 

solvent selected from dimethoxyethane. diethylether, tehtrahydrofurane, toluene and 

dichloromethane; 

c) treating the obtained product with a compound of formula M"CH(TMS):i. {TMS= 

trimethylsilyl), M" being an alkali metal, and subsequent 

d) treating the product of step c) in a stream of hydrogen. 

Preferably the base as used in step a) is n-butyllithium. More specifically, said bridged 

ligands of formula (II) are dissolved in an aprotic polar solvent and to the obtained solution is 

added a solution of an organic lithium compound in an apolar solvent. The thus obtained 

anionic form is separated, dissolved in an aprotic polar solvent and thereafter added to a 
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suspension of the compound M'X3 in an aprotic polar solvent. At the end of the reaction, the 

solid pro4uct obtained is separated from the reaction mixture by teclmiques commonly used in 

the state of the art. Non limiting examples of aprotic polar solvents suitable for the above 

reported processes are tetrahydrofurane, dimethoxyethane, diethylether, toluene and 

dichloromethane. Preferably the polar aprotic solvent used in step b) is tetrahydrofurane. 

Preferably the compound of fonnula (IV) is ScC13 cir YC13• 

Preferably the compound of fonnula M"CH(TMS)2 is LiCH(TMS)2, NaCH(TMS)2 and 

KCH(TMS)2• Most preferably, LiCH(TMS)2 is used. 

During the whole process, the temperature is preferably kept between -180°C and 80°C, and 

more preferably between -20°C and 40°C. 

The metallocene compounds of the present invention can conveniently be used as catalyst 

components for the polymerisation of olefins. 

Thus,, according to a still further aspect of the present invention there is provided a catalyst for 

the polymerisation of olefins, obtainable by contacting: 

(A) a metallocene compound of formula (la), and 

( B) an alumoxane and/or a compound capable of forming an alkyl metallocene cation. 

The alumoxane used as component (B) can be obtained by reacting water with an organo­

aluminium compound of formula AIR\ or Al2Rs 6, wherein the Rs substituents, same or 

different from each other. are hydrogen, C1-C20-alkyl, C~-C20-cyclalk:yl, C6-C:?0-aryl, C,-C20-

a1kylaryl or C7-C20-arylalkyl, optionally containing silicon or gennanium atoms In this reaction 

the molar ratio of Al/water is comprised between l : 1 and I 00: 1. 

The molar ratio between aluminium and the metal of the metallocene is comprised between 

about 10:1 and about 20000:1, and preferably between about 100:1 and about 5000:1. 

The alumoxancs used in the catalyst according to the invention are considered to be linear, 

branched or cyclic compounds containing at least one group of the type: 

R6 R6 
'At-o-A{ 

R6/ "-R6 

wherein the R6 substituents. same or different, are hydrogen atoms, C1-C20-alkyl, C3-C20-

cycla1kyl, C6-C20-aryl. C7-C:?O-alkylaryl or C;-C20-arylalkyl, optionally containing silicon or 

germanium atoms, or are a -0-Al(R6
) 2 group and, if appropriate, some R6 substituents can be 
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halogen atoms. 

In partic:ular, alumoxanes of the formula: 

can be used in the case of linear compounds, wherein n is 0 or an integer from l to 40 and the 

R6 substituents are defined as above, or alumoxanes of the formula: 

R6 
I 

(Al--O)n 

can be used in the case of cyclic compounds, wherein n is an integer from 2 to 40 and the R6 

substituents are defined as above. 

Examples of alumoxanes suitable for use according to the present invention are 

methylalumoxane (MAO), tetra-(isobutyl)alumoxane (TIBAO), tetra-(2,4,4-trimethyl­

pentyl)alumoxane (TIOAO), tetra-(2,3-dimethylbutyl)alumoxane (TDMBAO) and tetra-(2,3,3-

trimethylbutyl)alumoxane (TIMBAO). 

Particularly interesting cocatalysts are those described in WO 99/21899 in which the alkyl 

groups have specific branched patterns. 

Non-limiting examples of aluminium compounds according to said PCT application are: 

tris(2,3,3-trimethyl-butyl)aluminium, tris(2,3-dimethyl-hexyl)aluminium, tris(2,3-dimethy1-

butyl )aluminium, tris(2,3-dimethyl-pentyl)aluminium, tris(2,3-dimethyl-heptyl)aluminium, 

tris(2-methyl-3-ethyl-pentyl)aluminium, tris(2-methyl-3-ethyl-hexyl)aluminium, tris(2-methyl-

3-ethyl-heptyl)aluminium, tris(2-methyl-3-propyl-hexyl)aluminium, · tris(2-ethyl-3-methyl­

butyl)aluminium, tris(2-ethyl-3-methyl-pentyl)aluminium, tris(2,3-diethyl-pentyl)aluminium. 

tris(2-propyl-3-methyl-butyl)aluminium, 

tris(2-isobutyl-3-methyl-pentyl)aluminium, 

tris(2-isopropyl-3-methyl-butyl)aluminium, 

tris(2,3,3-trimethyl-pentyl)aluminium. 

tris(2,3,3-trimethyl-hexyl)aluminium, tris(2-ethyl-3,3-dimethyl-butyl)aluminium, tris(2-ethyl-

3 ,3-dimethyl-pentyl)aluminium, tris(2-isopropyl-3,3-dimethyl-butyl)aluminium. 

tris(2-trimethylsily1-propyl)aluminium, tris(2-methyl-3-phenyl-butyl)aluminium, tris(2-ethyl-3-

phenyl-butyl)aluminium, tris(2.3-dimethyl-3-phenyl-butyl)aluminium, as well as the cor­

responding compounds wherein one of the hydrocarbyl groups is replaced by an hydrogen 

atom. and those wherein one or two of the hydrocarbyl groups are replaced by an isobutyl 
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group. 

Amongst the above aluminium compounds, trimethylaluminium (TMA), triisobutylaluminium 

(TIBAL), tris(2,4,4-trimethyl-pentyl)aluminium (TIOA), tris(2,3-dimethylbutyl)aluminium 

(TDMBA) and tris(2,3,3-trimethylbutyl)aluminium (lTMBA) are preferred. 

In the catalyst used in the process according to the invention for the preparation of polyolefins, 

both the metallocene compound of the fonnula (Ia) and the alumoxane can be present as the 

product of the reaction with an organometallic aluminium compound of the fonnula AlR5
3 or 

AliR.56,in which the R5 substituents, same or different, are hydrogen atoms, halogen atoms, C1-

C20-alkyl, C3-C20-cyclalkyl, C6-C20-aryl, C7-C20-alkylaryl or C7-Cw-arylalkyl, optionally 

containing silicon or germanium atoms. 

Non-limiting examples of aluminiun1 compounds of the fonnula A1Rs3 or Al2R
5
6 are: Al(Me)3, 

Al(Et)3, AIH(Et)2, Al(iBu)3, Al(iHex)J, Al(i0ct)3, Al(C6Hs):;, Al{CH2C6H5}3, Al(CH2CMe3) 3, 

Al(CH2SiMe3) 3, Al(Me)2iBu, Al(Me)2Et, AlMe{Eth,, AIMe(iBu)2, Al(Me)2iBu, Al(Me)iCl, 

Al(Et)iCl, AlEtC12, Al2(Et)3Cl3, wherein Me=methyl, Et=ethyl. iBu=isobutyl, iHex=isohexyl, 

i0ct=2,4,4-trimethyl-pentyl. 

Non limiting examples of compounds able to fonn a metallocene all'Yl cation are compounds 

of formula T'D", wherein T' is a Br0nsted acid, able to give a proton and to react irreversibly 

with a substituent L of the metallocene of formula (Ia), and o· is a compatible anion, which 

does not co-ordinate, which is able to stabilise the active catalytic species which originates 

from the reaction of the two compounds and which is sufficiently labile to be able to be 

removed from an olefinic substrate. Preferably, the anion o· comprises one or more boron 

atoms. More preferably, the anion o· is an anion of the formula BAr<·>4, wherein substituents 

Ar~ the same or different from each other, are aryl radicals such as phenyl, pentafluorophenyl, 

bis(trifluoromethyl)phenyl. Particularly preferred is the tetrakis-pentafluorophenyl borate. 

Furthennore. compounds of formula BAr3 can be suitably used. 

The catalysts of the present invention are particularly suitable to be supported on inert carriers 

and used in the process of the present invention. This is obtained by depositing the metallocene 

(A). or the product of the reaction of the same with the component (B). or the component (B) 

and thereafter the metallocene (A), on supports such as for example silica, alumina, styrene­

divinylbenzene copolymers, polyethylene or polypropylene. 

The solid compound so obtained. in combination with further addition of the alkyl aluminium 
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compound as such or pre-reacted with water, is usefully employed in gas phase polymerisation. 

Catalysts of the present invention are useful in the homo;.. and copolymerization reaction of 

olefins. 

Therefore, a still further object of the present invention is a process for the polymerisation of 

olefins comprising the polymerisation reaction of at least an olefinic monomer in the presence 

of a catalyst as above described. 

The catalysts of the present invention can be used in the homo-polymerisation reaction of 

.olefins, preferably of ethylene for the preparation of HDPE. In ethylene polymerisation, the 

metallocenes of the invention show very good activities even when used in very low Al/Zr 

ratios. 

A particular advantage of the metallocenes of the general formula (lb) is their direct use in 

the polymerization process of olefins without the use ofa cocatalyst. 

Another interesting use of the catalysts according to · the present invention 1s m the 

copolymerization of ethylene v.ith alpha-olefins, such as propylene and I-butene. In particular, 

the catalysts of the invention can be used for the preparation ofLLDPE. 

Suitable ale.fins to be used as comonomers ·comprise a.-olefms of the formula CH2=CHR7
, 

wherein R7 is an alkyl radical having from 1to10 carbon atoms, and cycloolefins. Examples of 

these olefins are propylene, I-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-

decene, 1-dodecene, 1-tetradecene, 1-esadecene, 1-octadecene, 1-eicosene, allylcyclohexene, 

cyclopentene, cyclohexene, norbomene and 4,6-dimethyl-1-hcptene. 

The copolymers may also contain small proportions of units deriving from polyenes, in 

particular from straight or cyclic, conjugated or non conjugated dienes, such as 1,4-hexadiene, 

isoprene, 1,3-butadiene, 1,5-hexadiene and 1.6-heptadiene. 

The units deriving from a.-olefins of formula CH2=CHR7
, from cycloolefins and/or from 

polyenes are present in the copolymers preferably in amounts ranging from 1 % to 20% by 

mole. 

The saturated copolymers can contain ethylene units and a.-olefins and/or non conjugated 

diolefins able to cyclopolymerise. The unsaturated copolymers can contain, together with the 

units deriving from the polymerisation of ethylene and a.-olcfins, also small proportions of 

unsaturated units deriving from the copo1ymerization of one or more polyenes. The content of 
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unsaturated units is preferably comprised between 0 and 5% by weight 

Suitable non conjugated dio)efins able to cyclopolymerise comprise 1,5-hexadiene, 1,6-

heptadiene and 2-methyl-1,5-hexadiene. 

Non limiting examples of suitable polyenes are: 

(i) polyenes able to give unsaturated units, such as: 

- linear, non-conjugated dienes, such as 1,4-hexadiene trans, 1,4-hexadiene cis, 6-

methyl-1,5-heptadiene, 3, 7-dimethyl-1,6-octadiene and 11-methyl-l, l 0-dodecadiene; 

- bicyclic diolefms, such as 4,5,8,9-tetrahydroindene and 6 and 7-methyl-4,5,8,9-

tetrahydroindene; 

- alkenyl or alkyliden norbomenes, such as 5-ethyliden-2-norbomene, 5-isopropyliden-

2-norbomene and exo-5-isopropenyl-2-norbomene; 

- polycyclic diolefins, such as dicyclopentadiene, tricyclo-[6.2.1.0]4,9-undecadiene and 

the 4-methyl derivative thereof; 

(ii) non-conjugated diolefins able to cyclopolymerise, such as 1.5-hexadiene, 1 ,6-

. heptadiene and 2-methyl-1,5-hexadiene; 

(iii) conjugated dienes, such as butadiene and isoprene. 

·Polymerisation processes according to the present invention can be carried out in gaseous 

phase or in liquid phase, optionally in the presence of an inert hydrocarbon solvent either 

aromatic (such as toluene), or aliphatic (such as propane, hexane, heptane, isobutane and 

cyclohexane ). 

The polymerisation temperature is preferably ranging from about 0°C to about 250°C. In 

particular, in the processes for the preparation ofHDPE and LLDPE, it is preferably comprised 

between 20°C and 150°C and. more preferably between 40°C and 90°C, whereas for the 

preparation of the elastomeric copolymers it is preferably comprised between 0°C and 200°C 

and, more preferably between 20°C and l00°C. 

The polymerisation pressure is ranging from 0,5 to l 00 bar, preferably from 2 to 50 bar, and 

more preferably from 4 to 30 bar. 

The molecular weight of the polymers can be also varied merely by varying the polymerisation 

temperature, the type or the concentration of the catalytic components or by using molecular 

weight regulators such as. for example, hydrogen. 

The molecular weight distribution can be varied by using mixtures of different metallocenes, or 
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carrying out the polymerisation in several steps at different polymerisation temperatures and/or 

different ~oncentrations of the molecular weight regulator. 

The polymerisation yields depend on the purity of the metallocene component of the catalyst. 

Therefore, in order to increase the yields of polymerisation, metallocenes are generally used 

after a purification treatment. 

The components of the catalyst can be brought into contact before the polymerisation. The pre­

contact concentrations are generally between I and 1 o-s mol/l for the metallocene component 

(A), while they are generally between 10 and 1 o-s mol/l for the component (B). The pre-contact 

is generally effected in the presence of a hydrocarbon solvent and, if appropriate, of smalJ 

quantities of monomer. The pre-contact time is generally comprised between I minute and 24 

hours. 

The following examples are given to illustrate and not to limit the invention. 

GENERAL PROCEDURES CHARACTERIZATIONS 

The following abbreviations are used: 

THF = tetrahydrofuran 

NaOEt =sodium ethoxide 

BuLi = butyllithium 

MeOH =methanol 

EtOH = ethanol 

KH =potassium hydride 

TMSCl = trimethylsilylchloride 

PBDMI=l ,3-bis( 4, 7-dimethyl-1-indenyl)propane 

All operations were performed under nitrogen by using conventional Schlenk-line techniques. 

Solvents were distilled from blue Na-benzophenone ketyl (Et20), CaH2 (CH2C12) or AliBu3 

(hydrocarbons), and stored under nitrogen. BuLi (Aldrich) was used as received. 

The 1H-NMR analyses of the metallocenes were carried out on an AC200 Bruker spectrometer 

(CD2Cl2, referenced against the middle peak of the triplet of the residual CHDC12 at 5.35 ppm). · 

All NMR solvents were dried over P20s and distilled before use. Preparation of the samples 

were carried out under nitrogen using standard inert atmosphere techniques. The lanthanide 

hydrades and CHTMS2 alkyls were characterized in C6D6• 

PREPARATION OF THE LIGANDS 
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Synthesis of a, a'~o-Xylcnyl-bis-4,7-dimcthylindene 

In ·a 250 .ml round-bottom flask supplied with magnetic stirrer and dropping funneJ were placed 

14.4 g (0.1 mol) of 4,7-dimethylindene and 130 ml ofTHF. This reaction mixture was cooled 

down to -7&°C with acetone/dry ice mixture and 62.6 ml of 1.6 molar BuLi solution in hexane 

were added dropwise. Then, the cooling bath was removed and the temperature of the reaction 

mixture was slowly elevated until room temperature. The obtained dark colored mixture was 

transfonned into 250 ml dropping :funel and added dropwise during 1 h to the solution of 13 .2 g 

(0.05 mol) of ex., ex.'- dibromoxylene in 100 ml ofTHF under vigorous stirring. During all the 

addition procedure the temperature of the reaction mixture was stirred overnight. 10 ml of 

methanol were added and the solvents were removed under reduced pressure. The resulting 

solvent was suspended in 100 ml of hexane/CH2C12 (4:1) mixture and passed through silica 

gel using the same mixture as eluent. Then solvents were removed under reduced pressure and 

the resulting slightly yellow crystalline product was washed twice with small portions of cold 

ethanol and dried in vacuum. Yield: 78%. Purity: 95.6%. The desired product was determined 

by 1H-NMR spectroscopy. 

PREPARATION OF THE METALLOCENES 

The preparation of ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride EBDMIZrC12 was 

carried out according to the method described in the European patent application EP-0 821 011. 

Ethylen-bis(indenyl)zirconium dichloride EBIZrC12 was purchased from the Witco company. 

EXAMPLE I 

Preparation of rac/meso-J ,3-propa11d{vlbis(4, 7-dimet/1yl-l-inde11yl)zirconi11m dic/1/oride 

(rlm-PBDMIZrCl-J_ 

(1 a) Syntliesis of l ,3-bis(4, 7-dimetl1yl-J-i11deny/)propane. 

31 mL of BuLi 2.5 M in hexane (76 mmol) were added dropwise to a solution of 4,7-

dimethylindene (10.00 g, 69 mmol) in THF (30 mL) at -78 °C and stirred for 1 hour at the 

same temperature and another hour at ambient temperature. This mixture was added to a 

solution of 1,3-dibromopropane (3.92 mL, 38.6 mmol) in THF at-78 °C through an addition 

funnel over a period of 1.5 hours. The orange mixture was stirred at -78 °C for 2 hours, 

allowed to slowly wann to room temperature and kept at ambient temperature overnight (16 

h). The reddish-brown mixture was quenched with water (50 mL). The aqueous layer was 

extracted with Et20 (Sxl 00 mL). All organic layers were combined, washed with water (50 
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mL) and then brine (50 mL), and then dried over anhydrous MgS04 • Concentration of the 

organic ~ayer by rotary evaporator yielded 13.07 g of crude product, with a GC purity of 80 

% (theoretical yield based on 4,7-dimethylindene: 11.33 g; GC yield 92 %). Kugelrohr 

distillation (130-170 °C/0.2 mmHg) yielded 8.04 g (71 %) of l,3-bis(4,7-dimethyl-1-

indenyl)propane. Spectroscopically pure compound was obtained through re-crystallisation 

from MeOH. NMR (CDC13, o, ppm): 1.20-1.50 (m, 4H), 2.04-2.2{m, 2H), 2.34 (s, 6H), 2.38 

(s, 6H), 3.50 (br d, J=9.01Hz,2H), 6.49 (br d, J=5.64 Hz, 2H), 6.85-6.87 (m, 4H), 6.95 (br d, 

J=7 .63 Hz, 2H). 

(1 b) Sy11thesis of rac-l,3-propanediylhis(4, 7-dimetltyl-1-indenyl)ZrCI:!. (PBDMJZrCI,)_ 

from the ligand Li~ salt 

4.5 g of l,3-bis(4,7-dimethyl-1-indenyl)propane (MW 328.5 g/mol, 13.69 mmol) were 

dissolved in 63 ml ofEt20 in a 250 ml flask equipped with stirring bar. To this solution were 

added dropwise at -20°C 11.52 ml of n-BuLi 2.5 M in hexanes (28.8 mmol). At the end of 

the addition the white suspension was stirred for 5 hours at room temperature. 3 .26 g of 

ZrC14 (MW 233.03, g/mol, 13.98 mmol) were slurried in 40 ml of toluene in a 50 ml flask 

equipped with magnetic stirrer. Both the suspensions were cooled to -20°C, and then the 

slurry of ZrCl4 was added to the salt. The cooling bath was removed and the yellow 

suspension was stirred 16 hours. 

After this time, the mixture was filtered; the yellow precipitate isolated (6.78 g) was dried 

and analysed by 1H NMR·spectroscopy. 6.64 g of this product were extracted with 100 ml of 

toluene. The organic layer was concentrated in vacuo to obtain 2.89 g of yellow podwer 

(chemical yield 44 % }, wich was a mixture of 84: 16 r/m-PBDMIZrC12 (by 'H NMR). 

EXAMPLE2 

Preparation of. rac l,3-propandiylbis(4,7-dimethyl-1-i11de11yl) yttrium bis 

trimet/1.v/.sil_v/met/1_v/ene rac PBDMIYCH(TMS)1 

(2a) Preparation of PBDMIYCl£Li(THF)/ (rac,meso) 

1 g (MW 328.5, 3.04 mmol) of 1,3-bis(4,7-dimethyl-1-indenyl)propane was dissolved in 25 

ml of anhydrous THF and cooled to -20 °C. 4.2 ml (6.72 mmol) of 1.6 M n-BuLi in hexane 

was added in 10 min with stirring; then the mixture was allowed to reach room temperature 

and stirred for 4 h. A sample of this orange solution was analysed by 1H NMR spectroscopy 

to confirm the presence of the dilithio salt of the ligand. 
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To this solution. cooled to -39 °C, was added 0.59 g (MW 195.35, 3.04 mmol) ofYCll. The 

suspension was allowed to reach room temperature and then stirred overnight. The solvent 

was evaporated under reduced pressure and the remaining light pink solid, a mixture of 2: I 

rac/meso Y-chloride derivatives (by 1H NMR), was extracted with 30 ml of Et20. The ether 

phase was concentrated and washed with 20 ml of hexane. The white powder was dried to 

obtain 0.38 g (20%) of product. A portion of this powder underwent several extractions with 

Et20 and the ratio of the isomers was improved to 85:15 in favour to the rac fonn. Several 

efforts to purify the rac isomer, by crystallisation with cooled Et20, were unsuccessful. The 

desired compound was determined by 1H NMR. 

(2h) Preparation of rac PBDMIYCH(TMSb_. (rac) 

0.19 g (MW 636.7, 0.30 mmol) of a mixture of 85:15 raclmeso PBDMIYC12"Li(TI:IF)i+was 

suspended in 30 ml of anhydrous Et20 and cooled to -39 °C. 0.06 g (MW 166.1; 0.36 mmol) 

of LiCH(TMS)2 were added and the mixture was allowed to reach room temperature and 

then stirred for 2 h. No change of colour was observed during the reaction. The volatiles 

were removed in vacuum and the resulting white solid was extracted with 30 ml of hexane. 

The hexane phase was concentrated to yield 0.10 g (58 % from the rac/meso PBDMIYCl2-

Li(THF)2+) of a mixture of 92:8 rac/meso PBDMIYCH(TMS)2• The desired compound was 

determined by 1H NMR. 

Starting from 5.10 g (8.0 mmol) of 85:15 rac/meso PBDMIYC12"Li(THF)/ and foUowing the 

same procedure was obtained 2.81 g ( 61%) of a mixture of 85:15 rac/meso­

PBDMIYCH(TMS)2. 

A wash with I 0 ml of cold hexane afforded 1.6 g of a mixture of 92:8 raclmeso isomers. The 

remaining 1.2 g were dissolved in 30 ml of hexane and cooled to -39 °C; after several 

manipulations 0.027 g of pure rac PBDMIYCH(TMS)2 was obtained. Because of this low 

yield in the purification step, it was decided to keep the mixture of 92:8 raclmeso isomers as 

such. Several efforts to crystallise the little amount of the pure rac PBDMIYCH(TMS)2 with 

hexane-toluene, were unsuccessful. The desired compound was determined by 1H NMR. 

2c) Preparation of meso PBDMIYCH(TMS)2 

The above procedure was carried out with 1.29 g (2.02 mmol) of a mixture of 1 :9 rac/meso 

PBDMIYC12-Li(THF)2 .. (rac, meso ), 50 mL of Et20 and 0.33 g (2.02 mmol) of LiCH(1MS)2 

The volatiles were removed in vacuum aJld the resulting solid was extracted twice with 
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hexane (2 x 60 mL ). The hexane phase was concentrated to yield 0.59 g (51 % ) of a mixture 

of I :9 r_aclmeso PBDMIYCH(TMS)2 (rac, meso) and washed with 20 mL of hexane. The 

white solid phase was dried to yield 0.33 g (29% from the starting material) of meso 

PBDMIYCH(TMS)2• 

EXAMPLE3 

Preparatio11 of rac J,3-propa11diylbis(4~7-dimet/1yl-l-indenyl) scandium bis 

trimet/1ylsilylmethylene rac PBDMJScCH(TMSh_ 

(3a) Preparation of PBDMIScCliLi(THF)2+ 

The above procedure as described under (2a) was carried out with 0.48 g (1.47 mmol) of 

PBDMI: 30 mL of THF, 2 mL (3.23 mmol) of 1.6 M n-:auLi in hexane and 0.22 g (1.47 

mrnol) of ScCl3• The solvent was evaporated under reduced pressure and the yellow solid 

(0.55 g) was divided into two p<5rtions. 0.30 g were extracted with 30 mL ofEtiO. The ether 

phase was concentrated and extracted with 30 mL of hexane. The solvent was removed in 

vacuum to yield 0.07 g (15% yield considering that using 0.55 g of crude we would have had 

0.13 g of product) of rac PBDMIScCliLi(THF)/ (principally only one Isomer by 1H NMR 

spectroscopy) as yellow powder. A sample of this powder was crystallised in Et20 at -39 °C 

and gave yellow crystals of pure rac PBDMIScCl;Li(Et20)t. The desired compound was 

characterized by 1H-NMR spectroscopy. 

(3b) Preparation of rac PBDMIScCH(TMS)2 

The above procedure was carried out with 0.25 g of rac PBDMIScCliLi(THF)2 + 30 mL of 

Et20 and 0.086 g (0.52 mmol) of LiCH(TMS)2• The volatiles were removed in vacuum and 

the resulting solid was extracted with 30 mL·of hexane. The hexane phase was concentrated 

to yield rac PBDMIScCH{TMS)2 as a yellow powder. 0.032 g (I 0% starting from the ligand 

and considering that using 0.55 g of crude we would have obtained 0.07 g) of this product 

was recovered. The desired compound was characterized by 1H-NMR spectroscopy. 

EXAMPLE4 

Preparatio11 · of raclmeso I ,3-propandiy/his(4, 7-dimethyl-1-indenyl) luthenium his 

trimet/1ylsilvlmethylene rac PBDM/LuCH(TMS)2 

0.11 g (0.35 mrnol) of l,3-bis(4,7-dimethyl-1-indene)propane were dissolved in 30 mL of 

anhydrous THF and cooled to -20 °C. 0.5 mL (0.77 mrnol) of 1.6 M n-BuLi in hexane were 

added in 10 min with stirring. and the mixture was allowed to reach room temperature and 
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then stirred for 4 h. A sample of this solution was analysed by 1H NMR spectroscopy to 

confirm the presence of the dilithio salt of the ligand. To this solution, cooled to -39 °C, was 

added 0.06 g (0.35 mmol) of LuC13• The suspension was allowed to reach room temperature 

and then stirred overnight. The solvent was evaporated under reduced pressure. The crude of 

the reaction showed (by 1H NMR spectroscopy) the presence of 3 pairs of Me signals in a 

ratio of2.6:1 :1 (see above procedure). The reaction mixture was suspended in 20 mL ofEtiO 

and cooled to -39 °C. 0.06 g (0.35 mmol) of LiCH(TMS)2 was added and the mixture was 

allowed to reach room temperature and then stirred for 2 h. The volatiles were removed in 

vacuum and the resulting solid extracted with 30 mL of hexane. The hexane phase was 

concentrated to yield 0.138 g (52% starting from the ligand) of a mixture of 80:20 rac/meso 

PBDMILuCH(TMS)2• No efforts to crystallise this powder were made. The desired 

compound was characterized by 1H-NMR spectroscopy. 

EXAMPLES 

Preparation of the dimeric hydride 

Synthesis of rac [PBDMIYHh 

A few mg of rac PBDMIYCH(1MS)2 were dissolved in 0.6 mL of C6D6 and transferred to a 

NMR tube closed with a rµbber cap. 5 ml of H2 was added via a syringe. The reaction was 

followed by 1H NMR spectroscopy. After 2 hat room temperature the starting material had 

disappeared and signals due to roe [PBDMIYH)2 appeared. The desired compound was 

characterized by 1H-NMR spectroscopy. 

EXAMPLE6 

Preparation of rac-l,3-propandiy/his(tetra/1ydroindenyl)zirconi11m dic/1/oride (r­

PBTHIZrCI-) r-PBTHIZrCI'!. 

1.457 g of rac-PBIZrCI2 (MW 432.5 g/mol, 3.37 mmol), 150 mg of Pt02 Adams' catalyst, 

and 50 ml of CH2Cl2 were placed in a 100 ml flask equipped with a magnetic agitator. The 

suspension was stirred few minutes at room temperature and then transfered into a 100 ml 

glass autoclave. 5 atm of H::? were added to the autoclave, and then the mixture was let to stirr 

4 hours at room temperature. After that time, a filtration on a G3 filter and several washings 

with CH2Cl::?, allowed to separate the solid from the soluble layer. The organic phase was 

reduced to a volume of 2 ml and let to crystallize at 0°C overnight. The white crystals were 
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collected and dried to obtain 0.862 g (58 % chemical yield) of the desired product by 1H 

NMR analysis. 

EXAMPLE7 

Synthesis of meso-l ,3-propanediylhis(4, 7-dimethyl-1-inden,vl)ZrC/2 (meso-PBDMIZrCll}: 

a. Synthesis of l ,3-bis(3-trimethylsilyl-4, 7-dimethyl-1-indenyl)propane. 

7.5 g of PBDMIH2 (MW 328.S g/mol, 5.0 mmol) were suspended in 12 mL ofTHF in a 25 

mL flask equipped with stirring bar. This suspension was transferred at room temperature in 

a SO mL flask containing 0.45 g ofKH (MW 40.11, 11 mmol}, and 4 mL ofTHF. At the end 

of the addition the thick suspension was stirred for 1.5 hours (when H2 evolution ceased): a 

brown solution was obtained, to which was then added dropwise at room temperature a 

solution of 1.4 mL of Me3SiCl (MW 108.64, d 0.856, 11 mmol) in 4 mL of THF. At the end 

of the addition the mixture was stirred for additional 16 h. The brown milk was treated with 

40 mL of water (phase separation is observed), extracted with E~O, the organic phase 

separated and dried over MgS04• After filtration and drying, 2.2 of orange oil were obtained 

(93 % yield). 1H NMR confirms the product. 

b. Synthesis of meso-1,3-propanediylbis( 4, 7-dimethyl-1-indenyl)ZrCl2 from the ligandTMS2 

derivative. 

1.1 g of ZrC14 (MW 233.03 g/mol, 4.6 mmol), 10 mL ofCH2CI2 and 2.17gof1,3-bis(3-

trimethylsilyl'-4,7-dimethy1-1-indenyl)propane (MW 472.53, 4.6 mmol) were charged in a 50 

mL flask: a red suspension was obtained which was stirred for 5 h at room temperature. The· 

reaction was stopped by removing all volatiles in vacuo. The red paste was washed with 

pentane, to give a brown powder, that was extracted with toluene (until the residue was 

colourless), dried and washed with EtOH (5 mL) and Et20 (2x5 mL), dried to give a yellow 

powder (0.13 g, 6 % ) which contains (1H NMR) only meso-PBDMIZrC12• 

EXAMPLE 8 (comparison) 

Preparation of 1,3-propa11d{rlbis(indenyl)zirco11ium dic/1/oride 

(Ba) Synthesis o/ l,3-bis(i11de11yl)propane. 

12.8 mL of indene (91 % by GC, 0.1 mol) and 130 mL of THF were placed in a 250 mL 

flask equipped with stirring bar and dropping funnel. After cooling to -78 °C, 62.6 mL of 1.6 

M BuLi solution in hexane were added dropwise. At the end of the addition the reaction 

mixture was allowed to warm to room temperature. The so obtained dark solution was 
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transferred into a 250 mL dropping funnel connected to a 0.5 L flask, and then added 

dropwise over 1 h to a solution of 10.l g (5 mL, 0.05 mol) of 1,3~dibromopropane in 100 mL 

THF under vigorous stirring, while keeping the temperature of the reaction mixture in the 

range -70 to -75 °C throughout the addition. The cooling bath was removed and the mixture 

stirred overnight. l 0 mL MeOH were then added and the solvents removed under reduced 

pressure. The obtained solid was suspended in 100 mL of a 4:1 hexane-CH2Cl2 mixture and 

passed through silica gel using the same mixture as eluenl The solvenlc; were removed under 

reduced pressure and the resulting slightly yellow crystalline product was washed twice with 

small portions of cold ethanol and dried in vacuum. Yield 72 %, purity 95.2 % (G.C.). 

(8h) Syntltesis of 1,3-bis(3-trimethylsilyl-J-indenyl)propane. 

The above product was dissolved in THF and treated with 2 eq. ofBuLi in hexane at -78 °C. 

The dianion was then quenched with two eq. TMSCI and the reaction mixture stirred for 

some hours at room temperature, then treated with water. The product was isolated by 

removing the solvents under reduced pressure, dissolving in CH2Cl:!> filtering and drying. 

(Be) Synthesis of rac/meso-1,3-propanediylbis(l-i11denyl)ZrCI!. (rlm-PBIZrCll from TMS. 

2.5 g of ZrC14 (MW 233.03 g/mol, 10.73 mmol), 40 mL of CH2Cl2 and 4.5 g of l,3-bis(3-

trimethylsilyl-indenyl)propa11e (MW 416.8, 10.73 mmol) were charged in a 100 mL flask: a 

dark brown suspension was obtained which was stirred for 4 h at room temperature. The 

reaction was stopped by removing all volatiles in vacuum. The brown powder was 

transferred on a frit and washed with EtOH (5 mL) and Et20 (3x10 mL), dried and extracted 

with toluene (until the residue was colourless), the extract dried to yield a yellow powder 

(0.4 gt 9 %) which analyses (1H NMR) as 4:1 r/m-PBIZrC12• 

9 Syntltesis of rac-J ,3-propanediylbis(l-indenyl)ZrC/l (r-PBIZrCI i_ 

18 g of 1.3-bis(indenyJ)propane (93.6 % by G.C., MW 272.35 g/mol, 62 mmoJ) were 

dissolved in 480 ml of Et20 in a l I flask equipped with a mechanical agitator. To this 

solution was added dropwise at 0°C 77 ml of n-BuLi 1.6 M in hexanes (124 m.mol). At the 

end of the addition the brown suspension was stirred for 5 hours at room temperature. 14.4 g 

of ZrC14 (MW 233.03 g/mol, 62 mrnol) were slurried in 480 ml of pentane in a l I flask. 

After cooling to -80°C the first suspension was added in one portion to the slurry under 

vigorous stirring. The cooling bath was removed and the suspension was stirred 16 hours. 

The yellow suspension was brought to dry in vacuo. The yellow solid was washed with 100 
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ml of Et20 and exctracted in continuous with CH2Cl2 for two days. At first the solvent was 

reduced t9 15 ml; later on it was completely removed after decantation of the solid. This last 

was washed with CH2Cl2 (2x10 ml) and dried to obtain 2.6 g of yellow powder, which 

corresponded to the rac-PBIZrCl2 (by 1H NMR analysis). The collected CH2Cl2 washings 

were reduced to 15 ml and let to crystallize at -20°C overnight. The recovered crystals, 0.75 

g, were also the rac-PBIZrC12• The title compound was analyzed by 1H NMR analysis. In 

total, the chemical yield was 13 %. 

POLYMERIZATION TESTS 

All manipulations of the catalytic systems, metallocenes and aluminium alkyls were carried 

out in dried nitrogen atmosphere. 

Materials: 

Solvent, such as hexane, heptane and toluene, were used after drying over molecular sieves, 

deoxygenated and distilled over LiAIH4 or aluminium tri-isobutyl. 

Ethylene was polymerisation grade reagent; 1-hexene was dried over alumina and distilled 

over LiAlH4• The r-PBDMIZrC12 used Was according to the laboratory preparation as 

described above. The r/m-PBIZrC12 used was according to the laboratory preparation as 

described above, constituted of a rac-meso mixture in a molar ratio of 4: 1 (isomers not 

assigned. The major isomer is likely the rac one). 

TIOA [tris-(2,4,4-tri-methyl-pentyl)aluminium, or tri-(iso-octyl)aluminum] was purchased 

from Witco and diluted to 1 M solution in heptane 

TIOA-0 [tetra-(iso-octyl)alwnoxane] was the reaction product between TIOA and water in 

heptane at the Al/H20=2 molar ratio. 

TIBAO [tetra-(iso-butyl)alumoxane] was a Witco product used as a 0.9 M solution in 

cyclohexane. 

TIBAL (tri-(iso-butyl)alum.inium] was a 1 M solution in hexane. 

MAO [Methyl-alumoxane] w:as purchased from Witco as a 10 ·wt.% toluene solution and 

dried under vacuum to a free-flowing white powder and then solved in toluene to a IM 

solution. 

Thermal analysis: 

Calorimetric measurements were performed by using a differential scanning calorimeter 

DSC Mettler. The instrument is calibrated ·With indium and tin standards. Weighted sample 
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(5-10 mg) was sealed into aluminium pans. heated to 200°C and kept at that temperature for 

enough .time (5 minutes) to allow a complete melting of all the crystallites. Successively, 

after cooling at 20°C/min to 0°C, the peak temperature was assumed as crystallisation 

temperature (Tc}. After standing 5 minutes at 0°C, the sample was heated to 200°C at a rate 

of 10°C/min. In this second heating run, the peak temperature was assumed as melting 

temperature (Tm} and the area as global melting enthalpy (.6.H,). 

Intrinsic viscosity: 

The measurement were done in tetrahydro-naphtalene {TIIN) solution obtained by dissolving 

the polymer at 135°C for 1 hour. 

Melt Index: 

Melt index (M.I.) are measured at 190°C following ASTM D-1238 over a load of: 

2.16 Kg. MI E = Ml2.1 6• 

21.6 Kg, Ml F = MI21.6• 

It is then defined as melt flow ratio (MFR), the ratio: FIE= MI F/MI E = Ml21 .JM12•16 

l3cNMR: 

The 13C NMR spectra were recorded at 120°C on a Bruker DPX200 spectrometer, operating 

at 50.323 MHz in the Fourier Transform mode. The polymer samples were dissolved in 

1,1,2,2-tetrachloro-1,2-dideuteroethane (CiD2Cl4) to give an 8% (~t./vol.) concentration. 

About 3000 transients were acquired with a 75° pulse and 15 seconds of delay between 

pulses. 

The assignements were carried out as described by Randall in Macromol.Chem.Phys. 29, 

201, 1989. The distribution of triads, in case of ethylene/1-hexene, are calculated by means 

of the following relationship: 

HHH=T13Jl EHE=Tas HHE=T13s HEH=Sllll HEE=Sll& 

EEE=0.5(Sos+0.5y~) 

Wherein EHE, HHE and HHH represent the sequence ethylene/1-hexene/ethylene, 1-

hexene/1-hexene/ethylene and 1-hexene/l-hexene/1-hexene respectively in the copolymer. 

The sum of the triads is nonnalized to 100. With regard to the HMR nomenclature, see 

J.Cannen, R.A.Harrington. CE.Wilkes, Macromolecules, 10, 537, 1977. The 1-hexene 

content (mol.%) in the copolymer is calculated as: 
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C6 (mo1%)= H=HHH+HHE+EHE. 

Examples 10 to 15 

Etl1_vlene polymerisatio11s i11 a 200 ml glass reactor 

PCT/EP99/0837$ 

A 200 ml glass autoclave. equipped with magnetic stirrer, temperature indicator and feeding 

line for ethylene, was purified and purged with ethylene at 35°C. 90 ml of hexane were 

introduced at room temperature. The catalytic system was separately prepared in I 0 ml of 

hexane by consecutively introducing the Aluminium alkyl, water when necessary 

(Al/H20=2.1), and after 5 minutes of stirring, the metallocene PBDMIZrC12 dissolved in 

toluene (the low amount as possible). After 5 minutes stirring, the solution, was introduced 

into the autoclave under ethylene flow, the reactor was closed, the temperature risen to 80°C 

and pressurised to 4.6 barg. The total pressure was kept constant by feeding ethylene. After 

10-20 minutes, the polymerisation was stopped by cooling, degassing the reactor and the 

introduction of 1 ml of methanol. The polymer was washed with acidic methanol, then with 

methanol and dried in oven at 60°C under vacuum. 

The data relating to the characterisation of the obtained polymers are reported in Table 1. 

Examples 16 to 25 (comparison) 

The general procedure described m Examples 10 to 15 was followed, except that the 

metallocenes indicated in Table 1 were used. 

The polymerisation conditions and the data relating to the obtained polymers are reported in 

Table 1. 

Examples 26 to 30 

Etl1yle11e co-polymerisatio11 i11 a 200 ml glass reactor 

The same procedure was applied to the synthesis of ethylene/1-hexene copolymer as in the 

Examples I 0 to 15, but instead of hexane, a heptane/1-hexene solution was used and the 

polymerisation was carried out at 70°C. The data relating to the characterisation of the 

obtained polymers are reported in Table 2. 

Examples 31to32 (comparison) 

The general procedure described m Examples 26 to 30 was followed, except that the 

metallocenes indicated in Table 2 were used in place ofr-PBDMIZrC12• 

The polymerisation conditions and the data relating to the obtained polymer are indicated in 

Table2. 
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Example33 

Ethylene. polymerization with rac PBDMIYCH(TMS)2 

This poJymerisation test was perfonned in a IL reactor. 

PCT/EP99/08378. 

The catalytic solution was prepared suspending 19.5 mg (33.95 µmol) of rac 

PBDMIYCH(TMS)2 in 5 g of toluene. The premix solution was prepared adding 1.44 g (10 

µmol) of catalytic solution to 1.35 g (2.5 mmol) of MAO (5 % Al). The autoclave, filled with 

350 mL of isooctane and 6 bar of ethylene, was held at 50 °C. 1.35 g of MAO (5% Al), as 

scavenger, was injected into the autoclave. Subsequently, the premix was added. After 40 

min 2.7 g (5 mmol) of MAO (5 % Al) was injected into the autoclave. After 30 min no 3.56 

g of catalytic solution was injected into the autoclave. After 60 min this test was stopped. A 

little amount of polyethylene was col1ected from the stirrer washed with MeOH and dried in 

a vacuum oven to yield 0.24 g of polymer. 

Example34 

Ethylene polymerization with rac [PBDMIYH]z 

A few mg. of rac (PBDMIYH]2, prepared in the NMR tube, were dissolved in 20 mL of 

toluene in a small glass autoclave. 7 bar of ethylene were added at room temperature to the 

autoclave under stirring. The ethylene consumption was monitored continuously during the 

polymerisation and refilled twice. After 30 min the polymerisation was stopped. 3.0. g of 

polyethylene was obtained after wa~hing with MeOH and drying in a vacuum oven. 

27 



N 
00 

Table 1 - Ethylene polymerisation 

Examples Metalloce11e AlilJ Yield Activity 

type mg µ-mol type mmol Al/Zr g Kg/gZrh 

JO r-PBDMIZrCli 0.1 0.20 TIOA-H20 0.23 1123 1.84 591.0 

11 " 0.1 0.20 MA Os 0.21 1025 2.01 645.7 

12 " 0.1 0.20 TIBAO 0.21 1025 1.26 404.7 

13 r-PBTHIZrCli 0.1 0.2 MAO 0.24 1057 1.66 481.l 

14 m-PBDMIZrCh 0.1 0.2 TIOA-H20 0.21 1006 0.69 221.6 

15 " 0.07 0.14 MAO 0.16 1074 0.5 229.4 

16 (comp.) r-PBlZrCb 0.1 0.2 MAO 0.24 1038 0.96 273.2 

17 (comp.) r-EBDMIZrCh (rac 92%) 0.1 0.21 TJOA-H20 0.21 997 1.35 421.5 

18 (comp.) " 0.1 0.21 TIBAO 0.22 1025 1.38 430.9 

19 (comp.) r-EBDMIZrC'2 (racl 00%) 0.1 0.21 TIOA-H20 0.23 1091 1.36 424.6 

20 (comp.) EBIZrCh 0.09 0.21 TIOA-H20 0.21 999 1.18 369.2 

21 (comp.) " 0.09 0.21 M-MAO 0.21 995 1.3 I 409.8 

22 (comp.) " 0.09 0.21 TI BAO 0.22 1027 0.48 150.2 

23 (comp.) PBIZrCh, rac/meso=4 0.1 0.23 TJOA-H20 0.24 1038 1.04 295.9 

24 (comp.) " 0.1 0.23 MA Os 0.24 1038 2.30 654.4 

25 (comp.) .. 0.1 0.23 TI BAO 0.23 1012 0.55 156.S 

Polymerisation conditions: hexane, I 00 ml, Al/H20=2. l-2.2, temperature 80°C, Ptot. 4.6 bar. PpC2H4 4.2 bar. Time: I 0 min 

I.V. 
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3.9 

5.3 

4.4 

9.8 

7.8 

8.1 

2.7 

2.5 

--
1.6 

1.4 

l.5 

7.1 

4.7 

8.3 

~ 
= 
~ 
c..i ... 
i 
QO 

~ 

~ 
~ 
IQ 

~ 

~ 
.QO 



tv 
\0 

Table 2- Ethylene/1-hexene copolymcrisation 

Metallocene 

Example TIOA heptane 1-hexene PpC2- Time Yield Activity l.V. 

type mg mmol Al/Zr ml ml bar min g Kg/gZr*h dL/g 

26 r-PBDMJZrCh 0.100 0.23 1120 95 5 4.5 10 l.18 379.0 4.04 

27 
,, 

0.100 0.23 1120 85 15 4.4 10 1.59 510.7 2.88 

28 " 0.100 0.31 1510 so 50 4.2 30 2.60 278.4 1.44 

29 r-PBTHIZrCh 0.1 0.24 1057 85 15 4.4 15 0.89 172 2.52 

30 m-PBTHIZrCh 0.1 0.22 1050 85 15 4.4 10 0.46 147.8 8 

31 

(comp.) r-~l3Dl\1IZrCl2 0.100 0.23 1090 95 5 4.5 10 1.4 437.1 2.53 

32 

(comp.) .. 0.100 0.23 1090 85 15 4.4 20 1.9 296.6 J.76 

Polymerisation conditions: 200 ml glass autoclave; heptane; Al/H20= 2.07; Metallocene/Cocatalyst were aged S minutes 

at 25°C in I 0 ml of heptane; Polym. Temperature 70°C. 

DSC 

l-C6- Tm(JI) AH 

mot.% oc J/g 

2.2 117.7 130 

4.7 103.0 95 

9.8 74.9 49 

6.1 88.4 75.1 

2.5 108.0 95 

2.7 113.7 116 

6.5 91.l 78 
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CLAIMS 

I. A; metallocene compound of the formula (la): 

or 

wherein 

H 
M'_....-/ 'M' 
~/ H 

p (Ia) 

PCT/EP99/08378. 

(lb) 

R 1
• same or different from each other, are C1-C20-alkyl, C3-C20-cycloalkyl, 

C2-C20-alkenyl, C6-C20-aryl, C7-C;i0-alkylaryl or C1-C20-arylalkyl radicals, optionally 

containing silicon or gennanium atoms, and optionally two adjacent R1 substituents can 

form a ring comprising from 5 to 8 carbon atoms; 

R2
, same or different, are hydrogen atoms, C1-C20-alkyl, C3-C20-cycloalkyl, 

C2-C20-alkenyl, C<>-C:?0-aryl, C7-C20-alkylaryl, C1-C20-arylalkyl, a NR\, PR\, AsR3
:?, 

OR3
, SR3 or SeR3 radicals, optionally containing silicon, germanium or halogen atoms; 

and optionally two adjacent R2 or R3 substituents can form a ring comprising from 5 to 

8 carbon atoms; 

M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or 

to the lanthanide or actinide groups in the Periodic Table of the Elements (new JUPAC 

30 
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version), 

~· is an atom of a transition metal selected from those belonging to group 3 or to the 

lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC 

version), 

X, same or different, is a monoanionic ligand, such as a hydrogen atom, a halogen 

atom, an R\ OR4
, OS02CF3, OCOR4

, SR4
, NR\ or PR4

2 group, wherein the substituents 

R4 are a C1-C20-alkyl, C3-Cw-cycloalkyl, Ci-C20-alkenyl, C6-C20-aryl, C7-~0-alkylaryl or 

C7-C20-arylalkyl radical, optionally containing silicon or germanium atoms; 

and optionally the six-membered rings of the compounds of formula (Ia) and (lb) are 

· perhydrated; 

q is an integer from 3 to 5; 

n is an integer from 1 to 4, when the six-membered rings of the compound of formula 

(Ia) are not perhydrated, and is an integer of from 0 to 4, when the six-membered rings 

of the compound offonnula (Ia) are pcrhydrated as well as in the compound of formula 

(lb); 

pis an integer from 0 to 3, being equal to the oxidation state of the metal M minus two. 

2. The metal1ocene compound according to claim 1, wherein the transition metal M of 

compound (Ia) is selected from the group consisting of titanium, zirconium, hafnium, 

yttrium and scandium. 

3. The metallocene compound according to any of claims l or 2, wherein the transition 

metal M of compound (Ia) is zirconium. 

4. The metallocene compound according to claim 1, wherein the transition metal M• is 

selected from Yttrium and Scandium. 

5. The metallocene compound according to any of claims l to 3, wherein the X 

substituents are chlorine atoms or methyl groups. 

6. The metallocene compound according to any of claims 1 to 5, wherein the substituents 

R:? are hydrogen atoms, q is 3, n is 2 and the two R1 substituents are in position 4 and 7 

on the indenyl moieties. 

7. The metallocene compound of formula (Ia) according to any of claims 1 to 6, being 1,3-

propandiylbis( 4, 7-dimethyl-1-indenyl)zirconium dichloride. 

8. A ligand of formula (II): 
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{II) 

and/or its double bond isomers, wherein R1 and R2
, n and q are defmed as in any of 

claims I to 7. 

9. A process for the preparation of a ligand of formula (II), comprising the foIJowing 

steps: 

contacting a compound of formula (III): 

and/or its double bond isomers, wherein R1, and n are defined as in claim 1, with a 

compound of general formula (CR\Z2, wherein R2 and q are defined as in any of 

claims 1 to 7, and Z is a halogen atom, in the presence of a base, to form a compound of 

formula (II). 

10. The process according to claim 9, wherein said base is selected from the group 

consisting of hydroxides and hydrides of alkali- and earth-alkali metals, metallic 

sodium and potassium and organometallic lithium salts. 

11. The process according to claim 10, wherein said base is n-buthyllithium. 

12. The process according to claim 9, wherein said halogen atom Z is a bromine atom. 

13. A process for the preparation of a metal1ocene compound of formula (la) according to 

claim l, obtainable by contacting a ligand of formula (II) according to claim 8, with a 

compound capable of fonning the corresponding dianionic compound thereof and 

thereafter with a compound of formula ~,2, wherein M, X and p are defined as in 

claim 1. 

14. The process for the preparation of a metallocene compound of formula (Ia) according to 

claim 13, wherein the compound able to form said corresponding dianionic compound 
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of fonnula (II) is selected from the group consisting of hydroxides and hydrides of 

.alkali- and earth-alkali metals, metallic sodium and potassium and organometallic 

lithium salts. 

15. The process for the preparation of a metallocene compound of formula (Ia) according to 

claim 14, wherein the compound able to fonn said corresponding dianionic compound 

is n-butyllithium. 

16. The process for the preparation of a metallocene compound of formula (Ia) according to 

claim 13, wherein the compound of formula ~2 is selected from 

titaniumtetrachloride, zirconiumtetrachloride and hafuiumtetrachloride. 

17. The process for the preparation of a metallocene compound of formula (la) according to 

claim 16, wherein the compound of formula ~2 is zirconiumtetrachloride. 

18. A process for the preparation of metallocene compounds of formula (lb), comprising 

the following steps: 

a) contacting a compound of formula (II) as defined in claim 8, with a base 

selected from hydroxides and hydrides of alkali- and earth alkali metals, 

metallic sodium and potassium and organic lithium compounds, wherein the 

mole ratio between said base and the compound of formula (Il) is at least 2. 

b) contacting the product obtained under a) with a compound of formula (N) 

M'X3, M' being defind as in claim 1, and X is a halogen atom, in the 

presence of a polar aprotic solvent selected from dimethoxyethane, 

diethylether, tehtrahydrofurane, toluene and dichloromethane. 

c) treating the obtained product with a compound of formula M"CH(TMS)2, M 

being an alkali metal, and subsequent 

d) treating the product of step c) in a stream of hydrogen. 

19. The process according to claim 18, wherein the base as used in step a) is n­

butyllithium. 

20. The process according to claim 18, wherein the compound of formula (IV) is ScC13 

or YCI3• 

21. The process according to claim 18, wherein the polar aprotic solvent used in step b) 

is tetrahydrofurane. 

22. The process according to claim 18, wherein the compound of formula M"CH(TMS)2 

33 

11111111 rlllll lllll lllll 111111 
* C L H S * 



W000/31088 

is selected from LiCH(TMS)2, NaCH(TMS)2 and KCH(TMS)2• 

23. A catalyst for the polymerisation of olefins obtainable by contacting: 

(A) a metallocene compound of formula (Ia) according to claim 1, and 

PCT/EP99/0837$ 

(B) an a1umoxane and/or a compound able to fonn an alkyl metallocene cation. 

--

24. The catalyst according to claim 23, characterised in that said alumoxane is obtained by 

contacting water with an organo-aluminium compound of formula A1Rs3 or Al2Rs6, 

wherein the Rs substituents, same or different from each other, are are hydrogen atoms, 

halogen atoms, C1-C20-alkyl, C3-C20-cyclalkyl, C6-C20-aryl, C,-C20-alkylaryl or C7-C20-

arylalkyl, optionally containing silicon or germanium atoms. 

25. The catalyst according to claim 23, wherein the molar ratio between the aluminium and 

water is in the range of 1 : 1 and l 00: l . 

26. The catalyst according to claim 23, wherein said alumoxane is selected from 

methylalumoxane (MAO), is()butylalumoxane (TIBAO}, 2,4,4-trimethyl­

pentylalumoxane (TIOAO), 2,3-dimethylbutylalulnoxane (TDMBAO) and 2,3,3-

trimethylbutylalumoxane (TfMBAO}. 

27. The catalyst according to claim 23, wherein the compound capable of forming a 

metallocene alkyl cation is a compound of formula rn-, wherein T" is a Broosted acid, 

able to give a proton and to react irreversibly with a substituent X of the metallocene of 

formula (lb) and o- is a compatible anion, which does not co-ordinate, which is able to 

stabilise the active catalytic species originating from the reaction of the two 

compounds. and which is sufficiently labile to be able to be removed from an olefinic 

substrate. 

28. The catalyst according to claim 27, wherein the compound of formula rn- is tetrakis­

pentafluorophenylborate. 

29. A process for the polymerisation of olefins, which comprises the polymerisation 

reaction of one or more olefin monomers in the presence of a catalyst as defined in any 

of claims 23 to 28. 

30. A process for the po1ymerisation of olefins. which comprises the polymerisation 

reaction of one or more olefin monomers in the presence of a metallocene of formula 

(lb) as defined in claim l. optional1y in the presence of a suitable cocatalyst. 

31. The process according to any of claims 29 and 30, wherein the olefin monomer is 

34 

I lllllll llllll lllll lllll II lllf 
' C L M . S * 



W000/31088 PCTIEP99/08378 

selected from ethylene and/or a C3-C10 alpha-olefin comonomer. 

32. 1be process according to claim 31, wherein the olefin monomers are ethylene and/or 

propylene. 

33. The process according to claim 29, wherein the molar ratio between the aluminium and 

the metal of the metallocene compound is comprised between 1O:1 and 20000: 1. 

34. The process according to any of claims 29 to 32, wherein said process is carried out at a 

temperature comprised between 0 and 250°C and at a pressure comprised between 0,5 

and 100 bar. 

35. The process according to any of claims 29 to 34, wherein said process is used for the 

preparation of homo- and copolymers of ethylene. 
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