
W000/29415 PCT/EP99/08646 

METHYLENE BRIDGED METALLOCENBS AS OLEFIN-POL YMERIZATION-cATAL YST COMPONENTS 

The present invention relates to. new methylene-bridged metallocenes, to the corresponding 

ligands, to a new process for their preparation and to the use of said metallocenes as catalytic 

components in the polymerization of olefins. 

PRIOR ART DISCLOSURE 

Stereorigid chiral metallocene compounds possessing two bridged cyclopentadienyl groups 

condensed to a C5-C7 ring are well known in the state of the art and are mainly used as 

catalytic components in olefm polymerization processes; in particular, metallocene 

compounds possessing two bridged indenyl groups are widely used in the preparation of 

stereoregular polyolefins. 

The numbering of the substituents on the indenyl group, t~ which reference is made in the 

present application, in accordance with the IUPAC nomenclature, is the following: 

7 1 

In the bridged indenyl metallocene compounds known :iii the state of the art, the indenyl groups 

are linked together by divalent radicals containing one or more carbon atoms and/or 

heteroatoms; the divalent bridging groups are generally linked to the 1 position of said indenyl 

groups, and therefore, the common indenyl metallocenes are 1-indenyl compounds. 

For example, the European patent application EP 0 485 823 describes a class of bridged bis(l­

indenyl) metallocenes, wherein the indenyl groups have a substituent other than hydrogen in 

the 2 position and are bridged in the 1 position by means of a bridge containing 1 or more 

carbon atoms (e.g. an ethylene or isopropylidene group) or containing heteroatoms (e.g. a 

dimethyl-silyl or a diphenyl-silyl gr~up). 

The European patent application EP 0 372 414 describes a very broad class of bridged or 

unbridged metallocenes; among the many metallocenes exemplified, two specific bis-indenyl 

metallocene compounds are reported, wherein the ethylene group bridging the indenyl groups 
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is linked to the 1 position of one indenyl group and to the 2 position of the other indenyl group 

(formulae II-I ·and II-2, on ~e 5 of said application). 

The International patent applieation WO 94/11406 describes a very broad class of metallocene 

compounds offonnula R'lnd-M-(Cp)Qk, wherein: Ind is an indenyl group; R' is a substituent, 

other than hydrogen, linked in the 2 position of said indenyl group; Cp is a cyclopentadienyl 

group; Mis a transition metal belonging to group 3, 4, 5 or 6 oftlie Periodic Table of Elements; 

and Q is a sigma-ligand of the metal M, k being an integer link~to the valence ofM. Among 

the huge plethora of embodiments envisaged in the reported g~eral formula,·R' can form a 

bridge . between the 2 PQSition of the Ind group and the Cp group of the above formula; 

therefore, the class of bridged bis(2-indenyl) compounds is: ·generically described. The 

defmition of the bridging group R' :is very broad too, the preferred bridges linking the two 

indenyl residues being hydrocarbon groups (preferably alkenyl ·or arylalkenyl·· groups) or 

groups containing at least one heteroatom belonging to Group 14, 15 or 16 of the Periodic 

Table of the Elements. In particular, working example XIV of this application describes the 

·synthesis of methylene-bis(2;.indenyl)zirconiwn .. dichloride,: cdmprising nW.nerous and 

laborious process . steps. $,aid bis-indenyl zirconocenes have been tested in· ethylene 

(co)polymerization (Examples XV•XIX) and give··ethylene homopolymers in very low yield 
. ' ' 

and ethylene/propylene copolymers having very low molecular Weights and in low yields too . 

. Furthennore, the same Applicant ·.has demonstra~d that methylene-bis(2-indenyi)zirconium 

dichloride is totally inactive in propyl~e polymerization, as will be described in the following. 

· The European patent application EP 0 722 949 describes a process for preparing bis­

cyclopentadienyl compounds bridged b! a divalent CR1R11 group,· wherein R1 is hydrogen or an 

alkyl radical, and R" is an alkyl or aryl radical. This process comprises the reaction of a ketone 

or an aldehyde of formula R1R11CO, having the desired R1 and R11 groups, with a 

cyclopentadienyl compound, in the presence of a base and of ~ oxygen-containing solvent 

having an atomic ratio carbon/oxygen not higher than 3. ¥owever, the class of bis­

cyclopentadienyl compounds obtainable with this process doe~ Iiot encompass compounds 

bridged with a methylene group; moreover, when R1Rnco is reacted with an indenyl 

compound in the presence of a base, according to the above-mentioned process conditions, 

only bridged bis{l-indenyl) derivatives are obtained. 

The European patent application EP 0 832 866 describes a process for preparing methylene­

bridged bis-cyclopentadienyl compounds by reacting, in a two- or more-phases system, one or 
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two cyclopentadienyl compounds with formaldehyde in the presence of a base and of a phase­

transfer catalyst. Nevertheless, this application does not disclose any compounds wherein the 

two indenyl groups are linked in position 2; in fact, as evident from working example l, this 

process leads to bis-(1-indenyl) derivatives and does not allow bridged bis(2-indenyl) 

compounds to be obtained. 

WO 98/43931 (app. no. PCT/EP 98/01930), in the name of the same Applicant, describes a 

process for preparing methylene-bridged bis-cyclopentadienyl compounds, comprising the 

reaction of formaldehyde with a suitable cyclopentadienyl compound, in the presence of a base 

and a solvent having a dielectric constant, measured at 25°C, higher than 7. Also in this· case, 

the process allows only bis-indenyl compounds to be obtained, wherein the two indenyl 

moieties are bridged in position 1. 

The Prins reaction (i.e., the acid-eatalyzed condensation of carbonyl compounds and olefins) on 

indene ·has been described several times in the state of the art; as reported by Carleton W. 

Roberts (Friedel-Crafts and relatedreactions, vol., Part 2, page. 1192-1193, 1964, Interscience 

N.Y.}, the reaction: of indene with formaldehyde in the presence of acids does not give.bis­

indenyl products, but leads to the dioxane l-hydroxy-2-hydroxymethylindan methylene ether 

as the major product. The same reaction was carried out by A.E. Gol'dovskii et al. (Maslo-~. · 

Prom-st., 1987(8): 31; Chemical Abstracts 108:167399), who obtained said dioxane from 

indene and CH20, in the presence ofH2S04• 

From what reported above, it would be highly desirable to provide methylen~bridged bis(2-

indenyl) derivatives, obtainable by means of an easy and advantageous route for the 

preparation thereof. 

SUMMARY OF THE INVENTION 

The Applicant has now unexpectedly found a new class of metalfocenes, particularly active as 

catalyst components for the polymerization of olefins; said metallocenes are characterized by 

the presence of two indenyl groups bridged in the 2 position by means of a methylene group. 

Therefore, an object of the present invention is a methylene-bridged metallocene of formula (I): 
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(I) 

· wherein: 

Mis a transition metal belonging to group 3, 4, 5, 6 or to the lanthanide or actinide groups of 

the Periodic Table of the Elements (new IUPAC notation); 

the substituents X, the same or different from each other, are _monoanionic sigma ligands 

selected from the group consisting of hydrogen, halogen, -R, -OR, -OS02CF3, -OCOR, -S~ -

NR2 and -PR2 groups, wherein the R substituents are linear or branched, saturated or 

llllsatmated, C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 ary1, C1-C20 a}kylaryl or CrC20 ar)rla1kyl 

radicals, optionally containing one or more atoms belonging to groups 13-17 of the Periodic 

Table of the Elements (new IUPAC notation), such as B, N, P, f\l, Si, Ge,_ 0, S and F atonis, 

and two R substituents may form a 5-7-membered ring; preferably, the substituents X are the 

same; 

the substituents R1 and R2
, the same or different from each other, are selected from the group 

consisting of linear or branched, saturated or unsaturated C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 

aryl, C1-c;0 alkylaryl and· C7-C20 arylalkyl radicals, optionally containing one or more atoms 

belonging to groups 13-17 of the Periodic Table of the Elements (n~w IUPAC notation; such as 

B, N, P, Al, Si, Ge, 0, S and F atoms), -OR, -SR, -NR2, N-pyrrolyl, N-indolyl, -PR2, -BR2 and -

S~ groups, wherein the R substituents have the meaning reported above, or two adjacent R2 

substituents form a ring having from 4 to 8 carbon atoms; 

p is an integer ranging from 0 to 3, being equal to the oxidation stat~ of the metal M minus 2; 

m is an integer ranging from 0 to 2; n is an integer ranging from 0 to 4; 

with the proviso that, when m is 0, then n is different :from 0. 

Another object of the present invention is a catalyst for the polymeraation of olefins 

comprising the product obtainable by contacting: 

(A) one or more methylene-bridged metallocenes of formula (I), as described above; and 
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(B) a suitable activating cocatalyst. 

Furthermore, the present invention provides a process for the polymerization of olefins 

comprising the polymerization reaction of one or more ol~finic monomers in the presence of a 

catalyst as described above. 

It is another object of the present invention a ligand of formula (II): 

R2n 

R2n 

whereiri R1, R2
, m and n have the meaning reported above. 

(II) 

The present invention further concerns a new and inventive process for the preparation of the 

, above ligands of formuia (II), comprising reacting fonlialdehyde or a derivative· thereof with · 

a indenc of formula (III): 

·R1 
q 

00-R' n (III) 

wherein R1, R2 and n have the meaning reported above;, and q is 0 or 1, in the presence of a 

Brmisted acid, wherein the molar ratio between said compound (III) and formaldehyde is ::!:: 1. 

When in the ligand of formula (II) m is * 0, then the substituents R1 may also be introduced on 

the cyclopentadienyl ring by reacting a corresponding ligand of fonnuia (II) having m=O with a 

suitable amount of a deprotonating agent R3MgBr. R3MgCl or R3;B, wherein R3 may have· the · 

same meaning of R1
; B is an alkaline or alkaline-earth metal, and j is 1 or 2, and then with a 

suitable amount of an alkylating agent R1X', wherein R1 have the meaning reported above and 

X' is halogen. 

DETAILED DESCRIPTION OF THE INVENTION 

The methylene-bridged metallocenes of fonnuia (I), the catalysts for the polymerization of 

olefins containing them, the ligands of formula (II) and thC process for their preparation, 
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according to the present invention, will be better described in the following detailed 

description. 

It is an object of the present invention a methylene-bridged metallocene of fonnula (I), as 

reported above, wherein the metal M preferably belongs to group 4 of the Periodic Table of the 

Elements, and more preferably is Zr or Hf. 

The X substituents are preferably Cl, Br or methyl, and are pref¢rably the same. 

R1 is preferably selected from the group consisting of methyl, eijiyl, n-propyl, i-propyl, n-butyl, 

t-butyl, phenyl, benzyl, trimethyl-silyl and diphenylphosphino. :The choice of the preferred R1 

depends also on the natme of the final polymer, as will be evid~11t from what reported bel~w. 

R2 is preferably selected form the group consisting of halogc;:n; methyl, ethyl, n-propyl, i-

·. propyl, n-butyl, t-butyl, phenyl and benzyl. 

The variable m is an integer ranging from 0 to 2; the variable n is an integer ranging from 0 to 

4. 

Non-limiting examples of methylene-bridged metallocenes cm;responding to formula (I), 

according to the present invention, are: · 

rac- and meso-methylene-bis(l-methyl-2-indenyl)zirconium dich.1onde and dimethyl, 

methylene-bis(l ,3-dimethyl-2.:indenyl)zirconium dichloride and 4imethyl, · 

methylene-bis(4,7-dimethyl-2.;.indenyl)zirconium dichloride and «;limethyl, 

rac- and meso-methylene-bis(l-ethyl-2-indenyl)zirconium dichloride and dimethyl, 
. . 

rac-methylene-bis(l-t-butyl-;2-indenyl)zirconiwn dichloride and cl.imethyl, 

rac-methylene-bis(l-t-butyl-2-indenyl)hafnium dichloride and dimethyl, 

rac- and meso-methylene-bis(S-t-butyl-2-indenyl)zirconium dichlonde and dimethyl, 

rac- and meso-methylene-bis(l-trimethylsilyl-2-indenyl)zirconium dichloride and dimethyl, 

rac- and meso-methylene-bis(l-trimethylsilyl-3-methyl-2-indenyl)zirconium dichloride and 

dimethyl, 

rac-methylene-bis(l-phenyl-2-indenyl)zirconium dichloride and 4imethyl, 

rac-methylene-bis(l-benzyl-2:-indenyl)zirconium dichloride and dimethyl, 

rac- and meso-methylene-bis(4-phenyl-2-indenyl)zirconium dichloride and dimethyl, 

rac-methylene-bis(l-PPh2-2-indenyl) zirconium dichloride and dimethyl, 

rac-methylen&.-bis(l-B( cyclohexyl)2-2-indenyl) zirconium dichloride and dimethyl, and 

rac- and meso-methylene-bis(4-t-butyl-7-methyl-2-indenyl)zirconium dichloride and dimethyl. 

The. methylene-bridged metallocenes of formula (I) can be prepared by reaction of the 
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corresponding ligands of:(~a (Il).first with a compound eif)l:ible·of forming a delocalized 
··,: .. 

anion qn the cyclopentadienyl ring, and then with a compound of formula· ~2, wherein M, 

X and p are defined. as above; according to common procedures known in the state of the art. 

When, in the metallocene of formula (I), one or more X groups are other than halogen, it is 

necessary to substitute one or more halogens Z of the metallocene halide, obtained as reported 

above, with one or. more substituents X other than· halogen. The substitution reaction can be 

carried out by standard procedures, for example, when the substituents X are alkyl groups; by 

reacting the metallocene halide with alkylmagnesium halides (Grignard reagents) or with 

alkyllithium compounds. 

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

as defined above, the methylene-bridged 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 MXs, in the.presence of at least (p+2) molar equivalents of a suitab)e alkylating agent, 

wherein R, M and X have the meaning reported above and s is an integer corresponding to the 

oxidation state of the metal Mand ranges.from 3 to 6. Said alkylating agent can be an alkaline 

. or. alkaline-earth , metal, such as LiR or MgR2, . or a Grignard reagent, such as RMgCl or 

RMgBr, as described in WO 99/36427 (priority European app. no. 98200077~0}, in the name.of 

the same Applicant. 

. It is another object of the invention a ligand having the above-mentioned formula (II), wherein 

R1
, R2

, m and n have the meaning reported above. According to the present invention, the 

ligands of formula (II) are prepared by means of a new process, particularly simple and · 

efficient, using cheap starting materials and comprising a single reaction step with very high 

yields. Furthermore, said process does not require laborious and time-consuming purification 

procedures, being particularly suitable to large-scale production; 

The process of the invention comprises reacting formaldehyde or a derivative thereof with an 

indene of formula (III}, as reported above, in the presence of a Br0llsted acid, wherein· the 

molar ratio between the compound (Ill) and fonnaldehyde is 2!:· 1. 

Said process is preferably carried out in an aprotic solvent, which may be polar or apolar;· a 

preferred polar solvent is toluene, while a preferred apolar solvent is n-decane. 

Said Bmnsted •acid is preferably selected from· the group consisting of p-toluensulphoriic 

acid, :acetic acid, methanesulphonic acid, HCI, H2S04, HBF4 and mixtures thereof. 

Formaldehyde is preferably used in the form of a solution in_ water (formalin) or in the 
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polymeric form (parafonnaldehyde). However, other forms _of formaldehyde as wen· as its 
: .,,:: 

solutions at different concentrations can be suitably used. Suitah·~ :derivatives of formaldehyde 
. . ·: .. : 

to be used in the process of the invention are compounds abld :fri :release formaldehyde under 
. !:. 

reaction conditions; preferred derivatives of formaldehyde are 1 ~3~dioxolane and trioxane . 
."·,i· .. · 

According to the process of the invention, formaldehyde or a· derlvative thereof can be reacted 
.:·:. 

with an indene of formula "(III) at any temperature above the melWig point of the solvent. The 

temperature is preferably lower than. the boiling point of the =~olvent, and more preferably is 

comprised between about 50°C and 100°C. · · ·· 
. . 

·The reaction time is not limifu,ig, depending to a large extent o~ the acid; solvent and substrate 

. used, on the concentration of the reactants and on the tempe~ :of the reaction. 

The molar ratio between said indene of formula (III) and fonnaldc;:hyde or a derivative thereof · 

can vary over a wide range; said molar ratio is ~l, and preferablyis. about 2. 

The molar ratio between said acid and said indene of formula 011? can vary over a wide range; 

the molar ratio acid/indene (ill}preferably ranges from O.Ol to 2;·and more preferably from 0.1 

to 1.5. The methylene-bridged ligands (II) obtained from the prc)cess of the present invention 

can be isolated according to standard procedures known in·: the state of the art, e.g. by 

recrystallization from a suitable solvent. : \ ' : 

·When in the ligand of formula (Im Di is·* 0, the substituents R1'can also be introduced on the 

cyclopentadienyl ring by reacting the corresponding ligand of foiniula (II) wherein m=O with a 

suitable amount of a deprotonating agent R3MgBr, R3MgCI or ~31B, wherein R3 may have the 

same meaning of R1
, B is an alkaline or alkaline"earth metal, an4 j is l or 2, and then with a 

suitable amount of an alkylating agen~ R1X', wherein R1 and X' have the meaning reported 

above. 

Preferably, the compound of formula (II) wherein m=O is reacted with at least 2 equivalents of 

said deprotonating agent, at a temperature ranging from -78°C ·to 20°C, for a time of 1-24 

hours. The reaction is preferably conducted in an organic solvent selected from the group 

consisting ofTHF, EtiO, toluene and mixtures thereof. Said deprotonating agent is preferably 

selected from the group consisting of RLi and KH. 

The process of the present invention has the advantage of alloWin.g. the synthesis of the new 

ligands OI) in a rapid and easy one-step reaction; these ligands could not be obtained or could 

be only hardly obtained, in very low yields and with laborious an,d time consuming procedures, 

according to the processes known -in the state of the art. 
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The methylene-bridged n}~locenes according to the present~Vention can be advantageously 
.J·. .. 

used _as catalytic components for the polymerization of olefins. Thus, another object of the 

present invention is a catalyst system for the. polymerization of olefins, comprising the product 

obtainable by contacting: 

(A) one or more bridged metallocene compounds of formula (I), as described above, and 

(B) a suitable_ activating cocatalyst. 

Activating cocatalysts suitable as component (B) in the catalysts of the invention are linear, 

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

R~ R
4 

Al--0-A(,.. 
·R4/ "-R4 

wherein the substituents R4
, the same or different from each other, are a linear or branched, 

satmated or unsaturated C1-C20 alkyl, C3-C20 cycloalkyl, C6~C20 aryl, c,~c20 alkylaryl, C7-C20 

arylalkyl radicals, optionally containing Si and Ge atoms, or R4 is a group -O-Al(R4
) 2• R4 is 

preferably methyl, ethyl, isobutyl or 2,4,4-trimethyl-pentyl. 

Examples of alumoxanes suitable as activating cocatalysts in the- catalysts according to· the 

present invention are methylalumoxane (MAO), tetra-isobutyl-alwnoxane (TIBAO), tetra-

2,4,4-trimethylpentylalumoxane (TIOAO) and tetra-2-methyl-pentylalumoxane. Mixtures of 

different alwnoxanes can also be used. 

Ac~vating cocatalysts suitable as component (B) in the catalysts of the invention are also the 

products of the reaction between water and an organometallic aluminum compolllld, preferably 

of formula AIR' 3 or Al2R
5 
6, wherein R5 has the meaning reported above. Particularly suitable 

are the organometallic aluminum compounds of formula (II) described in EP 0 575 875 and 

those of formula (II) described in WO 96102580. Moreover, suitable cocatalysts are the ones 

described in WO 99/21899 (priority European app. no. 97203332.8) and in the European app. 

no. 99203 U 0.4. Non~limiting examples of organometallic aluminwn compounds of formula 

AIR4
3 or Al2R

4
6 are: 

tris(methyl)aluminum, 

tris(isooctyl)aluminum, 

methyl-bis(isobutyl)alwninum, 

tris(isohexyl)alwninum, 

tris(tolyl)aluminum, 

tris(isobutyl)aluminum, 

bis(isobutyl)alwninum hydride, 

dimethyl(isobutyl)aluminum, 

tris(benzyl)aluminum, 

tris(2,4,4-trimeUiylpentyl)aluminum, 
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bis(2,4;4-trimethylpentyl)~uminum hydride, isobutyl-bis(2-phenyl-propyl)aluminum, 

diisobutyl-(2-phenyl-propyl)aluminum, isobutyl.;bis(2,4,4-trimethyl-pentyl)aluminum, 

diisobutyl-(2,4,4-trimethyl-pentyl)aluminum, tris(2,3-dimethyl.;hexyl)aluminum; 

tris{2,3,3-trimethyl-butyl)aluminum, tris(2,3-dimethyl-butyl)aluminum, 

tris(2,3-dimethyl-pentyl)aluminum, 

tris(2-ethyl-3-methyl-butyl)aluminum, 

tris(2-methyl-3~yl-penfyl)aluminum, 

tris(2-ethyl-3-methyl-pentyl)aluminum, 

tris(2-isopropyl-3-methyl-butyl)aluminum and tris(2,4-dimethyl-heptyl)aluminum. 

Particularly preferred aluminum compounds are trimethylaluminum (1MA), 

tris(2,4,4-trimethylpentyl) aluminum (TIOA), triisobutylaluminum (TIBA), tris(2,3,3-

trimethyl-butyl)aluminum and tris(2,3-:dimethyl-butyl)aluminum. 

Mixtures of different organometallic aluminum compmmds and/or alumoxanes can also be 

used. 

The molar ratio between aluminum and the metal M of the methylene-bridged metallocene is 

preferably comprised between about 10: 1 and about 50,000: l, and preferably between about 

100:1 and about 4,000:1. 

In the catalyst system according to the present invention, both said methylene-bridged 

metallocene and said alumoxane can be pre-reacted with an organometallic aluminum 

compound of formula AIR\ or Al2R
4
6, wherein the R'' substituents have the meaning reported 

above. 

Further activating cocatalysts suitable as· component (B} in the catalysts of the· invention are 

those compounds capable of forming an alkylmetallocene cation; preferably, said compounds 

have fonnula y+z·, wherein y+ is a Bro_ensted acid· capable of donating a proton and of reacting 

irreversibly with a substituent X of the compound of formula (I), and z· is a compatible non­

coordinating ariion, capable of stabilizing the active catalytic species which result from the 

reaction of the two compounds, and which is sufficiently labile to be displaceable by an 

olefinic substrate. Preferably, the z· anion ·comprises one or more boron atoms. More 

preferably, the anion z· is an anion of formula BArl', wherein the Ar substituents, the same or 

different from each other, are aryl radicals such as phenyl, Pe.tltafluorophenyl, bis(trifluoro­

methyl)phenyl. Tetrakis-pentafluorophenyl-borate is particularly preferred. Moreover, 

compounds of fonnula BAr3 can be conveniently used. 

The catalysts of the present invention can also be used on inert ::;upports. This is achieved by 

depositing the methylene-bridged metallocene (A), or the product of its reaction with the 
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activating cocatalyst (B), or the component (B) and then the metallocene (A), on a suitable inert 

support, such.as silica, alumina, magnesium halides,·olefin polymers or prepolymers, such as 

polyethylenes, polypropylenes or styrene-divinylbenzene copolymers. 

The thus obtained supported catalyst system, optionally in the presence of alkylaluminwn 

compounds, either untreated or pre-reacted· with water, can be usefully employed in gas-phase 

polymerization processes. 

The present invention also provides a process for the homo or copolymerization of olefins, 

comprising the polymerization reaction of one or more olefinic monomers in the presence of a 

catalyst system as described above. Representative examples of olefinic monomers which· may 

be used in the polymerization process of the invention are ethylene,. alpha-olefins· such aS 

propylene, I-butene, 1-hexene, 4-methyl-1-pentenc and 1-octene, and non-conjugated diolefins 

such as 1,5-hexadiene. 

The catalyst systems of the invention are particularly advantageous in ethylene and propylene 

homopolymerizations, where they exert higher activities when compared to prior art· analogues. 

Moreover, by changing the substitution patterns of the methylene-bridged metallocenes of the 

. invention, it is possible to· obtain in high yields, at temperatures of industrial ·interest,' 

polyethylenes and. polypropylenes having intrinsic viscosity (l.V.) ranging from very low 

values (oils or waxes) to high values (I.V.>ldVg). Therefore, an advantage of the metallocenes 

of the invention is that they allow polymers having a wide range of molecular weights to be 

obtained. 

From propylene homopolymerization, by using the metallocenes of formula (I) wherein M is 

Zr, according to the invention, it is possible to obtain atactic propylene oligomers; terminated 

with vinylidene end-groups, which are particularly useful as lubricants, functionalizable 

monomers and chemical intermediates. By using the metallocenes of formula (I) wherein M is 

Hf, atactic polypropylene having higher molecular weight values are obtainable. 

From ethylene homopolymerization, it is possible to obtain linear a-olefins having a Pn 

(Number Average Degree of Polymerization) ranging from 50 to 500, and preferably from 80 

to ~50; these a-olefins have more than 90% of terminal vinyl unsaturations (on the total 

number of terminal vinyl and vinylidene unsaturations). By varying the substitution pattern on 

the catalysts according to the invention, and in particular by using methylene-bridged bis(l­

methyl-2-indenyl)metallocenes, it is possible to obtain linear a-ofofins having a percentage of 

terminal vinyl unsaturations higher than 90%, preferably higher than 95%, thus providing 
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useful a-olefinic PE waxes. Moreover said a-olefins are linear, havirig a number of total 

branches preferably lower than 1/100 carbon atoms, and more preferably lower than 0.1/IOOC. 

These a-olefins are particularly useful as polymerization monomers and chemical 

intermediates. 

When the present catalyst systems are used in the copolymerization of ethylene and propylene, 

the methylene-bridged metallocenes of the invention allow to obtain copolymers in high yields, 

having a broad range of comonomer content. 

The polymerization process can be carried out in the liquid phase, optionally in the presence of 

inert hydrocarbon solvents, or in the gas phase. The hydrocarbon solvent can be either 

· aromatic, such as toluene, or aliphatic, such as propane, . hexane, heptane, isobutane and 

. cyclohexane. 

The polymerization temperature is generally comprised between -100°C and + 150°C, and more 

partic11b1rly between 50°C and 100°C. The lower is the polymerization temperature;, the higher 

are. the molecular weights of the polymers obtained. 

The molecular. weight of the ·polymers can be further varied by changing the ·type or the 

C9ncentration of the catalytic components or by using.molecular weight regulators, for exam.pie 

hydrogen. 

The molecular weight distribution can be varied by using mixtures of different metallocenes, or 

by carrying out the polymerization in several steps, that differ with respect to the temperatures 

of polymerization and/or the concentrations of molecular weight regulators. 

An advantageous embodiment of the process for the polymerization of olefins, according to the 

present invention, is the use of a metallocene · of fonnula (I) in combination with other 

metallocenes known in the state of the art, so to obtain polyethylenes with a well-defined 

bimodal distribution. More specifically, a metallocene of formula (I) able to produce PE waxes 

having low·molecular weight,· such as methylene-bridged bis(l-methyl.;.2-indenyl)metallocenes, 

may be used in mixture with one or more metallocenes known in the state of the art, able to 

. yield polyethylenes having high molecular weights; by combining the above metallocenes, it is 

possible to obtain bimodal or multimodal polyethylenes which, despite the presence of the PE 

wax fraction of the invention (having very low molecular weight), do not have significant 

amounts of extractables. 

The polymerization yields depend on the purity of the metalJocene compound of the• catalyst. 

The metallocene compounds obtained by the process of the invention can be used as they are, 
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or they can undergo purification treatments. 

The components of the ·catalyst can be brought into contact with each other prior to 

polymerization. ·The duration of contact is generally between l and 60 minutes, preferably 

between 5 and 20 minutes. The pre-contact concentrations for the metallocene component (A) 

are between 1 and· lo-a molell, whereas for component (B) they are between l 0 and 1 o-a mole/I. 

Precontact is generally effected in the presence of a hydrocarbon solvent and, if suitable, in the 

presence of small amounts of monomer. 

The following experimental examples are given for illustrative and not limiting purpose~ 

GENERAL PROCEDURES AND CHARACTERIZATIONS 

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

Solvents were purified by degassing with N2 and passing over activated (8 hours; N2 ptirge, 300 

°C) Al20 3, and stored under nitrogen. 

The metallocenes and the ligands thereof were characterized by the following methods: 

1H-NMR 

·All compoli.nds were ·analyzed on ·an AC 200 Bruker spectrometer by 1H NMR (CDC13, 

referenced against the peak of residual CHCl3 at 7.25 ppm, or CD2Cl2, referenced against the 

peak of residual CHDC12 at 5.35 ppm). All NMR solvents were dried over LiAIH4, P20 5 or 

CaH2 and distilled before use. Preparation of the samples was carried out under nitrogen using 

standard inert atmosphere techniques. 

The polymers were characteriZed by the following methods: 

13C-NMR 

The 13C-NMR analyses were pert:ormed on a Bruker DPX 400 MHz instrument, in 

tetrachlorodideuteroethane at 130°C. 

Pn (Nwnber Average Degree of Polymerization), evaluated by 1H-NMR analysis,· gives a 

molecular weight measure for low molecular weight products, asswning one double bond per 

chain, as described by Resconi et al. (JAC.S: 120:2308-2321, 1998). 

VISCOSITY MEASUREMENTS 

The intrinsic viscosity (1.V.) was measuredin tetrahydronaphtalene (fHN) at 135°C. 

The polymer molecular weights were determined from the viscosity values. 

IR Analysis 

IR analysis were performed on a Nicolet 20 instrument, on samples of 0.1 mm thickness. 

DSC Analysis 
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The Ti: values were measured on a DSC Mettler instrument. The samples, sealed into 

aluminum pans, were first heated to 200°C at 20°C/min and kept· at this temperature for 5 

minutes. After cooling to· 0°C at 20°C/min. the sample was left for 5 minutes at 0°C and 

finally heated· to 200°C at:· 10°C/min. In this second heatin~ run, the peak temperature was 

assumed as melting temperature (Tm) and the area as global~elting enthalpy (AH,). 

CATALYST COMPONENTS 

Methylalumoxane (MAO) 

(1) A commercial (Witco, MW 1400} 10% w/w toluene solution of MAO (l.7M) was used as 

such. 

(2) Alternatively, the commercial sample was dried in vac"Q.um to a free-flowing powder 

(residual AIMe3 about 3""5 mol%). 

Tris(2,4,4-trimethyl-pentyl)alumino:xane (TIOAO) 

Tris(2,4,4-trimethyl-pentyl)aluminum (TIOA) was purchased from Witco and was diluted to . . 
a lM solution in hexane. 3.45 ml of said solution were added at room temperature to 5 ml of 

toluene,· previously deoxygenated and distilled· over triisobutylaluminum. 0.031 ml of H.P 
· were then added at room temperature with a syringe and the resulting solution was stirred for 

l 0 minutes at room temperature. 

Catalyst mixture 

The catalyst mixture was prepared by adding the desired am.ount·of the metallocene to the 

proper amount of the MAO or TIOAO solution, thus obtainillg .a solution which was stirred 

for 10 minutes· at room temperature and then injecte4 into · the autoclave,· at the 

polymerization temperature, in the presence of the monomer.·· . . 

METALLOCENE SYNTHESIS 

SYNTHESIS! 

Methylene-bis(l-indenyl)zireonium dichloride 

(a-1) Synthesis ofbis(2-indenyl)methane (with para-formaldehyde) 

In a 500 mL flask equipped with magnetic stirring bar were introduced 16.2 g (0.139 moles) 

of indene, 2.78 g (0.093 moles) of para-formaldehyde and 5.2 g (0.027 moles) of para­

toluenesulphonic acid in 200 ml of toluene; the mixture was heated to 80 °C and. was 

maintained under stirring for 1 hour at 80°C. Then the reaction was quenched with 

water/NaHC03; the conversion, measured by gas chromatographic analysis, was 65.8%. The 

organic layer was separated, washed with water and brought to dryness under reduced 

14 
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pressure. The crude pr~µct was crystallized upon standi~g'.;at room temperature, and then 

was further purified by washing with pentane or MeOH, thus isolating bis(2-

indenyl)methane . 

.. 'H-NMR (CPC13): a 7.38 (d, 2H). 7.28-(t, 2H), 7.25 (d, 2H), 7.12 (t, 2H), 6.6 {s, 2H, =CH), 

3.65 (s, 2H, bridge CHJ, 3.38 (~ 4H, 2 x CH2). 

(a-2) Synthesis of bis(2-indenyl)methane 

(with 1,3-dioxolane and para-toluenesulphonic acid) 

2.9 g of para-toluenesulphonic acid (15 mmol), 100 mL of toluene, 5.4 mL of 1,3-

dioxolane (Aldrich, MW 74.08, 77 mmol) and 10 g of indene (77 mmol) were placed in 

this order in a 250 mL flask equipped with magnetic stirring bar, thermometer and reflux 

condenser. This mixture was heated at 80°C in 20 minutes and stirred at 80°C for 6 

hours. After cooling to room temperature, the mixture was poured onto ice/NaHC03 and 

the .organic layer separated in a funnel. The water layer was washed with Et.iO (2x150 

mL), the organic layers were combined, dried with NaS04 , filtered and concentrated in 

vacuo to yield the crude target product, with a conversion of 59% . 

. (a-3) Synthesis ofbis(2-indenyl)methane 

(with 1,3-diox:olaneand methane-sulphonic acid) 

The procedure reported in synthesis l(a-2) was repeated by using 1.43 g of meihane­

sulphonic acid (14 mmol). 100 mL of toluene, 5.2mLof1,3-dioxolane (74 mmol) and 9.2 

. g ofindene (71 mmol), obtaining the crude target product, with a conversion of 49~9%. 

(b) Synthesis of methylene-bis(2-indenyl)zirconium dichloride 

0.29 g (1.19 mmol) ofbis(2-indenyl)~ethane, prepared as described above, were dissolved in 

40 ml ether and cooled to -78 °C. Then 1.6 ml of a 1.6 M solution of n-BuLi ·in hexane (2.1 

equivalents) were added by syringe. It was allowed to warm to room temperature. After 90 

minutes at room temperature it was cooled to -78 °C ·and 0,29 g ZrC14, suspellded in 30 ml 

EtzO, was added. On allowing to wann to room temperature and stirring for 2 hours, the color 

changed from brown to yellowish. The solvent was removed under vacuum and the powder 

washed with EtiO and then hexane to give 300 mg of methylene-bis(2;.indenyl)zircoriium 

dichloride as a yellow powder. 

· 
1H NMR (CD2CIJ: ~ 7.51 (dd, 4H), 7.24 (dd, 4H), 6.1 (s, 4H, =CH), 4.28 (s, 2H, bridge 

CH2). 
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Methylene-bis(4,7-dimethyl-2-indenyl)zirconium dichloride 
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(a-1) Synthesis ofbis(4,7-dimethyl-2-indenyl)methane (with para-toluensulphonic acid) 

In a 500 mL flask equipped with magnetic stirring bar were introduced 10 g (0.069 moles) of 

4,7-dimethyl-indene, 1.04 g (0.035 moles) of formalin and 2.64 g (0.014 moles) of para­

toluenesulphonic acid in 100 ml of toluene; the mixture was heated to 80 °C and was 

maintained under stirring for 3 hours at 80°C. Then the reaction was quenched with 

water/NaHC03; the convers~on, measured by g~s chromatographic ana1ysis, was 82.4%. The 

organic layer was separated, washed with ·water and brought to dryness under reduced 

pressure. The crude product was crystallized upon standing· at room temperature, and then 

was further purified by washing with pentane or MeOH, thus isolating 5.1 g of bis(4,7-

dimethyl-2-indenyl)methane (purity of90.2% by G.C.; yield=44.1%). 
1HNMR (CDC13): 7.J-6.9 (m,4H); 6.78 (s, 2H); 3.79 (s, 2H); 3.29 (s, 4H); 2.45 (s; ·6H); 2.33 

(s,6H). 

(a-2) Synthesis of bis(4, 7-dimetbyl-2-indenyl)methane (with H2SOJ 

In a .250 mL flask equipped with magnetic stirring bar were introduced Sg (34. 7 nimol~s) of 

4,7-dimethyl-indene, 0.57 g (0.19 mmoles) of para-formaldehyde and 0.21 g (l.7 mmoles) of 

concentrated sulphuric acid ·in 50 ·ml of benzene; ·the mixture was heated at reflux for 2 

hours. Then the reaction crude was dissolved .in 200 ml CH2Cl2, washed with a saturated 

solution of NaHC03 and with water. After drying over anhydrous magnesium sulphate,·the 

solution was filtered and c~ncentrated to give bis(4,7-dimethyl-2-indenyl)methane as a 

slightly yellow solid (yield=~2%). The product was further purified by crystallization from 

isopropanol. The results of the 1H-NMR analysis correspond to the ones reported above. 

(b) Synthesis of methylene-bis(4;7-dimethyl-2-indenyl)zireonium dichloride 

2.24 g ofbis(4,7-dimethyl.;2-indenyl)methane (purity 89% by G.C., 6.66 mmol), obtained as 

reported above, were dissolved in 63 mL Ef:iO, in a Schlenk tube with magnetic stirring bar; 

the solution was cooled to-80°C and 6 mL of a 2.5 M solution ofBuLi in hexane (15 mmol) 

. were added dropwise in 10 minutes. The obtained solution was allowed to wann to room 

temperature and stirred for 6 hours, thus obtaining a pink-red suspension. which was then 

cooled to-80°C and added to a slurry of 1.6 g of ZrCl4 (6.87 mmo1) in 63 mL of pentane, in 

a 250 mL flask at -80°C. After warming to room temperature, the mixture was stirred 

overnight. The yellow-brown suspension was dried to a :free-flowing powder. This powder 
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was slurried in 100 mL of CH2Cl2, transferred into an extraction apparatus and extracted with 

refluxing CH2Cl2 for 6 hours (a yellow precipitate formed in the collecting.flask during the 

extraction). At the end of the extraction, CH2Cl2 was concentrated to 20 mL, then cooled to -

20°C ~:>Vemight, and finally filtered. The residue was washed with CH2Cl2 until the washing 

turned from brown to straw-yellow, and fmally dried, to yield 1.215 g of yellow solid. 1H 

NMR analysis shows the presence ofthe pure target compound CH2{4,7-Me2-2-Ind)zZrCl2• 

1H NMR (CD2Cl2, ref. CDHC12 at 5.377 ppm, room temp.): Ar-CH3, 2.451, s; CH2, 4.397, s; 

Cp-H, 6.058, s; Ar, 6.976, s. 

An additional 0.734 g of product were recovered from the filtrate and washings combined, 

by drying and washing with toluene. Combined yield 63 %. 

SYNTllESIS3 

Rac-Methylene-bis(l-methyl-2-indenyl)zirconium dichloride 

(a-1) Synthesis of bis(3-methyl-2-indenyl)methane from bis(2-indenyl)methane. 

S.11 g of bis(2-indenyl)methane (91.1 % by G.C., 19 mmol), obtained as reported in 

Synthesis l(a), were dissolved in SO mL THF, in a 100 mL Schlenk tube with magnetic 

-stirring bar, and the solution was cooled to -40°C; 27 mL of a L6 M solution of"MeLi in 

E~O ( 42.4 mmol) were added dropwise. At the end of the addition, the resulting brown 

. solution was stirred for 2 more hours at room temperature, and then added dropwise (over 

2.5 hours) to 2.64 mL of Mel ( 42 mmol) in 100 mL THF cooled to -10°C. At the end of the 

. addition, the mixture was allowed to re~h room temperature and was stirred ·overnight.· The 

thus obtained yelJow-brown solution was quenched with 100 mL H20; the organic layer was 

separated and· the. water layer was exl!acted twice with EtiO; the organic layers combined, 

dried over MgS04 and filtered. After removing the solvents in vacuum, 5.61 g of oily 

product were obtained, which were analyz.ed by G.C./M.S. and 1H NMR. The product bis(3-

methyl-2-indenyl)methane (purity 85 % by G.C.) was obtained in 84 % yield. 
1H NMR (CDC13): r, 7.2-7.5 (m, 8H); 3.73 (s,"2H); 3.35 (s, 4H); 2.29 (s, 6H). 

(a-2) Synthesis of bis(3-methyl-2-indenyl)methane from 3-methyl-indene · • 

In a 500 mL flask equipped with magnetic stirring bar were introduced 14.8 g (0.114 moles) 

of 3-methyl-indene, 2.3-g (0.077 moles) of para-formaldehyde and 4.37 g (0.023 moles) of 

para-toluenesulphonic acid in 200 ml of toluene; the mixture was heated to 80 °C and was 

maintained und~r stirring for· 1 hour at 80°C. Then the reaction was quenched with 

water/NaHC03; the conversion; measured by gas chromatographic analysis, was 85.9%. The 
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organic Jayer was separated, washed with water and brought to dryness under reduced 

pressure. The crude product was crystalliz~d upoll standing· ~t 'room temperature, and then 

was further purified by washing with p~ntane or MeOH, t)ius isolating 15.5 g of bis(3-

methyl-2-indenyl)methane (purity of 89.8% by G.C.; yield=89~~%). 

The results of the 1H-NMR analysis correspond to the ones reported above. 

(b) Synthesis of methylene-bis(l-metbyl"'.2-ind&myl)zirconiuriJ dichloride 

6.5 g of bis(3-methyl-2-indenyl)methane (purity 90 % by G:C., 21.5 mmol), obtained as 

reported. above, were dissolved in 160 mL Et20, in a Schlenk tube with magnetic stirring bar; 

the solution was cooled to -20°C and27 mL of a 1.6 M soh.ttion of BuLi in hexane (43.2 

mmol) were added dropwise in 15 minutes. The obtained solmion was allowed to warm to 

room temperature and stirred for 5·hours, obtaining a red suspension, which was then cooled 

to -80°C and added to a slurry of 5 g of ZrClt (MW= 233.03, 21.4 mmol) in 160 mL of 

pentane, in a 500 mL fl.ask, at -80°C. After warming to roonr temperature, the mixture was 

stirred overnight. The yellow suspension was dried to a :free~flowing powder; said powder 

.was them washed with pentane. ('H~NMR analysis showed the: presence ofboth rac- and 

meso"'.C~(l-Me-2-Ind)2ZrCl2), transfe:rred, into. an extraction apparatus and finally extracted 
' ' 

with refluxing CH2Cl2;. a yellow precipitate formed in the · collecting flask during the 

extraction. At the end of the extr'dc:tion, CliiCl2 was concentrated to 20 mL and filtered. The 

:fCSidue was washed with EtiO and pentane, and finally dried, to yield2.98 g of yellow solid. 
' ' 

1H NMR analysis showed the presenc~ of the pure target product rac-CH2(1-Me-2-

lnd)2ZrC12. 

'H NMR (CD2Cli, ref. CDHC12 at 5.3~3 ppm, room temp.): Cp~CH3, 2.535, s; CH2, 4.375, s; 

Cp-H, 5.974, s; AI, 7.2-7.4, m; 7.5-7.6, m. 

SYNTHESIS4 

Rac-Methylene-bis(l-methyl-2-indenyl)zirconium dimethyl 

0.37 g of rac-CH2{1-Me-2-Ind)iZrC12, obtained as reported in Syrithesis 3, were slurried into 

20 mL THF and cooled to 0°C; 0. 7 mL of a 1.6 M solution of MeLi in EtiO (1.12 mmol), 

diluted in 5 mL EtiO, were added. The appea,rance changed fro.in a yellow suspension to a 

brick-red solution. After 2 hours at room temperature, the mixtui'e was brought to dryness in 
vacuum, to give a dark red solid, which w~ extracted with 1 PO mL pentane at 30°C. The 

obtained extract was concentrated to 10 mL and cooled to -20°C, thus obtaining a 

precipitate. After filtration, the residue was washed witli pentane and dried in vacuum to give 
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0.2 .g of the target produ¢,>· '· -CH2(1.:.Me-2-Ind)2ZrMe2• :,&iY/k 
1H NMR (C6D6, room t~mp., ref'. CJ>5H at 7.289 ppm): Zr-CH3, -0.587, s; Cp-CH3, 2.137, s; 

CH:z, 3.404, s; Cp-H, 5;526, s; Ar, 7.07-7:14, m; 7.49-7.57, m. 

SYNTHESISS 

Rac-Methylene-bis(l-methyl-2-indenyl)zirconium monomethyl monochloride 

The procedme reported in synthesis 3(b) was followed,. with the difference that 3 equivalents of 

MeLi per equivalent ofbis(3-methyl-2-indenyl)methane were used, i.e. were used 27 mL of a 

1.6 M solution of BuLi in hexane (64.5 mmol), thus obtaining the target product. 
1H NMR (CD2Cl2, ref. CDHC12 at 5.38 ppm, room temp.): Zr-CH3, -0.50, s; Cp-CH3, 2.57, s, 

2.38, s; CH2, 3.99, s; Cp-H, 5.55, s, 6.12, s; Ar, 7.1-7.4, m, 7.4-7.7, m. 

SYNTHESIS6 

Rac-Methylene-bis(l-phenyl-2-indenyl)zirconium dichloride 

(a) Synthesis of bis(3-phenyl-2-indenyl)methaile 

Jn a 500 mL fl.ask equipped with magnetic stirring bar we~e introduced 4.46 g (0.023 moles) 

of 1-phenyl-indene, 0.35 g (0.0117 moles) of formalin and 0.88 g (0.0046 moles) of para.;. 

toluenesulphonic acid in 200 ml of toluene; the mixture was heated to 80°C and' was 

maintained under stirring for 6 hours at. 80°C. Then the reaction was quenched· with 

water/NaHC03; the organic layer was separated, washed with water and brought to dryness 

under reduced pressure. The crude product was crystallized upon standing at ·room 

temperature, and then was :further purified by washing with pentane or MeOH, thus isolating 

4.5 g ofbis(3-phenyl-2-indenyl)methane (purity of 97.3%.by G.C.; yield= 95.2%). 
1HNMR(CDC13): 0 7.1-7.7 {m, 18H); ~.16 (s, 2H); 3.39 (s. 4H). 

(b) Synthesis ofmethylene-bis(l-pheoyl-2-indenyl)zirconium dichloride 

3.5 g of bis(3-phenyl-2-indenyl)methane (purity 97.3 % by G.C., 8.59 mmol), obtained as 

reported above, were slurried in 70 mL.EtiO, in.a Schlenk tube with magnetic.stirring bar; 

the solution was cooled to -80°C and 7 5 mL of a 2.5 M solution of BuLi in hexane ( 18. 75 

mmol) were added dropwise in 15 minutes. The obtained solution was allowed to warm to 

room temperature and stirred for 6 hours, thus -obtaining a light broWn suspension, which 

was then cooled to -80°C and added to a slurry of 2 g of ZrCl4 (8.58 mmol) in 80 mL of 
pentane, in a 250 mL fl.ask, at -80°C. After warming to room temperature the mixture was 

stirred overnight. The yellow suspension was concentrated to 30 mL, filtered, dried and then 

extracted with refluxing CH2Cl2 until the extract was colorless (a yellow precipitate formed 
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in the collecting flask during the extraction). At ·the end 9f .the extraction, CH2Cl2 was 

concentrated to 15 mL, then cooled to ..,..20°c overnight, and ~Hy filtered. The residue was 

. washed with CH2Cl2 until the washing turned from brown to; yellow, and finally dried, to 
' ' 

yield 2.2 g of yellow solid. 1H NMR analysis showed the pre~~nce of pure target product 
;; ::.· 

CH2(1-Ph-2-Ind)2ZrCI2• .. < 

1H NMR (CD2Cl2, ref.' CDHC12 at 5.377 ppm, room temp.): CIJ2, 4.770, s; Cp-H, 5.633, s; 

Ar, 7.2-8, m. 

Additional 0.25 g of the target product were recovered from the filtrate and washings, 

combined and concentrated to 8 mL, cooled to -20°C overnight, filtered and dried. The 

combined yield was 51.3 %. 

SYNTHESIS? 

.. Rac-Methylene-bis(l-t-butyl~2-indenyJ)zirconium dichloride 

. (a-l)Synthesis ofbis(3-t-butyl-2-indenyl)metbane 

(with para-formaldehyde and pan.i-tolu~mesulphonic acid, in toluene) 
' . . . . . . 

I~ a 500 mL flask equipped with magnetic stirrin~ bar w~ introduced 12.35 g (0.072 

moles) of 1-t-butyl-indene, L43 g (0.048 moles) of para-formaldehyde and 2.73 g (Q.014 

moles) of para-toluenesulphonic ac.id i11 200 ml of toluene; the mixture was heated to 80°C 

and was maintained under stirring for 6 hours at 80?C. Then the reaction was quenched with . 

. water/NaHC03; the conversion, measured by gas chromatographic analysis, was 79~5%. The 

. organic layer. was separated, washed with water and brou~t''.:to dryness under reduced 

pressure. The crude product crystallized upon standing at room temperature, and then was 

further purified by washing with MeOH, thus . .isolating· 10.8 g bis(3+butyl-2-

indenyl)methane (purity of 90.9 by G.C.; yield== 76.81 %). 

1H NMR (CDCl3): 0 7.6-7.8 (d, 2H); 7.1-7.4 (m. 6H); 4.23 (s. 2H); 3.34 (s, 4H); 1.58(s,18H). 

(a-2) Synthesis of bis(3-t-butyl-2-indenyl)methane: 

(with dioxolane and para.,.toluenesulphonic acid, in toluene} 

4.1 g of para:..toluenesulphonic acid (21.6 mmol), 200 mL of toluene, 7.6 mL of 1,3-

dioxolane (Aldrich, MW 74.08. 108.8 mmol) and 19.0 g of 3-t-Bu-indene (MW 172.16, 110 

mmol) were placed in this order in a 0.5 L flask equipped with magnetic stirring bar, 

thermometer and reflux condenser. This mixture was heated at 80°C in 20 minutes and 

stirred at 80°C for 6 hours. After cooling to room temperature, the mixture was poured onto 

ice/NaHC03 and the organic layer separated in a funneL The water layer was washed with 
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Et:zO C2x150 mL), the:.~'\1~c layers were combined, JA~a with NaS04, filtered and 

concentrated in vacuo tb yield a red paste (18.6 g) which has a content of 82 % of the target 

product (77 % conversion). This paste was· taken up in 50 mL of pentane, stirred 30 min and 

filtered. The residue was dried in vacuo: yield 7.0 g of an ochre powder (purity 97.5. % by 

G.C., yield 34.8 % of plire product). 

1H-NMR (CDC13, 3, ppm): 1.57, s, 18H, t-Bu; 3.32, s, 4H, CH2 indene; 4.21, s, 2H, CH2 

bridge, 7-7.5, m, 6H, Ar; 7.67, 7.71, d, 2H, Ar. 

(a-3) Synthesis of bis(3-t-butyl-2-indenyl)methane 

(with dioxolane and para-toluenesulphonic acid, in n-decane) 

The procedure reported above in Synthesis 7(a-2) was repeated, using 2.07g of para­

toluenesulphonic acid (11 mmol), 100 mL of n-decane, 3.8 mL of 1,3-dioxofane (Aldrich, 

MW 74.08, 55 mmol) and 9.4 g of 3-t-Bu-indene (MW 172.16, 55 mmol)°; the reaction 

mixture was heated at 100°C in 20 minutes and stirred at 100°C for 6 hours. The target 

product was obtained with 82% conversion. 

_(a-4) Synthesis 'of bis(3-t-butyl-2-indenyl)m:ethane 

. (with dioxolane and H2S04, in toluene) 

The procedure reported above in Synthesis 7(a-2) was repeated, using l.05g of H2S04'(10 

mmol), 100 mL of toluene, 3.74 mL of 1,3-dioxolane (Aldrich, MW 74.08, 54 mmol) and 

9.23 g of 3-t-Bu-indene (MW 172.16, 54 mmol); the reaction mixture was heated at 80°C in 

20 minutes and stirred at 80°C for 6 hours. The target product was obtained with 29.2% 

conversion .. 

(b) Synthesis of methylene-bis(l-t·b~tyl-2-indenyl)zirconium dichloride 

3 g of bis(3-t-butyl-2-indenyl)methane (purity 93.1 % by G.C., 7.83 mmol), obtained as 

reported above, were dissolved in 63 inL Et20, in a Schlenk. tube with magnetic stirring bar; 

the solution was cooled to -80°C and 10.6 mL of a 1.6 M solution ofBuLi in hexane (16.96 

mmol) were added dropwise in 15 minutes. The obtained solution wa8 allowed to warm to 

room temperature and stirred for 5 hours, thus obtaining a red suspension; which was then 

·cooled to -80°C and added to a slurry of 1.96 g of ZrC14 (8.41 mmol), in 63 mL of pentane, 

in a 250 mL flask, at -80°C. After wanning to room temperature, the mixture was stirred 

overnight. The yellow suspension was dried to a free-flowing powder. 1H NMR analysis 

showed the presence of the target product rac-CH2(1-t-Bu-2-Ind)2ZrC12 as the only isomer. 

The powder was slurried in 100 mL of CH2Cl2, ·transferred into an extraction apparatus and 
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extracted with refluxing GH2Cli for 6 hours (a yellow precipitate formed in the collecting 

flask during the extraction). At the end of ~e extraction, CH2¢12 was concentrated to 10 mL . . ' . . 

and then filtered. The residue was washed with pentane, until t)i~· washing was colorless, and 

was dried to yield 1.757 g:of a yellow solid. 1H NMR analys~s showed the presence of the . .. ··.· .. :-: . 

pure target product rac-CH2(1-t-Bu-2-Ind)2ZrCh'. . · .. · 
1H NMR (CD2Cl2, ref. CDIJGI2 atS.377 ppm, room temp.): t-:B~, 1.719, s; CH2, 4.926; s; Cp-

H, 6.220, s; Ar, 7.2-7.3, m; 7.4-7.5, m, 7.8-7r9, m. . 
. . 

Additional 0.4 g of product were recovered from the filtr~te, by recrystallization from 

toluene and washing with Et20. The combined yield was 55 %~:. : 

SYNTHESIS8 

Rac-Methylene-bis(l-t-butyl~-indenyl)hafnium dimethyl 

1.8 g of bis(3-t-butyl-2-indenyl)methane (purity 97.7 % by G;C., 4.9 mmol)~ obtained as 

reported in Synthesis 7(a), were dissolved ip 30 mL Et20, in:a·250 mL Schlenk tube with 
. ; . . . 

ma~netic stirring bar, and 12;6 mL of a 1.6 M solution of MeLi in EtiO (20.16 mmol) were 
added dropwise in S minutes,· at room temper~ture ( e:x.othermic·:reaction); after· 10 .minutes, a 

white suspension was obtained. The mixture was maintained under stirring for 2 hours and 

. , the suspension was then cooled- to -80.°C; a slurry of 1.62 g ,Qf HfCJ.., (Roe-Ric, 99.99 %, 

MW= 320.3, 50.6 mmol)i~ 30 mL of Pentane; also coolecf·io ~O °C, waS added. The 

mixture was stirred overnight by letting the temperature rise slowly to. room temperature in . . . . . ' . 

the Dewar. The gray suspension was. conc~trated in vacuo to.r~move the solvents to give a 

ftee-flowing powder, .which was extracted in a Soxhlet for 4.5 hours with 100 ·mL of 

pentane. The extract was dri~d to a yellow powder (l.46 g). · . ·< ·, 

1H NMR analysis showed the presence of a m~xture of produc~ .. These products were taken 

up in I 0 mL of pentane, stirred and filtered; the obtained res~due (0.3 g), in the form of a 

light yellow powder, was rac-CH2(1-t-Bu-2-Ind)JffMCi containing a small amount of 

impurities. The pentane soluble. fraction was c~ncentrated; treated with 2 mL of Et20 and 

cooled to -20 °C. 

After three days, 50 mg of chemically pur~ (by 1H NMR) rqc-CH2{1-t-Bu-2-Ind)2HfMe2 

were recovered by filtration.. 

SYNTHESIS9 

Rac-Methylene-bis(l-trimethYlsilyl-2-indenyl)zirconium dichl.oride 

(a) Synthesis of bis(3-trimethylsilyl-2-indenyl)methane 
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6.0 g of bis(2-indenyl~~e (Mw = 244.33, 77 %, 18.9 ~bl); obtained as described in 

Synthesis l(a), were dissolved in 70 mL EtiO, cooled to -50°C and treated with 16 mL of 

BuLi 2.5 Min hexane (39.8 mmol). The thus obtained orange suspension was allowed to 

reach room temperature, stirred for 5 hours, then added to a solution of 5 mL of Me3SiCl (d 

= 0.856, 4.3 g, MW 108.64, 39.8 mmol) in 30 mL ofEtiO previously cooled at-30°C. The 

yellow .suspension was allowed to reach room temperature and stirred overnight;, then 

quenched with MeOH and filtered; the filtrate was finally brought to dryness to yield 8.2 g of 

bis(l-trimethy1silyl-2-indenyl)methane, in form of a clear, thick orange oil <Mw 388.07, 

purity 71.5 % by G.C.). 

(b) Synthesis of methylene-bis(l-trimethylsilyl-2-indenyl)zirconium dichloride 

8.0 g of bis(l-trimethylsilyl-2-indenyl)methane (purity 71.5 % by G.C., 14.6 mmol) were 

dissolved in 70 mL EtiO in a Schlenk tube with· magnetic stirring bar; the orange solution 

was cooled to -50°C and 17.3 mL of a 2.5 M solution of BuLi in hexane (43.2 mmol) were 

added dropwise in 5 minutes (red solution); the obtained solution was allowed to warm to 

room temperature and stirred for 5 hours, obtaining a brick-red suspension, which was then 

.. cooled to -30°C and added to a slurry of 4.8 g of ZrCl4 (Mw = 233.03, 20.6 mmol) in 5.0 mL 

of toluene, in a 250 mL fl.ask· at -30°C. After warming to room temperature, the ·yellow 

mixture was stirred overnight The yellow suspension was concentrated in vacuo to remove 

Et:iO and then filtered. The contents of the toluene solution were discarded following 1H­

NMR analysis. The yellow residue on the filter (9.12 g of the target product, containing 

LiCl) was extracted with refluxing CH2Cl2 (Soxhlet, 7 hours). 

The residue (6.0 g) was pure rac-methylene(l-trimethylsilyl-2-indenyl)2ZrCl2 containing 

LiCl, while the extract (2.75 g) contained some impurities and some meso isomer. 

SYN'THESIS 10 

Rac-Methyl~n~bis(l-trimethylsilyl-3-methyl-2-indenyl)zirconium dichloride 

(a) Synthesis of bis(l-trimethylsilyl-3-methyl-2-indenyl)methane 

8.05 mmol of bis(3-methyl-2-indenyl)methane, obtained as described above in Synthesis 

J(a-1), were dissolved in 50 mL EtiO, cooled to -50°C and treated with 6.7 mL ofBuLi 2.5 

M in hexane (17 mmol). The thus obtained red-violet suspension was allowed to reach room 

temperature, then added to a solution of 2.2 mL of M~SiCl in 30 mL of EtiO previously 

cooled at -30 °C. The suspension was allowed to reach room temperature (the color fades) 

and stirred overnight, then quenched with MeOH (the color turns yellow) and filtered; the 
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filtrate was brought to dryness to yield bis(l-trimethylsilyl-3,~methyl-2-indenyl)methane in 
•'. . ·:: 

the form of a brown-orang~ ~iquid (3.55 g, 100 % yield). 
. . -~ : •, ·. 
:·.• .. !· 

(b) Synthesis of methylene-bis(l-trimethylsilyl-3".'methyl•2~i~denyl)zirconium dichloride 
: : .. 

3.55 g ofbis(l-trimethylsily~-3-methyl-2-indenyl)methane (8.S~ mmol) were dissolved in SO 

mL EtiO in a Schlenk tube with ma&netic· stirring bar; the ·.~btained orange solution was 

cooled to -50°C and 7.2 mL of a 2.5 M solution ofBuLi in<h.e:X.ane (18 mmol) were added . . .. . :. ,, : . . 

dropwise in 5 minutes (red solution~; the resulting solution W'a.s allowed to warm·to room 

temperature and stirred overiiight, obtaining a darker red solutj.oh, which was then cooled to 

-30°C and added to a slurry of 1.98 g of ZrC14 (Mw = 233."~3, 8.53 mmol) in 50 mL of 

toluene, in a 250 mL flask ~at -30°C; After warming to room t~mperature, the brown-violet · 

mixture was stirred overnight. The brown suspension was ccin,~ntrated in vacuo to remove 

Et20 and then filtered. The residue was discarded following·'H~NMR analysis; the toluene 

solution was . brought to dryness, then washed with 50 m~ ·· Et20, filtered, the residue 

discarded and the filtrate dried again to 3.2 g of a brown product ·which was then washed 

with pentane; the residue dijed iii vacuo (1.75 g). 1H-NMR analysis showed the presence of 

pure rac-CH2(1-Me-3.;.1Ms.:.2.,.Jnd)2ZrC12 as the only isomer. 

SYNTHESIS 11 

Rac-Methylene-bis(l-diphenylphosphino-2.;.indenyl)Zirconium.·dichloride 

(a) Synthesis of bis(3•dipheilylphosphino-2-indenyl)methan~, · 

8.17 g of bis(2-indenyl)methane (Mw = 24433, 77 %, 18.9 mmol), obtained as described in··· 

Synthesis I (a), were dissolved in I 00 mL E~O, cooled to ....;.50°¢ ·and treated with 21.6 mL of 

BuLi 2.5 Min hexane (54.1 mmol). '.fhe thus obtained yellow suspension was allowed to 

reach room temperature, stirred for 5 hours, then added to a sc:)lution of 9. 7 mL of PhiPCI · 

(MW 220.64, 54.13 mmol) in 30 mL of E~O previously cooled at -50 °C. The yellow 

suspension was allowed to reach room temperature (the color fades) and stirred overnight; it 

was then quenched with MeOH and :filtered, and the filtrate br011ght to dryness to yield 13.5 

g of an ochre powder, which was washed with pentane (washi~g discarded) and then with 

Ef20 (washing discarded); the residue was dried to ~'Ve 8.3g of pure bis(3-

diphenylphosphino-2-indenyl)methane. 

The residue from the filtration of the crude reaction mixture (6.7 g) were extracted with 

refluxing CH2Cl2, to give the .same product. 

(b) Synthesis rac-methylene:-bis(l-diphenylphosphino-2-indenyl)zirconium dichloride 
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6.9 g bis(3-diphenylphoilho-2-indenyl)methane (Mw = 61~~:1 l .3 mmol) were suspended 

in 100 mL E~O in a Schlenk tube with magnetic stirring bar, cooled to -50 °C and 9.5 mL of 

a 2.5 M solution of BuLi in hexane (23. 7· mmol) were added dropwise in 5 minutes; the 

solution was allowed to wann to room temperature and stirred for 5 homs, thus obtaining an 

ochre suspension, which was then cooled to -30°C and added to a slurry of 2.6 g of ZrC14 

(Mw = 233.03, 11.3 mmol) in 20 mL of toluene, in a 250 mL flask at-30°C. After warming 

to room temperature, the mixture was stirred overnight. The yellow suspension was filtered. 

The solution was discarded; the yellow residue was dried to a free-flowing powder (8.9 g), 

and then extracted with refluxing CH2C12 to give 6.5 g of yellow powder. 1H-NMR analysis 

showed the presence of pure rac-CH2(1-Ph2P-2-Ind)2ZrC12 as the only isomer. · 

POLYMERIZATION TESTS 

EXAMPLES 1-4 and 4', and COMPARATIVE EXAMPLE l 

Propylene homopolymerization 

Propylene was charged at room temperature in a 1-L or 425-L jacketed stainless-steel 

autoclave, equipped with magnetically driven stirrer and a 35-mJ stainless..:steel vial, 

connected to a thennostat for temperature control, previously purified by wa5hirig with a 

AliB~ solution in hexane and dried at 50°C in a stream of propylene. AliBu3' (1 mmol in 

hexane) was added as scavenger before the monomer. · 

The autoclave was then thermostatted at 2°C below the polymerization temperatUre and then 

a toluene solution containing a mixture of catalyst and cocatalyst, in the amounts reported in 

Table 1, was injected into the autoclave, by ineans of nitrogen pressure through the stainless­

steel vial. The temperature was rapi~ly raised to the polymerization temperature and the 

polymerization was performed at constant temperature for 1 hour. 

After having vented the unreacted monomer and ·having cooled the reactor to room 

temperature, the polymer was dried under reduced pressme, at 60°C. 

The polymerization conditions and the characterization data of the obtained polymers are 

reported in Table 1. 

From the obtained results, it is evident that the catalysts" containing the methylene-bridged 

metallocenes of the present invention ·are unexpectedly much more active than the 

unsubstituted analogue methylene-bis(2-indenyl)zirconimn dichloride. More specifically, the 

prior art metallocene of Comparative· Example 1 proved to be totally inactive in propylene 

polymerization. 
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Moreover, the results of Table 1 demonstrate that, by using hafbil:llll metallocenes,itis possible 

to obtain polymers having higher intrinsic viscosity with respecttO polymers obtained with the 

corresponding zirconocenes. 

EXAMPLES 5-7 

Ethylene homopolymerization 

A 1 L stainless-steel autoclave, equipped with magnetic stirrer, temperatw'e indicator and 

feeding line for the ethylene, was thermostatted with H20/stea111 and purified by purging with 

ethylene at 80°C. Under ethylene purge, 4()0 mL of n-hexane and 2 mmol TIBA were added; 

the temperatw'e was brought to 80°C and the reactor was. vente,d ,~ remove residual nitrogen. 

The reactor was then pressurized wi~ ethylene up to 11 :bar-a. The catalyst solution, 

comprising the amount of catalyst and cocatalyst reported in Table 3, was injected into the 

autoclave with ethylene overpressure and the ethylene partial ;pressure was stabilized to 9.6 

bar-a (Ptot = 11 bar-a). Polymerization was carried out at s·o0 c for the time specified in 

Table 2, by maintaining a cpnstant ethylene partial pressure. The polymerization was 

interrupted by degassing uru:eacted ethylene; the thus obtained polymer was isolated ·by 

filtration and dried in vacuum at 60°C. 

The polymerization conditions and re~~ are reported in Table 2; the characterization data of 

the obtained polymers are indicated in Table 3. 

From the results reported .in Table .3, it is evident that the methylene-bridged metalloceiles 

according to the present invention are able .to yield linear a-olefins, having low values of Pn 

(Number Average Degree of Polymerization) and having a ·number of terminal vinyl ·. 

unsaturations up to 1 OOOA of the total number of terminal unsat\U'ations. Therefore, by· varying 

the substitution pattern on the catalysts according to the· inventio11,; it is possible to obtain linear 

a.-olefins having a percentage of terminal vinyl unsaturations hig}ier than 90%, thus providing 

PE waxes having low Pn. 

The polymer obtained in Example 5 was further characterized by 1:3C-NMR analysis; it resulted 

that said polymer is a linear a-olefin containing 0.29% of C2 ·branches and 0.16% of~ 

branches. 

EXAMPLES 8-11 and COMPARATIVE EXAMPLES 2-4 

Ethylene.homopolymenz.tion 

A 200 mL glass autoclave, provided with magnetic stirrer, temperature indicator and feeding 

line for ethylene, was purified and fluxed with ethylene at 3 S°C .. At room temperature were 
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introduced 90 ml of hex~f,: · 
The catalytic system::was prepared separately in 10 ml of heptane by conSecutively 

introducing the cocatalyst reported in Table 2 and, after 5 minutes under stirring, the 

metallocene reported in Table 2, solved in the lowest possible amount of toluene; 

After 5 minutes under stirring, the solution was introduced into the autoclave under ethylene 

flow; the reactor was closed and the temperature risen to 80°C. The autoclave was then · 

pressurized to 4.6 barg and the total pressure was kept constant by feeding ethylene. 

After the polymerization time reported in Table 2, the reaction was stopped by cooling and 

degassing the reactor, and by introducing· 1 ml MeOH. The obtained polymer was washed with 

acidic MeOH, the with MeOH and finally dried under vacuum in oven at 60°C. 

The polymerization conditions and results arc reported in Table 2; the characterization data of 

the obtained polymers are indicated in Table 3. 

From the results reported in Table 2, it is evident that the methylene-bridged metallocenes 

. . according to the present invention are Wlexpectedly. much more active than the· unsubstituted 

analogue methylene-bis(2-indenyl)zirconium dichloride. 

Moreover, the results of Table 3 clearly show that~ by changing the substitution pattern· of the 

methylene-bridged metallocenes of the invention, it is possible to obtain in high ·yields 

polyethylenes having intrinsic viscosity (I.V.) ranging from very low values (oils) to high 

values, thus allowing polymers having a wide range of molecular weights to be obtained. 

EXAMPLES12 

Ethylene/I ~he:iene copolymerization 

A 200 mL glass autoclave, provided with magnetic stirrer, temperature indicator and feeding 

line for ethylene, was purified and fluxed with ethylene at 35°C. At room temperature were 

introduced 85 ml of heptane and 5 ml of 1-hexene. 

The catalytic system was prepared separately in 10 ml of heptane by consecutively 

introducing 0.26 mmol of MAO and, after 5 minutes under stirring, 0.1 mg rac"".methylene­

bis( l-methyl-2-indenyl)zirconium dimethyl (Al/Zr ratio = 1000) solved in the lowest possible 

amount of toluene. 

After 5 minutes under stirring, the solution was introduced into the autoclave under ethylene 

flow; the reactor was closed and the· temperature risen to 70°C. The autoclave was then 

pressurized to 4.5 barg ·and the total pressure was kept constant by feeding ethylene. 

After 10 minutes, the polymerization was stopped by cooling and degassing the reactor, and by 
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introducing 1 ml MeOH. The obtained polymer was washed with acidic MeOH, the with 

MeOH and finally dried under vacuum in oven at 60°C, th1ls o~!aining 2.7 g (Activity= 695.7 

· kg/gCat.h) of a ethylene/l~hexene copolymer in the form of an 4n; having I.V. of 0.12 dl/g and 
. . . . . 

having a total number of branches equal to 4.5 branches/JOO car!><>n atoms (determined by 13C­

NMR); more specifically, no methyl branches were detected, i\vhile about 90% of the total 

branches was attributable to butyl or higher branches.· · 

EXAMPLES13 

Ethylene/propylene copolymerization 

A 2.3 L steel autoclave, provided with magnetic stirrer, ternp~rature and pressure controls 

and indicators and feeding line for the monomers, was purified and fluxed with ethylene at 

80°C. 

At room temperature were introduced 1000 ml of hexane and 6.0 g of propylene, the 

temperature risen to 70°C and the autoclave was :Pressurized wit)J 9.5 bar of ethylene . 
. •' . 

The catalytic system was prepared separately in 10 ml ·Schlenk tube by consecutively 

introducing 2.31 mmol of ·MAO (t)· and 0.5 'mg of.:ra~-methylene-bis(l-methyl-2-

inderiyl)zirconiwn dichloride:(Al/Zr=2000 as molar ratio) solved in the lowest po_ssible 

amo'ilnt of toluene. 

After 10 minutes under stirring at 25°C, the solution was inje.~d into the autoclave·trough a . 

vial ,by an ethylene overpressure. The total pressure (10 bargJ was kept constant by feeding a 

mixture of ethylene/propylene in a mol~ ratio of 3 7. 

After 90 minutes, the polymerization was stopped by cooling andjntroducing I bar of carbon 

monoxide. Then the reactor was de~assed and the recovered ~ilky solution was separated 

from the solvent. 142 g (1350 Kg/gZr) of polymer were obtained, after drying in oven at · 

60°C under vacuwn. The polymer was analyzed and showed l.V.=0.20 dVg, Tm=97.1 °C 

and .6,H=158 Jig. 

The total branching content, analyzed by NMR analysis, was 2.65/100 carbon atoms. 

EXAMPLES 14-19 

Ethylene homopolymerization 

· The following polymerization procedure, similar to the one described in examples 5-7 was 

followed: a 1 L stainless-steel autoclave~ equipped with magnetic stirrer, temperature indicator 

and feeding line for the ethylene, was thermostatted with H20/Steam and purified by purging 

with ethylene at 80°C. Under ethylene purge, 500 mL of n-hexane and 1 · mmol TIBA were 
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added; the temperature ~\brought to 80°C and the reactci~ vented to remove residual 
•. . .,··· -~· 

-nitrogen~ The reactor was then pressurized with ethylene up to 11 bar-a. The catalyst solution, 

comprising the amount of catalyst and cocataly~ reported in Table 3, .was injected into the 

autoclave with ethylene overpressure and the ethylene partial pressure was stabilized to 9.6 

bar-a (Ptot = 11 bar-a). Polymerization was carried out at 80°C for the time specified in 

Table 2, by maintaining a constant ethylene partial pressure. The polymerization was 

interrupted by degassing unreacted ethylene; the thus obtained polymer was isolated by 

filtration and dried in vacuum at 60°C. 

The polymerization conditions and results are reported in Table 2; the characterization data of 

the obtained polymers are indicated in Table 3. 
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Tablet 
Propylene homopolymerization 

Ex. Metallocene MAO AVZr T Yield Activity Pn l.V. 
Type (µmol). (mmol) (mol) (°C) (g) (KglgCtit.h) (dl/g) ' (dl/g) 

I . CH2'4, 7-M~-2-Jndh.ZrCl2 0.33 (2) J.63 sooo 30 284.87 1899 Oil 0.3 
2 r-CH2( 1-Me-2-Ind)2ZrMe2 12.77 (1) 12.76 1000 50 23.00 4.6 26 n.d. 
3 r-CH2(1-Ph-2-lndhZrCl2 · 1.80 (2)5.39 3000. 50 72.58 72.6 .263 0.26 
4 r-CH2( 1-tBut-2-lnd):zZrCl2 0.39 (2) 1.93 5000 50 28.25 141.2 430 n.d. 
4' r-CHz(l-tBut-2-Ind)2HfMe2 3.56 (2)3.55 1000 50 50.6 25.3 n.d. 0.83 

COMP. I CH2(2-lndh.ZfCl2 4.94 (2) 7.41 1500 so 0 INACTIVE --· --

(1) Commercial 10% w/w toluene solution of MAO (l.7M; Witco) . 

. . (2},The commercial sample (1) was dried in vacuum to a free-flowing powder (residual AIM~ about 3-,5 mol % ). 
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Table2 
Ethylene homopolymerization 

Example Metallocene Co catalyst Time 
(min) 

Type (mg) Type (mmol) AVZr 
(mol) 

5 r-CH2(1-Me--2-IndhZrCl2 0.2 MA0(2) 2.31 5000 23 

6 r-CH2(1·t-Bu-2-lnd)zZrCl2 0.2 MA0(2) 1.93 5000 20 

7 r-CH2( l-Ph-2-Ind)zZrCl2 0.2 MAO(l) 0.18 500 60 

8 r-CH2Cl ·Me-2-lnd)2ZrMez 0.1 TIOAO 0.27 1000 15 

9 r-CH:i(l-Me-2-1.nd)~eCl 0.1 MA0(2) 0.24 1000 10 

10 r-CH2(1-Me-2-lndhZrMeCI. 0.3 TIOAO 1.4 2000 JO 

II. r-CH2(1 ·t-Bu-2-lnd)zZrCl2 0.1 MA0(2) 0.97 5000 10 

14 r-CH2( 1-TMS-2-lnd)2ZrCl2 0.5 MAO(I) 0.45 500. 60 

15 r-CHz(l-Me-3-TMS-2-lnd)zZrCl2 1.0 MAO(I) 1.74 1000 60 

16 r-CH2{1-Me-3-TMS.2-lnd)zZrCl2 0.2 MAO(l) 0.17 500 60 

17 r-CH2( l-Bz-2-Ind)2ZrCl2 0.5 MAO{l) 0.43 500 60 

18 r-CH2(1-Ph-2'."lnd)zZrCl2 0.2 MAO(l) 0.45 500 60 

19 r-CH2( 4, 7-Mez-2-lnd)zZrC)z 0.5 MAO(I) 0.54 500 60 

COMP.2 CH2(2-lnd)2ZrCl2 0.3 MA0(2) 0.15 1000 10 

COMP.3 CH2(2-lnd)zZrCl2 0.5 MA0(2) 0.5 2000 10 

COMP.4 CH2(2-Ind)zZrCl2 0.5 TIO AO 2.50 2000 30 

(I) Commercial 10% w/w toluene solution of MAO (l.7M; Witco). 
(2) The commercial sample (I) was dried in vacuum to a free-:flowing powder (residual AIM~ about 3-5 mol%). 

Yield Activity 
(g) (KglgCat.h) 

83 1092 

18 272.7 

12.4 62.0 

0.76 130.6 

6.2 1681 

2.6 235 

1.34 455.S 

41.7 83.4 

29.0 29.0 

15.5 77.5 

12.6 25.2 

21.3 42.6 

27.7 55.4 

I.St 30.2 

3.39 40.8 

1.54 27.l 
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Example 

5 

6 

7 

8 

9 

10 

II 

14 

15 

16 

17 

18 

19 

COMP.2 

COMP.3 

COMP.4 

J.V. Pn 

(dVg) 

0.21 108 

1.83 2141 

2.24 2829 

029 n.d. 

0.21 n.d. 

0.22 n.d. 

J.65 n.d. 

0.9 804 

0.85 743 

n.d. n.d. 

.. 0.33 202 

1.87 2206 

0.89 792 

0.17 81 

0.12 so 
0.2 n.d. 

Tabie3 
Ethylene homopolyinerm.tion 

8H Tm Tenninal vinyl· 
unsaturations 

(J/g) {°C) (%) 

197 120 94.1 

203 135 ·n.d. 

170 142 n.d. 

n.d. n.d. n~d. 

185 119 n.d. 

n.d. n.d. n.d. 

n.d. n.d. n.d. 

218 132 100 

n.d. n.d. 86.8 

n.d. n.d. 100 

212 123 95.9 

192 139 n.d. 

186 129 72.5 

217 125 91.5 

n.d. n.d. n.d. 

n.d. n.d. n.d. 

Tenninal vinylidene 
unsaturations 

(%) 

8.5 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

0 

13.2 

0 

4J 

n.d. 

27.5 

8.5 

n.d. 

n.d. 

~ = 
~ 
i ..... 
"' 

~ 
~ 
l 
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CLAIMS f -;\:~; 
1. A methylene.;bridged metallocene. of formula (I): 

'"'"" l\ll\1111\' 1\1\1.ll llll * c L M S * 

(I) 

wherein: 

Mis a transition metal belonging to group 3, 4, 5, 6 or to the lanthanide or actinide 

groups of the Periodic Table of the Elements; 

the substituents X, the same or different from each other, are monoanionic sigma 

ligands selected. from the group consisting of hydrogen, halogen, -R, -OR, -OS02CF3, -

OCOR, -SR, -NR2 and -PR2 groups, wherein the R substituents are linear or branched, 

saturated or unsaturated C1-Cic, alkyl, C3-C20 cycloalkyl, C6-C20 aryl, CrC20 alkylaryl or 

C7'.'"C20 arylalkyl radicals, optionally containing one or more atoms belonging to groups 

13-17 of the Periodic Table of the Elements, and two R substituents may form a 5-7-

membered ring; 

the substituents R1 and R2
, the same or different from each other, are selected from the 

group consisting of linear or branch~ saturated or unsaturated C1-C20 alkyl, C3-Ci0 

cycloalkyl, C6-C20 aryl, C,-~0 alkylaryl and CrCio arylalkyl radicals, optionally 

containing one or more atoms belonging to groups 13-17 of the Periodic Table of the 

Elements, -OR, -SR, -NR2> N-pyrrolyl, N-indolyl, -PR2, -BR2 and -SiR3 groups, 

wherein the R substi.tuents have the meaning reported above; or two adjacent R2 

substi.tuents form a ring having from 4 to 8 carbon atoms; 

p is an integer ranging from 0 to 3, being equal to the oxidation state of the metal M 

minus2; 

m is an integer ranging from 0 to 2; n is an integer ranging from 0 to 4; 

with the proviso that, when m is 0, then n is different from 0. 

2. The methylene-bridged metallocene according to claim l, wherein said metal Mis Zr 
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or Hf. 

3. The methylene-bridged metallocene according to claim 1 or 2, wherein said X 

· substituents are Cl, Br or methyl 

4. The methylene-bridged metallocene according to any of claims 1 to 3, wherein R1 is 

selected from the group consisting of methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, 

phenyl, benzyl, trimethylsilyl and diphenylphosphino. 

5. The methylene-bridged metallocene according to any of claims 1 to 4, wherein R2 is 

selected form the group consisting of halogen, methyl, ethyl, n-propyl, i-propyl, n­

butyl, t-butyl, phenyl and benzyl. 

6. A catalyst for the polymerization of olefins comprising the product obtainable by 

contacting: 

(A) one ormore methylene-bridged metallocenes offonnula (I), as described in any of 

claims 1 to 5; and 

(B) a suitable activating cocatalyst. 

7. The catalyst system according to claim 6, wherein said activating cocatalyst is an 

alumoxane and/or a compound able to form an alkylmetallocene cation. 

8. A process for the polymerization of olefins comprising the polymerization reaction of 

one or more olefinic monomers in the presence of a catalyst as described in claim 6 ot 

7. 

9. The process according to claim 8, for the production of atactic propylene oligomers, 

terminated with vinylidene end-groups. 

10. The process according to claim 8, for the production of ethylene linear a-ole:fins having 

Pn ranging from 50 to 500, wherein more than 900/o of the terminal unsaturations are 

vinyl unsaturations. 

11. A ligand of formula (Il): 

i11ii1iur 
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(II) 

wherein R1
, R2

, m and n have the meaning reported in claim 1. 

12. A process for the preparation of a ligand as described in claim 11, comprising reacting 

formaldehyde or a derivative thereof with an indene offonnula (Ill): 

R1 

00-~. (III) 

wherein R 1, R2 and n have the meaning reported in claim 1, and q is 0 or 1, in the 

presence of a Bmnsted acid, the molar ratio between said compound (III) and 

formaldehyde of a derivative thereof being ~ 1. 

13. The process according to claim 12, characterized by being carried out in an aprotic 

solvent. 

14. The process according to claims 12 and 13, wherein said aprotic solvent is toluene or n­

decane and said acid is selected from the group consisting of p-toluensulphonic acid, 

acetic acid, methanesulphonic acid, HCl, H2S04, HBF4 and mixtures thereof. 

15. The process according to claim 12, wherein said formaldehyde or a derivative thereof is 

. selected from formalin, paraformaldehyde, 1,3-dioxolane and trioxane. 

16. The process according to claim 12, wherein ~e molar ratio between said indene. of 

formula (III) and formaldehyde or a derivative thereof is about 2. 
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