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METHYLENE BRIDGED METALLOCENES AS OLEFIN-POLYMERIZATION-CATALYST 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 C,-C, ring are well known in the state of the art and are mainly used as - -

catalytic components in olefin polymerization processes; in particular, metallocene
compounds possessing two bridged :indenyl groops are widely used in the preparation of
stereoregular polyolefins. ' o
The numbering of the substituents on the indenyl group, to which reference is made in the
present application, in accordance with the [UPAC nomenclature, is the following:

:2

In the bridged indenyl metallocene compounds known in the state of the art, the indeny] groups
are linked together by dlvalent radlcals contammg 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 mdenyl metallocenes are 1-1ndenyl compounds

For example, the European patent application EP 0 485 823 describes a class of bridged bis(1-
indenyl) metallocenes, wherein the indeny] groups have a substituent other than hydrogen in
the 2 position and are bﬁdged in the 1 position by means of a bridge containing 1 or more
carbon atoms (e. g an ethylene or isoﬁmpylidene group) or containing heteroatoms (e.g. a
dimethyl-silyl or a dlphenyl-sﬂyl group) |

The European patent application EP 0 372 414 describes a very broad class of bndged or
unbridged metallocenes; among the many metallocenes exemplified, two specxﬁc 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-1'and 1I-2, on page 5 of said apphcatxon)

The International patent apphcatron WO 94/11406 describes a very broad class of metallocene
compounds of formula R’Ind-M-(Cp)Q,, wherein: Ind is an mden_yl group; R’ is a substituent,
other than hydrogen, linked m the 2 position of said indenyl group, Cp is a cyclopentadienyl
group; M is a transition metal ‘belonging to group 3,4, 5 or 6 oftl_)fe'Peﬁodic Table of Elements;
and Q is a sigma-ligand of the metal M, k being an integer linkeo ':to the valence of M. Among
the huge plethora of embodiments envisaged in the reported general formula, R’ can form a
bridge between the 2 position of the Ind group and the Cp': éro'up of the above formula;
therefore, the class of bridged bis(2-indenyl) compounds 1s generically ‘described. The
definition of the bridging group R’ is very broad too, the prefemed 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-bxs(2-mdenyl)zrrcomum dichloride, - comprising mumerous and
laborious process steps. Sald bls-mdenyl zirconocenes have been tested in' ethylene
'(co)polymenmuon (Examples XV—X[X) and give" ethylene homopolymers in very low yield
and ethylene/propylene copolymers havmg very low molecular wexghts and in low ylelds too.
'Furthermore the same Apphcant has demonstrated that methylene—bxs(Z-mdenyl)z1rcommn
dichloride is totally mactlye in propylene polymenzatlon? as will be described in the following. |
"The European patent applieation EP 0 722 949 describes..a -proc'ess for preparing bis-
cyclopentadienyl compounds bridged by a divalent CR'R" group, wherem R'is hydrogen or an
alkyl radical, and R" is an alkyl or aryl radlcal This process compnses the reaction of 2 ketone
or an aldehyde of formula RIR'CO, having the desxred R’ and R® groups, with a
cyclopentadienyl compound, in the presence of a base and of an oxygen-contammg solvent
having an atomic ratio carbon/oxygen not higher than 3. However, the class of bis-
cyclopentadienyl compounds obtainable with this process does not encompass compounds
bridged with a methylene group; moreover, when R‘R“C(__) is reacted with an indenyl
compound in the presence of a base, according to the above-mentioned process conditions,
only bridged bis(1-indenyl) derivatives are obtained. -

The European patent application EP 0 832 866 describes a proeess for preparing methylene-
bridged bis-cyclopentadienyl compounds by reacting, in a two- or more-phases system, one or
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two cyclopentadienyl com'p'ounds 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 1, this
process leads to bis-(1-indenyl) derivatives and does not allow bridged bis(2-indeny1)
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 ih 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-catalyzed 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-Crafis and related reactions, vol., Part 2, page. 1192-1193, 1964, Interscience
N.Y.), the reaction of indene with formaldehyde in the presencé of acids does not give bis-
- indenyl products, but leads to the dioxane 1-hydroxy-2-hydroxymethylindan methylene ether -
as the major product. The same reaction was carried out by A.E. Gol’dovskii et al. (Maslo-Zhir.
Prom-st., 1987(8): 31; Chemical Abstracts 108:167399), who obtained said dioxane from
indene and CH,0, in the presence of H,SO,. '
From what reported above, it would be highly desirable to provide methylene-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 metallocenes, 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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R2,

o

* wherein: _ .
M is a transition metal beiprgging 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 ﬁqm the group _cons_isting of hydrogen, halogen, -R, -OR, -OSO,CF;, -OCOR, -SR; -
NR, and -PR, gmups, wherein the R substituents are linear or branched, saturated or
unsaturated, C,-C,y alkyl, Cy-Cyo cycloalkyl, C-Cyy aryl, C;-Cyp alkylaryl or C;-Cyy arylalkyl
radicals, optionally containing one or more atoms belonging to groups 13-17 of the Periodic
' Table of the Elements (new IUPAC notation), .such asB, N, P, Al, Si, Ge, O, S and F atoms,
and two R substituen_ts. may form a 5-7-niembéred ring; preferably, the substituents X are the
same; | o _ _
the substituents R' and R?, the same or different from each other, are selected from the group
consisting of linear or branched, satur;c_lted or unsaturated C,~Cy alkyl, C,-C,, cycloalkyl, Cs-Cy,
aryl, C,-C,, alkylatyl and C,-C,, arylalkyl 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, Al, Si, Ge, O, S and F atoms), -OR, -SR, -NR,, N-pyrroiy_l, N-indolyl, -PR,, -BR, and -
SiR, groups, wherein the R substituents have the meaning reported above, or two adjacent R
' substltucnts form a ring having from 4 to 8 carbon atoms;
pisan mteger rangmg from 0 to 3, being equal to the oxidation state 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 polymerization 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 activaﬁng c¢ﬂalyst. _

Furtheﬁnore, the present invention provides 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 above.

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

R2,

M

‘wherein R', R, m and n have the meaning reported above.
‘The present invention further concemns a new and inventive process for the preparation of thie
" above ligands of formula (II), comprising reacting formaldehyde or a derivative thereof with -
a indenc of formula (I1I): ' o '
R'g |

wherein R, R? and n have the meaning reported above, and q is 0 or 1, in the presence of a
Brensted acid, wherein the molar ratio i:etween said compound (III) and formaldehyde is > 1.
When in the ligand of formula (IT) m is 0, then the substituents R' may also be introduced on
the cyclopentadienyl ring by reacting a corresponding ligand of formula (II) having m=0 with a
suitable amount of a deprotonating agent R°MgBr, R°MgCl or R*B, wherein R® may have the -
same meaning of R'; B is an alkaline or alkaline-earth metal, and j is 1 or 2, and then with a
suitable amount of an alkylating agent R'X’, wherein R! have the meaning reported above and
X’ is halogen. '
DETAILED DESCRIPTION OF THE INVENTION

The methylene-bridged metallocenes of formula (I), the catalysts for the polymerization of
olefins containing them, the ligands of formula (II) and the 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-bxidged'metallocene of formula (I), as

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

Elements, and more preferably isZrorHf. o

~ The X substituents are preferably Cl, Br or methyl, and are preferably the same.
R! is preferably selected from the group consisting of methyl, ethyl n-propyl i-propyl, n-butyl,
t-butyl, phenyl, benzyl, tnmethyl-snlyl and diphenylphosphino. The choice of the preferred R’
depends also on the nature of the final polymer, as will be ev1dent from what reported below.

- R? is preferably selected fotm the group consisting of halogen methyl, ethyl, n-propyl, i-

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

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

4. ;

Non-limiﬁng examples of 'methylene-bridged metallocenes €ofresponding to formula -(I),
according to the present mventxon, are: . | o
rac- and meso-methylene-b:s(l-methyl-2-1ndenyl)21rcomum dlchlonde and chmethyl
methylene-bis(1 3-dnnethyl-2—1ndenyl)21rcomum dichloride and dimethyl,

methylene-bis(4, 7-d1methyl-2-mdenyl)zm:omum dichloride and dxmethyl

rac- and meso-methylene-bis(1-ethyl-2-indenyl)zirconium d1chlonde and dimethyl,
rac-methylene-bis( l-t-butyl-2—1ndenyl)11rcomum dichloride and dlmethyl
rac-methylene-bis(1-t-butyl-2-indenyl)hafnium dichloride and dimethyl,

rac- and meso-methylene-bls(_S-t-butyl-Z-mdenyl)ercomum dlchl__onde and dimethyl,

rac- and meso—methylene—bis(l-trimeth.ylsilyl—2-indenyl)zirconiurﬁ dichloride and dimethyl,
rac- and meso-methylene-bis(1 -trimethylSilyl-3-methyl-2-ind¢ﬁ_yl)n'rconium dichloride and
dimethyl, o
rac-methylene-bls(1-phenyl-2-mdenyl)zxrcommn dichloride and dlmethyl
rac-methylene-bis(1-benzyl-2-indenyl)zirconium dichloride and dimethyl,

rac- and meso-meﬂlylene-bis(4-phenyl-2_—indenyl)zirconiuxh dichlo;ide and dimethyl,
rac-methylene-bis(1-PPh,-2-indenyl) zirconium dichloride and diméthyl,
'rac-methylene.-bis(l-B(cyclohexyl)2-2-indenyl) zZirconium diclﬂoridé and dimethyl, and

rac- and meso-methylene-bis(4-t-butyl-7-methyl-2-indeny1)zircdpiuﬁ1 dichloride and dimethyl.
The methylene-bridged metallocenes of formula (I) can be prepared by reaction of the
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corresponding ligands of féiifula -(II)-._ﬁrst with a compound éiipable of forming a delocalized
anion on the cyclopenfadiéﬁyl ring, and then with a compound of formula-MX,,,,, wherein M,
X and plare de_ﬁnéd_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 MX,, in the presence of at least (p+2) molar equivalents of a suitable 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 M and ranges from 3 to 6. Said alkylating agent can be an alkaline
-or alkaline-earth metal, such as LiR or MgR,, 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. S '
It is another object of the invention a ligand having the above-mentioned formula (II), wherein
R', R% m and n have the meaning reported above. According to the present invention, the
ligands of formlila (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 Brensted acid, wherein' the
molar ratio between the compound (III) and formaldehyde is > 1. '
Said process is preferably carried out in an aprotic solvent, which may be pol'af or apolar; a
preferred polar solvent is toluene, while a preferred apolar solvent is n-decane.
Said Bronsted acid is preferably selected from the group consisting of p-toluensulphonic
acid, acetic acid, methanesulphonic acid, HC1, H,SO,, HBF, 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 (paxaformaldehyde) However, other forms of formaldehyde as well as its
solutions at different concentratlons can be suitably used. Smtable derivatives of formaldehyde
0 ‘release formaldehyde under
reaction conditions; preferred derivatives of formaldehyde are '1} éi-fdioxolane and trioxane.

to be used in the process of tpe invention are compounds able

According to the process of the invention, formaldehyde or a denvatwe thereof can be reacted
with an indene of formula (III) at any temperature above the meltmg point of the solvent. The
temperature is preferably lower than the boiling point of the solvent and more preferably is
. comprised between about 50°C and 100°C. e
- The reaction time is not lxmmng, depending to a large extent on the acid, solvent and substrate
.used, on the concentration of the reactants and on the temperature of the reaction.
The molar ratio between said- mdene of formula (IIf) and formaldehyde or a derivative thereof -
. can vary over a wide range; sa.;d molar ratio is =1, and preferably i 1s about 2.
The molar ratio between said acid and said indene of formula (IH)can vary over a wide range;
* the molar ratio acid/indene (ili)-preferably ranges from 0.01 to"2.','¥jja_hd more preferably from 0.1
-to1.5.. The methylene—bridged ligands-(II) obtained from the process of the present invention
" can be isolated according -to' standard - procedures known in:';-i the state -of the art, e.g. by

recrystallization from a suitable solvent.

" “When in the ligand of formula (III) m is - 0, the substituents R‘can also be introduced on the

cyclopentadienyl ring by reacting the corresponding ligand of fohdpla' (II) wherein m=0 with a
-suitable amount of a deprotorioting agent R*MgBr, R°®MgCl or R3}B, wherein R® may have the
same meaning of R, B is an ':alkaline or alkaline-earth metal, and §is 1 or2, and then with a
suitable amount of an alkylating agent R'X’, wherein R' and X’ ‘have the meaning reported
above. . :

Preferably, the compound of formula (II) wherein m=0 is reacted:w_'ith at least 2 equivalents of
said deprotonating agent, at a temperature ranging from -78°C..'t'o' 20°C, for a time of 1-24
hours. The reaction is preferably conducted in an organic solvent selected from the group
consisting of THF, Et,0, toluene and mixtures thereof. Said deprotonatmg agent is preferably
selected from the group conslstmg of RLiand KH. ' '

The process of the present mvent:on has the advantage of allow:ng the synthesis of the new
ligands (II) in a rapid and easy one-step reaction; these ligands eotxld not be obtained or could
be only hardly obtained, in very low yields and with laborious and titne consuming procedures,
according to the processes known in the state of the art. .'
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The methylene-bridged mé’fﬁ‘lccenes according to the presentiii¥ention can be advantageously
used .as catalytic .coxripo;cnfs for the polymerization of olefins. Thus, another object of the
present invention 1s a catalyst system for the polymerization of olefins, comprising the product
obtainable by contacting:

(A) one or more bridged metallocene compounds of formula (1), 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:

RO /R4
A—O—A
'R4/ : R

wherein the substitﬁents R?, the same or different from each other, are a linear or branched,
saturated or unsaturated C,-Cy alkyl, C;-Cy cycloalkyl, Cs-Cy aryl, C;-Cyy alkylaryl, C-Cy
| _ arylalkyl radicals, optionally containing Si and Ge atoms, or R*is a group -O-Al(RY,. R* is
~ preferably methyl, ethyl, isobutyl or 2,4,4-trimethyl-pentyl. ’ B
Examples of alumoxanes suitable as activating cocatalysts in the catalysts according tp--the
present invéntion are methylalumoxane (MAO), tgtra-iéobutyl—alumoxane (TIBAO), tetra-
2,44-trimethylpentylalumoxane (TIOAO) and tetra-2-methyl-pentylalumoxane. Mixtures of
different alumoxanes can also be used. '
Activating cocatalysts suitable as component (B) in the catalysts of the invention are also the
prdducts of .the reaction between water and an organometallic aluminum compound, preferably
of formula AIR’; or ALR’;, wherein R’ has the meaning reported above. Particularly suitable
are the organometaﬂic aluminum comf;ounds of formula (II) described in EP 0 575 875 and
those of formula (II) described in WO 96/02580. Moreover, suitable cocatalysts are the ones
described in WO 99/2_1899 (priority European app. no. 97203332.8) and in the European app.
no. 99203110.4. Nonflimiting examples of organometallic aluminum compounds of formula
_AlR‘:, or ALR'; are: o
tris(methyDaluminum, . tris(isobutyDaluminum,

tris(isooctylaluminum, - bis(isobutyl)aluminum hydride,
methyl-bis('isobutyl)alunﬁhmn, dimethyl(isobutyl)ailuminmn,
tris(isohexyDaluminum, tris(benzyl)aluminum,
tris(tolyDaluminum, tris(2,4,4-trimethylpentylaluminum,
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bis(2,4;4-trimethylpentyl)aluminum hydride, isobutyl-bis(2-phenj_*l-propyl)alumihmh,

 diisobutyl-(2-phenyl-propylaluminum,  isobutyl-bis(2,4,4-trimethyl-pentylaluminum,

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,
1ris(2,3-dimethyl-pentyl)aluminum, “tris(2-methyl-3-ethyl-pentyl)aluminum,
tris(2-ethyl-3-methyl-butyl)aluminum, tris(2-ethyl-3-methyl-pentyl)aluminum,
tris(2-isopropyl-3-methyl-butyl)aluminum and u-is(2,4-dirhethyl-heptyl)aluminum.
Particularly preferred  aluminum  compounds are - trimethylaluminum  (TMA),
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 compounds 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 50,000:1, and preferably between about
100:1 and about 4,000:1. - : - o o
In the catalyst system according to the present invention, both said methylene-bridged
metallobene and said alumoxane can be pre-reacted with an organometallic ahiminum
compound of formula AIR?, or ALLR%;, 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 formula Y*Z’, wherein Y is a Broensted acid capable of dOnhting a proton and of reacting
irreversibly with a substituent X of the compound of formula (), and Z: is a compatible non-
coordinating anion, capable of stabilizing the active catalytic specieé which result from the
reaction of the two compounds, and which is sufficiently labilé to be displaceable by an
olefinic substrate. Preferably, the' Z' anion comprises one or mote boron atoms. More
preferably, the anion Z is an anion of formula BAr,”, wherein the Ar substituents, the same or
different from each other, are aryl radicals such as phenyl, pentafluorophenyl, bis(trifluoro-
methyl)phenyl. Tetrakis-pentafluorophenyl-borate is particularly preferred. Moreover,
compounds of formula BAr; can be conveniently used. :

The catalysts of the present invention can also be used on inert supports. This is achieved by
depositing the methylene-bridged metallocene (A), or the product of its reaction with the
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activating cocataly#t (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 alkylaluminum
compounds, either untreated or pre-reacted with water, can be usefully employed in gas-phase
polymeﬁzation 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, 1-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 (I.V.) ranging from very low
values (oils or waxes) to high values (I.V.>1dl/g). 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, tunctionalizable
monomers and chemical intermediates. By using the metallocenes of formula () 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 350; 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(1-
methyl-2-indenyl)metallocenes, it is possible to obtain linear a-olefins having a percentage of
terminal vinyl unsaturations higher than 90%, preferably higher than 95%, thus providing
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useful o-olefinic PE waxes. Moreover said a-olefins are linear, having a number of total
. branches preferably lower than 1/100 carbon atoms, and more préferably lower than 0.1/100C.
- These o-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. : S
The polymerization process can be carried out in the liquid phase, optionally in the presence of
inert hydrocarbon solvents, or in the gas phasc. The hydrocatbon 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

~ particularly 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 -

. concentration of the catalytic components or by using molecular weight regulators, for example

hydrogen. ' i

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 formula (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(1—m¢ihy142-indeny!)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 metallocene 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 puriﬁéhtion treatments.
The components of the catalyst can be brought into contact with each other prior to
polymerization. The duration of contact is generally between 1 and 60 minutes, preferably
between 5 and 20 minutes. The pre-contact concentrations for the metallocene component (A)
are between. 1 and 10°® mole/l, whereas for component (B) they are between 10 and 10°® mole/1.
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 purposes. -
GENERAL PROCEDURES AND CHARACTERIZATIONS
All operations were performed under nitrogen by using conventional Schlenk-line techniques.
Solvents were purified by degassing with N, and passing over activated (8 hours; N, purge, 300
°C) Al,O,, and stored under nitrogen. '
- The metallocenes and the ligands thereof were characterized by the following methods:
'H-NMR -
- All compounds were analyzed on an AC 200 Bruker spectrometer by 'H NMR (CDClL,,
... referenced against the peak of residual CHC, at 7.25 ppm, or CD,Cl,, referenced against the
- peak: of residual CHDCI, at 5.35 ppm). All NMR solvents were dried over LiAlH,, P,O; or:
CaH, 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:
- BC-NMR
The “C-NMR analyses were performed on a Bruker DPX 400 MHz instrument, in
tetrachlorodideuteroethane at 130°C,
Pn (Number Average Degree of Polymerization), evaluated by 'H-NMR analysis, gives a
molecular weight measure for low molecular weight products, assuming one double bond per
chain, as described by Resconi et al. (JACS, 120:2308-2321, 1998).
VISCOSITY MEASUREMENTS
The intrinsic viscosity (I.V.) was measured in tetrahydronaphtalene (THN) 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 T, 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 heatmg run, the peak temperature was
assumed as melting temperature (Tm) and the area as global’ meltmg enthalpy (AH,).
CATALYST COMPONENTS
Methylalumoxane (MAO) , L
(1) A commercial (Witco, MW 1400) 10% w/w toluene solutxon of MAO (1.7M) was used as
such. B
(2) Altematively, the commercial sample was: dried in vacuum to a free-flowing powder
- (residual AlMe, about 3-5 mol%). '
Trls(2,4,4-tnmethyl-pentyl)alummoxane (TIOAO) .
Tris(2,4,4-trimethyl-pentylaluminum (TIOA) was purchased from Witco and was diluted to
a 1M solution in hexane. 3. 45 ml of said solufion were adde& 'ai' room temperature to 5 ml of
toluene, previously deoxygenated and distilled' over tmsobutylalummum 0.031 ml of H,O
- ‘'were then added at room temperature with a syringe and the resultmg solution was stirred for-

- 10 minutes at room temperature.

. Catalyst mixture

The catalyst mixture was prepared by adding the desired amount of the metallocene to the

- proper amount of the MAO or TIOAO solution, thus obtainiﬁg_-a solution which was stirred

“for 10 minutes at room temperature and then injecte@_ into * the autoclave, at the
polymerization temperatuté,_ in the presence of the monomer.

. METALLOCENE SYNTHESIS |

SYNTHESIS 1

 Methylene-bis(2-indenyl)zirconium dichloride

(a-1) Synthesis of bis(z-indenyl)methane (with para-formaldehyde)

In a 500 mL flask equipped with magnetic stirring bar were iﬁﬁfoduced 16.2 g (0.139 moles)
of indene, 2.78 g (0.093 t__r_loles) of paré.-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 :"re'action was quenched with
water/NaHCQ;; the conversibn, measured by gas chromatogrdp}_nic analysis, was 65.8%. The
organic layer was separated, washed with water and bmught to dryness under reduced
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pressure. The crude pré‘duct was crystallized upon standifi at room temperature, and then
. was further purified by washing with pentane or MeOH,  thus isolating bis(2-
~ indenyl)methane. '
'"H-NMR (CDC),): § 7.38 (d, 2H), 7.28 (t, 2H), 7.25 (d, 2H), 7.12 (1, ZH), 6.6 (s 2H, =CH),
3.65 (s, 2H, bridge CH,), 3.38 (s, 4H, 2 x CH,).

(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 'plaéed 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/NaHCO, and
the organic layer separated in a funnel. The water layer was washed with E,0 (2x150
mL), the organic layers were combined, dried with NaSO,, filtered and cOhc'entrated in
vacuo to yield the crude target product, with a conversion of 59%. '
- (a-3) Synthesis of bis(2-indenyl)methane

(with 1,3-dioxolane and methane-sulphonic acid)

The procedure reported in synthesis 1(a-2) was repeated by using 1.43 g of methane-
sulphonic acid (14 mmol), 100 mL of toluene, 5.2 mL of 1,3-dioxolane (74 ﬁimoi) and 9.2
. g of indene (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) of bis(2-indenyl)methane, prepared as described above, wefe 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 ZrCl,, suspended in 30 ml
Et,0, was added. On allowing to warm to room temperature and stirring for 2 houfs, the color
changed from brown to yellowish. The solvent was removed under vacuum and the powder
washed with Et,0 and then hexane to give 300 mg of methylene-bls(z-mdenyl)mcommn
-dichloride as a yellow powder.
- TH NMR (CD,CL): § 7.51 (dd, 4H), 7.24 (dd 4H), 6.1 (s, 4H, =CH), 4.28 (s, 2H bndge
CH,).
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SYNTHESIS 2

Methylene-bis(4,7-dimethyl-2-indenyl)zirconium dichloride

(a-1) Synthesis of bis(4,7-dimethy}-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/NaHCO;; the conversion, measured by gas chromatographic analysis, was 82.4%. The
organic layer was separated, washed with water and broﬁght_ to dryness under reduced
pressure. The crude product was crystallized upon standing: ét room tempcrature, 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 of 90.2% by G.C.; yield=44.1%). .

'H NMR (CDCL,): 7.1-6.9 (m,:4H); 6.78 (s, 2H); 3.79 (s, 2H); 3.29 (s, 4H); 2.45 (s; 6H); 233
(s, 6H). . - Lo |
{a-2) Syntheéis. of bis(4,7-dimethyl-2-indenyl)methane (with H,SO,) -

In 2 250 mL flask equipped with magnetic stirring bar were introduced 5g (34.7 mmoles) of
4,7-dimethyl-indene, 0.57 g (0.19 mmoles) of para-formaldehyde and 0.21 g (1.7 mmoles) of -
concentrated sulphuric acid in 50. ml of benzene; the mixtﬁ#fe' was heated at reflux for 2
hours. Then the reaction crude was dissolved.in 200 ml CHQCIZ, washed with a saturated
solution of NaHCO, and with water. After drying over anhyd;o_us magnesium sulphate, the -

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

- slightly yellow solid (yield=62%). The prpduct was further purffied by crystallization from

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

(b) Synthesis of methylene-bis(4-,7-dimethyl-2-indenyl)zirconium dichioride

2.24 g of bis(4,7-dimethyl-2-indenyl)methane (purity 89% by G.C., 6.66 mmol), obtained as
reported above, were dissolvéd in 63 mL Et,0, in a Schlenk tube with magnetic stirring bar;
the solution was cooled to -80°C and 6 mL of a2.5 M solution of BuLi in hexane (15 mmol)
-were added dropwise in 10 minutes. The obtained solution was allowed to warm 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 ZrCl, (6.87 mmol) in 63 mL of pentane, in
a 250 ml flask at -80°C. After warming to room temperature, the mixture was s't'irred

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

refluxing CH,Cl, -for 6 hours (a yellow precipitate formed in the collecting flask during the

extraction). At the end of the extraction, CH,Cl, was concentrated to 20 mL, then cooled to —

20°C overnight, and finally filtered: The residue was washed with CH,Cl, until the washing

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

NMR analysis shows the presence of the pure target compound CH,(4,7-Me,-2-Ind),ZrCL,.

'*H NMR (CD,Cl,, ref. CDHCI, at 5.377 ppm, room temp.): Ar-CH,, 2.451, s; CHz, 4397, 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 %. '

SYNTHESIS 3

Rac-Methylene-bis(1 -methyl-z-indenyl)zircohium dichloride

- (a-1) Synthesis of bis(3-methyl-2-indenyl)methane from bis(2-indenyl)methane.
5.11 g of bis(2-indenyl)methane (91.1 % by G.C., 19 mmol), obtained as reported in -
Synthesis 1(a), were dissolved in 50 mL THF, in a 100 mL Schlenk tube with magnetic
-stirring bar, and the solution was cooled to —40°C; 27 mL of a 1.6 M solution of MeLi in
Et,0 (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 reach room temperature and was stirred overnight. The
thus obtained yellow-hrown solution was quenched with 100 mL H,O; the organic layer was
separated and the water layer was extracted twice with Et,0; the organic layers combined,
dried over MgSO, and filtered. After removing the solvents in vacuum, 5.61 g of oily
product were obtained, which were analyzed by G.C./M.S. and '"H NMR. The product bxs(3-
methyl-2-indenyl)methane (purity 85 % by G.C.) was obtained in 84 % yield. '
'HNMR (CDCL): §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 under stirring for 1 hour at 80°C. Then the reaction was quenched with
water/NaHCO;; the conversion; measured by gas chromatographic analysis, was 85.9%. The
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organic layer was separated, washed with water and brought to dryness under reduced
pressure. The crude product was crystallized upon standing:a'_t ‘room temperature, and then
was further purified by washing with pen'tane or MeOH, thus isolating 15.5 g of bis(3-
methyl-2-indenyl)methane (purity of 89.8% by G.C.; yield=89.-8%). :
The results of the "H-NMR analysis corr_espond 0 the ones reported above.
(b) Synthesis of methylen_e-bis(1-methylezéindenir!)zirconiurrr 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 Et,0, ina Schlenk tube ‘with magnetic stirring bar;
the solution was cooled to -20°C and 27 mL of 2 1.6 M solutlon of BuLi in hexane (43.2
mmol) were added dropwise in 15 minutes. The obtained solutlon was allowed to warm to
room temperature and stirred for 5- hou_rs, obtaining a red susperl_sron, which was then cooled
to ~80°C and added to a slurry of 5 g of ZrCl, (MW'— 233. '03' 21.4 mmol) in 160 mL of
pentane, in a 500 mL flask, at —80°C. After warmmg to room temperature, the mixture was
stirred overnight. The yellow suspension was dried to a. free-ﬂowmg powder; said powder
.was then washed with pentane (‘H-NMR: analys1s showed the . presence of ‘both rac- and
. meso-~CH,(1-Me-2-Ind),ZrCl,), tra.nsferred mto an  extraction apparatus and finally extracted
. -with refluxing CH,Cl,; a yellow precnpltate formed in the collectmg flask during the
. . extraction. Atthe end of the:extraction, CH2Cl2 was concentrated to 20 mL and filtered. The
residue was washed with Et,0 and pentane, and ﬁnally dried, to yield 2.98 g of yellow solid.
'H NMR. apalysis showed the presence of the pure target product rac-CH,(1-Me-2-
Ind),ZrCl,. '
'HNMR (CD,CL, ref. CDHC, at 5.383 ppm, room temp) Cp-CH3, 2.535, s; CH,, 4.375, s;
Cp-H, 59745Ar72—74m75-76m '
SYNTHESIS 4 : ;
Rac—Methylene—bis(l-methyl-2-indenyl)zirconium dimethyl
0.37 g of rac-CH,(1-Me-2-Ind),ZrCl,, obtained as reported in Synthesrs 3, were shurried into
20 mL THF and cooled to 0°C; 0.7 mL of a 1.6 M solution of Meli in Et,0 (1.12 mmol),
diluted in 5 mL Et,0, were added. The appearance changed from a yellow suspension to a
brick-red solution. After 2 hours at room temperature, the mlxtlrre_was brought to dryness in
vacuum, to give a dark red solid, which was e)rh'aeted with 100 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 with pentax_)e' arld dried in vacuum to give
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0.2 g of the target produe; -CH,(1-Me-2-Ind),ZrMe,. _
'H NMR (C,D;, room tg'rhp., ref. C,D.H at 7.289 ppm): Zr-CH,, -0.587, s; Cp-CH,, 2.137, s;
CH,, 3.404, s; Cp-H, 5.526, s; Ar, 7.07-7.14, m; 7.49-7.57, m.

SYNTHESISS

Rac-Methylene-bis(1-methyl-2-indenyl)zirconium monomethyl monochloride

The procedure reported in synthesis 3(b) was followed, with the difference that 3 equivalents of
MelLi per equivalent of bis(3-methyl-2-indenyl)methane were used, i.e. were used 27 mL ofa
1.6 M solution of BuLi in hexane (64.5 mmol), thus obtaining the target product.

'H NMR (CD,CL, ref. CDHC, at 5.38 ppm, room temp.): Zr-CH,, -0.50, s; Cp-CHs, 2.57,s,
2.38,s; CH,, 3.99, s; Cp-H, 5.55, 5, 6.12, 5; Ar, 7.1-7.4, m, 7.4-7.7, m,

SYNTHESIS 6

Rac-Methylene-bis(1-phenyl-2-indenyl)zirconium dichloride.

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

Jn a 500 mL flask equipped with magnetic stirring bar were 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/NaHCO;; 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 of bis(3-phenyl-2-indenyl)methane (purity of 97.3% by G.C.; yield = 95.2%). -

'H NMR (CDCL): § 7.1-7.7 (m, 18H); 3.76 (s, 2H); 3.39 (s, 4H).

(b) Synthesis of methylene-bis(1-phenyl-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.Et,0; in a Schlenk tube with magnetic stirting 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 m 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 shurry of 2 g of ZrCl, (8.58 mmol) in 80 mL of
pentane, in a 250 mL flask, 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 CH,Cl, until the extract was colorless (a yellow precipitate formed
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in the collecting flask dunng the extraction). At the end of the extraction, CH,Cl, was
concentrated to 15 mL, then cooled to ~20°C overnight, and ﬁnally filtered. The residue was

.washed with CH,Cl, until the washing turned from brown to yellow, and finally dried, to

~ yield 2.2 g of yellow solid. 'H NMR analysrs showed the presence of pure target product

CH,(1-Ph-2-Ind),ZrCl,. : _. E

'H NMR (CD,Cl,, ref: CDHClz at 5.377 ppm, room temp) CH;, 4 770, s; Cp H, 5.633, s;

Ar, 7.2-8, m. . I

* 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 overmght filtered and dried. The
combined yield was 51.3 %. - '
SYNTHESIS 7 _

. Rac-Methylene-bls(l -t-butyl-2-mdenyl)zrrconmm drchlonde

_ (a-l) Synthesrs of bls(3-t-butyl-2-mdenyl)methane ' e

(wrth para-formaldehyde and para-toluenesulphomc acrd, in toluene)
In a 500 mL flask equipped with magnetic stlmng bar were mtroduced 12.35 g (0.072 -
~moles) of 1-z-butyl-indene, 1.43 g (0.048 moles) of para-formaldehyde and 2.73 g (0.014
moles) of para-toluenesulphonic acid i in 200 ml of toluene; the mnxture was heated to 80°C
- and was maintained under st1rnng for 6 hours at 80°C Then the reactlon was quenched with
. water/NaHCO,; the conversion, measured by gas chromatograplnc analysis, was 79.5%. The
organic layer was separated, washed with water and brought ‘to dryness under reduced -
pressure. The crude product crystallized upon standmg at room ‘temperature, and then was
further purified by washing w1th_ MeOH, tl_ms _isolating 10.8 g bis(3-t-butyl-2-
indenylmethane (purity of 90.9 by G.C; yield = 76.81%). | -
'HNMR (CDCL,): § 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 brs(3-t-butyl-2-mdenyl)methane '
(with dioxolane and para-.toluenesulphomc 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 rnmol) and 19.0 g of 3—!—Bﬁ-indene MW 172.16, 110
mmol) were placed in this order in a 0.5 L flask equipped wrth magnetic stirring bar,
thermometer and reflux condenser. This mixture was heated a.t'. 80°C in 20 minutes and
stirred at 80°C for 6 hours. After cooling to room temperature, the mixturc was poured onto
ice/NaHCO, and the organic layer separated in a funnel. The water layer was washed with
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Et,0 (2x150 mL), the *ﬁgamc layers were combined, dHéd with NaSO,, filtered and
concentrated in vacuo to yleld 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 puire product).

'H-NMR (CDCL;, s, ppm): 1.57, s, 18H, #-Bu; 3. 32 s, 4H, CHz indene; 4.21, s, 2H, CH,
bridge, 7-7.5, m, 6H, Ar; 7.67,7.71, d, 2H, Ar.

(a-3) Synthesis of bis(3-#-butyl-2-indenyl)methane
(with dioxolane and para-toluenesulpheniec 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-dioxolane (Ald'rich, '
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. ' o
(a-4) Synthesns ‘of bis(3-z-butyl-2-indenyl)methane
-(with dioxolane and H,SO,, in toluene)

The procedure reported above in Synthesis 7(a-2) was repeated, using 1.05g of H,SO, (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(1-t-butyl-2-indenyl)zirconium dichloride
3 g of bis(3--butyl-2-indenyl)methane (purity 93.1 % by G.C., 7.83 mmol), obtained as
reported above, were dissolved in 63 mL Et,0, in 2 Schlenk tube with magnetic stirring bar;
the solution was cooled to -80°C and 10.6 mL of a 1.6 M solution of BuLi in hexane (16.96
mmol) were added dropwise in 15 minutes. The obtained solution was 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 ZrCl, (8.41 mmol), 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 suspension was dried to a free-flowing powder. '"H NMR analysis
showed the presence of the target product rac-CH,(1--Bu-2-Ind),ZrCl, as the only isomer.
The powder was slurried in 100 mL of CH,Cl,, transferred into an extraction apparatus and
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extracted with refluxing CH,Cl; for 6 hours (a yellow precrpltate formed in the collecting
flask during the extractlon) At the end of the extraction, CHZCIZ was concentrated to 10 mL
- and then filtered. The resndue was washed w1th pentane, until the washing was colorless, and
~ was dried to yield 1.757 g: of a yellow sohd 'H NMR analys:s showed the presence of the
pure target product rac-CHz( 1-+-Bu-2-Ind),ZrCl,. ‘
'HNMR (CD,Cl,, ref. CDHC]2 at'5.377 ppm, room temp.): t-Bu 1 719, s; CH,, 4.926, s; Cp-
H6220sAr72-73m74-75m7879m .
Additional 0.4 g of product were recovered from the ﬁltrate by recrystallization from
toluene and washing with Et,0. The combined yield was 55 %fii -
SYNTHESIS 8 S oy
Rac-Methylene-bis(l-t-butylrz-indenyl)haﬁlium 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 in 30 mL Et,0, in a250 mL Schlenk tube with
magnetic stirring bar, and.12.6 mL of a 1.6 M solution of MeLi in Et,0 (20,16 mmol) were
~ added dropwise in 5 minutes, at room ﬁmper_ature- (exothermicgire;action); after 10-minutes, a
- white suspension was obtained. The mixture was 'rnaintajned under stirring for 2 hours and
-, the suspension was then eooled-. to —80°C; a slu_rry.-of 1.62 g of HICl, (Roc-Ric, 99.99 %,
MW = 320.3, 50.6 mmol)'in 30 mL of pentane;. also cooledi.""to —80 °C, was added. The

mixture was stirred overmght by lettxng the temperature rise slowly to room temperature in

. the Dewar. The gray suspension was concentrated in-vacuo to. remove the solvents to give a -

free-flowing powder, which was extracted in a Soxhlet for ;_ 45 hours with 100 mL of
. pentane. The extract was dried to a yellow powder (i 46g). - . :
'H NMR analysis showed the presence of a mixture of products -'These products were taken
up in 10 mL of pentane, s’urred and filtered; the obtained res1due (0.3 g), in the form of a
light yellow powder, was. rac-CHz(l-t-Bu-Z-Ind)zl-IﬂvIe, contammg a small amount of
impurities. The pentane soluble fraction was concentrated, treated with 2 mL of Et,0 and
cooled to 20 °C. _ : o . :
After three days, 50 mg of chemlcally pure (by lH NMR) rac-CH,(l-t—Bu-Z -Ind),HfMe,
. 'were recovered by ﬁltratlon.
. SYNTHESIS 9 _ oo _ o
Rac-Methylene-bis(l-trimethylsilyl-z-indenyl)zi_rconium dichloride
(2) Synthesis of bis(3-trimethylsilyl-2-indenyl)methane
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6.0 g of bis(2-indenyDriéltine (M, = 244.33, 77 %, 18.9H&ib1), obtained as described in
Synthesis 1(a), were di'sé'olved in 70 mL Et,0, cooled to —50°C and treated with 16 mL of
BuLi 2.5 M in hexane (39.8 mmol). The thus obtained orange suspension was allowed to
reach room temperature, stirred for S hours, then added to a solution of 5 mL of Me;SiCl (d
= (.856, 4.3 g, MW 108.64, 39.8 mmol) in 30 mL of Et,0 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(1-trimethylsilyl-2-indenyl)methane, in form of a clear, thick orange oil (M, 388.07,
purity 71.5 % by G.C.). '
(b) Synthesis of methylene-bis(1-trimethylsilyl-2-indenyl)zirconium dichloride
8.0 g of bis(1-trimethylsilyl-2-indenyl)methane (purity 71.5 % by G.C., 14.6 mmol) were
dissolved in 70 mL Et,0 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 ZrCl, (M,, = 233.03, 20.6 mmol) in 5_0 mL
of toluene, in a 250 mL flask -at —~30°C. After warming to room temperature, the yellow

~ mixture was stirred overnight. The yellow suspension was concentrated in vacuo to remove
Et,O and then filtered. The contents of the toluene solution were discarded-following 'H-

.NMR analysis. The yellow residue on the filter (9.12 g of the target product, containing
LiCl) was extracted with refluxing CH,Cl, (Soxhlet, 7 hours). '
The residue (6.0 g) was pure rac-methylene( 1-trimethylsilyl-2-indenyl),ZrCl, containing
LiCl, while the extract (2.75 g) contained some impurities and some meso isomer.
SYNTHESIS 10
Racj-Methyl(_ene-bis(l -trimethylsilyl-3-methyl-2-indenyl)zirconium dichloride
(a) Synthesis of bis(1-trimethylsilyl-3-methyl-2-indenyl)methane
8.05 mmol of bis(3-methyl-2-indenyl)methane, obtained as described above in Synthesis
3(a-1), were dissolved in 50 mL Et,0, cooled to —50°C and treated with 6.7 mL of BuLi 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 Me,SiCl in 30 mL of Et,O previously
cooled at ~30 °C. The suspension was allowed to reach room temperature (the color fades)
and stirred overnight, then quenched with MeOH (the cblor turns yellow) and filtered; the
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filtrate- was brought to dryness to yleld b1s(l-tr1methy1s1lyl—3-methyl-2-mdeny])methane in
the form of a brown-orange hqmd (3.55 g, 100 % yield).

(b) Synthesis of methylene-lns(l-trlmethyls1|yl-3-methyl-2-1ndenyl)nrcomum dichloride
355gof b1s(1-tnmethylsﬂy]-3-methy1-2-mdenyl)methane 3. 53 mmol) were dissolved in 50
-mL Et,0 in a Schlenk tube with magnetic stirring bar; the- obtamed orange solution was
cooled to —50°C and 7.2 mL of a 2.5 M solution of BuLi in hexane (18 mmol) were added
dropwise in 5 minutes. (red soluuon), the resultmg solution was allowed to warm to room
temperature and stirred overnight, obtammg a darker red solutlon, which was then cooled to
—30°C and added to a slurry of 1.98 g of ZrCl, (My, = 233 03 8.53 mmol) in 50 mL of
toluene, in a 250 mL flask:at —30°C. After warming to room temperature, the brown-violet
mixture was stirred overmght The brown suspension was concentrated in vacuo to'remove
Et,0 and then filtered. The residue was discarded following: 5}-_1;NMR analysis; the toluene
solution was brought to dfyness, then washed with 50 mL ‘Et,0, filtered, the residue
~ discarded and the filtrate dfied again to 3.2 g of a brown product ‘which was then washed

. with pentane; the residue dned in-vacuo (1.75 g) 'H-NMR analysxs showed the presence of

. - pure rac-CHy( l-Me-3 TMS-2-Ind)ZZrCl asthe only isomer. - C '
SYNTHESIS 11 L
: Rac-Methylene-bls(l-dlphenylphosphlno-z-mdenyl)z1rconmm dlchlorlde
. (a) Synthesis of bls(3-d1phenylphosphmo-Z-mdenyl)methane

8.17 g of bis(2-indenyl)methane (My, = 244.33, 77 %, 18.9 mmol), obfained as described in -
Synthesis 1(a), were dxssolved in 100 mL Et,0, cooled to —50°C_and treated with 21.6 mL of
BuLi 2.5 M in hexane ',(54-'.1 ‘mmol). The thus obtaitled yellov'l"guspension'“ was allowed to
reach room temperature, stirred for 5 hours, then added to a solution of 9.7 mL of Ph,PCl .
(MW 220.64, 54.13 mmol) in 30 mL of EQO pret'iously cce!ed 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 brought to dryness to yield 13.5
g of an ochre powder, whlch was washed with pentane’ (washmg discarded) and then with
Et,0 (washing d1scarded), the residue was dned to g1ve 83g of pure bis(3-
dlphenylphosphmo-z-mdenyl)methane .

The residue from the filtration of the crude reaction mlxture (6 7 g) were extracted with
refluxing CH,Cl,, to give the same product.

(b) Synthesis rac-methylene,-bls(l-dlphenylphosphino-z-indenyl)zirconiu'm dichloride
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69 ¢g bis(3-diphenylphd_§ _-ho-2-indenyl)methane My, = 6 - ,~.-.l.l.3 mmol) were suspended
in 100 mL Et,0Oin a.Sciilen’k tube with magnetic stirring bar, cooled to -50 °C and 9.5 mL of
a 2.5 M solution of BuL1 in hexane (23;7‘ mmol) were added dropwise in 5 minutes; the
solution was allowed to warm to room temperature and stirred for 5 hours, thus obtaining an
ochre suspension, which was then cooled to —30°C and added to a slurry of 2.6 g of ZrCl,
(M,, =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 CH,C), to give 6.5 g of yellow powder. "H-NMR analysis
showed the presence of pure rac-CH,(1-Ph,P-2-Ind),ZxCl, as the only isomer.
POLYMERIZATION TESTS

EXAMPLES 1-4 and 4°, and COMPARATIVE EXAMPLE 1

Propylene homopolymerization -

- Propylene was charged at room temperature in a 1-L or 4.25-L jacketed stainless-steel
~autoclave, equipped with magnetically driven stirrer and a 35-ml stainless-steel vial,
-connected to a thermostat for temperature control, previously purified by washing with a -

AliBu, solution in hexane and dried at 50°C in a stream of propylene. AliBu; (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 means of nitrogen pressure through the stainless-
steel vial. The temperature was rapidly raised to the polymerization temperature and the
polymerization was performed at constant temperature for 1 hour. ' '
After having vented the unreacted monomer and -baving cooled the reactor to room
temperature, the polymer was dried under reduced pressure, 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)zirconium dichloride. More Speciﬁca;lly’, 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 hafmum metallocenes, it is possible
to obtain polymers having higher intrinsic viscosity with respect to polymers obtained with the
corresponding zirconocenes. - L

EXAMPLES 5-7

Ethylene homopolymerization _

A 1 L stainless-steel autoclave, equipped with magnetic stm'er, temperature indicator and
feeding line for the ethylene, was thennostatted with H,O/steam and purified by purging with
ethylene at 80°C. Under ethylene purge, 400 mL of n-hexane and 2 mmol TIBA were added;
the temperature was brought to 80°C and the reactor was 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 cocatalyst reported in fl‘-_able 3, was mj_ected into the

autoclave with ethylene overpressure and the ethylene partial Sp:essme 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 partlal pressure The polymerization was

interrupted by degassing unreacted ethylene the thus obtamed polymer was isolated by
filtration and dried in vacuum at 60°C. '

The polymenzatlon conditions and results 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 méthylene—bridged metallocenes

according to the present mventlon 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 100% of the total numb_er of terminal unsatqratxons. Therefore, by varying
the substitution pattern on the catalysts according to the- invention': it is possible to obtain linear
a-olefins having a percentage of terminal vinyl unsaturations h1gher than 90%, thus providing
PE waxes having low Pn.

The polymer obtained in Example 5 was further charactenzed by '3C-NMR analysis; it resulted
that said polymer is a linear a-olefin containing 0.29% of C, branches and 0.16% of Cy
branches | '

EXAMPLES $8-11 and COMPARATIVE EXAMPLES 2-4

Ethylene homopolymenzatmn _ o

A 200 mL glass autoclave, provided w1th magnetic stirrer, temperature indicator and feeding
line for ethylene, was purified and ﬂuxed with ethylene at 35°C At room temperature were
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introduced 90 ml of hex;

The catalytic system:-was prepared. separately in 10 ml of heptane by consecutively
introducing the cocaialyst 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 unexpectedly 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.
EXAMPLES 12 |
Ethylene/1-hexene copolymerization

- A 200 mL glass autoclave, provided yvith 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(1-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 I ml MeOH. The obtained polymer was washed with acidic MeOH, the with
'~ MeOH and finally dried under vacuum in oven at 60°C, thus obtalmng 2.7 g (Activity = 695.7
-kg/gCat.h) of a ethylene/ l-hexene copolymer in the form of an oll having 1.V. of 0.12-dl/g and

having a total number of branches equal to'4.5 branches/100 carbon atoms (determined by *C-

- 'NMR); more specmcally, no methyl branches were detected, whlle about 90% of the total
branches was attributable to butyl or thher branches. - L

EXAMPLES 13

Ethylene/propylene copolymerization _

A 2.3 L steel autoclave, provided with magnetic stirrer, temﬁe_fature and pressure controls

and indicators and feeding line for the monomers, was puriﬁefq: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 w1th 9.5-bar of ethylene.
. The: catalytic system was prepared separately in 10 mi Schl_enk tube by consecutively -
" introducing 2.31 mmol: of 'MAO (1) and 0.5 ‘mg of -ir;e-methylene-bis(l-methyl-z- :
-+ indenyl)zirconium dichloride -(Al/Zr=2000 as molar ratio) ;sol'ved in the lowest- possible
amount of toluene. - ' ’ _
- After 10 minutes under stirring at 25°C, the solution was -inje‘cti::ed into the autoclave trough a -
. vial by an ethylene overpressure. The total pressure (10 barg) was kept constant by feeding a
mixture of ethylene/propylene in a molar ratio of 37.
After 90 minutes, the polymenza’uon was stopped by cooling and introducing 1 bar of carbon
monoxide. Then the reactor was deg_assed and the recovered _mllky solution was separated
from the solvent. 142 g (1350 Kg/gZr) of polymer were obtéiﬂed,’ after drying in oven at
60°C under vacuum. The polymer was analyzed and showed 1.V.=0.20 dl/g, Tm=97.1 °C
and AH=158 J/g. B
The total branching content, analyzed by NMR ana]ysxs, was 2. 65/ 100 carbon atoms.
EXAMPLES 14-19 ' '
Ethylene homopolymerizaﬁon
- The following polymerization procedure, similar to the one descﬁbed in examples 5-7 was
followed:a1L stainless-sfeel autoclave, equipped with magnetlc stirrer, temperature indicator
and feeding line for the ethylene, wae thermostatted with Hzolsieém and purified by purging
with ethylene at 80°C. Under ethylene purge, 500 mL of n-hef&aﬁe-and 1 mmol TIBA were
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added; the temperature W 4 vented to remove residual
-nitrogen. The reactor was then pressurized with ethylene up to 11 bar-a. The catalyst solution,
comprising the amouﬂt' of catalyst and cocatalyst reported in Table 3, was injected into the
autoclave with ethylené 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. Thé 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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Table 1

Propylene homopolymeriiation

Ex. Metallocene MAO | AVZr| T Yield Activity Pn LV.

Type (umol) .| (mmol) | (mol) [ (°C) (@ (Ke/eCat.h) (dvg) (dvg)
1 CH47-Me24ndhzeCl, | 033 | @163 [ 5000 | 30 | 28487 1899 ol 03
2 r-CHy(I-Me-2-Ind),ZtMe, | 1277 | (11276 | 1000 | 50 | 23.00 46 2 nd.
3 r-CH(1-Ph-2-nd),ZiCl, - | 1.80 | 2539 | 3000 | - 50 . | 7253 726 263 | 026
4 FCH(14But2-nd)ZiCl, | 039 | (2)1.93 's000 | ‘50 | 2825 1412 430 n.d.
4 | ~CH(1-tBut-2-Ind)HiMe, | 356 | 2)355 | 1000 | S0 | s06 253 nd. 0.83

i _ —
COMP.1{  CHQ-Ind)zZiCl, 494 | @741 | 1500 | s0 0 INACTIVE -

(1) Commercial 10% w/w toluene solution of MAO_ (1.7M; Witco).

R __(2)--:e'1‘he_-_commercial-sample- (8] was-dr_ied-ix_l vacuum to a free-flowing powder (residual AlMe, about 3-5 mol %).
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Table 2

Ethylene homopolymerization

Example Metallocene Cocatalyst . Time Yield Activity
(min) ® (Kg/gCath)
Type (mg) Type - | (mmol) | AlVZr
_ (mol)
. —r
5 r-CH,(1-Me-2-Ind),ZcCl, 0.2 MAO(2) 231 5000 23 83 - 1092
6 r-CH,(1-t-Bu-2-Ind),ZrCl, 0.2 MAO (2) 1.93 5000 20 18 272.7
7 r-CH,(1-Ph-2-Ind), ZrCl, 02 | MAO(l) | 0.8 500 60 124 62.0
8 r-CH,(1-Me-2-Ind),ZrMe, 0.1 TIOAO 027 1000 15 0.76 130.6
9 r-CH,(1-Me-2-Ind),ZrMeCl 0.1 MAO(2) 024 | 1000 10 62 " 1681
10 r-CH,(1-Me-2-Ind),ZrMeCl' 03 |- TIOAO 14 2000 10 26 235
11 r-CH;(1-t-Bu-2-Ind),ZrCl, 0.1 MAO2) 097 5000 10 1.34 455.5
14 r-CH,(1-TMS-2-Ind),ZrCl, 0.5 MAO (1) 0.45 500 - 60 41.7 83.4
15 r-CH,(1-Me-3-TMS-2-Ind),ZrCl, 1.0 MAO(1) 1.74 1000 - 60 29.0 29.0
16 r-CHy(1-Me-3-TMS-2-Ind),ZrCl, 0.2 MAO(1) 0.17 500 60 155 71.5
17 r-CHy(1-Bz-2-Ind),ZrCl, 0.5 MAO(1) 043 500 60 12.6 25.2
18 r-CH,(1-Ph-2-Ind),ZrCl, 02 | MAO(D) 045 500 60 21.3 42.6
19 r-CHy(4,7-Me,2-Ind),ZrCl, 0.5 MAO(1) 0.54 500 | 60 27.7 55.4
COMP. 2 CH,(2-Ind), ZxCl, 03 | MAo @ -:;.75 1000 10 1.51 302
COMP. 3 CH,(2-Ind),ZrCl, 0.5 MAO (2) 0.5 2000 10 | 339 40.8
COMP. 4 ~ CHy(2-Ind),ZrCl, 05 | T!OAO' 2,50 2000 30 1.54 27.1

(1) Commercial 10% w/w toluene solution of MAO (1.7M; Witco).

(2) The commercial sample (1) was dried in vacuum to a free-flowing powder (resndual AlMe, about 3-5 mol%).
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Table 3

Ethylene homopolymerization

Example | LV. Pn AH T, Terminal vinyl Terminal vinylidené
unsaturations unsaturations
3 | (g W) | €O ) RO

5 021 | 108 197 120 94.1 85

6 183 | 2141 | 203 135 ‘nd. nd.

7 224 | 2829 | 170 | 142 nd. nd.

8 029 n.d. nd. | nd m.d. nd.

9 021 " nd. 185 119 nd. . nd.

10 022 n.d. n.d. nd, nd. nd.

7 165 | nd | nd | nd nd. nd.

14 0.9 g4 | 218 132 100 0

15 085 | 73 | nd | nd 8638 132

16 nd | nd | nd | nd 100 0 -

17 033 | 202 | 212 [ 123 959 41

18 187 | 206 | 192 | 139 | nd. nd.

19 089 | 792 186 | 129 | 72.5 27.5. :
COMP.2 | 017 | 81 | 217 125 91.5 8.5
COMP.3 | 0.I12 50 nd. nd nd. nd.
COMP. 4 02 nd. n.d. nd. n.d. nd.

SIP6T/00 OM
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CLAIMS g
1. A methylene-bridged metallocene. of formula (I):

el [

CH; | Xp 1))

wherein:
M is 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, -OSO,CF,, -
OCOR, -SR, -NR, and -PR, groui)s, wherein the R substituents are linear or branched,
saturated or unsaturated C,-Cy, alkyl, C,-Cyy cycloalkyl, C,-Cyy aryl, C,-C,, alkylaryl or
C,_-Cz_0 arylalky] 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 sﬁbstituents R'and Rz,.the same or different from each other, are selected from the

group consisting of linear or branched, saturated or unsaturated C,-C,, alkyl, C;-Cy
cycloalkyl, C;-Cyy aryl, C-Cj, alkylaryl and C,-C,, arylalkyl radicals, optionally
containing one or more atoms belonging to groups 13-17 of the Periodic Table of the
Elements, -OR, -SR, -NR,, N-pyrrolyl, N-indolyl, -PR,, -BR, and -SiR; groups, |
wherein the R substituents have the meaning reported above; or two adjacent R?
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 state 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.

2. The methylene-bridged metallocene according to claim 1, wherein said metal M is Zr
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or Hf.
The methylene-bridged metallocene according to claim 1 or 2, wherein said X

- substituents are Cl, Br or methyl.
“The methylene-bridged metallocene according to any of claims 1 to 3, wherein R! is

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

phenyl, benzyl, trimethylsilyl and dlphenylphosphmo

The methylene-bridged metallocene according to any of claims 1 to 4, wherein R? is
selected form the group consisting of halogen, methyl, ethyl, n-propyl, i-propyl, n-
butyl, t-butyl, phenyl and benzyl.

A catalyst for the polymerization of olefins comprising the product obtainable by
contacting: _ '

(A) one or more methylenébridged metallocenes of formula (I), as described in any of
claims 1 to 5; and

(B) a suitable activating cocatalyst.

The catalyst system aocor'ding: to claim 6, wherein 'said activaﬁng cocatalyst is an -
alumoxane and/or a compound able to form an alkylmetallocene cation.

A process for the polymerization of olefins comprising 'i__he polymerization reaction of

one or more olefinic monomers in the presence of a catalyst as described in claim 6 or
7. - - .

The process according to claim 8, for the production of atactic propylene oligomers,
terminated with vinylidene end-gtoups. a

The process accordmg to claim 8 for the production of ethylene linear a—oleﬁns having
Pn ranging from 50 to 500, wherem more than 90% of the terminal unsaturations are
vinyl unsaturations.

A ligand of formula (II):
-

This Sheet Has Been

A llll i
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12.

13.

14.

15.

16.

Rep i
Rim
CH5 .
R‘m
R,

wherein R', R%, m and n have the meaning reported in claim 1.
A process for the preparation of a ligand as described in claim 11, comprising reacting

formaldehyde or a derivative thereof with an indene of formula (III):

1
Rq
R2, )

wherein R', R? and n have the meaning reported in claim 1, and q is 0 or 1, in the
presence of a Brensted acid, the molar ratio between said compound (II) and
formaldehyde of a derivative thereof being > 1. '

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

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, HCI, H,SO,, HBF, and mixtures thereof.

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

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

The process according to claim 12, wherein the molar ratio between said indene. of
formula (III) and formaldehyde or a derivative thereof is about 2. -
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