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PCT/EP99/03é,7 METALLOCENES, LI GANDS AND OLEFI N POLYMERI ZATI ON
FIELD oF THEYRBRP ON The present invention relates to a neRFEERIY03347

nmet al | ocene conpounds, to a catalyst for the polynerization of olefins
containing themand to a polynerization process carried out in the

presence of said catalyst. The invention also relates to the correspondi ng
| i gands useful as internediates in the synthesis of said netall ocene
conpounds, as WMETALLOCENESISESANDS ANDeQLBRLIY BALY MEFAZATTION sai d

met al | ocene conpounds. DESCRI PTION OF THE PRIOR ART Metal | ocene conpounds
with two cycl opendadi enyl groups are known as catal yst conponents for the
pol ynmeri zation of olefins. European Patent 0 129 368, for instance,
describes a catalyst systemfor the polynerization of olefins conprising
(a) a bi sHYEUIEFTHE INWENTOONdi nati on conplex with a transition nmetal and
(b) an al unoxane. The two cycl opent adi enyl groups can be |linked by a

bri dgi ng_ ameYResedinvBntidnSreBeRA6A hatv Rladk ¥RLERRiIEAM &?ﬁ&o@ﬁ@%{{)g D198 G0 the

nore carbon atons or heteroatons. Al so known are bri
I
;

conpounds erein.the,.cyel opent.adi e iety i.s condensed to one aromatic
or non ar gﬁgﬂe@ng%pf O%ﬁps g‘}{’éﬂﬂn& tﬂéﬂ ag’getﬁr?y PIYBRHZAGR Nresess Garried oyt mgthe
918 describes the use of ethylenbis(4,5,6,7-tetrahydro-1-indenyl)zirconium
di chl or i déresgrrgeetheaid coflyst. The isuention also celatas &0 yist cdrospotibing ligpadsatisein aof

i sotactic polyolefins. Metallocenes conmpounds in which the

cycl opent dttewmdiatey DUk dantesib edfedalh hal RBkeA L SthPEndS, S el URMoS pB&ses for
catal ysts containing themare al so known.

1 preparing said ligands and said metallocene compounds.

DESCRIPTION OF THE PRIOR ART

Metallocene compounds with two cyclopendadienyl groups are known as catalyst components
for the polymerization of olefins.

European Patent 0 129 368, for instance, describes a catalyst system for the polymerization of
olefins comprising (a) a bis-cyclopentadieny] coordination complex with a transition metal and
(b) an alumoxane. The two cyclopentadienyl groups can be linked by a bridging group, which
is generally a divalent radical containing one or more carbon atoms or heteroatoms.

Also known are bridged metallocene compounds wherein the cyclopentadienyl moiety is
condensed to one aromatic or non aromatic ring.

For example, European Patent Application EP 0 185 918 describes the use of
ethylenbis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride together with a suitable
cocatalyst for the preparation of isotactic polyolefins.

Metallocenes compounds in which the cyclopentadienyl groups have heteroatom containing

substituents and catalysts containing them are also known.

CONFIRMATION COPY
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PCT/ EP99/ 03247 From t he European Patent Application EP-A2- 0 743 317 are
known net alW@8e¥sEs3tonpounds possessing a cycl opent adi enyl gPSTEPEHAI24T ni ng
a heteroatomas part of a substituted or condensed ring system
Illustrative exanples are indenyl noieties substituted with a chinoline or

Por th. bar B PulARAi ARG B AR O ARy EEh e e Pt

of silicon-containing netall ocene conpouynds for the polynerization of

al pha- ol ePPSiessigetr eqyri lopgriadiFnylcBHouRL SIHAIANG etsafoaamcﬂs PO RAL substifged or
condensed to the cycl opentadi enyl ring, such as, for exanple,

et hyl enbi sfrdersediringt dyglerd JHysirafive exampleshard rinﬂeﬁybinbm'tiasj subglifutezl witloaichimoline

di chl oride. European Patent Application EP O 590 486 descri bes netal |l ocene

COWDOU”dSoIC%T}frﬁM&' REdidal, ChifekOPQRLIFHE efbﬂtmﬁhgugax@ameﬁ@o@enla@tﬁeoagequm 'f@r tthe
ring system use in the preparation of polyolefins. The only

|IIustrat|v1e r@fez. are bi s(I - phospha- 2, 3, 4, 5-
t et r anet h§? 39‘5%%% &8i%¥W1 ) zi rconi um dichlori de and
tetrakis(2, 5-di net pyrrol)zirconium_ International patent application

PCT/ EP97/ B/39Rateritr ﬂg% 6p2relaiss to Beclasarad sioniconkiningimstillosens campundss fagfthe
bridged and unbridged heterocyclic netallocene conpounds containing a

cycl opent ggliygiRytkatnOup alphawidfit whéreire t@akiliodc @tdndiifipag 6f AUndiS afdnsid. ridge
catalytic system containing said netallocenes are useful for the

o ot al | SRLRA AL hbenatfentiPihg S8 R Tredaple BuBlBCRL B e PP
T NVENT! ONEHRh T S 4 A PGB ompoundl. havi ng a particular |
cycl opent adi enyl |igand system has now unexpectedly been found, which can
a:j\e/ ?Intn 2ge5usipya1b€aleaedpahca¢lan AR $t Yo AP deseribes mtalbhenepm:mypmmdsz avitainingf a
’ cyclopentadienyl group having a heteroatom in the ring system for use in the preparation of
polyolefins. The only illustrative examples are bis(1-phospha-2,3,4,5-
tetramethylcyclopentadienyl) zirconium dichloride and tetrakis(2,5-dimethylpyrrol)zirconium.
International patent application PCT/EP97/6297, in the name of the same Applicant, discloses
a class of bridged and unbridged heterocyclic metallocene compounds containing a
cyclopentadienyl group to which a heteroatom cdntaining ring is fused. The catalytic system
containing said metallocenes are useful for the polymerization of olefins.
It would be desirable to provide a novel class of metallocenes which, when used in catalysts for
the polymerization of olefins, are suitable for the preparation of polyolefins.

SUMMARY OF THE INVENTION

A novel class of metallocene compounds having a particular cyclopentadienyl ligand system
has now unexpectedly been found, which can advantageously be used as catalyst components

for the polymerization of olefins.
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PCTI EP99/ 03247 According to a first aspect, the present inventi

provi des aWRP48f¥cene compound of fornmula (1): PCT/EPSSI3247
Rlerr](Cp)(AMJ[err] wherein Rerr] is a structural bridge; Cp is a
heterocyclic cyclopentadi enyl group of formula (I11): [err] wherein
substit Uemic%rd?ﬁffdd fise dspibie the] preseamBverdtiod frovidend mesllBcénetiongRind bo Bimula
Cerr]-Cerr] kyl, Cferr]-Clerr] cycloalkyl, Cerr]-Cerr] alkenyl,
C[err]-C[(ﬁrr] aryl, Cerr]-Clerr] alkylaryl, or (Jerr]-Clerr] aryl al kyl
radi cal s, optronally two adj acent substituents R err] and R err] can form
a cycle corrprrsrngfrom5t08carb n furthernore, substituents
Rlerr] and Rlerr] can contain sili c%a((iﬁ)?gi\ﬂﬁanr umatons; Zis NR[err] or
O, R err] being defined as substituents R err] and R[err] X and Y, sane
or differemrein®, és s sthetdreldbridgem (CR{err])[err], BRerr], PR[err] , SiRerr]
or GeRlerr]; and substituents R err], sane or different, are hydrogen
atoms, ([ fs]aﬁé%é)r'cllé‘h%{&pengd%n&] r@[x(fbfforﬁ%l-‘d @l kyl, Clerr]-Cferr]

al kenyl err]-Cerr] aryl, % err] alkylaryl or (err]-Cerr]

aryl al kyI radi cal s; and, further rmre substituents R err] can contain
hetero atons such as nitrogen, Rﬁosphorxoxygen silicon or germani um
atons, with the proviso that bot NX_a1fid Yz can not be carbon atons at the
sane tinme; A is a group selected ‘ ) suldsti t ut edIr unsubstituted

cycl opent adi enyl s, which may qa-ry~po#e 0of nore condensed cycles, =NRlerr],
-O, -S and =PR[err] groups, R[err] bei ng defined as substituents R err]
and R[err], and groups corresponding to fornula (11);

wherein substituents R' and R, same or different, are hydrogen atoms, C,-C,, alkyl, C,-Cy,
cycloalkyl, C,-C,, alkenyl, C,-C,, aryl, C,-C,, alkylaryl, or C,-C,, arylalkyl radicals, optionally
two adjacent substituents R' and R? can form a cycle comprising from 5 to 8 carbon atoms and,
furthermore, substituents R' and R? can contain silicon or germanium atoms;

Z is NR® or O, R’ being defined as substituents R' and R%;

X and Y, same or different, are selected from (CR‘,),, BR%, PR’, SiR*, or GeR‘); and
substituents R*, same or different, are hydrogen atoms, C,-C,, alkyl, C,-C,, cycloalkyl, C,~Cy,
alkenyl, C,-C,, aryl, C,-C,, alkylaryl or C,-C,, arylalkyl radicals; and, ﬁ_xrthermore, substituents
R* can contain hetero atoms such as nitrogen, phosphor, oxygen, silicon or germanium atoms,
with the proviso that both X and Y can not be carbon atoms at the same time;

A is a group selected from substituted or unsubstituted cyclopentadienyls, which may carry one
or more condensed cycles, =NR?, -O-, -S- and =PR’ groups, R’ being defined as substituents R’

and R, and groups corresponding to formula (II);
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PCT/ EP99/ 03247 ~Mis a transition netal selected fromthose belonging to
group 3, 4,Y8%858%%r to the lanthanides or the actinides oPCEHZIPBR2ADAI c
Tabl e of the Elements (new | UPAC version); the substituent L, sane or
different, is a nonoanionic |ligand, selected fromthe gr oup consisting of

hydr ogen, MiaJ g&Rition S selecte RERR {hose SRb&ikd o gr{)\@ &4 s, %P'%L%EJ l]anthamdes

oSO err]CFlerr] and PR[err], wherein the substitdents err], sane

ol G RS AER eI S AR e, S oL g

Cerr]-Cerr] al kylaryl or (Qerr]-Cerr] arylalkyl radicals, optionally
cont ai ni nEiesFYbsHRISNG L, gameesn difesensmis a moneanioni¢ Higandr seflectent Gromo th: gpoup
being equal to the oxidation state of the nmetal Mminus two; nis an

i nt eger r eomgistigg fof hyidgen hilogamdSRF, R -@RS, i-NREJOTCORNOSTYCE! ?sz,owﬁerem
Accor di ng to anot her aspect of the present invention there is provided a

new cl assyf of I
Rl err] (Cp) (AS sftas S”Je%erfﬁrFM ato | Ypear or branghed, saturated or unspiurated CrCoy
above and s.0.when n i nd s when n_is 4 articularly

usef ul a&?‘nl ki %ﬁclé)én‘iyi QQ‘héZOp?Ik‘ﬁ%Yiaf:ﬁ S E‘Wl’tﬂecne%lbﬂla@’ieﬁ’é Co&rp@@ﬁdkyl of
formul a (I) A further aspect of the present invention is a process for

the pr eparaahqadmomioriailgamjsmmgerhcp(x@p)g(m)apmm gtomef formula (I11), wherein
Rlerr], Cp, A and q have the neanings as reported above. A still further

aspect of plidign PERELASmIOTYSNH bElA 'eéua@tcpih@‘éﬁﬁlﬁn&%tat% *a?tﬂ%ﬁé%armtrhmﬁs ot he
net al | ocene conpounds of formila (1), obtainable by contacting t e ’l i gand

of fo_rrrul\ﬁ {thﬁfqa[ﬁﬁéhg$%(ﬁg[£rami with a compound of formula MJ[err],

wherein ds above, in the presence of a conpound
capabl e of , form ng the correspondl ng di ani oni ¢ conpound of the |ligand of
formul a “s|a|n)mteger ranging from 1 to 4. 4

According to another aspect of the present invention there is provided a new class of ligands of
formula (I1I):

R.(Cp)(A),
wherein R, n, Cp, A, have the meanings as reported above and q is 0 when n is 0 and is 1 when
nis 1 to 4, particularly useful as intermediates in the preparation of the metallocene compounds
of formula (I).
A further aspect of the present invention is a process for the preparation of ligands R.(Cp)(A),
of formula (1II), wherein R, Cp, A and q have the meanings as reported above.
A still further aspect of the present invention is a process for the preparation of the metallocene
compounds of formula (I), obtainable by contacting the ligand of formula (IIT) R,(Cp)(A), with
a compound of formula ML,,,, wherein M, L and p are defined as above, in the presence of a

compound capable of forming the corresponding dianionic compound of the ligand of formula

(1D).
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PCT/ EP99/ 0 7 ot her aspect of the present invention is a catalyst for
t he pol ynef‘%éa?twls%ﬁgof ol efins conprising said heterocyclic &é‘r“é‘f%&% and
the use thereof in the polynerization of olefins. DETAILED DESCRI PTI ON OF
THE | NVENTI ON  The nunbering of the substituents on the cycl opent adi enyl
group of fAiotraaspbdt) of tie phiseht invedyreRce tfalfRdeori thet PolyReBSAIYh of olefins
invention, is the follow ng:

[err]

Lot o SqrEAhRS ERRLIRNRCATRAUANE oo A Ol SURAN RIS LB A 00

cycl opent adi.en ro cy jenyl _derivate or to a heteroatom
cont ai ni ngﬂé’féﬁpl;%s%ﬁgcgiggﬁ)%ékg&gﬁg@%ﬁ%‘val ent radicals containing
one or nore carbon atons, such as CH err] groups, or atons other than

car bon at dite, nunshecing axf’ the weltstiplestsl eméh gyclareatadienyl gmokip g fotigula (I1), to which
cycl opent adi enyl group in the 4 position of the above ring systemto

ei ther an RlpRbl Gahadedif HRABEEACH oI sPHO1bRif: CYCl opent adi enyl derivate
or to a heteroatom containing group. An advantageous class of heterocyclic
met al | ocenes according to the present invention corresponds to formula (1)
wherein Ais a group selected frq{Q substiltut ed or unsubstituted

cycl opent adi enyl's, which may carry \Qfe re aromatic or non-aronatic
condensed cycles, such as indenyl5 renyl, benzoi ndenyl, hydrogenated
or partially hydrogenated cycl eEl +% differ@t fromO, i.e. the tw
cycl opent adi enyl groups are |inked tg@yeach ®dther by a bridging divalent
group. Preferably, the divalent groupj(QRlerr])[err] is selected fromthe
group consisting of CRerr], SiRerr], GeRerr], NRerr], PRerr] and

(5CR[ err]) [Iﬁ rtfll rﬁagl(}cgﬁe l&rﬁf)&]ndg rdauie ’afgxgﬂﬁhti&{edd‘!ygé,eﬁug nctyblo%gr?tacliiieﬂ]y aéroglg of

formula (II) may be linked to an identical cyclopentadienyl group, to a cyclopentadienyl
derivate or to a heteroatom containing group, such as an amino group, by divalent radicals
containing one or more carbon atoms, such as CH, groups, or atoms other than carbon atoms,
such as dimethylsilanediyl groups, linking the cyclopentadienyl group in the 4 position of the
above ring system to either an identical cyclopentadienyl group, to a cyclopentadienyl derivate
or to a heteroatom containing group.

An advantageous class of heterocyclic metallocenes according to the present invention
corresponds to formula (I) wherein A is a group selected from substituted or unsubstituted
cyclopentadienyls, which may carry one or more aromatic or non-aromatic condensed cycles,
such as indenyl, fluorenyl, benzoindenyl, hydrogenated or partially hydrogenated cycles, and n
is different from 0, i.e. the two cyclopentadienyl groups are linked to each other by a bridging
divalent group. Preferably, the divalent group (QR’,), is selected from the group consisting of

CR’,, SiR’,, GeR’,, NR’, PR’ and (CR’,), and the R’ groups, equal or different, are linear or
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PCT/ EP99/ 03247 branched, saturated or unsaturated Cferr]-(err] alkyl,
Jerr]-derP¥E8al kyl, derr]-Jerr] alkenyl, err]-d er rACBERM/03247
Cerr]-Cerr] alkylaryl, or CJerr]-Cerr] arylalkyl radicals optionally,
when Qis C Si or Ge, both substituents Rerr] can forma cycle

S (CH orr 1R St & Bl O P RING t}")‘?’gl"mﬁ ”V@@r&tﬁt %? G g
Ir Znéegr fr cgﬁb% agkyéarymgn‘&r amg’séih awqglkll rﬁ@ISaPBﬁg“aéy c é’t?hneBtet ;Se Clsaﬁ’e Oere BOth

different, such as,_ for exanple, in the bridges
-CH err] - Sllbmeéltsr% ¢aarfoim 2 cyciﬁ[cemppsmg[fem B-to &redorb{ More] préfefably, lsaid divdient
transition netal is preferably titanium zirconium and hafnium nore

pr ef er abl Yoridge isBi(CH ) SIPHTH,, (@HZ)gw)@mp{ yents Rlerr] and Rl err] are
preferably hydrogen atons. e substituents L are preferably hal ogen atons

or R[err] r el f or l\/bre refe ably
Chey ar e hior B Y P QIoNT ) RE8 sBRe SRR G oS i e 4001 Do 6
het erocycll met al | Qc nes accordl ng to the present invention corres onds
to formul éng’l‘)’h%?ér CAtqras Qéﬁ-?d%%iﬁ ifierenthsek Poforraxample in the bedges
the two cycl opentadi enyl noieties of the net al | ocene conpound of the

i nvent i on -&He-Si(@#h),+,cEH,-NR¥oand CHi-PRI4i ve exanpl es of said metal |l ocenes are:
i sopropylidenebi s{ 2- (rret hyl)-1,1 ,3,3-tetranet hyl -

1, 2, 3, 3a- t1@kr 1 oy,i.de
or di met hyl ; ﬁ%i%g%?g%gia?(ﬁiigléﬁrgﬂd m&’él?]ﬁy ?‘%aﬂhﬁf Lugd S‘htt-et rane#%%%ﬁmy 1S

, 2, 3, 3a- tezirg\m drocyclopentalc][1,2,5] azadisilole}zirconiumdi chI ori de or
d| rret hyl ; |so%‘rr‘opyl i denebi s{2-(iso-propyl)-1,1 ,3, 3-tetranethyl -

, 2, 3, 3a- tetrah drocycl opental[c][1,2,5 azadi si | oI e} zirconi um di chI oride or
di met hyl ; The substituents R'and R are preferably hydrogen atoms. 6

3

The substituents L are preferably halogen atoms or R® groups, R® being defined as reported
above. More preferably they are chlorine atoms or methyl groups.

A more advantageous class of heterocyclic metallocenes according to the present invention
corresponds to formula (I) wherein A is represented by the above formula (II), i.e., the two
cyclopentadienyl moieties of the metallocene compound of the invention are identical.

Non limitative examples of said metallocenes are:

isopropylidenebis {2-(methyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c] [1,2,5]
azadisilole}zirconium dichloride or dimethyl;
isopropylidenebis{2-(ethyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c]{ 1 ,2,5]
azadisilole}zirconium dichloride or dimethyl;
isopropylidenebis{2-(iso-propyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][ 1 ,2,5]

azadisilole} zirconium dichloride or dimethyl;
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PCT/ EP99/ 03247 i sopropylidenebis {2-(tert-butyl)- 1,1,3,3 ,5-pentanet hyl -
1,2, 3 , 3a-t 8308 ocycl openta[ c][1,2,5] azadisil ol e} zi r coni Rr/BPEOMBMI de
or dinmethyl; isopropylidenebis {2-(ethyl)-1,1,3,3 ,5-pentanethyl- 1
,2,3,3a-tetrahydrocyclopentalc] [1,2,5] azadisilole} zirconiumdichloride

or di met hyisopropysideheyRL(ERABRYD- 1{ 53,6155 52,3 34-tédraBydrocyclopentalc][1,2,5
, 5- pent anet f?yl}?y?L, 2,3,3 a- tet rahydrocm a[’c]”[ 1, zf 5f' rocyclopenta[c]{1,2,5]

azadi si |l ol ol i C I . dihoet hyl ;i sopropylidenebis
{2-(tert-bu @1%;’&&?1;?8@%&}%:@%%%5?9&&1@@?% 3 a-tetrahydrocycl opent af c]

[1,2,5] azaborasil oI,e% zi.rconium di chl orjde or dinethyl;

i sopr opy! ixmwl@e{@nq{ e(pghygult,&,,ﬁﬁ,S-ggnfc}rget{lyli-lﬂ%@ﬁ@ftetrahydrocyclopenta[c][1,2,5]

1, 2, 3,3a-tetrahydrocyclopenta[c][1,2,5] azaphosphasilole} zirconium

di chl ori deazadisitblejedideyhipm disldpridgper dishethehi s{ 2- (tert-butyl)- 1, 3-di met hyl -
1,2,3,3a-tetrahydrocyclopentalc] [1,2,5] azadiborole} zirconiumdichloride

or i et hprob ARRRARDIAB00NAL A (4 o5tehiib\ 1 b Fedi Mot hyl -

1, 2,3, 3a-tetrahydrocycl opent azadi phosphol e} zi r coni um

di chl ori de or, di nethyl: ] opyl.i. ebis{2-(tert-butyl)-

1 1505 ¢ delPawioryioersals) SR BPi i G irblariop o Hrderay
azaborasil ol e} zirconiumdichloride or dinethyl; isopropylidenebis{
2-(tert- bljsqgrgwpﬂi,dgne,h'gs,{&(g@t-btgﬁﬁt lhyB—.tximethyl-l,2,3,3a—tetrahydrocyclopenta[c][1,2,5]
,2,3,3a-tetrahydrocycl openta[c][1,2,5] azaphosphasilole}zirconium
di chl or i dexzalborshileht}Biytoniuh Sediarfiel ordenebyls{ 2- (tert-butyl)- 1
,3,5-trinmethyl- 1,2, 3, 3a-tetrahydrocycl opentalc][1, 2, 5]

ez o R 0 0, 5 PR 1 ey b1 ey e oo

gt alell, Zdzgghos;?ﬁa%ﬂglg?gfc%px% éi%i’){o(l?igg on g?rrgezith%rrl];l oride or dimethyl;
isopropylidenebis {2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azadiborole} zirconium dichloride or dimethyl;
isopropylidenebis {2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopentalc}{1,2,5]
azadiphosphole}zirconium dichloride or dimethyl;
isopropylidenebis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azaborasilole}zirconium dichloride or dimethyl;
isopropylidenebis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c]{1,2,5]
azaphosphasilole}zirconium dichloride or dimethyl;
isopropylidenebis {2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopenta[c]{1,2,5]
azadiborole} zirconium dichloride or dimethyl;
isopropylidenebis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopentajc][1,2,5]

azadiphosphole}zirconium dichloride or dimethyl;
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PCT/ EP99/ 03247 di net hyl si | anedi yl bis {2-(tert-butyl)-

1,1, 3-tri meWR\P58532 3 | 3a-tetrahydrocycl openta[c][1,2,5] PCT/EP99/03247
azaborasil ol e}zirconiumdichloride or dinmethyl; dinethylsilanediylbis
{2-(tert-butvl)- 1,1 ,3-trimethyl- 1,2,3,3 a-tetrahydrocyclopenta[c][1,2,5]

azaphOSphﬁﬁﬂeﬂ@lsﬂhﬁéd’gﬁ@ﬁ(ﬂ&bﬁibﬁﬂhpl'ldﬁtrﬁﬁetﬂylnﬂ bsh.tetr Opegt fé&kﬂﬁﬂgxgb' s

{2-(tert-butyl)-1 di mret h 3, 3a-t et rahydrocyc

azadi bor i.d hyl ;

di et hyl s ao?]rgsr E{}E{%cﬁngmﬁrag d%o(% tgef B> di rret hyl -1, 2, 3, 3a-t et rahydrocycl op
ent a[ c] azadi phosphol e} ZI rconl um di chl ori de or dinethyl;

[
di et hyl sdlmaﬂvélﬁﬂmﬁuélplz{% -{teqioupii}-j4l)3-rimehylsl,2, 6;3ﬁﬁctra}wdrocyclopenta[C][1 2,5]
1, 2, 3, 3a-tetrahydrocycl openta[c][1,2,5] azadiborole}zirconiumdichloride
or di met Whphosplhasﬁbllaﬁiabhﬂne@ibhﬂoﬁﬂs{)Qdi(zﬁeﬁhi)tl; butyl)- 1,3,5-trinethyl -
,2,3,3a-tet rahydrocycl openta[c][1, 2,51 azadi phosphol e} zirconium

di chi ori Aty 1 BRI M bis {2- € W

- di et hyl - 2, 3y4 7a- te%nrrS "htt?iﬁ BML! @E‘tﬁ e nta drg%'zcgldéwal:%ﬁlzs]r coni um
di chl ori de t lla d|be|s{2(tert butyl)- 1,1

-di et hyla%‘?%m@egg %’ﬂ%ﬁl}b[%’dh Benta[c][1,2] azasiline} zirconium
di chloride or dinethyl; Another i nt erestl ng class of heterocyclic

met al | oc éhiélgtha(tsd@mfdil)ﬂgls{Za(tcrh@upﬂ)eb,érdlmeﬂvémmbh -tetrahydzeqotupentafe] i, 5jul a
(1), wherein A corresponds to fornula (Il) and n =0, i.e., the tw

i denti calazgcﬁph@pg@{epgfcgﬂwn ditiEge of @initPhy il inked to each other by a
bri dgi ng di vaI ent group. Non limting exarrpl es of said class are:

GHEETE e ST EUR
azadiborole}zirconium dichloride or dimethyl;
dimethylsilanediylbis {2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azadiphosphole}zirconium dichloride or dimethyl;
ispropylidene {2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro-1H-cyclopenta[c][1,2]
azasiline}zirconium dichloride or dimethyl;
dimethylsilanediylbis{2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro-1H-cyclopenta[c]{1,2]
azasiline} zirconium dichloride or dimethyl;
Another interesting class of heterocyclic metallocenes according to the present invention
corresponds to formula (I), wherein A corresponds to formula (II) and n = 0, i.e., the two
identical cyclopentadieny! groups are not linked to each other by a bridging divalent group.
Non limiting examples of said class are:
{2-(tert-butyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]

azadisilole}zirconium dichloride or dimethyl;



WD 99/ 58539
PCT/ EP99/ 0 (tert- butyl) 1, 1,3, 3, 5-pentanethyl -
1,2, 3, 3a- tgtgéé?ly(fé%cycl openta[c] [1 ,2,5]azadisilole} zi r corfl HERAPOR*Gr i de
or d| met hyl; {2-(methyl)- 1,1,3, 3- tetrarrethyl 1

, 2,3,3a-tetrahydrocycl opent a [c] [1,2,5] azadisilole}zirconium dichloride
or di met h{2-{tert-bRtyrk1 3)3,3-pentamethyl- 1,2,3 3a-tetrahydrocyclopenta[c]{1,2 S]azadlsllole}
1,1, 3,3,5-pentanet hyl -1, 2, 3, 3a-t et rahydrocycl openta[c] [1, 2, 5]

azadi si | Oilﬁ;})ﬁiu&rp@l@hféﬁugbpmhﬁmﬂe or dinmethyl; {2-(ethyl)- 1 1,3,3
-tetranethyl - 1, 2, a-t et raliydr ocycl opent a[ cl] [1,2,5] azad| sil ol e}

3,3
155" g %&ﬁtﬂ%@amcﬁﬁwmﬂqfﬁ e Bt

di chl ori de or dinethy {2-(iso-propyl)-1,1,3, 3- tetramethyl - 1,2,3
, 3a-t et rﬂi?@?@é@@ﬂ‘&ﬁ@ﬂb’b[ c] [1,2 5 azadisilole} zirconium dichioride or
dlnethyl {2-(iso-propyl)- 1,1 3 3,5-pentanethyl-1,2,3

, 3a- t et r afpxinenyly AFBSqlenianteinyl 2,53, 32 astiab drok lopeat di chl ori de or
di met hyl ; {W?g (%Jlglr?p%utf/}{e - fly 3§tr|rret hzl %}IOP A[€Pn2 8P

, 2,3,3a-t azaborasi |l ol e} zi rconi um
d| chI ori d&gi?ﬂ%lgire%éﬁ’lugp&f@%{iéé%rt&# ﬁ‘lﬁ) 1,1 ,3-trinmethyl- 1

,2,3,3a-tgt d ycl open [l ,2,5] azaphosphasi.| ol e zi rconi um
b o AR-SEH PRy eRameB - 21 3aomr#s;droqyclqpsaqam@ﬁfazadxsﬂole}zucomum
,2,3,3a-tetrahydrocyclopentajc] [1 ,2,5]azadi borol } zirconium dichloride

or di net Withlorid@erdimethybut yl1 )- 1 3. di net hyl - 1,2, 3, 3a-tetrahydrocycl opent a
[c] [ 1,2,5] azadi phosphol e}zirconiumdichloride or dinethyl;

{2-(ethyl)-1,1,3,3,5-pentamethyl-1,2,3,3a-tetrahydrocyclopenta [c] [1,2,5]

azadisilole}zirconium dichloride or dimethyl,
{2-(iso-propyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]azadisilole}
zirconium dichloride or dimethyl;
{2-(iso-propyl)-1,1,3,3,5-pentamethyl-1,2,3,3a-tetrahydrocyclopenta[c][ 1,2,5]azadisilole}
zirconium dichloride or dimethyl;
{2-(tert-butyl)-1,1,3-trimethyl-1,2,3,3a-tetrahydrocyclopenta [c] [1,2,5]
azaborasilole}zirconium dichloride or dimethyl;
{2-(tert-butyl)-1,1,3-trimethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]azaphosphasilole}
zirconium dichloride or dimethyl;

{2-(tert-butyl)-1 ,3-dimethyl-} ,2,3,3a-tetrahydrocyclopenta[c][1,2,5]azadiborol } zirconium
dichloride or dimethyl;

{2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopenta [c]{1,2,5]

azadiphosphole}zirconium dichloride or dimethyl;



WD 99/ 58539 ' S

PCT/ EP99/ 03247 %95 (tert-butyl)- 1,1,3,5-tetranmethyl- 1

, 2,3, 3a-t etYARRIFTeycl openta[c][1, 2, 5] azaborasi |l ol e} zi r corR&HERYOB?r i de
or dinmethyl; {2-(tert-butyl)-1,1,3,5-tetranethyl- 1,2,3

, 3a-tetrahydrocyclopenta[c] [1 ,2,5]azaphosphasilole} zirconiumdichloride

or di met hyd-ttertbandy-113; ﬁ&tﬁ(ﬂn):thyﬂ-l 3 ,3B3d tetraBidiydyclopenta[c][1,2,5]azaborasilole}
1,2, 3, 3a-tet rahygtqocycl openta[c][1 ,2,5]azadi borol }Z[i r[com]um di chl ori de or

di rrethyl, 1c{o Mg{cb{a?ﬂ% ]izh 19- trlmsthyl 1, 2, 3, 3a-

tetrahydr ocyc open azad| phosphol e}2| rconi um di chl ori de or

di nmet hyl tert- b 7a-tetrahydro-

AR RN AT L TR U < N WGt A
{2-(tert-butyl)-1,1 -dinmethyl-2, 3,4, 7a-tetrahydro- 1H cyclopenta[c][1
,2]azasiIﬁn&%@hmdhhkmhhodﬂhmmMﬂjde or dinmethyl; According to another
aspect of the present invention there is provided a class of |igands of

formula (¥3.{ebtt-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocycl 113, § P bk 1§ £k d
(rern) wh£r£ uty)rr’] Hg sytruct u?ael b}rllr(c}%yc OPCmBEC?[; a heter oc;?/c |0(r:uum

(I:Q%/glr ?f?n;&dbﬁgﬁﬁo g 9’}?%'&’3; I:]OLarr:J/laat g}la\/)rreaLﬂ]grg] as repo\r,\lftqgcrtleI 2 iRs E[ S; (r)Lp
selected from substituted or unsubstl tuted cycl opent adi enyls, which may
carry one{dfterbuty ) badetmiseethyl-1,2,3,32-
+0 tetrahydrocyclopenta[c][1,2,5]azadiphosphole}zirconium dichloride or dimethyl;
{2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro-1H-cyclopenta[c][ 1,2]azasiline } zirconium
dichioride or dimethyl;
{2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro- 1 H-cyclopentafc)[1,2]azasiline } zirconium
dichloride or dimethyl;
According to another aspect of the present invention there is provided a class of ligands of
formula (III):
R.(CpX(A), (1D

wherein R, is a structural bridge;

Cp is a heterocyclic cyclopentadienyl group of formula (IV):

2
R X\z
Y/ (IV)
Rrl

wherein R, R!, R?, X, Y and Z, n and q have the meaning as reported, A is a group selected

from substituted or unsubstituted cyclopentadienyls, which may carry one or more condensed

10
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PCT/ EP99/ 03247 cycles, =NRerr], -O, -S and =PR[err] groups, Rélerr
bei ng defi ﬁ%ﬂg%{gssg%bstituents Rlerr] and Rl err], and groups PEEW?’@ PBAti ng
to formula (1V). The two doubl e bonds of the cycl opentadi enyl ring of the
| i gands of fornmula (1V) can be in any of the allowed positions. The

af or enent cyuled=NRIPOINEs amf =PRY grolss, RF Weing defigal dsisabdtatdrys RS&{dR?, a8d groups
internediate |ligands for the preparation of the heterocyclic netall ocene

corrpoundsc&frespﬁr;u% ﬁ’)fﬁhﬁulagﬁg. advant ageous cl ass of heterocyclic |igands
according to the ptresent 1nvéntion corresponds to forrmula (111) wherein A

is a group, sel ect from gsybstituted, or unsubstituted ycl opent adi_enyl s,
whi ch may ?Eamgeiﬁie O] B eI HOR CRRHsengs fatrEnad IV ipaibean any
such as indenyl, fluorenyl, benzoindenyl, hydrogenated or partially

hydr ogenatvEtheelicwebpositivaisn  is different fromO, i.e. the two

cycl opent adi enyl noieties are linked to each other by a bridging divalent

radi cal . Afe hforddiidho PO BB oRnALI (V) éﬁfpﬁﬁﬁﬂ%yiﬁemﬁirﬁﬁg{eﬁr‘gﬁ@%ﬁ%

said. A nore advantageous class of heterocyclic |igands acco

present igpvention corr onds to formula (111 ergin i,§ different from
b and A cBYTRCERe AR SotePopRislishnd fommauigt eidmpReDof this ol ass
of ligands according to the invention are: _

i sopr opy| Péasapitagepus elass ofhiaterpgyciic jigands aceendingetoniie present3ingentiostooahspondicy c
| opentaf[c] [1,2,5] azadisilole}; isopropylidenebis{2-(nethyl)-1, 1

, 3, 3-t et r gyTefohithial (121) 3 wherdiret Aahy di ognpap opetedted cfrbrh, Jubdiituted agh Sidsebsghited
i sopropylidenebis {2-(ethyl)- 1,1 ,3,3-tetranethyl -

-1, 2, 3, 3a- c LS] > .
sopr opyl UATEOESLBY {1 SBRRTRR, Fmh o orgng ARl PRl romati condensed cyles
1]2_ 3, 3a-t (sa&c%aag%r? e%??,’ (f"llugx%(rax}r)ﬁ géncz]oirld%ﬁ)%,’ E}drog%%%gldsolr lpgxlti?ahy hydrogenated cycles, and n

is different from 0, i.e. the two cyclopentadienyl moieties are linked to each other by a bridging

divalent radical. As to the divalent group R, reference is made to the above said.

A more advantageous class of heterocyclic ligands according to the present invention
corresponds to formula (III) wherein n is different from 0 and A corresponds to formula (IV).
Non-limiting examples of this class of ligands according to the invention are:
isopropylidenebis{2-(tert-butyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azadisilole};
isopropylidenebis{2-(methyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azadisilole};
isopropylidenebis{2-(ethyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5)
azadisilole};
isopropylidenebis{2-(iso-propyl)-1,1,3,3-tetramethyl-1,2,3,3a-tetrahydrocyclopentajc][1,2,5]

azadisilole};

11
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PCT/ EP99/ 03247 i sopropylidene {2-(tert-butyl)- 1,1, 3,3, 5-pentanet hyl -
1,2, 3, 3a-t QP ¥M3B3%cyclopenta[c] [ 1,2,5] azadisilole}; isRPI/EPSHBHEne
{2-(ethyl)- 1,1,3,3 ,5-pentanethyl-1,2,3 ,3a-tetrahydrocycl openta[c][1, 2, 5]
azadisilole}; isopropylidene {2-(iso-propyl)- 1,1,3 ,3,5-pentanethyl-
1,2,3 3%6 bﬁgt&qé{}c%f&k ea@ntla{ 3 -péntgmethyl- A2 g%ﬁe&a@ly&}ocyclopema[c]{x 2,5]
|sopropyI| enebi s { tert-butyl

1,1, 3- trlneé ﬁ , 2,3,3a-tetrahydrocycl openta[c][1,2,5] azaborasilole};

i sopr opyl ZASSBYIEE (- (tert- butyl) 1,1,3 -trinethyl -

1,2, 3, 3a- tetrahydro cIo ent a[ c% 1, 2 5 azaphosphasi |l ol e};

i sopr opy| iserrapyideng Z-(ethaix L bdtdy pentgmgﬂ'xm] hBsmpHtetrahydrogyclopentalc][1,2,5]

, 3a- tetrahydrocyclopenta[c] [1,2,5] azadiborol}; isopropylidenebis
{2-(tert-@mﬁgn¢h}ﬂ , 3-di net hyl - 1,2,3,3a-tetrahydrocyc|openta[c][1,2,5]
azadi phosphol e}; isopropylidenebis {2-(tert-butyl)- 1,1 ,3,5-tetranethyl -

1,2,3,3a- ) [ . é 1 ;

Lo SRR LERRRRAY 35 Al D28 el iy copenatll 25
2,3,3a-tetra ydgocyclopenta[c][l,Z,S] azaphosphasi | ol e};

|sopropyIF@€ﬁ Plesy 2~ (tert-butyl)- 1,3 ,5-trimethyl- 1
,2,3,3a-tetrahydrocycl opentalc] [1,2,5] azadiborol}; isopropylidenebis

{2 (t ert - isoprpbylidehebis{ Bér¢rt-butyt)nlyl 3-tm;nzth3d 335 lkteahlmﬂrwybbapa[mﬂ[épcﬂ] [1, 2, 5]
azadi phosphol e}; 12

azaborasilole};

isopropylidenebis{2-(tert-butyl)-1,1,3-trimethyl-1,2,3,3a-tetrahydrocyclopentafc]{1,2,5]
azaphosphasilole};
isopropylidenebis{2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopentac][1,2,5]
azadiborol};

isopropylidenebis {2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopenta[c}[ 1,2,5]
azadiphosphole};
isopropylidenebis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azaborasilole};
isopropylidenebis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopentafc}{1,2,5]
azaphosphasilole};
isopropylidenebis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopentajc}[1,2,5]
azadiborol};
isopropylidenebis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopentafc}[1,2,5]

azadiphosphole};

12
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PCT/ EP99/ 03247 di net hyl sil anediyl bis {2-(tert- butyl )-1,1 ,3-trinethyl-
1,2, 3, 3a-t WPMPEBcycl opentalc] [1,2,5] azaborasilole}; PCT/EP99/03247

di met hyl si | anedi yl bi s{2-(tert-butyl)-1, 1 ,3-trinmethyl- 1,2,3,3
a-tetrahydrocycl opentalc][1, 2, 5] azaphosphasi | ol e}; dinmethylsilanediylbis
{ 2- (t ert - dithathylsildnedBAtsls {Peitdry-butyD: B1,3 BntHyd [268) Yo te@aNidr MpéﬁﬁFcﬂ[lh% 5]
azadi borol}; dinethylsilanediylbis {2-(tert- butyl) 1 3 i met hy

a-tetrahy 18,%?nt al c] [1,2,5] azadiphosphole}; di et hyl si | anedi yl bi s
{2-(tert-buty , tet rarret hyl- 1 ,2,3,3a- tetrahydrocycl opentalc]

E % (Zt g]r t aéupg)‘.{x?lgljizlm%lde Bis{2s t%h&%'ba,i,%gn%g{e Iy ! 1,Si>.,3,3a-tetrahydrocyclopenta[c][l,2,5]

, 2,3, 3atetrahydrocycl openta[c][1,2,5] azaphosphasilole};

di met hyl siakaphesphakibile};{ 2- (t ert - but yI )-1 ,3,5-trinethyl-
,2,3,3a-tetrahydrocyclopentalc][1,2,5] azadiborol}; dinethylsilanedi yI bi S

{2-(tert- Iaﬁﬁéﬁh%'lsﬁ-anealy%ﬁ;{z-q@‘é Bty 3 Rirde@t: 1 Qtarﬁhxﬁléh?ay&&aeﬁé}ﬁé[&ﬁ 253 2

azadi phosphol e i sopropyl i denébi s{2- (tert-but
- di net hyl a-tetrahydro- 1F+cyc|openta[c] [1 2] azasiline};
Fi‘%?ﬁ%‘ﬁf’f)

di net hyl s rbi s{2-(tert-butyl)- 1,1-dinmethyl-2,3,4,7a-tetrahydro-1

H cycl opent a[c]] azasiline}. A further interesting class of |igands
accordi ng tfbetbhléﬂ%ﬁéwébw{z-ﬁ%th)nl ¢simetbpbohdd, Jagetraydudcycloganta[y][1.25¢r ei n A
corresponds to formula (1V) and n = 0, i.e., the two identical

cycl opent agidiphosph@déqups are not |inked to each other by a bridging

di val ent residue. 13

dimethylsilanediylbis{2-(tert-butyi)-1,1,3,5-tetramethyl-1,2,3,3a-
tetrahydrocyclopenta[c][1,2,5] azaborasilole};
dimethylsilanediylbis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3atetrahydrocyclopenta[c][1,2,5]
azaphosphasilole};
dimethylsilanediylbis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopentalc][ 1,2,5]
azadiborol};

dimethylsilanediylbis {2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azadiphosphole};
isopropylidenebis{2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro-1H-cyclopenta[c][1,2]
azasiline};
dimethylsilanediylbis{2-(tert-butyl)-1,1-dimethyl-2,3,4,7a-tetrahydro-1H-cyclopenta[c][1,2]
azasiline}.

A further interesting class of ligands according to the present invention corresponds to formula
(III), wherein A corresponds to formula (IV) and n= 0, 1.e., the two identical cyclopentadienyl

groups are not linked to each other by a bridging divalent residue.

13
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PCT/ EP99/ 03247 Non limting exanples of said |i gands ar e:

bi s{2- (tertWBaP§IP21 1,3, 3-tetramethyl - 1,2, 3, 3a- t et r ahydr ocyROTBRANAIC]
[1,2,5] azadisilole}; bis{2-(tert-butyl)-1,1,3,3,5-pentanethyl- 1,2, 3, 3a-
t et rahydr ocyclopental[c] [1,2,5] azadisilole}; bis{2-(net hyI ) -

1,1,3,3- tNohamtlhglsxarﬂplas&ssmﬂge:haﬁ&}ydrocycl openta [c] [1,2,5]
azadisilole}; bis{2-(methyl)- 1,1,3,3,5-pentanethyl- 1

2 3 3
Sl T S R L e
d I b 2- 5- t
?,23, IS,SIL%aOL@%? £ 'aa%a%gré hoaPhrRERyE1 2, 2 Sy dracyslepentalc] [1,2,5] azadisilole};
bi s{2-(iso-propyl)- 1,1,3,3-tetranethyl-1, 2, 3,3a- tetrahydrocycl opentaf c]

[1, 2, 5] ab'acﬁz-smbthb'k)}l;,l,3,Bi-ts’efﬁnc(th}sleL,in,Bdpyét)'ahyﬂiroby&pﬁerﬁa it 2158 abadisilbled; 3
, 3a-tetrahydrocycl openta[c][1,2,5] azadisilole}; bis{2-(tert-butyl)-1,1

, 3-trimet gyl (fhe@xsyﬁ b i3§3t5€;%én?i?ﬂéiﬁ§lcl}’§b@Hﬁ&E&ghﬁey&l&g&ﬁLﬂ 3&%53 Ef@kéuﬁiﬁs}

bls{2(tert but rimet hyl

) 35£aaﬁt§¥$§ﬁ5>2?iey£ Hiamedhia? %%t-‘%rttsa}v%éﬁlﬁna?’[}c? [CES it

bi s{2 (tert- bUttK % 3-dinmethyl- 1,2, 3,3a-tetrahydrocyclopenta [c] [1, 2, 5]
azadi phos pisé2-€3thy])$ils3,3,5 p(en@meﬂbml)ﬂ 3.3a-tetrehgdrogyciegentante] Fy2.5] zadisBole};

, 3a-tetrahydrocyclopenta[c] [1,2,5] azaborasilole} bis{2-(tert-butyl)-1,
1 3, 5-t et bafR{iYypropyl)-B1,3 333&@5ﬁ19hydl3§33ywﬁﬁ%}b§3[&&pehﬂa[% [212,5] azadisilole};

azaphosphasilole}; bis

{2-(tert- Piét{fl(x)so FrobyDr 1, B Ptkardiethy 1,33, J 8L ARUHBOEMEEARRIY B {ihadidife?]

azadi boro

(12, 5] PRl g iy eeiorailel 1 261 Enboeder

invention there is provided a process for the preparation of gands
Rlerr]( Cp)?(SA?-[(@rtfb]utsdi-lﬂdr tmll&ih)(H 1,2,} 3avdteahpdrocRolbpenta M[hﬁéhamhmhamm}l, bed

above, Cp corresponds to fornmula (1V), A has the neaning as reported above

?2? mtjf); h( \%sqmeﬁ-bu@ylpl 8- difeR1-1 2| 31%s-tehahydréd ciipef@TE A LD, ﬂ&z&d&%&)}ound of
bis{2-(tert-butyl)-1,3-dimethyl-1,2,3,3a-tetrahydrocyclopenta [c] [1,2,5] azadiphosphole};
bis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c] [1,2,5] azaborasilole}
bis{2-(tert-butyl)-1,1,3,5-tetramethyl-1,2,3,3a-tetrahydrocyclopenta[c][1,2,5]
azaphosphasilole};
bis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopenta [c] [1,2,5] azadiborol};
bis{2-(tert-butyl)-1,3,5-trimethyl-1,2,3,3a-tetrahydrocyclopenta [c] [1,2,5] azadiphosphole}.
According to a further aspect of the present invention there is provided a process for the
preparation of ligands R (Cp)(A), of formula (III), wherein R has the meaning as described

above, Cp corresponds to formula (IV), A has the meaning as reported above and both n and q

are 0, comprising the step of contacting a compound of formula (V):

14
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PCT/ EP99/ 03247 err] and its double bond isoners, wherein X, R err]
and R err] %P&¥&®%?ned as above and Z is nitrogen, with a co'FFE)UﬁhQ?/Oé#“"
general formula YZ [err], wherein Y is defined as above and Z' is a hal ogen
atom in the presence of a base, to forma conmpound of formula (VI) [err]

and its doubl e bond isoners. Zaf orenenti oned cycl opent adi enyl derivate
of formula (V) can be prepared biR 0 known net hods such as those as
described in International Patent A ati Zn PCT/ US92/ 08730. Accordi ng
to a still further aspect of thﬁ } inventio here is provided a
process for the preparation of*™a I| d Rerr](Cp)(A)[err] of formula

(I'1rra), wherein R has the neaning as reported above, n is an integer from

1 to 4 andndlit double borfd 1s&ﬂ€rstwﬁeﬁfno}4,p§‘ £ e @eﬁx?erdeas ab ve IQ‘}(P% isgrxiugééflalw?tﬂt

bridge, A" Is a group sel ected from substitute unsu

e 3??'89” Begot $R T IR 21y pREGITY X BEReict S0 S HLL | P REeh]

and Rlerr] corresponds to forrrula (I'V) and Z' is a hal ogen atom

conpri si ngltﬂq@rth@m iarhgss teform a ¢ampouad wf Aetiutgy(\E) conpound of formula (V):

[err]
L w
R1 Y

The aforementioned cyclopentadienyl derivate of formula (V) can be prepared by means of

and its double bond isomers.

known methods such as those as described in International Patent Application
PCT/US92/08730.

According to a still further aspect of the present invention there is provided a process for the
preparation of a ligand R (Cp)(A’), of formula (Illa), wherein R has the meaning as reported
above, n is an integer from 1 to 4 and q is 1, i.e. the two groups Cp and A’ are linked by a
divalent bridge, A’ is a group selected from substituted or unsubstituted cyclopentadienyls,
which may carry one or more condensed cycles, =NR’, -O-, -S- and =PR® groups, R’ being
deﬁﬁed as substituents R' and R?, Cp corresponds to formula (IV) and Z’ is a halogen atom,
comprising the following steps:

(a) contacting a compound of formula (V):

2
R: X\Z
)
Rl .
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WD 99/ 58539 ' :
PCT/ EP99/ 03247 and its double bond isoners, wherein X, R err] and

Rl err] haveMh¥/58828ni ng as reported above and Z i s ni tRGIERPI/03A4T h a
conpound of general fornula YZ [err], wherein Y and Z' are defi ned

above, in the presence of a base, to forma conpound of forrmula (VI) [err]

and its doubl e hend dbSNEBES ilsj@f'ﬁgrs, ]éreincxm%i a0k § fedh x{%%%v\??rﬁelag%o%o

forman anion of forrmula (VI [err and there

conmpound of gene formula (Vi1 , . ,
Rlerr]Z [err] MED s lgﬂlﬁnr )“51% a cg)mp?wdao%qng}:al fla 64’5 yyhetsin | Y apdidajarg o
or higher than 2, or with a conpound of general formula (I X)

Z Rlerr] A HR] efdgfined above, in thejprgsence of a base, ta forn! a¢ompaning of arinpla(VX) equal t o
or greater than 1. As to the structural bridge R err] in the above

| i gands, reference is nade to thlgz above said. Non-limting exanpl es of
bases used to formthe above conpownds et~formula (VI) are hydroxides and
hydri des of al kali or earth-al kali pt\al s,/ net al | i(¢l)sodi um or pot assi um and
organonetal lic |ithium conpounad- rably, methyllithiumor
n-butyllithiumis used. Non-limting exanples of conmpounds able to form
the anionic co ngs .of . far.mula (VI,I) are hydroxides and hydri des of
alkali or eart chgﬁf(g?‘i‘b?ﬁg?%@?m%’taé\dl i ¢ sodi um or potassi um and

organonetal lic |ithium conmpounds. Preferably, nethyllithiumor
n- but yl | i t{Ri) umcPRiagtingdvith a compound able to form an anion of formula (VII) 16

R2 X

\/Z (V1)
R} @ Y

and thereafter with a compound of general formula (VIII)
R.Z’, (v
in a molar ratio (VII)/(VIII) equal to or higher than 2, or with a compound of géneral
formula (IX)
Z’R AHR? (IX)

in a molar ratio (VII)/(IX) equal to or greater than 1.
As to the structural bridge R, in the above ligands, reference is made to the above said. -
Non-limiting examples of bases used to form the above compounds of formula (VI) are
hydroxides and hydrides of alkali or earth-alkali metals, metallic sodium or potassium and
organometallic lithium compounds. Preferably, methyltithium or n-butyllithium is used.
Non-limiting examples of compounds able to form the anionic compounds of formula (VII) are
hydroxides and hydrides of alkali or earth-alkali metals, metallic sodium or potassium and

organometallic lithium compounds. Preferably, methyllithium or n-butyllithium is used.
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PCT/ EP99/ 0 n-limting exanples of conpounds of general form

Rerr]Z [er%%(?;?/ﬁ ,f}?) are di met hyl di chl orosi | ane, di phenyl cﬁ’céfrﬁ*??/&%w ane,
di et hyl di chl or oger mani um 2,2- dichl oropropane and 1, 2-di br onpet hane.
The synthesis of the above bridged ligands is preferably carried out by

addi ng a Notitritg ofexamplesr gafni compolridsm edmuetierd] | forgulapoR @, svieNt a0 a
sol ution of the conmpound (VI) in an aprotic polar solvent. The thus

obt ai ned GgettylBhIGRBHAN! NAibitey KRMSYSThAY! | ) m ISy 5.
t hen added. teoygt sol uti orer of tlhe conmpound of fordl &%E}?}? err in a2r1’2

aprotic p r_solven ed ligand can be finally separated by
convent i o‘ﬁgﬁ é’ﬁoé)raﬁ? %bgﬁ’bﬁ?%}(?g@ﬁﬁ %s. Not linitative exanpl es of aprotic
pol ar solvents whi ch can be used in the above process are

t et r ahy dr Biteusyathesis oif the ahoxy bridgeddiganieisiyelorably cartied oagriy amddihg a solution of an

di chl oronethane. Not limtative exanples of apolar solvents suitable for

the aboveorpae GfudicBmpeiidinan apenaAsRvéaitt Deslagftef thPebin &um%rmm@a ti
process, r%e terrperatrt?rpe IS pre?erably kept between -180Ferr] and protie

80 .
Fur t her AR oERE TR ThEN <ol Rntaih lebnOtod (o] ot rmfbaR st of

t he net al‘gocen corrp unds f formula, (L), obt ai nabl e by contacting the
|i gand R[©F% pd %é) rﬂrqn the sempeund pf fgrmida Reid's dn iapepratisonalar salvamt.aThe
conpound capabl e of form ng a correspondi ng di ani oni ¢ conpound thereof and

t her eaf t ebridged higandcaambefimadlly fepaoated byacdvEmtionhl ganerml Rhewihprocedurds.p have t he
meani ngs as defined above. The conpound able to formsaid dianion is

sel ect ed ﬁspmhmv&f)@iiﬁlé},%@%bﬁo&k M1 fso Al QXkide San aélqséayxﬂftgé"iﬁo\%f 13 é%?aah i

and earth-al kali netals, rreta li¢ sodium and potassr um an org one

R R T R T G A
§_17r coniu rre]:xazneptlers%%r;{)&;rl scci)?ve?ltnscluiqsglg Ifolir‘glt;[ a?t}or\rg%?(lcggsl acrig pentane, hexane and benzene.
During the whole process, the temperature is preferably kept between -180°C and 80°C, and
more preferably between -20°C and 40°C.
A still further aspect of the present invention is a process for the preparation of the metallocene
compounds of formula (I), obtainable by contacting the ligand R,(Cp)(A), of formula (III) as
described above, with a compound capable of forming a corresponding dianionic compound
thereof and thereafter with a compound of formula ML,.,, wherein M, L and p have the
meanings as defined above.
The compound able to form said dianion is selected from the group consisting of hydroxides
and hydrides of alkali- and earth-alkali metals, metallic sodium and potassium, and
organometallic lithium salts, and preferably said anion is n-butyllithium.

Non-limiting examples of compounds of formula ML',,, are titanium tetrachloride, zirconium

tetrachloride and hafhium tetrachloride.
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PCTI EP99/ 03247 The netal | ocene conpounds of fornmula (1), when nis
different WoA¥E53Nd A is a cyclopentadi enyl derivate, can PeTBPERREd by
first reacting the bridged ligands of fornmula (111), prepared as described
above, with a conpound able to forma del ocalized anion on the

cycl open o] r r
wher el Mot @“&%E@tﬂ*ﬂ i sk ECRERREeRR o ﬂ“hfda?“vi -
if?ggkfﬁﬁ?élete%mo%gfﬁega%% POl o SRR et bR e o
bridged ligands are dissolved in an aprotic pol ar solvent and to the

obt ai ned psapharedi @ dessribettl @bove, swithutai eompsfund rable g form lai t¢lbeatized mpivanech ithe an
apol ar solvent. The thus obtained anionic formis separated, dissolved in

an apr ot Icmeeér@dmé@t MBS, add thetduBieP Hith @ conditad of SorufSIRE nswé}elafmtatta the
conpound [err] in an aprotic poI ar solvent. At the end"of the reacti on,

tecnn quetbS B A GEBRE r B RpR Bsh Reolfed SRR o BRFE M o

of aprotic polar sol vents swtabl e for .the above reported processes are
t et r ahy d @ ipBie tearahiarisxgieonteUarhienda adihafnium teraghlqadand
di chl oronet hane. Non limtating exanples of apolar solvents suitable for

t he abovéMorerpecifisalhys gaifcbiidgaeé lighmdsaare digsdlvieé iz @neaprotidupdlagsdlient whalte the
process, the tenperature is preferably kept bet ween -180[err] C and 80C, and

nmore prefy W dan[‘%:ﬁo I e
corrpounds%o[a?lpéfd OSI(’) Rnﬁbﬁ%%@gahgg&g??lé%@&g é] t}%b@odré?@%pongls t %8%&1‘?? 1),
can be prepared r.eact thea n he formul a I} with

ot ranal 1 GRangd BhERG (oI o AerEat asptved 1 g (oo ol sebiet o eripiehe
above descri bed nmeanings, said reaction being carried out in a suitable

sol vent . adigsbte asuspersion ofthe coswound Migntinjan apetiqypalad sobemh At thesnd red the
formula (1) is different from halogen, it is necessary to substitute at

llgaSt ONngetbA! theUSTE prodiict tdtgaindd & Bedratdt &bloaRNRavdnhmixture by techniques
commonly used in the state of the art. Non limitating examples of aprotic polar solvents
suitable for the above reported processes are tetrahydrofurane, dimethoxyethane, diethylether,
toluene and dichloromethane. Non limitating examples of apolar solvents suitable for the above
process are pentane, hexane and benzene.
During the whole process, the temperature is preferably kept between -180°C and 80°C, and
more preferably between -20°C and 40°C.
The unbridged metallocene compounds of formula (I), wherein n = 0 and A corresponds to
formula (II), can be prepared by reacting the anions of the formula (VII) with a tetrahalide of
the transition metal M (i.e. ML,), M and L having the above described meanings, said reaction
being carried out in a suitable solvent.

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

halogen, it is necessary to substitute at least one substituent L in the obtained metallocene with
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PCT/ EP99/ 03@v 9955 % | east anot her substituent different from hal ogen. Such
a substitutl (*B2Ction is carried out by nethods known in tHf&/ER{03245f
the art. For exanple, when the substituents L are al kyl groups, the

nmet al | ocenes can be reacted with al kyl magnesi um halides (Gignard reagents)
or with bilehitanethirysubstitogm difftsent foun haiggér Susthohids@ua6S EctidhR chRFRBLAGMT €
is preferably kept between -180[err]C and 80[err]C, and nore preferably

bet ween - 2Qheyds ko @A dn 4 &4tk bEthe a-H‘eFoP %%ﬁﬁ@@y éncthg%{l@tlkt%?l unds of

the present invention can COI’]VEI’]I ent | I’ﬁrg or

the poly i zati,on of ol efins cordi.ng tg a strII further aspect
of the pr eﬁ’[ehﬁuﬁe/eéﬁflcﬁﬂ eh@?“éte‘il i lﬁ} 8ty ﬁ% ngsipny; balides (Grgnard (rgagents) or with

pol ynmeri zati on of ol efins, obtainable by contacting: (A) a netall ocene
conpound bfhlmalkm@n@opndend (B) an al unoxane and/or a conpound capabl e of
formng an al kyl netall ocene cation. The al unbxane used as conponent (B)

can be obDaidagdh®WhoRASHEARS, HEkEhpetktife 1 hrefe@Bkept 8L é%ﬂ%ﬂé 2la

formula AIR err] or Alferr]R err], where at |east one err I's no

hal ogen. %B*e?%&?%gﬁwegﬁ' tha@ I4%5Cr atio of Al/water is conpri sed bet ween

1:1 and 1 ratro betwéen al um nium and the netal of the
net al | oce ﬁ és corrpr i sed between about 10:1 and about 20000: 1, and
pr ef er abl 3 p setREsHClipBsillacsne compenngds o thespresent mventmecaalcgmmms bessetl an
the catal yst according to the invention are considered to be linear,
branched oatakygtodoimponentp furnlkspal pintrAzation @f alefiheast one gr oup of the type:
[err]
Thus, according to a still further aspect of the present invention there is provxded a catalyst for
the polymerization of olefins, obtainable by contacting:
(A) ametallocene compound of formula (I), and
(B) analumoxane and/or a compound capable of forming an alkyl metallocene cation.
The alumoxane used as component (B) can be obtained by reacting water with an organo-
aluminium compound of formula AIR®, or ALR’, where at least one R? is not halogen. In this
reaction the molar ratio of Al/water is comprised between 1:1 and 100:1.
The molar ratio between aluminium and the metal of the metallocene is comprised between
about 10:1 and .about 20000:1, and preferably between about 100:1 and about 5000:1.

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

branched or cyclic compounds containing at least one group of the type:
9
R \ RY

Al—0—Al"
R9/ \R9
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PCT/ EP99/ 03247 wherein the R err] substituents, sane or different, are
hydrogen atMa®¥/58§%rr]-Clerr]-alkyl, Clerr]-Clerr]- cycl al kPCI/EP99/03247

Cerr]-Cerr]-aryl, (err]-Cerr]-alkylaryl or Cferr]-Clerr]-arylal kyl,
optionally containing silicon or germanium atons, or are a

- O Al (R 8flergih hé IR*IEDHuBRS, selnfle %? ifBchBl e hﬁ@ﬂfﬁsg[ %6&1%“% télk#'lf"& 2C52N

be hal ogen atons. 1In particular, unmoxanes

can be use e.cas 0 u erein.n s 0 or. .an i.nteger
from1 t&” glﬁjkﬁh e a’ﬁ[ @r(i” g@%&fﬁ ?nfpﬁﬁ én’d sirglaledy pRtiens ya‘l?&?émn%rsmcon or

al unoxanes of the fornula: ) [err]
can be uSESHDRHUMIROBS S 267 2 cCOAIR e eroppandsif apheopeiate, sore R3substitesgts cafnrloem 2
to 40 and the R err] substituents are defined as above. Exanples of

al unoxandsldpeh twilse for use according to the present invention are

nmet hyl al unoxane (MAO), i sobutyl al unoxane (Tl BAO and

2,4,4-triy OAO). In the catal yst used in the
process ag?%&% g%w(%’%e’ |nvenf0 Ion for the preparation of polyolefins,
both the heterocyclic netall ocene conpound of the fornmula (1) and the
al unoxane can be present as ¥ product of the rggtion with an
organonetal lic al um ni um conpoungk_loiot_h@]_i(ghmu‘&p( AlR[err] or
Alferr]Rlerr],in which the R o] substituents, s\op;ga or different, are
hydrogen atons, halogen atons, Clerr]-Clerr]-al kyl,

Cerr]-Cerr]- cycIaI kyl , err]-Cerr]-aryl, (err]-Cerr]-alkylaryl or
C[err] Cleen bp-used,inthe gase of dipearsaaipoyndso harein ngs € ot A omeger fipen iam 40 and thens .

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

R

(Al—O)n
can be used in the case of cyclic compounds, wherein n is an integer from 2 to 46 and the R®
substituents are defined as above.
Examples of alumoxanes suitable for use according to the present invention are
methylalumoxane (MAO), isobutylalumoxane-(TIBAO) and 2,4,4-trimethyl-pentylalumoxane
(TIOAOQ).
In the catalyst used in the process according to the invention for the preparation of polyolefins,
both the heterocyclic metallocene compound of the formula (I) and the alumoxane can be
present as the product of the reaction with an organometallic aluminium compound of the
formula AIR®; or ALR%,in which the R® substituents, same or different, are hydrogen atoms,
halogen atoms, C,-Cy-alkyl, C;-Cy~cyclalkyl, C¢-Cyp-aryl, C,-C,s-alkylaryl or C,-C,p-arylalkyl,

optionally containing silicon or germanium atoms.
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PCT/ EP99/ 0 n-limting exanples of al um ni um conpounds ﬁ_ t he
formula Al %é??/]’s%l? Al[err]Rerr] are: Al(M)[err], Al (Et)[eFr{/Er?/03247

AlH(Et)[err], Al(iBu)[err], Al(iHex)[err], Al (i G:t)[err]
Al (Cerr] H[err])[err], Al (CHC[err] Herr])[err], Al (CHCMe[err])[err],
Al (CHSi MeNentlinitieg ekample§ vE3IhevinihmBeompiuhbie pf drerfpihulaMIBE(drt ALRY, rate: Al(Me),,
A Me(iBu)[err], Al(Me)[err]iBu, Al(Me)[err]C, A (Et)[err]d, AIEtC[err],
Al [err] ( Emyfemy,r k@{{ﬁf hl(lﬁhﬁr mm%—mﬁm& ) @lﬁ?t}hx Al@%ﬂ ﬁ%UA}tbﬂ,CMe
I Hex=i sohexyl’” 1Qc , 4, 4- 71 met hyl - penty af 8fenent fone
I d T I
(i BAL) " AN ERSE: szw#e- %Eg‘#% f&l‘?%ﬁﬁpﬁn W@&P&% AdeRl ALl

Non limtative exanpl es of corrpounds able to forma netallocene alkyl
cation ar &l@8hbbuNECL.oALEkiI avhTisin Wesesthy IT Btsethy IBiBerisnbutyladiak=isahexyLt o

give a proton and to react irreversibly wth a substituent L of the
met al | ocei@®cte 4fdotmmstieyl{pentyl.and D i s a conpati bl e ani on, which does not
coordinate, which is able to stabilize the active catal ytic species which

originate f C a

suffici en?sl'ﬂTl &%mblhp:e afo‘? éﬂt gg)t oélgglélﬁﬁovg lrj'l(l)r“%E aﬁgrq%f%ﬁnu%stqm)
Pr ef bl t.h b t

pr e er abl FiisgH! %im“' ich ériggt 354 BIRCHf e o ReT G DB B (TR e piferred.
substituents Ar, the sane or dlfferent fromeach other, are aryl radicals

such as ph@nylimitqmiern teadrhples op¢rempydunds bbls to forfri ametaiieténd a)lkbﬂe'gidm are compounds
Particularly preferred is the tetrakis-pentafl uorophenyl borate.

Fur t her mDGe forfRIEPPUROShAEIn OTiTd BroBivied 430 HR @Lgﬁ@@l yoteﬁﬁﬂh to A& ifrSediySt S
used in the process of the pr esent i nvention can be also used on inert

cuppor . il AP RuAROR pR BSOS TR 5P s

conmponent (B) and thereafter the netall ocene (A), on supports _such as for
exanpl e sPPt eaprdipptavhish isable ihatabilige Hip astive enfalyeie spegjerewhich ﬁﬂgy@teﬁ;fqoehémeor

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

an olefinic substrate. Preferably, the anion D" comprises one or more boron atoms. More
preferably, the anion D" is an anion of the formula BAr",, wherein substituents Ar, the same or
different from each other, are aryl radicals such as phenyl, pentafluorophenyl,
bis(trifluoromethyl)phenyl. Particularly preferred is the tetrakis-pentafluorophenyl borate.
Furthermore, compounds of formula BAr, can be suitably used.

The catalysts used in the process of the present invention can be also used on inert supports.
This is obtained by depositing the metallocene (A), or the product of the reaction of the same
with the component (B), or the component (B) and thereafter the metallocene (A), on supports
such as for example silica, alumina, styrene-divinylbenzene copolymers, polyethylene or

polypropylene.

21



WD 99/ 58539 ' '

PCT/ EP99/ 03247 The solid conmpound so obtained, in conbination with
further addYPP¥%? the al kyl al umi nium conpound as such or POTEPsEECsEd
with water, is usefully enployed in gas phase pol ynerisation. Catalysts of
the present invention are useful in the hono- and copol ynerization reaction

of ol ef i Te solith@InSHRRE so Bbfalriek! inf domitiRdtioRRIARE bur@br LGH ﬁﬁﬁ@%péyi%‘ﬁﬂﬁﬁiﬁ s
| e pol'y

a process for the polynerization of olefins conprising merization

reaction | n.olefinic.pononer in.the presence f a catalyst as
above des%?@é&qggﬁcg%gggeéfeﬁ&eg Q%{{R%,%g Er“gg@h?’ ef[?jﬂé’ﬁgi"bﬁas Sedéﬁﬂg?t?a‘i‘?fl-t he
hono- pol ynerj sation reaction of olefins, preferably of ethylene for the

pr epar at | Gfalysts|qbihe peserys ingensioar are aisefyls ththghoma pandesopolyaredzatidnuteastion dfn

et hyl ene pol ynerisation, the heterocyclic netall ocenes of the invention
show goodefind.ivities even when used in very low Al/Zr ratios. Another
interesting use of the catalysts according to the present invention is in
the cop tZ atdifinuph G 1 i ol efins. ln particular, t

cat al yst ?%ﬁoh%%i slrtllgent i %rﬁ&@éc@é%?%%%%3p¥%?&§%eisgr%ryggersilf?ro © BPfYE}EB%i.OH s
Sui t abl e I@fi ns to.be used as. conononers conprise [err]-olefins of the
formul a CRERPSSURISing the Polyprsization Tspeqn of;at Ieast ap qlsfinie smanerter iathe peesencem 1
to 10 carbon atonms, and cycl ool efins. Exanples of these olefins are

propy| eneof ajcatdlyst ehabove degsibtedne, 4-nethyl-1 -pentene, 1 -hexene, 1
-octene, 1- decene, 1l-dodecene, 1-tetradecene, 1-esadecene, 1-octadecene,

1- ei cosenEhe ddthlybts YoF! RO PFEBAL invEMEINOBRNbE NSed ﬁ)yﬁieommpﬁyn{aﬂf %YB rf@&%ﬁfb;*ns

4, 6-di net hyl - 1- heptene. = The copol yners may al so contaf n”sna ropor

conj ugat 0o Rotere bR RRp RGP He breBlbh 3 IOnt SR A SyBigp i

1, 3- but adi % e, 1,5- he'>.<haiii ene and, 1, 6- hept adi ene.
22 and 1-butene. In ethylene polymerisation, the heterocyclic metallocenes of the invention show

good activities even when used in very low Al/Zr ratios.

Another interesting use of the catalysts according to the present invention is in the
copolymerization of ethylene with higher olefins. In particular, the catalysts of the invention
can be used for the preparation of LLDPE.

Suitable olefins to be used as comonomers comprise a-olefins of the formula CH,=CHR®,
wherein R is an alkyl radical having from 1 to 10 carbon atoms, and cycloolefins. Examples
of these olefins are propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-
decene, 1-dodecene, 1-tetradecene, 1-esadecene, 1-octadecene, 1-eicosene, allylcyclohexene,
cyclopentene, cyclohexene, norbornene and 4,6-dimethyl-1-heptene.

The copolymers may also contain small proportions of units deriving from polyenes, in
particular from straight or cyclic, conjugated or non conjugated dienes, such as 1,4-hexadiene,

isoprene, 1,3-butadiene, 1,5-hexadiene and 1,6-heptadiene.
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PCT/ EP99/ 03247 The units deriving froma-olefins of formula

CH err] :CI—IIQP’Qrg?'fgs"’?rom cycl ool efins and/or from polienes ar &@QrEBEHB247n
the copol yners preferably in anounts ranging from1%to 20% by nole. The
saturated el astoneric copolynmers can contain ethylene units and

[ err] - ol eTherandéiving drom apblefigatoffotthalaeCHRCHRI'E flogh eyelbsIRAhY WRA/0f Srord NE
unsaturated el astoneric copolynmers can contain, together with the units

deriving ' ' : - i.NS 10, @&l SR, SHAI |
or oport | AR 8 AEHTRL YREel s BB i Blodl ROl 126 B 28 BRe
or nore O‘Q’gl?yenes. The content of unsaturated units is preferably conprised
bet ween d 5% by weight. Non limtative exanples of suitable

[err]-ol efins conprise propyl ene, 1-butene and 4-nethyl-1- pentene.

Sui t abl e T sttoratadgelagomdiokcefalymembian cantay ctinpaieyurtsi &l cesipfins end/or non

1, 5- hexadi ene, 1, 6-heptadiene and 2-nethyl -1, 5-hexadiene. Non limtative

exanpl es &iﬁlj&g&tefda@ibfeﬁa@Iamnﬁ,scﬁl@polyrﬁizase. _melmxﬂsstﬁﬁazapkss&&eﬁh@gumy &4 ed

units, such”as: - linear, non-conjugated di enes, suc

1, 4- hexadi ene tra 1,.4-hexadi ene .Ci 6- . ... methyl -1, 5- hept adj ene,
3. 7t o e, SEGRer M BEHRE SN Fort theseet ool ivicieand Brclehe
bi cyclic diolefins, such as 4,5, 8,9-tetrahydroi ndene and 6 and

7- net hy| - @sssrgalpproportions of unsaprrateth paitoderiergfrom the copolymeatization|of one or more
al kyl i den nor bornenes, such as 5-ethyliden-2-norbornene, 5-isopropyliden-

2- nor bor npslger@B.dTEX @oftehtSOP uiatityted Amito1iH Préferably comprised betWenY 0YAl! $% by
di ol efins, such as dicycl opent adi ene,

tricyclo-{& ﬁt 1.0[err]]4, 9-undecadi ene and the 4-nethyl
derivative ther eof ; 23

Non limitative examples of suitable a-olefins comprise propylene, 1-butene and 4-methyl-1-
pentene. Suitable non conjugated diolefins able to cyclopolymerise comprise 1,5-hexadiene,
1,6-heptadiene and 2-methyl-1,5-hexadiene.
Non limitative examples of suitable polyenes are:
@ polyenes able to give unsaturated units, such as:
- linear, non-conjugated dienes, such as 1,4-hexadiene trans, 1,4-hexadiene cis, 6-
methyl-1,5-heptadiene, 3,7-dimethyl-1,6-octadiene and 11-methyl-1,10-dodecadiene;
- bicyclic diolefins, such as 4,5,8,9-tetrahydroindene and 6 and 7-methyl-4,5,8,9-
tetrahydroindene;
- alkeny! or alkyliden norbornenes, such as 5-ethyliden-2-norbornene, 5-isopropyliden-
2-norbornene and exo-5-isopropenyl-2-norbornene;
- polycyclic diolefins, such as dicyclopentadiene, tricyclo-[6.2.1.0%}4,9-undecadiene

and the 4-methy! derivative thereof;
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PCT/ EP99/ 03247 (i) non- conj ugat ed di ol efins able to cycl opol yneri se,

such as 1.5YR8¥a8Mene, 1, 6- hept adi ene and 2- net hyl - CBAReNEIENE;
(iii) conjugated dienes, such as butadi ene and i soprene. Another object

of the present invention is a process for the polynerisation of propyl ene

carried @yt |dbddpieraenienflabld JOOMAyHRAG bRAhs 43 Alkikne, 6 Ut her

interesting use of the catalysts according to the present 1nvéntion is for
the preparati,on of cycl ool efi I rs. Monocyclic and polycyclic olefin
nonomers can b}éepéai%fe%%“é ﬁﬁﬁ%l%{lyﬁ'g?%gge&eor copol ymeri sed, also with |inear
ol efin nononmers. Polymerisation processes according to the present

i nvent i orliban ¢eajugated idiamed guch a5 yadiengand pieamseor in |iqui d phase,
optionally in the presence of an inert hydrocarbon solvent either aromatic

(such as Asdthardect 6f thabtaafratihwention thh B cgs firanepolp@sAftion BEPiIRne carried
i sobutane and cycl ohexane). The polynerisation tenperature is preferably

rangi ng fc(u?gnr&?ﬁgésﬂpc[e%@me%bgge gﬂtﬁ@% r]C. In particular, in the

processes preparation o and LLDPE, it is preferably conprised
between 20[ert] C.and 150[err].C and, nore preferably between 40[err] C and
90[ err] C,Avﬁ‘étg‘%raém?r(ﬁ?mtgh se B%éb%lrcétailﬁﬁ B?CDOF‘ﬁEg dPalf oPrEseNE 1IBYBGIOD nisy 11 thej s
preferably conprised between O[err]C and 200[err]C and, nore preferably
bet ween 28¢aatbnldiClydpolpfin polfimerp Monveydlzaind polypydrsuleftn nsnoraagicag bé eidrer0, 5
to 100 bar, preferably from2 to 50 bar, and nore preferably from4 to 30

bar.  ThehoMR&HhHsed Bl @pblyderBE aReWiERaF SRfiRtiAbSGsvari ed merely by
varying the polynmerizati on” tenperature, the type or the concentration of

(oo oo 2l A RNRE HENeScl acbifaity AR BERH Aventls! EHN bf Ete' R Sn PSS
phase or in liquid phase, optionally in the presence of an inert hydrocarbon solvent either
aromatic (such as toluene), or aliphatic (such as propane, hexane, heptane, isobutane and
cyclohexane).

The polymerisation temperature is preferably ranging from about 0°C to about 250°C. In
particular, in the processes for the preparation of HDPE and LLDPE, it is preferably comprised
between 20°C and 150°C and, more preferably between 40°C and 90°C, whereas for the
preparation of the elastomeric copolymers it is preferably comprised between 0°C and 200°C
and, more preferably beﬁeen 20°C and 100°C. |
The polymerization pressure is ranging from 0,5 to 100 bar, preferably from 2 to 50 bar, and
more preferably from 4 to 30 bar.

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

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

weight regulators such as, for example, hydrogen.
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PCT/ EP99/ 03247 The nol ecul ar wei ght distribution can be varied by using
m xtures of Y ¥¥¥rPEnt netal | ocenes, or carrying out the pol y%WE%fOPW in
several steps at different polymerization tenperatures and/or different
concentrations of the nolecul ar weight regulator. The polynerization

yi el ds depeeansleculdavaightidisgrimftionken be validdsentnLaipeaesf diftrenh@eLabanys or
Therefore, in order to increase the yields of polynerization, netall ocenes
are gener : ; 4. f ol i e
catal'yst canidOF e ol RlerBa Rl i Akl Bibs of GRNCHE bolymi R A TARBER R g of
contact copcentrations are _generally between 1 and 10[err] nol/l for the
met al | oceSEITERESORRsRIrationgof plecylapyeightregatoral | y bet ween 10 and 10[err]
mol /1 for the conponent (B). The pre-contact is generally effected in the
presence dhegolymokriratobypieldsalepent oathet, purity afiheopstalitcene odmporeht of the aatalysi. es
of nononer. The pre-contact tine is generally conprised between 1 m nute

and 24 hopHesefore T BEorde! 10t rRAscChaIREIAS of p6lyfe¥i8dtionO nictdlldsddedtart S6Hrai9tusk®
limt the invention. GENERAL P DURES CglARACTERi ZATIONS Al |l "operations

wer e perfor.ned under. nitrogen by using conventional Schlenk-1ine

t echni quesaﬁerggy@@cr#xgn ?tgjgﬂ{)sti | 1 ed from bl ue Na-benzophenone ketyl
(Et[err]O, CaHerr] (CHerr]d[err]) or AliBu[err] (hydrocarbons), and

st or ed undée compepgenof the catalysy canibeprought inges eentaps beforestht palymerizatiqne Th¢ preNVR
anal yses of the netall ocenes were carried out on an AC200 Bruker

spect r onetc@dhtac( éddcentrakichd ererdenerally desveerd agal 0TsthoVhfor micdsterllpealk compbiwmt
triplet of the residual CHDCl [err] at 5.35 ppn). Al NWR solvents were

dried ov 95%5’,[ Ghild &f%{ekgﬁ&g}%ﬂgﬁeéﬂ 86 aRE16F Bol/Sor ﬂ@&g?‘%ﬁ)ﬁéﬂt ?ﬁ).qfhrgrtggééﬁoenrtaect

sanpl es e carrie nitrogen using stan Inert” at

car i ed odf SSRTRLBELRERY HDMVESrEh o & PR L Ciem Pt RaPBroliaey ebamal

solutions in tetrachl orodi deut er oet hane at 130Eer r]C. )

25 quantities of monomer. The pre-contact time is generally comprised between 1 minute and 24
hours.
The following examples are given to illustrate and not to limit the invention.
GENERAL PROCEDURES CHARACTERIZATIONS
All operations were performed under nitrogen by using conventional Schlenk-line techniques.
Solvents were distilled from bilue Na-benzophenone ketyl (Et,0), CaH, (CH,Cl,) or AliBu,
(hydrocarbons), and stored under nitrogen. BuLi (Aldrich) was used as received.
The 'H-NMR analyses of the metallocenes were carried out on an AC200 Bruker spectrometer
(CD,Cl,, referenced against the middle peak of the triplet of the residual CHDCY, at 5.35 ppm).
All NMR .solvents were dried over P,O; and distilled before use. Preparation of the samples
were carried out under nitrogen using standard inert atmosphere techniques.

The 'H-NMR and PC-NMR analyses of the polymers were carried out on a Bruker 400 MHz

instrument. The samples were analysed as solutions in tetrachlorodideuteroethane at 130°C.
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PCT/ EP99/ 03247 The intrinsic viscosity [[err]] (dl/g) was neasured in
tetralin atY@3%f8%$%1C  The nelting point Tm ([err]C) and AHPCI/EPPIBI24T he
pol ymers were neasured by Differential Scanning Calorinetry (DSC) on a
Mettl er apparatus, according to the foll ow ng procedure: about 10 ng of

sanpl e obtiimeadsif wgsastr?qnggwmaé Mmehdued REtealeAlssed 0 180[err]C with a
scanning speed equal to [err]C m nute; the sanple was kept at 180[err]C

20] er ] oM RRe £ouEC B 6 alfian TR bk rauPo R SN e f i

sane nodalities as the first one. The reported val ues are the ones obtained
in the Seawnes Selommaty. (DStheoryardpitipr appasatys, assordingetonthefallpyingnpreseduon of
a sanple of extruded copolyner in a colum with a density gradi ent

accor di ngbbut l0heg 4ShMplk dbtaifed freinithel polyhierisdtidnoegre hydred & EBOCOrwiti4sda@ninbe
present invention, the product of the reactivity ratios [err], wherein

rierr] ispyidy | at4né t 6 r

and 1 er ST e B 0B W e R e S Rt B AR S
THE LI GAND:! N-t - but yl am no) (di pet hyl) (cycl opent adi enyl.) si | ane and

(N-t - but ;?Péﬁ"ﬁ fha E@Pﬁ%rﬂ?ﬁd) e%‘ﬁ@ﬁ%@éﬂ%&ﬁf SEROBA\PFIINIRG Was thedr@mindePir ed
as described in International Patent Application PTC/ US92/08730, 1992, in
t he nane aofording ko the, samenqdatitieoascthe firgd.one. The reported values are the ones obtained in

Bi s(1, 3-bi strinethylsilylcycl opentadi enyl)zirconium dichloride was

pur chasedhd seepndBRuhdgg. Scientific Co., Mead Co, USA
Bi s(cycl opent adi enyl ) zi rconi um di chl ori de was purchased from Strem

Cnem ol e By, A D18 ke P s SORTELE o PR Bl o
26 column with a density gradient according to the ASTM D-1505 method.
In the copolymers according to the present invention, the product of the reactivity ratios r,,,
wherein 1, is the relative reactivity of the alpha-comonomer versus ethylene and r, that of
ethylene versus the alpha-comonomer.
PREPARATION OF THE LIGANDS
(N-z-butylamino)(dimethyl)(cyclopentadienyl)silane and (N-f-butylamino) (dimethyl)
(methylcyclopentadienyl) silane were prepared as described in International Patent
Application PTC/US92/08730, 1992, in the name of Nickias, P.N., Devore, D.D. |
Bis(1,3-bistrimethylsilylcyclopentadienyl)zirconium dichloride was purchased from Boulder
Scientific Co., Mead Co, USA. Bis(cyclopentadienyl)zirconium dichloride was purchased
from Strem Chemicals, Inc., Newburyport, MA, USA.

Example 1

Preparation of 1,1,3,3-tetramethyl-1,2,3,3a- tetrahydrocyclopenta|c] [1,2,5] azadisilole
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PCT/ EP99/ 03247 %N—t- but yl am no) (di net hyl ) (cycl opent adi enyl )si |l ane (0.071
nol, 13.9 g}')’o\klg{és Pssolved in THF (100 nL) and treated with WFP%’@ %7 ol
of a 2.5 Msolution in hexanes) at 0 [err]C. After stirring for 16 h at
roomtenperature, the dianion solution and a THF solution (75 nL) of

di chl or odiNzibh Sl rRRihehPTk yoRbnteieayBSHaE ¢0.0PWnsR, $3.9Ub) HAS@Aksbived Gn @
flask contai niwng 25 nmL of THF stirring at -10 [err]C. The %)itxture vvag g

warnmed to ] i i n [e in
vacuo. ankf oD HEEHE hfed SR BRLLICR KRLE s MoRHR0h In HERGDEIY K
evaporation of ,pentane, the extract was di‘?,ti_l I ed][u%i Vi ng 1.2 g of a __

col or | essAfegsti@ngdent$ hiagepory iepeperatire; the diggien salufipn and 2 HiBgolution (75 mL)
tetrahydrocyclopentajc] [1,2,5] azadisilole and isoners. [err]H NWR [err]

(CDA [errdf dichgrodimethyisiidne @.07Y mol3HyereSaddefbdmpdiise, sidkhltanedushy (t6,a Tk
0.2 (s, 12H). ns (me) (rel intensity): 251 ([PM, 12), 236 (100), 179 (4),

114 (4), containilg 25 MIAIPTAFStirfAEBAL A IO mixture w d
1,1,3,3, 5(-: pearlllt a chaL- 1, 2,3, 31a-1 et rahydr ocyrgllxolggrnag[%ﬂel,t%,rgj)matzerggfglt %I e

(N-t-butyl am no) {di met hyl) (et hyl cycl opent.adi enyl ) si] ane.(0.070 nol, 14,67
0 s L st Oy e SNt RTER AT o BE R EVERE T O
of a 2.5 Msol. in hexanes) at -78 C. After stirring for 16 h at room

t enper at up@ntane & ftéir fillirgionsid gvRpeTatier of peniant, thespivaeievasalistiliad) givingl . 2g of a
di chl or odi net hyl silane (0.070 nol, 9.03 g) in THF (100 nL) at -78 [err]C

The m xt uggloness Bl iletWiledBrd Heo 1 /TG BRdtRREiyALlLT, B 3xhietrehyilrbdykiopen@fee TR St -
After evaporating the solvent, the residue was extracted wi th pentane,

filtered, a BV, 2 'EWR e i:l i.std)le [PYA of
a colorl eg%g |181FJé| %[aﬁé%%%?f ?Jg as(g QC]%EEQ?Q-H @-O f)‘gﬁfn aeg)ét% hjy{n-l’ %?35%2& °§d 9 ﬁ{)’
t et rahydrocycl openta[c]. [1, 2, SW ?di silole and isomers. 'H NWR %err]1
(cDCl [err}P 6 bro-gﬁmlezh): s eﬁn ref pptengityd: ¢y JhMs 125 AP6 (109, 439 §d 134
1H), 2.1 (s, 27

@, 73 (7).

Example 2

Preparation of 1,1,3,3,5-pentamethyl-1,2,3,3a- tetrahydrocyclopenta[c] [1,2,5] azadisilole
(N-t-butylamino)(dimethyl)(methylcyclopentadienyl)silane (0.070 mol, 14.7 g) was
dissolved in THF (199 mL) and treated with butyllithium (0.14 mol of a 2.5 M sol. in
hexanes) at -78 °C. After stirring for 16 h at room temperature, the dianion solution was
added dropwise to a solution of dichlorodimethylsilane (0.070 mol, 9.03 g) in THF (100 mL)
at -78 °C. The mixture was slowly warmed to room temperature while stirring overnight.
After evaporating the solvent, the residue was extracted with pentane, filtered, and
evaporated to an oil. The oil was distilled giving 5.0 g of a colorless liquid identified as

1,1,3,3,5-pentamethyl-1,2,3,3a- tetrahydrocyclopentalc] [1,2,5] azadisilole and isomers. 'H-

NMR & (CDCI;) (major isomer): 6.3 (m, 1H), 5.8 (broad s, 1H), 4.9 (broad s, 1H), 2.1 (s,
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PCT/ EP99/ 03247 3H, 1.3 (s, 9H), 0.3 (broad s. 6H), 0.15 (broad s, 6H).
ms (me) (MPIY¥BEhsity): 265 ([PM, 14), 250 (100), 193 (3PCT/EZ90%Y7 7
(16). Exanple 3 Preparation of

1,1,5-trinethyl -3-phenyl -1, 2, 3, 3a-tetrahydrocycl openta[c][1, 2, 5]

b e} 1] ] ' I Lenv.)sdsl .
(05,7 mol 38 ) e e S TP e I ) P A TR FeLy) o O

treated w i,k hi 201 mmol of a 2.5 Msol. in hexanes).
The sol ﬂ‘*@#%@@ ié?&%ﬂ%ﬁé’ ﬁquts)'r oomtenperature. At -78 [err]C 95.1
mmol (15.7 9) )gf PhBCl [err] in 20 m of pentane were added dropw se. The

mi xture WExATBP y warned to roomtenperature and stirred overnight. After
filtration and evaporating the solvent an orange-oil was obtained. The oil

was di st iBrepdragioni ng #f0 g i, Satrimkthyl-3gshenyHU2(3 34-tkenhydrrgclopedtaie]1i2,5)e
conpound. ns (me) (rel intensity): 295 ([PM, 80), 280 (70), 239 (30),

224 (70),,, 200) . Exanple 4 Preparation of
1,1,5-tr ianzétﬁﬁv{sﬁg’?phenyl -1, 2, 3, 3a-tetrahydrocycl opent af c] [1, 2, 5]

azaphosphasi | ol ) -butylam.n i met hyl t hy cl opent adi enyl ) si | ane
(20 ot Gat-vi il ey rTopiadbasy e ened g d e P B od
with butyllithium (40 mmol, 16 M of a 2.5 M sol. in hexanes). After the
react i on IndHE 6190 mipdoalpd ats-TBIC and treateds withrbaly i thiur (3,1 eqat201 anmol of a 2.5
tenperature. In a separate 250 ml flask 2.7 m (20 mmol ) of

di chl or ophedey! iRhesaRés)e TRGoRRionMvasT Eirr¥e F&t AUAR Goot temprafurt N&t BJIOYE 951

di ani on was added dropw se, warnmed to room tenperature and stirred for 2

28 After rMnloi fﬁt'} 85‘0?%61‘5%996 %li (ﬂ%e}l&%e Welrc\e/ gcrlléederg%w%e.thearrr]xixture was slowly

warmed to room temperature and stirred overnight. After filtration and evaporating the
solvent an orange-oil was obtained. The oil was distilled giving 7.0 g of a colorless liquid
identified as the title compound. ms (m/e) (rel intensity): 295 ([PM], 80), 280 (70), 239 (30),

224 (70), 160 (100).

Example 4

Prepération of 1,1,5-trimethyl-3-phenyl-1,2,3,3a-tetrahydrocyclopentalc]  [1,2,5]
azaphosphasilole

(N-t-butylamino)(dimethyl)(methylcyclopentadienyl)silane (20 mmol, 4.17 g) was dissolved
in THF (25 mL) cooled at -78 °C and treated with butyllithium (40 mmol, 16 ml of a 2.5 M
sol. in hexanes). After the reaction was completed the solution was stirred for 1.5 h at room
temperature. In a separate 250 ml flask 2.7 ml (20 mmol) of dichlorophenylphosphine and 25
ml THF were added. At -78 °C the above dianion was added dropwise, warmed to room

temperature and stirred for 2 h. After filtration and evaporating the solvent 6.61 g of an
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PCT/ EP99/ 03247 orange-oil was obtained. After washing with hexane 3.68 g
of a pentan¥098f%BPe 0il was obtained identified as the trtl%C"E’EﬁﬂféH}ﬁH ns
(me) (rel intensity): 315 ([PM, 100), 300 (40), 244 (50), 135 (30), 57
(60). PREPARATI ON OF THE METALLOCENES Exanple 5 Preparation of

Bis(1l ,1 oRnge-bRtwAngHthined. 1 —\f?er&w&éhﬁﬁydzﬁtﬁ%hﬂ@gmaglﬁw ¢rtand doldbleloil was
azadi si | ol e)ZrCferr] Butyllithium (4 0 mol of a 2. sol . in hexanes)

etr Zﬂ?ﬁ?o%“%%%%h PO o fRRpRbolnt et dive) LE1 GRIRKDY )3 ) 00 qpp 90

(30 n.) at -78 [er L The reaction m xture was warned to roomterrperature
and sti rr%‘H"@S@? 138 G8W&7{#®nal 3 h. Solvents were removed in vacuo and the
residue was mxed with Zrcf[err] (1.9 mol, 0.443 g) in a glove box. The

m xture was slurried in pentane (40 nmL)/ether (1 nL) and stirred for 16 h.
After evaporating the solvents, the residue was extracted with

di chl or onp ngﬁoN WﬁﬁN@MEL@(El@NESf the filtrate gave 1.0 g of
bis(1,1,3, tet rarret? 1, ,trihydrocycl opentadienyl[c][1

2, 5] azad Si | o:lengG [err] (1 2(tBuN:(S| Me[err])[err])Cp)[err]zrd [err] .
asatanb [err]H-NI\/R[err] (CD[err]CI[err]) 6.85 (s, 2H), 6.5 (t,
1H, 1.4 (s, 9H), 06(s 6I—g 3 (s, 6H.

29 Preparation is(1, 1,3,3-tetramethyl-l 12,3-trihydrocyclopentadienyl[c][1,2,5]

azadisilole)ZrCl,

Butyllithium (4.0 mmol of a 2.5 M sol. in hexanes) was added slowly to a solution of 1,1,3,3-
tetramethyl-1,2,3,3a- tetrahydrocyclopenta[c] [1,2,5] azadisilole (3.8 mmol, 0.95 g) in ether
(30 mL) at -78 °C. The reaction mixture was warmed to room temperature and stirred for an
additional 3 h. Solvents were removed in vacuo and the residue was mixed with ZrCl, (1.9
mmol, 0.443 g) in a glove box. The mixture was slurried in pentane (40 mL)/ether (1 mL)
and stirred for 16 h. After evaporating the solvents, the residue was extracted with
dichloromethane and filtered. Evaporation of the filtrate gave 1.0 g of bis(1,1,3,3-
tetramethyl-1,2,3,trihydrocyclopentadienyl[c][1,2,5]azadisilole)ZrCl,,
(1,2(tBuN=(SiMe,),)Cp),ZrCl,. as a tan powder. 'H-NMR & (CD,CL,): 6.85 (s, 2H), 6.5 (t,

1H), 1.4 (s, 9H), 0.6 (s, 6H), 0.3 (s, 6H).
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PCT/ EP99/ 03247 PO_YI\/ERI ZATI ON OF ETHYLENE Met hyI al unoxane ( MAQ)

commerci al PRI conmerci al i sed by Schering was used in soP ﬂFr?ﬂg/??fz“"lO%
by weight in toluene. EXAMPLES 6 TO9 A dry 200 nL gl ass autocl ave

equi pped with magnetic stirrer, tenperature probe, and feed Iline for

et hyl ene ROLYMERIZA TION OR ETIHEYEENE 35 [err]C. At roomtenperature, 90 nL
of hexane were introduced. The catal yst system was prepared separately in
10 mL of Sulox ﬁg Q”tl vely introducing the nethyl al unoxane, or
triisooctylal'umnu er (AI/H[err]O— 2. 1) m xture, and after 5

m nut es tirrin rretal

"o(t Bun=(RieRBTRTR) Ifreavqt)cefaﬂeé? 590 oy PR Ve w4 da slion of MY RIBHL
toluene. After stirring for m nutes, the solution was introduced into

t he aut octohuege.under et hyl ene flow, the reactor was closed, the tenperature
was raised to 80 [err]C and pressurized with ethylene to 4.6 barg. The
total preBXWMPIES &Fpfoconstant by feeding ethyl ene on demand. The

pol ymeri zation was stopped by cooling, degassi ng the reactor, and

0t oaect 8 ot AL RN APl BT BBl B S AR B ©

results are Ilsted in Table 1. The olynerlzatlon conditions are reported
in tabl eline for pthylase sas sparged Y’l‘h(e@?if’rﬁé?r4t§én§: Attieomstemperasiradenk epberand
according to the procedure described in the exanples 6-9, but using

bi s[ 1, 3- bweret intredtitegdl sIThy |chtalysy Glystemntvasiipespatdd separatelpiinmo ehic f dfekale by
instead of Bis(1l, 1,3,3-tetranethyl-1,2,3, trihydrocycl opentadienyl][c]

gépgr f]ed ﬁﬁ%’dﬂvk@' EARBRIAEES metTBRRLYTR #0001 ALY/ AR Thgp.0 =
2.1) mixture, and after 5 minutes stirring, the metallocene compound
(1,2(tBuN=(SiMe,),)Cp),ZrCl, dissolved in minimum amount of toluene. After stirring for 5
minutes, the solution was introduced into the autoclave under ethylene flow, the reactor was
closed, the temperature was raised to 80 °C and pressurized with ethylene to 4.6 barg. The
total pressure was kept constant by feeding ethylene on demand. The polymerization was
stopped by cooling, degassing the reactor, and introducing 1 mL of methanol. The resulting
polymer was washed with acidic methanol, methanol, and dried in an oven at 60 °C under
vacuum. The results are listed in Table 1. The polymerization conditions are reported in
table 1.
Examples 10 to 11 (Comparison)
The examples were repeated according to the procedure described in the examples 6-9, but
using bis[1,3-bis(trimethylsilyl) cyclopentadienyl] zirconium dichloride instead of
Bis(1,1,3,3-tetramethyl-1,2,3, trihydrocyclopentadienyl[c][1,2,5] azadisilole)ZrCl,. The

polymerization conditions are reported in table 1.
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PCT/ EP99/ 03247 Exanples 12 to 13 (Conparison) The exanples were repeated
accordi ng WP MBS ocedure described in the exanpl es 6-9, buFCT/EEIMG247

bi s(cycl opent adi enyl ) zi rconi um dichl oride instead of
Bis(1,1,3,3-tetramethyl -1,2,3, trihydrocyclopentadienyl[c][1,2,5]

azadi si | @xamgiled {2t0 13 (Oheppdsonyeri zation conditions are reported in
table 1.

The examples were repeated according to the procedure described in the examples 6-9, but
using bis(cyclopentadienyl)zirconium dichloride instead of Bis(1,1,3,3-tetramethyl-1,2,3,

trihydrocyclopentadienyl[c][1,2,5] azadisilole)ZrCl,. The polymerization conditions are

reported in table 1.
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PCT/ EP99/ 0 Tabl e
Et hyl ene pol yneriZation results Ex. netallocene, cocat aF?E’tEng/%zf7Zr
time, Pol. Activity [[err]], ng ([err]nol) (nmmol) nol .
ratio m n g Kg/ gZr/ h dL/ g 1.00 (1.51) MAO (1.51) 1000
10 2.43 105.83 n. d. Ol'#de 10. 76) MAO (0.76) 1000 10
2.65 230.83 1.48* 8 0.16 (0.24) MAO (0.25) 1026 10
0.84 228.65 1.26 9 EthyleRe ﬁ&yﬁuaﬁb%ﬁhﬁ r]O 1013 8
0.42 45.73 3.58 (0 765) 10 0.13 (0.22) MAO
(0.23) 1028 5 +—84—262-68 2—65——cop- H—-B-13{0-272)
TI CA-HO{ 1073 20 0. 20 29 40 n.d. conp.
(0. 24) 12 0.10 (0.34) MAO (0.35) 10 1.07 205.76
2.99 d&xp. metdlo®n80 cpdatdlyyt, TIAWEH err] Qimed9Pol. ActiviRf  t[Rges
conp. (1.02) n. d. =not det erm ned
mg (umol) (mmol) mol. ratio min g Kg/gZr/h dL/g
6 1.00(1.51) MAO((1.51) 1000 10 243 105.83 n.d.
7 0.50(0.76) MAO (0.76) 1000 10 2.65 230.83 1.48*
8 0.16(0.24) MAO(0.25) 1026 10 0.84 228.65 1.26
9 050(0.76) TIOA-H,0O 1013 8 042 45.73 3.58
(0.765)
10 0.13(0.22) MAO(0.23) 1028 15 1.34  262.68 2.05
comp.
11 0.13(0.22) TIOA-H,0O 1073 20 020 29.40 n.d.
comp. (0.24)
12 0.10(0.34) MAO((0.35) 1023 10 1.07 205.76 2.99
comp.
13 0.30(1.03) TIOA-H,O 997 20 traces
comp. (1.02)

n.d.=not determined
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PCT/ EP99/ 03247 COPOLYMERI SATI ON OF ETHYLENE W TH 1- HEXENE Exanple 14 A
dry 200 ml WPAa%¥8853%t ocl ave equi pped with magnetic stirrer, t&AIEERP0I247
probe, and feed line for ethylene was sparged with ethylene at 35 [err]C.
Heptane (80 nL) and 1 -hexene (10 m) were introduced at roomtenperature.

The cat al(yOPOISVIIRISASTION (GF ETHYRONE SVITHN-AEXENEOf hept ane by
consecutively introduci ng et hyl al unoxane (0.33 mml) and the netal |l ocene
(0.2 no) Igjam“gd in 3 nm of toluene. After stirring for 5 mnutes, the
solution"was "1 ntroduced into the autoclave under ethylene flow, the

reactor was c ed, fhe tenperature .was raised to 70 [err]C an
pressuri z"éér)(/\nlz&i"gt glpse Atorlgve eguipped, With agngtic, stigiep Jetper §PR‘§19Q and feed

constant by feeding ethylene on denmand. After 10 mi nutes, the
pol yner i Aakiforethglens tvap predgedowith ettlyileny, at 36 §as Haptpre {80 nddaindrl-hexenke (10 mi)
introducing 1 nL of nethanol. The resulting polynmer was washed with acidic

met hanol ,wdfeihiaiRtbed Ao tbRHetatura TY @&a?tst SRt ival %é;saféa rse;\\!/eg’lﬁtﬁkeyﬁg fmeE 9

of polymer were recovered (activity of 261 Kdg/g-Zr/h) and a
7 % of

[[err]] =,1.0 dL was obtai ned, and 7 . zhexene
i ncor por & é‘&?tan?;)é% cgﬂsglc%yeéy Cr%foequls: 1ngr'?BFq1¥l,aY\Gfﬂ?-Jﬁ?fﬁ [(é? P ]@oﬁépﬁ%ﬁtﬁuﬁ?ﬂe
The [err] C NMR anal i/Si s. showed the presence of 2.72 nol % 1- hexene content,
a nE (avdPdgmg) dlisppivedeins dotibn et tolupamt After sBringntpryairiautss, theepsolptiep wak,
r[err]=0.034, and rxr2=2.11.
introduced into the autoclave under ethylene flow, the reactor was closed, the temperature
was raised to 70 °C and pressurized with ethylene to 4.5 barg. The total pressure was kept
constant by feeding ethylene on demand. After 10 minutes, the polymerization was stopped
by cooling, degassing the reactor, and introducing 1 mL of methanol. The resulting polymer
was washed with acidic methanol, methanol, and dried in an oven at 60 °C under vacuum.
1.2 g of polymer were recovered (activity of 261 Kg/g-Zr/h) and a value of [n] = 1.0 dL/g
was obtained, and 7.7 wt.% of 1-hexene was incorporated.
DSC analysis (2° melt); Tm=114°C; AH=142 J/g.

The *C NMR analysis showed the presence of 2.72 mol% 1-hexene content, a n; (average

ethylene sequence lenght) of 37 and value of 1,=62.1, r,=0.034, and r,xr,=2.11.
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33 ‘ ‘ CLAIMS 1. A
net al | ocen gnd of forrmula (1):
R[err](Op)?’ % wherein R err] is a structural brf’ﬁ@’é"m’("”z‘” Cp

is a heterocyclic cycl opent adi enyl group of fornmula (11): [err]

wherein substituents R err] and R[errJ: sane or different, are hydrogen
atons, ([err]-Cerr] alkyl, (Jerr]- CLAIMSerr] cycl oal kyI C[err] Cerr]
al kenyl, Cerr]-Cerr] aryl, (err]-Cerr] alkylaryl Immﬂumﬂ | kyl
radi cal sy, Ame@g@,@ggabﬂnromf@mgm substituents HI can
forma cycle conprising Trom5 to car bon at ons* arfd, “f uf't her nbre,
substituents R err] and Rlerr] can ﬁho(gﬁﬁ(lagml I con or gernmani um at ons;
Zis NR[err] or 0, Rlerr] being defi Sttbstituents Rerr] and Rerr];

X and Y, sane or dlfferent are selected from (CRerr])[err], BRerr],

PRl err], Si Rherein Reis agimpury] pridgsid substituents R err], sanme or
different, are hydrogen atons, Cerr]-Cerr] alkyl, C[err]-C[err]

cycl oal kyI , Cpis ahé{eﬁfcyi:liﬁyerdp}enmﬂﬂeayb/grou@féfonhul@[(ﬁy:r] aryl, derr]-Cerr]

al kylaryl or Clerr]-Clerr] arylalkyl radicals; and, furthernore,
substituents R err] can contain hetero atons such as nitrogen, phosphor,
oxygen, silicon or germaniiyf atonsX with the proviso that both X and Y
can not be carbon atons

/ 1)
Rl

wherein substituents R' and R?, same or different, are hydrogen atoms, C,-C,, alkyl, C;-C,,
cycloalkyl, C,-C,, alkenyl, C,-C,, aryl, C,-C,, alkylaryl, or C,-C,, arylalkyl radicals,
optionally two adjacent substituents R' and R? can form a cycle comprising from 5 to 8
carbon atoms and, furthermore, substituents R' and R* can contain silicon or germanium
atoms;

Z is NR? or O, R? being defined as substituents R' and R?;

X and Y, same or different, are selected from (CR%),, BR’,, PR?, SiR*, or GeR’,; and
substituents R*, same or different, are hydrogen atoms, C,-C,, alkyl, C;-C,, cycloalkyl, C,-
C,, alkenyl, C,-C,, aryl, C,-C,, alkylaryl or C,-C,, arylalkyl radicals; and, furthermore,
substituents R* can contain hetero atoms such as nitrogen, phosphor, oxygen, silicon or
germanium atoms, with the proviso that both X and Y can not be carbon atoms at the same

time;
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at the sane tine; Ais a gr d from substituted or

unsubst i tu pent adi enyl s il; u rry one or nsed
cycl es, &‘Fg?éﬁ%@%&% -S- and Pldﬂ E'@ggﬁ ’l rr] bei ng ggﬂgﬂ‘?
substituents Rlerr] and R err], and groups correspondl ng to forrrula (rn;
Mis a transition netal sel ected fromthose belonging to group 3, 4, 5 or 6
or to the A islzagtovpriettstedofrompmbstitiiedi efeunsybstithied Raeiopentadivayise whicht ey
El ements (new | UPAC version); the substituent L, sane or
different, |&m e BbidehicdasidiesSANREL0d -Br pfd £PR® gifod @ R’ being @dTiied tak NY
of hydrogen, halogen, -SRerr], Rerr], -ORerr], -NRerr OCOR[err],

o5 ert ] CFL b lyiifts RFGEI R, and ﬁroalpw’e&g&ba? ihewRatiaiggnt s Rlerr], same or

di fferent, I'fear of branc sat ur at ed
Gorrl-Gerrl g Serd Gl gl saliol, el Clerrl allend o,

aryl al kyl radicals, optionally containing silicon or germani um at ons;
pis an int e@ﬁﬂhazﬁiﬁmﬂhé actihides olf dierRpriedicalablecofithe Etexietits (now II;JtPat@verﬁiohhe
metal M m nus two; nis an integer ranging fromO to 4; and ris

an integer e%@%ﬁﬂt& &R Ilsahﬁ & dxﬂ%ren?ﬁ@ d"ﬁio%irﬁ&ﬁ@@ éﬁ@%ﬁ@éc’ﬂﬂi HOnf ki Qﬂoﬁp

characteris R[err], O being C or P, and

ncat ur ot Ldgéi)nﬁﬁpfg&? vﬂfé)g&flﬁ %erenﬁﬁfa Pl oR &?@@ﬁ@h@%ﬁ?t“r%ﬁ’%“»‘)r

al kenyl, Cerr]-Cerr] aryl, C{{err -C[err%falkylary

Clerr]-d errivherein shecpubstitughisaRs ssime onadi grentaasn lcgears oC, brsnclmd Geturdest tor
substituents R err] can forma cycle conprising from3 to 8 atons;
and M issaturated 2,-AYedling, ¢,-Bhescloalks], & @20 ke ACPEJ Agy1 2CMIE al kY S, Gr

Si or Ge. 3. The netal [ocene accord| ng to claim2, characterised in that

SRierr] GRS S@%&ffﬁﬂf‘ B coneimp R 8Bn o BEPFP IR el

defined as in
! S | p is an integer g om 0 to 3, p being equal to the oxidation state of the metal M minus two;

n is an integer ranging from 0 to 4; and
r is an integer ranging from 1 to 4.

2. The metallocene according to claim 1, characterised in that R is QR,, Q being C, Si, Ge,
N or P, and the R’ groups, equal or different, are linear or branched, saturated or
unsaturated C,-C,, alkyl, C;-C,, cycloalkyl, C,-C,, alkenyl, C-C,, aryl, C,-C,, alkylaryl, or
C,-C,, arylalkyl radicals optionally, when Q is C, Si or Ge, both substituents R’ can form a
cycle comprising from 3 to 8 atoms; and
mis 1 or 2, being 1 when Q is N or P, and being 2 when Q is C, Si or Ge.

3. The metallocene according to claim 2, characterised in that (QR’ ), is selected from the
group consisting of CR’,, SiR’;, GeR’,, NR’, PR’ and (CR’,),, R’ being defined as in claim

2.
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4. The netall ocene according to claim 3, characterised in that

s Cagerr famibaterer?y ot SOUMBINTTT onae ewprppmas

5. The netal | ocene according to clairh 1t wher®in* the transition metal is
selected from titanium zirconiumand hafnium 6. The netall ocene
conpound 4accbednetgllowene etomding todstaini 3 chiwsctensedtinttba(QR,), $s seltrddbiiem the
or a substituent Rerr]. 7. The netall ocene conpound according to claim1,

wher ei n subs%trb&pmrsﬁuﬂ ef Si{CHENd SRbig!r i, ICH ), and C(mmﬂ{ ogen at ons. 36

8. The metallocene conpound according to cfaimi erein A corresponds to

]I;{F;nrji ?Ogji)l %?&g}teemg all%éen%ez];c'cgr%?% F(a %la%lnni leltr:rg{nnﬁg[ {r&%ﬁ d r%fgtai C{% E‘é}le%;glfjror)x

bri dge; Is a heteroc cI ic cycl opent adi enyl group of fornula (1V) or
when both n tamiwa areenmyand hafnigge| opent adi enyl group of formula (VI):
[err] and its double bond isoners, wherein substituents

Rl err] argl Rlermhétallsenecanpslinbfeecading tackim 1, whereintthe gietisuentis is a halogen or
Cerr]-Clerr] alkyl, (err]-Clerr] cycloalkyl, (err]-C(err] alkenyl,
Cerr]-derr] o Bhentdeerrl-Cerr]

7. The metallocene compound according to claim 1, wherein substituents R' and R? are
hydrogen atoms.
8. The metallocene compound according to claim 1, wherein A corresponds to formula (1I),
as defined in claim 1.
9. A ligand of formula (1lI):
R.(Cp)(A), (D
wherein R, is a structural bridge;

Cp is a heterocyclic cyclopentadienyl group of formula (IV):

2
R X ~
/ 1v)
Rl Y

and its double bond isomers, wherein substituents R' and R? same or different, are
hydrogen atoms, C,-C,, alkyl, C;-C,, cycloalkyl, C,-C,, alkenyl, C,-C,, aryl, C;-Cy
alkylaryl, or C,-C,, arylalkyl radicals, optionally two adjacent substituents R' and R* can
form a cycle comprising from 5 to 8 carbon atoms and, furthermore, substituents R' and R?
can contain silicon or germanium atoms;

Z is NR? or O, R? being defined as substituents R' and R?;
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al kylaryl, or Cferr]-(err] ary mmn optionally two adjacent
substituents Ierr and R err] " m E@jﬂﬂ,cycl e corrprl 5&’?&?55/5’?4’5 to

8 carbon at 3 ~ furthernore, *substuy

can
contain silicon or germani um at ons; Zis NR[err] or 0, Rerr] being
defined as substituents Rerr] and Rerr]; X and Y, sanme or
different, axendeyesingdof differérERirerse]ecfedrfidm (BRY'9s BR:, AR'eSiR’, o8 GIR':r dndor
GeRerr]; and substituents R err], sane or different, are hydrogen

I -

at e q N ;Jupgﬁ@%x{tl Rja sm. or g’{éf&érlt 4k ﬁg&;ﬂPF&m‘zg@a@tn alkyl Gy @{OlebalqueU ]
| al kyl di cal ti.t t t

het ero at omeCe iliss GGy &&éncv KRR ;G vt idm%‘e” gty ”sﬁﬁé‘fﬁfh”m

atons, with the provi SO that both X and Y can not be carbon atons
t he same ti nmistituents R' cazontain hetgroj ajoms gadups pistogen. dthosphosis SXNESRI -’tllj@féldm'or
unsubstituted cycl opent adi enyls, which may carry one or nore condensed

cycles, =NR ggﬁ{-&i,hn ur%mms Swm@ﬂfé préiREeihal bakh Xuasl Y Bhefictbelaibon aghs atable &ne
substituents err nd R err] and groups corresponding to fornula (I1V);

nis an integer ranging fromO to 4, g is an integer ranging fromO to
1, and r'"8& an i nt eger rangi ng fromO to 4. 10. The Iigand accordi ng
to claim9, wherein Ris QRlerr]

err]
groups, equah ira grqupeselasted Hpw WbS@@Fedo?r B?%‘hé‘ﬁ%"gg %’g{t"ﬂ?f&?‘é@n $ W Chlﬂ‘
unsaturated Cferr]-Cferr] alkyl, derr]- C[err]a)c%/cl oal kyl

Clerr]-derr tarp) dﬁwm-lmo@[cende]nsﬁ eyrclds, aNRf, -O€] -8F niid €PRY goupd, Wlmnggl defiped as
~Cerr]-Cerr] aryl al kyl radicals optionally, when Qis C, Si or GCe,

bot h substit a [ from3 to 8
at ons; m{l&f&%fk dg %B%E(;H\X’Egﬁ%gpgndll\ﬁ o %@%r@’yt:gu ng 2 when Qis C

Si or Ge. 11. The ligand a?ﬁ"H’h& | to cI ai m 10, characterised in that
(Rerr] ) [ er RJiS MsintegPErapgige group

q is an integer ranging from 0 to 1; and
r is an integer ranging from O to 4.

10. The ligand according to claim 9, wherein R is QR',,, Q being C, Si, Ge, N or P, and the R’
groups, equal or different, are linear or branched, saturated or unsaturated C,-C,, alkyl, C;-
C,, cycloalkyl, C,-C,, alkenyl, C4-Cy aryl, C;-Cy alkylaryl, or C;-Cyy arylalkyl radicals
optionally, when Q is C, Si or Ge, both substituents R’ can form a cycle comprising from 3
to 8 atoms;
mis 1 or 2, being 1 when Q is N or P, and being 2 when Q is C, Si or Ge.

11. The ligand according to claim 10, characterised in that (QR".), is selected from the group |
consisting of CR’,, SiR’,, GeR’,, NR', PR” and (CR’,),, R’ being defined as in claim 1.

12. The ligand according to claim 11, characterised in that (QR’ ), is selected from the group
consisting of Si(CH,),, SiPh,, CH,, (CH,), and C(CH,),.

13. The ligand according to claim 9, wherein substituents R' and R? are hydrogen atoms.
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consisting of CRlerr], SiRerr] rr], NR[err], PR err] and
(CR[err])[err%), err] being d {"@@’F” Mw”l 1. 12. The ligand
accordi ng Y@ €% 11, characteri se { err])[err] FSIVERPO33Hd
fromthe group consisting of Si(CHerr])[err], SiPh[err], CHerr],
(CHerr])[err] and C(CH err])[err]. 13. The ligand according to claim?9,
wher ei N SHPThHE 1748Rd Scddkd@hg ko @Rt R, &itekeid e cBeHORRN A RMBIa (114 asTdMinkd RN
according to claim9, wherein A corresponds to formula (IV), as defined in
claim9. 1 airﬁ‘ process for the preparation of a ligand Rn(Cp) (A)q of
formula (11 5 &)andAbeing defined as in claim9, and both n and q
are 0, conprising the step of contacti né:; a caonpound of formula (V):
[err] 15.” A process for the preparation of a ligand R (Cp)(A), of fgmmula (IIl)a/Gp ands Adeging e
bond i sonmers, wherein X, Rerr] and Rlerr] are defined as in Claim9 and Z

is ni tr defmed ud i chiraodypandnbothf n gader ate DocombpAsiNg tRe swpeofiontdeting a
defined as in claim?9 and Z' is a halogen atom in the presence of a
base, to fo ‘Wi Lormula (V1) [err] and its doubl e bond

i soners. 1%&“goprocess lggvj;'he preparation of a ligand R err](Cp)(A )[err]
of fornmula (llla), wherein Ris QRerr] as defined in any of clains 10
to 12, nis an integer from1l t®24 and is 1, A is a group sel ected
fromsubstituted or unsubstituted pent adi enyl's, which may carry one or
nore condensed cycles, =NR[err], - S- and =RRperr] groups, Rerr] being -
defined as substituents R rer Rlerr], Cp corresponds to formula
(I'V) and Z' is a hal ogen atom conprising the foll ow ng steps:

and its double bond isomers, wherein X, R' and R? are defined as in Claim 9 and Z is
nitrogen, with a compound of general formula YZ’,, wherein Y is defined as in claim 9

and Z’ is a halogen atom, in the presence of a base, to form a compound of formula (VI)
R2 X\z
and its double bond isomers.

16. A process for the preparation of a ligand R (Cp)(A”), of formula (IIla), wherein Ris QR’,,
as defined in any of claims 10 to 12, n is an integer from 1 to 4 and qis 1, A’ is a group
selected from substituted or unsubstituted cyclopentadienyls, which may carry one or more
condensed cycles, =NR’, -O-, -S- and =PR’® groups, R’ being defined as substituents R' and
R?, Cp corresponds to formula (IV) and Z’ is a halogen atom, comprising the following
steps:

(a) contacting a compound of formula (V):
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bond i soners, wherein X

(a) contacting a conpound of fo
' R[err]
is MQP%@@W with a conpoun

is defined as in claim?9 andZ |saha1ogen at om

of a base, to forma conpound of fornula

its doubl e bond isoners,
an anion of forrmula (VII

wi th a conpound of general formula

)

I)Qﬁ[err]

and its double
efined as in Cla|n19 and Z
ormul a YZ' [ ePETERUEREI n v
in the presence
(M) [err]
and 4b)contact|ng with a conpound able to form
and thereafter
err], in a nolar

(M 1)/ (M11) equal to or higher . th or with onpound of general
formula (I X) Z' Rerr]A e in a nolar ratio(VII)/(IX) equal
to or greater than 1. 17. The process according to cl al m 15 or

wherein both said b t 1 94 R? df a & irﬁ9%@2f§e
compound abl e ?I}Si For (?Su%le Q(Hldgég%%gg‘? %B(r?gpg %{/ R arleses}e ect ed }(rom

t he group consisting of hydroxi and drid of .al ka d earth-al kal i
motal s, Bitoa, MAAATTIRINER 8! BOE JoRHIS nes\fhgaeﬁbﬁfeﬁgﬁf 4 1B e
sal ts. 18. The process according to claim17, wherein both said base to
f orm t he conpoandd?’ds a halogen dtomyyin the pmsgncawdatbhs,unﬁmpmamdmmd obfofronle(¥Bi d
anion of fornmula (M) is n-

2
R< X <
/ (VD
R1 Y
and its double bond isomers, and

(b)contacting with a compound able to form an anion of formula (VII)

R2 X

~
7 VI
Rl Y

and thereafter with a compound of general formula (VIII) R,Z’,, in a molar ratio
(VID/(VIII) equal to or higher than 2, or with a compound of general formula (IX)
Z’R A’HR’, in a molar ratio (VII)/(IX) equal to or greater than 1.

17. The process according to claim 15 or 16, wherein both said base to form the compound of
formula (VI) and the compound able to form said anion of formula (VII) is selected from
the group consisting of hydroxides and hydrides of alkali- and earth-alkali metals, metallic
sodium and potassium, and organometallic lithium salts.

18. The process according to claim 17, wherein both said base to form the compound of

formula (V1) and the compound able to form said anion of formula (VII) is n-butyllithium.
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butyllithium 19. The process accordi I m 16, wherein the hal ogen
atom Z' of the general fornul ad ul U“ (Imtlﬂﬂ" (I'X) is a chlorine atom
20. A proc@&”fsgf‘”t he preparati! "dPene conpound BEEEPH#E o
claim1, obtainable by contacting the ligand R err](Cp)(A[err] of
formula (111) according to claim9, with a conmpound capabl e of

form ng a9Cqht S3RAQMULGdHAR QAT 1 6,00RALINAGNhE h%g&f @Rzt benRaleheral formulae
with a conpound of formula MJerr], wherein M and p are defined as in

claim1l. A praecess far. th reparation of a netall ocene conpound

accor di ng tg\],gpaﬁn&%,m%ﬁ IPQP%M%HE A corresponds to fornmula (I11).  22.
The process according to claim2Q, wherein the conmpound able to formsaid
cor r espoRBi Wgpraressiferihe prepafaEon af p smesallasercepmpaynd Bpeorging i clain di abtringblsf

hydr oxi des and hydrides of alkali- and earth-alkali netals, metallic
sodi um and peot aasdctifiy Badigand R (Cpyanpwétfairhila (I1I) hcusrdigl ts claim 9, with a
40 23. The process according to claim 22, wherein the conpound able to

form said di.gni.oni ng . = | gk ik

nccor di ng t SoRpadsgpeble of RIRGHEY cbiicibohiitlaidn e Wrmpdih AiSpPIRCESRater
fromtitaniuntetrachl ori zi rconiuntetrachlorid and, haf pi unt et.rachl ori d.
25" cat al YOI A GRRHED gbfarla S aHIGF Rk PP SBEIRHAR B Sebnt act | no:
(Qa netall ocene conmpound of forrmula (1) according to any of claims | to 8,
and (R)agl. A proatssifoxtheerepadition of acoatpboceric campbinsl afcofdimgriongjaiam 26, wydrein
netal | ocene cation. 26. The catal yst according to Caim?25, characterized
in that sai ¢\ adr¥paRReo féinmebi @)ned by contacting water with an

or gano-al um ni um conpound of fornmula AIR[err] or Al[err]R err], where

at | east 29?%'3%&%35“&%01}&%@8 &fkim 20, wherein the compound able to form said corresponding

dianionic compound is selected from the group consisting of hydroxides and hydrides of
alkali- and earth-alkali metals, metallic sodium and potassium, and organometallic lithium
salts.

23, The process according to claim 22, wherein the compound able to form said dianionic
compound is n-butyllithium.

24. The process according to Claim 20, wherein the compound of formula ML,,, is selected
from titaniumtetrachlorid, zirconiumtetrachlorid and hafniumtetrachlorid.

25. A catalyst for the polymerization of olefins, obtainable by contacting:

26. (Q)a metallocene compound of formula (I) according to any of claims 1 to 8, and

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

28. The catalyst according to Claim 25, characterized in that said alumoxane is obtained by
contacting water with an organo-aluminium compound of formula AIR®, or ALR®,, where

at least one R® is not halogen.

[



27. The catal yst according tormmymﬁi \m r l the nolar ratio between the
al um ni um and water is i m ﬁﬂﬂ‘; and 100: 1.
catal yst a¥ONM@PMWJ to claim 25, characteri« n that said aﬁgﬁégﬁ(gz%

selected from MAQ, TI BAO and TI QAO and sai d organo-al um ni um conpound

s TIOA, TMA and/ or TIBA. 29. The catal yst according to claim25,

char act enbz glleichtatyRBbhedoRBng WYPRUAR 6 NHRrdiR theomblan ratio betweed aid slarisgiual dd
cation is a conpound of formula T[err]Derr], wherein T[err] is a Bronsted

aci d, able t LV ]¢ d to react irreversibly with a

substit uent “@?661“5 Wﬁﬁ%ﬁ%?f&%%&\lgqg?n’ fornula (1) and Dierr] is a
conpati bl e ani on, which does not cqordinate, which i, ble to.

st abi | i 280t ke setalysbacearding 1q claupde; eharfisrized 48 ithay St AR RE ds seleted B he
two conpounds, and which is sufficiently liable to be able to be
renoved fronao, dIBAON EidhsOraat said orgtho-dhmimgamaloygiound ¢of HDAGTMA endiom
29, characterized in that the anion Dferr] conprises one or nor e
boron atons.riga 41 31. A process for the polynerization
of olefins, sald process conprising the polynerization reacti on of one
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metallocene alkyl cation is a compound of formula T'D’, wherein T is a Brensted acid,
able to give a proton and to react irreversibly with a substituent L of the metallocene of
formula (I) and D" is a compatible anion, which does not coordinate, which is able to
stabilize the active catalvtic species originating from the reaction of the two compounds,
and which is sufficiently liable to be able to be removed from an olefinic substrate.
32. The catalyst according to claim 29, characterized in that the anion D" comprises one or
more boron atoms.
33. A process for the polymerization of olefins, said process comprising the polymerization
reaction of one ore more olefin monomers in the presence of a catalyst as claimed in any of
claims 25 to 30.

34. The process according to claim 31, wherein the olefin monomers are ethylene and/or

propylene.
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