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VETALLOCENES AND CATALYSTS FOR OLEFI N- POLYNERI SATI ON FI ELD OF THE | NVENTI ON

The preseniygdapaie on relates to a new class of netall ocenes pcivE®sonizal yst
for the polymerization of olefins conprising said netallocenes and to a -
processes for the polynerization of olefins carried out in the presence of
said catalyst. The invention also relates to a novel class of |igands

usef ul as i nt er neNIERASE.OCENES ) AND\GATASYBSTS BOR OLEFINARAULMMERIBAHON PRI OR ART

DI SCLOSURE Many netal | ocene conpounds known in the state of the art are
active as catal yst conponents in olefin polynerization reactions, in
association with suitable cocatalysts, such as al unmbxanes or al um num

derivati | pean patent application EP 0 035 242

di scl ose@ﬁ@?eﬁwg&?ymri zation of ethylene and propylene in the
presence of a catalyst system conprising_a cygclopentadi enyl co ex of

P f anci '+ dhe roreseat VeSO TepRSo M S HF ERHAOESESsCR 8 GHRLEL 0T, the

catal yst systemfor the pol ynerization of olefins conprising a
bi s- cycl ppymieaiiationy | of alefitisn zomprisingmsaidx meitdllocenesr and i toi @n preceases fidrerthe n
the two cycl opent adi enyl groups may be.linked by a bridging group. Said

el er . . bri
ri dging Pgwghg%ﬂ%@eaéﬁﬁsvﬁ@figaw qﬁtus? beAte 6PRhA itdlfstO The GaveRiod also

carbon a as an et ne grou or containing heteroatons (such as
a dinethylsilanediyl gro : i dged | | ocene conpounds wherein the .
cycl opentelategnip ar)égy%ugfqgé ?ﬁi@@ﬁ@e&gﬁlﬁcﬁe W@?@al’% iﬁy'ﬁﬁesf‘for? said
aromatic ring are known in the state of the art; for exanple, European

pat ent appdtallocenesn EP 0 604 908 di scl oses a class of catalysts useful in

t he polynerization of olefins, in particular in the preparation of high
nol ecul aPRIORAREDISCLOSUREr opyl ene, 1

Many metallocene compounds known in the state of the art are active as catalyst components
in olefin polymerization reactions, in association with suitable cocatalysts, such as
alumoxanes or aluminum derivatives. For instance, European patent application EP 0 035
242 discloses a process for the polymerizatioﬁ of ethylene and propylene in the pfesence of a
catalyst system comprising a cyclopentadienyl corﬁplex of a transition metal.-

Eﬁropean patent application EP O 129 368 discloses a catalyst system for the polymerization
of olefins comprising a bis-cyclopentadienyl coordination complex with a transition metal,
wherein the two cyclopentadienyl groups may be linked by a bridging group. Said bridging
group is generally a divalent radical containing one or more carbon atbms (such as an |
ethylene group) .or containing heteroatoms (such as a dimethylSilanediyl group).

Bridged metallocene compounds wherein the cyclopentadienyl residue is condensed to one or
more aromatic or non aromatic ring are known in the state of the art; for example, European
patent application EP 0 604 908 discloses a class of catalysts useful in the polymerization of

olefins, in particular in the preparation of high molecular weight atactic polypropylene,
. _
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conprising a bis-fluorenyl conpound bridged by nmeans of a one atom bridge.

I nt ernati onal application WD 95/27717, in the nane of the sane TQE I i cant,
di scl oses. -aWQPEIE‘E“Bf bri dged and unbridged metal | ocenes usef (FC Q?é’t"%ﬁ"yt ic
conmponents in the polynerization of ethylene and/or propyl ene,

characterized by the fact that the cyclopentadienyl |igands have two or

four adj agghb nﬁﬂgitqlé-ﬂﬁ%ﬁpf&&ﬂﬂ]ese%?ﬁﬁg }A&aﬁé VA 6R SrofiYGridpe. OF 48

carbon at OITS ocenes are

e AP o en SO, b i ST S e A, o o

dichloride, dinet hyI si | anedi yl - bi s( 2, 3 ‘oct ahydrofl uorenyl)-zirconi um
di chl or i def bridgetl and unbridged metallocenes useful as catalytic components in the polymerization
I sopropyl i den-(cycl opent adi enyl ) (2, 3-cycl ot et ranet hyl enei nden-1-yl ) zirconiu

m di chl or ioflggh; Ehemgbw@e%hwaﬁedaﬁ% Fat el hQRIIpeRA&Rnyl pahiehfiRMe

of the sane App i cant, descri bes bri dged or unbri dged "'netal | ocenes

COTET 1 o 5 SRR B B DD SR

are associ ated one or nore radicals containing at | east one non car bon atom
sel ect ed exapples N ofg fhese sj metallgceney @re Asbis@e2-cygiotetramethyleneindens1-yl)
Sai d netal |l ocenes are useful as catal yst conponents for the production of

pol yet hy| citanhamdichlotisiey opydiemethylsilanediyl-bis(233-coclaletramicthylensiimdenciayl)-aircoifum
98/ 37106 describes a polynerization catal yst systemconprising a catalytic

S?ISELG:XLgf f BRI S %‘é‘y‘%f"a‘f‘ﬁ%%&tcyc Eﬁ“efﬁ{%%ﬁ?‘ﬁ?t% . g%ﬁﬁ'%‘#%' P
het or ocycHoBNRLFLYEREREA l'aﬁﬁli@gsdml%sﬁﬁﬂﬁy@ Spdepr ekt Saforice.

endocyclic heteroatons, one or nore B, O or S atonms. SUMVARY OF THE
| NVENTI ONTheeinfspational pateats amlwaumM@c9&@2986,ouh61mmmfaﬁmoﬁam¢eApphcant
conpounds useful as catal yst 2

describes bridged or unbridged metallocenes comprising at least a coordinating group

containing a six 7 electron central radical, directly coordinating a transition metal atom, to
which are associated one or more radicals coﬁtaining at Jeast one non carbon atom selected
from B, N, O, Al Si, P, §, Ga, Ge, As, Se; In, Sn, Sb and Te. Said metallocenes are useful
as catalyst éomponents for the production of polyethylene and polypropylene.

The international patent application WO 98/37106 describes a polymerization catélyst system
comprising a catalytic complex formed by activating a transition metal compound which
compﬁses a group 13, 15 or 16 heterocyélic fused cyclopentadienide ligand and a metal
selected from the group consisting of Group 3-9 and iO metals; said heterocyclic ﬁxsed
cyclopentadierﬁde ligand preferably contains, as endocyclic heteroatoms, one or more B, N,
P, O or S atoms.

SUMMARY OF THE INVENTION

The Applicant has now unexpectedly found neW metallocene compounds useful as catalyst
2
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PCT/ EP98/ 07034 conponents i'n the pol ynerization of olefins. It is an object
of the presapbossayenti on a class of bridged or unbridged net ap¢rrepssrerosy
formula (1): [err] wherein (ZR[err])[err] is a divalent group bridging Cp
and A, Z being C, Si, G, Nor P, and the R err] groups, equal or different.
from each other, being H or |inear or. branched, saturated or unsaturated
d er r] - ] epmporgms/in thepelymerizaden pf elefingdt ks,an okipet of the present inyeption a class of
Cerr]-Clerr] alkylaryl or Clerr]-Cferr] arylalkyl groups; Cp is a

het er ocy c bridged/ 6f aitsriiged mssmllocenesgf fofmblar@ul a (11) or (111): [err] wherein
one of X or Yis a single bond, the other being O :S, NRerr] or PRerr], -

Rl err] being hydrogen, a lin ghﬁg, sat ur at egh or unsat ur at ed
Cerr]-Cerr] alkyl, Cerr]- a ‘g((%z@p Cerr]="Cerr] aryl, :
Cerr]-Cerr] .al ryl qr err-Cl.et a IaIk I op naII

cont ai ni ng’bﬁlﬁnéﬁn&é%& P C% X Zq)emgpa 51, é‘eci\' Py and fhy
PCT/ EP98/ 07034 at onms bel onging to groups 13-16 of the Periodic Table of the

El enent s RiegoupsPaquatoeradifiorent frome lcacts ofher,AbgingSH otdineas, orPbradcheds) s@urateder
Rlerr] and R err], equal or different from each other, are selected from

t he groupuﬁma&ul Cof alkpid Ne ag‘hg?e I CQC Pﬁ]ﬁ?ﬁﬂﬁ Ul 18akyPr
unsaturated (CJerr]- err] al kyl®, K Cerr -C[(rr] cycl odl k qeret;"]agé[agir,rﬁﬂ(y-

aryl, C[erF{rl-C[err] al kyl aryl, C[err] Cerr] arylalkyl, -ORerr],
-OCOR[ er r \ err], -NR[err] and - PR err], wherein R[err] has t he
meani ng reported above Rlerr] and R[err] formtoget her a condensed
Clerr]-C lparheﬁgocmmglppema@mdmpmeﬁqsmua@m D:optional ly
contai ning one or nore atons belonging to groups 13-16 of the Periodic
Tabl e of the Ellenments (new | UPAC not ati on), :

R2
. XX
Y
R2
. X
*a @

wherein one of X or Y is a single bond, the other being O, S, NR® or PR®, R° being
- hydrogen, a Iinear or branched, saturated or unsaturated C,-C,, alkyl, C;-C,, cycloalkyl, Cq-

C, aryl, C,-C,, alkylaryl or C,-C,, arylalkyl groups, optionally containing one or more
_ , .



such as B, Al, Si, G, N, P, Oand S atons; the substituents R err], equal
or different fromeach other, are selected fromthe group consisting of

hal ogen, e branched, saturated or unsaturated Cerr]- kyl,
Cerr]- qu S‘s'rcﬁfgfﬁoal kyl, Clerr]- Cerr] aryl; (err]-Cerr] %M@P@P
Clerr]-Cferr] arylalkyl, -ORferr], -OCOR[err], -SRlerr] -NRlerr] and '
-PRerr], wherein R[err] has the neani ng reported above, optionally

cont ai ni NgoMispedbngils o 181166 Ak 'FeriBaRUTRLIE Sof! &@Eéﬁ%@&é@%&c

Tabl e of the Elenments (new 1UPAC notation), such as B,

and S ato It a g 4; Cp can be.a partially
hydrogena‘[‘n%%tl %ﬁt e/gl?%f’hée Q&ETQ@SP@[S %m@gtl opent adi enyl group of
forrrula(IJ) or (II reported above; Ais a substituted or unsubstituted

cycl opentRypredR’, eﬁﬂ@r@uﬁlffemtefmql ear:trlothqf RERy Felertedh frome the srpupegomsising of

above, or corresponds to (lIl) or (Il1"), or to a partially hydrogenated
deri vat i vVieydvbgdn, | haloged, | lihear Mot branched,satikaed rozt ahsanarhred oi 43?

4, 5, .6 or to the | ant hani de or actini de groups of the Periodic Table

}3?;'/ E::Sg? _ t’ne C%(bir?l ttf)'c‘l"%mgpr%?%‘%%[imr’égﬁst r%cr:r?%;{cﬁ ot Mz ar e
o ogon. PRE.cmioTein BATRS e Mewtrerared ahowes o R e B frin (oo i qondetsed

-NR[err] and -PR[err], wherern the groups Rerr], sane or different from
each ot heCs-Oaa\ing,tSamrden unsaturaiedr ore drogatice optidnaiobt contzihing onen OnimoErSi atoms Ge
atons; the substituents L', sane or different fromeach other, are

coor di nal bilngIy €6 \#réips £3105 AYhs PeIiBARTTANE oMt Elernt? (o 10 (.tumme notation),
pecifically 1t is 1 when Zis Nor P, and it is 2 when C, Si
such as B, Al, Si, Ge, N,P,Oand S atoms,
the substituents R*, equal or different from each other, are selected from the group consisting
of halogen, linear or branched, saturated or unsaturated C,-C,, alkyl, C5-C;, cycloalkyl, Cq-
C,, aryl, C,-C,, alkylaryl, CC,, arylatkyl, -OR%, -OCOR®, -SR®, -NR®, and —Pl_%‘z, wherein
R® has the meaning reported above, optionally containing one or more atoms belonging to
groups 13-16 of the Periodic Table of the Elements (new TUPAC notation), such as B, Al,
Si, Ge, N, P, .O'and S atoms;
a is an integer ranging from O to 4;
Cp can be a partially hydrogenated derivative of the heterocyclic cyclopentadienyl group of
formmla (IY) or (II’) reported above; . .
A is a substituted or unsubstituted cyclopentadienyl, a group -NR®, R® having the meaning
reported above, or corresponds to (II) or tlI’), or to a partially hydrogenated derivative of
D or (r); |
M is a transition metal belonging to group 3, 4, 5, .6 or to the lanthanide or actinide groups

of the Periodic Table of the Elements (TUPAC version);
4
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Ge; nis an integer ranging fromO to 4; r is Oor 1, nis O whenr is O; p
and g are integers ranging fromO to 3, p being equal to the val ence of the
net al M-m-ﬁﬁgé’zﬁdfén r= 1, and minus 1 when r=0, and p+q bei n§CFEFPHOAR4 1o
present invention further concerns a new class of bridged |igands of

formula (1V): [err] wherein Cp, A (ZRerr])[err], Z, Rerr] and m have the

meani ng r gno &%P?ep Y a&?n L S33 LSIR" N&hBg 0 . o .
parti cul ar yrs{ljse u &ag"i n eePr?% lates in th%&grepar’aﬁeo?%?@%éca%%% ligands
met al | ocenes. Anot her object qf .the present .inventi RS} LYS L. the
pol yner | 2 86IFSRA Grom Consirtng o PRGREcH e, 2o < OReT- GROR s Br.s e
pol yneri zation of olefins, particularly in the production of hono and

copol yner SREf -NRY\and PR DEvereiaBhopsarpsFR], GamerorTdifferext/Eronh @t othetchave the
nmet al | ocenes of formula (1), particularly suitable as catal ytic conponents

in the POl RfpZ@héresH fove |2l bpRondiijecoiae SE6E Geratgle® (ZRerr])[err] is

preferably sel écted fromthe group consisting of CRlerr], SiRerr],

et by 808 bfifusafsR e U ifreFEnf ok b éeter ! 6 ‘choftfididg BB Yalkas
PCT/ EP98/ 07034  above. Mre preferably, said divalent bridge is

Si (CH[ er r JOepds bases;Si Ph[err], CH err], (CHerr])[err] or C(CHerr])[err]:
even nore preferably, it is Si(CHerr])[err] or CHerr]. mis 1 or 2; n
ranges fr amwié 1tor 2} addmorehspecificallyl it is ewhéw TrisN or/P,adtibés 2 avhen® is C, Si or
different fromeach other, such as in the divalent bridges _
-CH[err]-%e(.m[err])[er'r]-, -CH err]-O and -CHerr]- S-. According to a
preferred subcl ass of netallocenes of the present invention, in the

“nis anintegerranﬁngfromOto 4;risOor1;nis O whenr is 0;

~ p and q are integers ranging from 0 to 3, p being equal to the valence of the métal M mims
2 whenr=1, and minus 1 wh_en r=0, and p+q being <3. |
The present inventioﬁ further conct;:ms a new class of bridged ligands of formula (IV):

ERDCHA) a

wherein Cp, A, (ZR\),, Z, R’ and m have the meaning reported above and n is an integer
ranging from 1 to 4, particularly useful as intermediates in the preparation of the above
metallocenes. |
Another object of the present invention is a catalysf for the ﬁolyﬁeﬁzaﬁon of olefins
comprising said metallocenes and their use in the polymerization of olefins, particularly in
the production of homo and copolyiners of ethylene.
DETAILED DESCRIPTION OF THE INVENTION
In the metallocenes of formula (I, particularly suitable as catalytic components in the
polymerization of olefins, the divalent bridge (ZR',), is preferably selected frdm the group

consisting of CR',, SiR',, GeR!,, NR!, PR and (CR',),, R having the meaning reported
s _



het er ocyclic cycl opentadi enyl of forrmula (I1) or (I11"), Rerr] and Rlerr]
formtogether a condensed benzene ring, Cp corresponding to forwmula (111):
[err] wherein the substituents R err], equal or different from each other,
are sel.ectved 99ReM6t he group consisting of hal ogen, |inear orPGHEPRSHZEE4
saturated or unsaturated Cerr]-Clerr] alkyl, Cerr]-Cerr] cycloalkyl,

Cerr]-Cerr] aryl, C(ferr]-Cerr] alkylaryl, Jerr]-Cferr] arylalkyl,

(he. moanbRbe bR oL i 41@59%%&@?%%&%‘5% oSS BB nas

i nteger ranging fromO to 4; the other variabl es have the neaning reported
above. vaemnprepmfeﬁbly.ﬁ;sl&(ﬂﬂa)g@t&mdeno[1 2-b]i ndol - 10-ylI ,
N- et hyl - 5, 10- di hydr oi ndeno [1,2- b]indol-10-yl or

N-phenyl npid G- 6} hydy ﬁudgéﬁﬁ@hito&ob«ildﬁdolwhéﬁ wl> Lomeeapasd kgntbe thersaik aor
(I'11) wherein X is NR{err], Rerr] being hydrogen, nethyl and phenyl

56" ny BB ﬁﬁ%?faéﬁ o e T S CLSICHSR! CE26- ot B

di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl, N-aI |yl -5, 6- d| hydr oi ndeno[ 2, 1- b] i ndol - 6-yl
or N-phedyl -5,6-. 6 VIO 99/ 24446

PCT/ EP98/ 07034 di hydroi ndeno [2, 1-b]indol -6-yl, corresponding to fornul a
(111), wicerding tos aapeefergéd subcldssarod iMetatioddmee r of] theR[presept bisvergiony dnothen,
met hyl, allyl and phenyl respectively. The group A is preferably a

cycl opengg Jic ¢! élb?éiﬂ‘a(ﬁ o a 1) Br AT’)] RA%hd R3Shebl fofsthél a SehdRAkd

fromthe grou con I n i near  or branched, saturated .or
unsat ura tr err err] cycl oal kyl, Cferr]-Cerr]
aryl , é%eﬂ%[@é-](%a Q#J%Wf&‘&{arql% err] arylalkyl radicals. Mre

preferabl y, Ais cyclopentadienyl, 4-butyl-cyclopentadienyl,

4- adamant yl - cycl opent adi enyl , i ndenyl , tetr dr BSpdenyl or fluorenyl.
According to a preferred enbodi gent of ntion, Ais equal to Cp.
Rl )

wherein the substituents R’, equal or different from each other, are selected from the group
consisting of halogen, linear or branched, saturated or unsaturated C,-C, alkyl, C;-Cy
c&cloa]kyl, C¢C,y aryl, C-C,, alkylaryl, C,-C,, arylalkyl, -ORS, -OCOR®, -SR%, -NR®, and -
PRS,, wherein RS has the meaning reported above; a .is an integer ranging ﬁom Oto4; bis
an integer ranging from O to 4; the other variables have the méaning feported above.

Cp is preferably 5,10-dihydroindeno[1,2-b}indol-10-yl, N-methyl-5,10-dihydroindeno [1,2- .
b]iﬁdol-lo-yl or N-phenyl—S,lO-dihydroindeno[l,2—b]iﬁdol—10—yl, corresponding to formula
(IIT) wherein X is NR®, R® being hydrogen, xhethyl and phenyl respectively, and Y is single
bond. |

Furthermore, Cp <can be  5,6-dihydroindeno2,1-b]indol-6-yl, N-methyl-5,6-
dihydroindeno[2, 1-b]indol-6-yl, N-allyl-5,6-dihydroindeno[2,1-b}indol-6-y} or N-pheﬁyl-5,6-

6



r can be 0 or 1; whenr =0, then n =0. Mis preferably Ti, Zr or H, and
nore preferably Zr. The substituents L are preferably hal ogen atons or

Rl err] gro%”,f{mgr] bei ng defined as reported above; nore ppef/epssiusd he
substituents are C or CHerr]. pand q are integers ranging fromO to 3,
p bei ng equal to t he val ence of the netal M m nus 2whenr=1, and mnus 1 '
when r=0, and p+q being[err]3; An advantageous class of the netall ocenes
accor di ngdlhpdmhnlepodgdnb]mdwl/—éf}ﬂ; corresponding ¢o donmli ¢HHv whefein X ishesingle bond 0
and r =1, i.e. Cp and A groups are not linked to each other by a bridging

di val ent g@EYQyNRINRA beinBiHydFdgea, M 1 8hd l?és?ééh :
bi s( N- net hyI 5, 10-di hyié)g]o?ggegr?o [1, b?llfyndol ﬁ%ﬂ;’yl I tani um d| chl ori de;

bi s(N- net 5..104 I

o S0t B ﬁ.%@%me%%ﬁﬁuﬁfaﬁe%%ﬁ Sl e
bi s(N-phenyl -5, 10-di hydroi ndeno[ 1, 2-b].i ndol - 10 titaniumdichlori de :
bi s(MphesM omytheeToeR mmspgo;f [or g  SaBuRled iar msanEaieddSi-Cro
bi s(N- phenyl -5, 10- di hydr oi ndeno[ 1, 2- b] i ndol - 10-yl ) haf ni um di chl ori de; 7

WO 99/ 2444ikyl, C-C,, cycloalkyl, C,-C,, aryl, C,-C,, alkylaryl and C,-C,, arylalkyl radicals. More
PCT/ EP98/ 07034 bi s(N-net hyl -5, 6-di hydroi ndeno [2, 1- b] I ndol -6-yl)titani um

dichlorid ‘ﬁgﬁ hvid ' '
di chl ori dgre%h ?N— met Ei‘lfm% %‘%é Ydr0|“?9§eﬁo| g ﬂ%&%?ﬁ - b- M—hg(??# um enyl,
di chl ori dg;, bi s( N- he I oi | ndoI 1) i u
di chl or i gidegyl s(‘RFf %’8 Erdé‘rfﬁ{’ lf]’ %‘g?)r/i) mbe%m%of the
di chl oride; bis(N phenyl - 5 6 d| ‘hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) haf ni um
dichlori diﬂvemits(,IAisequltOlCﬁ-di hydr oi ndeno[ 2, 1- b] pyrrol - 8-yl ) zirconi um
di chl ori de;

rcanbe Oor 1; whenr = 0, thenn = 0. _

M is preferably Ti, Zr or Hf, and more preferably Zr. -

The substituents L. are preferably halogen atoi‘ns or R® groups, R® being defined as reported
above; more preferably the subst_ituents L are Cl or CH,. |

p and q are integers ranging frdmO to 3, p being equal to the valence of the métal M minus
2 when r=1, and minus 1 when r=0, and 1;+q being < 3;

An advantageous class of the metallocenes aécording to the present invention correspond to
formula (I), whereinn = Oand r = 1, i.e. Cp and A groups are not linked to each other by
a bridging divalent residue. Non liﬁﬁtative 'examples of said class are: |
bis(N-methyl-5,10-dihydroindeno[1,2-blindol-10-yl)titanium dichloride;
bis(N-methyl-5,10-dihydroindeno[1,2-b}indol-10-yI)zirconium dichloride;

bis(N-methyl-S, 10-dihydroindenol 1,2 blindol-10-yDhafuium dichloride;

bis(N-phenyl-5 , 10-dihydroindeno(1 ,2—b]indol-10—yijﬁtanimn dichloride;
bis(N-phenyl-5,10-dihydroindeno[1 ,2-b]indol-10-y1)zﬁconium dichloride;

bis(N-phenyl-5,10-dihydroindeno{1,2-bjindol-10-yl)hafnium dichloride;
7



bi s(N-net hyl - 2- et hyl - 1, 8- di hydr oi ndeno[ 2, 1-b] pyrrol -8-yl)zirconium

di chl oride; bis(N phenyl 2- et hyl - .

, 8- di hydr oi ndeno[ 2, 1- b] pyrrol - 8-yl )2| rconi um di chl oride; (N-rnethyl-5,

10- di hydr oi\MQQ%MFZ- b] i ndol - 10-yl ) (fl uorenyl) zirconi um di cHPEH/ERS/07034
(N-met hyl -5, 10-di hydroi ndeno[ 1, 2-b] i ndol - 10-yl ) (octahydrofl uorenyl) '
zirconi umdi chloride; (N-nethyl-5,10-di hydroi ndeno[ 1, 2-b]i ndol - 10-yl)

| Lanide: o o '
E%ﬁe?ﬁsri’a%ﬁmml&ﬁ @Eﬁﬁlﬁ%}’ﬁ?&wm“ﬁW’ cycl opent adi enyl ) z
di chl d ’
I({\I?ﬂg!t ﬁ;nl 's((:riggéﬁwigﬁﬁmwgmﬂ,a}b]m@bﬁw@zmm@nmmw| - cycl opent adi eny
) zirconi.um di chl ori de;

(N et hy | bis(NGnethyiyS\ aithyiizoinBéact2,THb]hol-63Whsfhich Uichloeliel ) - 21 r coni um
di chl oride; (N-nethyl-5,6-di hydroi ndeno[ 2, 1-b] i ndol -6yl ) (fl uorenyl)

?ggfgﬂlygr ogm@r efﬁ%}df%m um chI BIL&-&?RLMHIEWF@%%%%: aldeno[ 2,
(1NP]rrletnﬂ§: }‘(ﬁm'g‘we%ﬂ%]l@rco %}Eﬁ@bﬁ{ do?éli enyl) zirconium

dichloride; (N-nethyl-1,8-dihydroindeno[2, 1-b]pyrrol-8-yl)(fluorenyl)
zi'rconi unbw(N#plnnyldiaﬁ-dlhydromdeno[Z 1-bJindol-6-yDhafnium dichloride;

(N-phenyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) (fl uorenyl) zirconium
di chl ori deis(R-methy}0 Q%Rﬁﬂ'ﬂﬁdenoﬂ 1-b]pyrrol-8-ylzirconium dichloride;

PCT/ EP98/ 07034 ﬁyﬁd@q %8#3,@}%18%#&(@’# J Jg orenyl)

(N phenyl LV,

zi rconi um %{1@ ot ‘c%%
(oct ahydrofl uor enyl ) zi rcom um.di chl ori de;

(N pheny| bis@¥-pke meﬂlYéﬂcﬁ'@hYqu?&B[L%bWﬂQ%ﬂm @P@P‘}ld%l rconi um

di chl oride; and the corresponding titanium zirconium or hafnium di nethyl

deri vat i véN-méthpk-5d0-diltxdroinderafl1,2- Iﬂixﬂsblwyl)(ﬂnoﬁﬂyﬂ))tmrwnmﬁcdnhbndg; to the

present invention corresponds
(N-methyl-5, 10-dihydroindeno[1 2—b]mdol-10-yl) (octahydroﬂuorenyl) zirconium dichloride;

0

(N-methyl-5,10-dihydroindeno(1,2-blindol-10-y1) (cyclopentad:enyl) zirconium dichloride;
' (N-methyl-S,lO—dihydroindeno[l,2-b]indol—10-yl)(3-‘butyl-cydopéntadieny1)zirconium
d_ichloride;
(N—methyl—S,lO-;iihydroindeno[l,2-b]indol—l0-yl)(3-adamanty1—cyclopentadienyl) zirconium
dichloride; |
(N-methyl-S,IO—dihydroindeno[l,2—b]iﬂdol-10-yl)(ﬂuorEnyl) zirconium dichloride;
(N-methyl-5,6-dihydroindeno{2,1-bjindo}-6-yI)(fluorenyl) zirconium dichloride;
(N-methyl-5,6-dihydroindeno[2, 1-blindol-6-yl) (octahydrofluorenyl)zirconium dichloride;
(N-methy}-5,6-dihydroindenof2,1-blindol}-6-yI)(cyclopentadienyl) zirconium dichloride;
(N-methyl-1,8-dihydroindeno[2,1-b]pyrrci-8-yl)(cyclopentadienyl) zirconium dichloride;
(N-methy}l-1,8-dihydroindenof2, leb]pyrml:S-yl)(ﬂuorenyl) zirconium dichloride;

(N-phenyl-5,6-dihydroindeno[2, 1-b}indol-6-yl)(fluorenyl) zirconium dichloride;
8



to formula (1) wherein nis different fromO, r is equal to 1 and the
groups Cp and A, preferably the sane, corresponds to cycl opent adi enyl

het er ocycl WO Wadddbat i ves of formula (11) or (11"); preferabl PCHWERISGIR4| ent
group (ZR[err])[err] is Si(CHerr])[err], SiPh[err], CHerr], '
(CHerr])[err] or C(CHerr])[err]; even nore preferably, it is Si(CH3)2 or

CH2. Non |, nitafive,exanples qf i tal.l.pce e: - ..
di net hyl é“r&?F“ '§1§%‘F‘¥‘?ﬁ%‘?@rl'gf”i‘?ﬂl%ﬂ%rﬁhgﬁ‘?%ﬁ?%ﬂl? ndol - 10-%ifePnium
titani um di chloride; dinethylsilanediyl-bis(N methyl-5,

10- di hyddighderddas[ 1, 2- b] i ndol - 10-yl ) zi rconi um di chl ori de; o

di met hyl si | anedi yl - bi s(N-nmet hyl -5, 10- di hydr oi ndeno[ 1, 2- b] i ndol - 10-yl ):

haf ni um qiNchteayi-8 6-dihydroindenof2,1-b]indol-6-y1) (octahydrofluorenyl)zirconium dichloride;

et hyl en- bi s(N- et hyl -5, 10- di hydr oi ndeno{l, 2- bl i ndol - 10-yl ) zi rconi um

di chl ori gg g . . . . . o
i Isopr oplquﬁ' t}]eng}-gmﬁ?ﬁd < B‘,’?&'Bl‘ﬁ@%fé?"?.‘&&ﬂ%’{’ e D ZArgonigm ﬁc}ﬂo?ldrebo nt um
di chl ori de; S
di et ﬁ;: @ﬁfiah%mrﬁspsp@emw zigcopdnm iof, pafnim dimelpyl deriyptivefol - 10- yI )

I rconi um di chl ori de;
2{ hyl e In u b&nrl(thbrpdma:amigéous(blaﬁs fof dnetallabeneq dccPrdihg ol dhie fif®sezit )invention riormesponds
di chl oride; isopropyliden-bis(N phenyl-5, _ _
10- di hydrt_elfaﬂﬁﬂﬁ[g) WHkin GPlis differtnt FbCONE Y8 edhANoOT i28@; the groups Cp and A,
di met hyl si | 'anedi yI - bi s( N- net hyl - 5, 6- di hydr oi ndeno[ 2, 1-b]i ndo%r- -yl )ytitanium
di chloride;.. : . . o e
di met hy! SEFEFRREY the $5mee QOTFeTRopds Lo evcloneptadimyl betsrosydicderivatives.of formyla 4R
m di chl ori de; .
di rr:et hyl 9|r| @R rpferahly, the divalgnt-gsowp TR\ isi SIS, BiRhyb GHia dCHy), yar ) GTH)sim
di chl oride; dinethylsilanediyl-bis(Nnethyl- 1,8-dihydroindeno
[ 2, 1- b] pyevenimdie prefetablyq it is Si(CH)) ar CHg,;, 9 WO 99/ 24446
PCT/ EP98/ 07034

et 1 n-0ic i kantplls SF e Ristesieh 3l b1 ndol -6- 1) 2i rconi um

di chl ori _
et Y e Bheb il s R ety 50l D BloRackabh Y bfiSdor Y04 SRR oiHoriee
et | hyl en- bi slghl\l- met hyl - 5, 6-di hydr oi ndeno[ 2, 1- bﬂ i ndol -6-yl)zirconi um .
di chl or i dlimethylsilanediyl-bis(N-methyl-5,10-dihydroindeno[1,2-blindol-10-y1) zirconium dichloride;
i sopropyl i den-bi s(N-net hyl -5, 6-di hydr oi ndeno[ 2, 1-b] i ndol - 6-yl ) zi rconi um
“di ehl ori diiinethylsilanediyl-bis(N-methyl-5,10-dihydroindeno[1,2-b}indol-10-yl) hafnium dichloride;
I sopropyl i den-bi s(N-net hyl -1, 8-di hydr oi ndeno[ 2, 1- b] pyrrol -8-yl)zirconi um

di chl ori dghylen-bis(N-methyl-5,10-dihydroindeno[1,2-blindol-10-yl) zirconium dichloride;

isopropyliden-bis(N-methyl-5,10-dihydroindeno[1,2-bJindol-10-y1) zirconium dichloride;
dhnethylsilanediyl—bis(N—phenyl—S,10-di11ydroindéno[1 ,2-b]i1;dol—10-yl) zirconium dichloride;
.ethylen-bis(N-phenyl-5, 10—dihydroindeﬁo[1,2-b]indol— 10-y]) zirconium diéhloride;
isopropyliden-bis(N-phenyl-S,10—diliydroindeno[1,2-b] indol-10-y1) zirconium dichloride;
dimethylsilanediyl-bis(N-methyl-5,6-dihydroindenof2, 1-b}indol-6-yDtitanium dichloride;
dimethylsilanediyl-bis(N-methyl-5,6-dihydroindenof2, 1-b]indol-6-yl)zircbnium dichloride;
dimethylsilanediyl-bis(N-methyl-5 ,Ssdihydroindeno[z, 1-blindol-6-yDhafnium dichloride;

dimethylsilanediyl-bis(N-methyl-1,8-dihydroindeno[2, 1-b]pyrrol-8-yDzirconium dichloride;
' 9



di met hyl si | anedi yl - bi s(N- phenyl -5, 6-di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) zi rconi u-
m di chl ori de; ' .

met hyl en- e dipRlgny! - 5, 6- di hydroi ndeno[ 2, 1- b] i ndol - 6yl ) zi rCPE’Hl!:%smos‘t

di chl ori de; ' .

et hyl en- bi s(N- phenyl -5, 6-di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) zi rconi um

di chl ori de; :

i sopr opy metigyletbbis(Wnpthyly5, 6-Qitfydebingetiof2, 1b3inabR6-¥Dkirtonah dichidridel r coni um

di chl oride; dinethylsilanediyl-(Nnmethyl-5,10-di hydroi ndeno[ 1, 2- b] i ndol - 10-_

| | i 1.).zi '! ‘“@“ﬂ e , da. . . . ce .

éi Zn(e%fll SI i gr@%?)gm_( kfp%lg]%?l -9, 10- ?I E@%’?gﬁlgﬁ—éﬁﬁ_ﬁ)ﬂoﬁ%ﬁéﬂ.&dﬁ ) (cycl open.
t adi enyl ' | i chl orj de; . U .. . . _

et hy! on KRR Telidys s iindeap 2, Loliol oy Daitsopiom €ipbloskent adi enyl ) zi

coni um di chl ori de; _ _
et hyl en( isoprepyidersbis(N diethiylrSo6-dihyidodindendh? i rijindolk 6-yPizir¢anjurh dichiaridts eny| ) zi r
coni um di chl ori de; :

| S0pr opY idoesiyee biuN-Thetl- K3 iydebdapt, 1 HpféIceiplyzidtmitn GRtfrmeent adi en

yl)zi rconi umdi chl ori de;

| sopropylg - N I : i | |41y q82-40] } - 10- vl ¢l openta
i onyl ) SPEBRRURNIRIRTN pylorh, SR BIBHRRS o il S DB sy
derivatives, A particularly preferred _netallocene is | . .

ot hy | en IR FE(Npheny 6. iy droindrnelo 2lindoliey Deireqpiun dichingide;

PCT/ EP98/ 07034 b]i ndol -6-yl ) zirconiumdi chl oride or dinethyl. Another

obj ect okthylsn-his@&phenyl-S\edihydroindene[21-blindal#6-y)zjrrodimp dichlotids] a (1 V) :

[err] wherein the variables Cp, A (ZRerr])[err], Z R err] and m have the

meani ngs j¢oppspylian-BRONHHRAA-5)6-dihydroindeno[2, 1-bjindol-6-yl)zirconium dichloride;

dinmmylsilanediyl-(N-methyl-S,10—dihydroindeno[1,Z-b]indol-lﬂ-
yD(cyclopentadienyl)zirconium dichloride; | |
dimetlﬁlsilanediyl—(ﬁ-phenyl—S , 10-dihydroindeno[1,2_-b]indol—10-jl)(cyclopentadienyl) |
zirconium dichloride; | |
ethylen(N-methyl-5,10-dihydroindenof1 ,2—b]indol~ 10-yl)(cyclopentadienyl)zirconium
dichloride; |
ethylen(N-phenyl-5,10-dihydroindeno[1,2-b}indol-10-yl)(cyclopentadienyl)zirconium
dichloride; |

' isopropyliden(N-methyl-S,10-dihydroindeno[1,2-b]indol-10—yl)(cyclopentadienyl)zirconium
dichloride; -
isopropyliden-bis(N-phenyl-5,10-dihydroindeno{1,2-bjindol-10-yI)(cyclopentadienyl)
zirconium dichloride;
and the corresponding zirconium dimethyl derivatives.

A particularly preferred metallocene is methylen-bis(N-methyl-5,6-dihydroindeno(2,1-
' 10



Is an integer ranging from1 to 4. Said |igands are useful as internediates
In the preparation of the netall ocenes according to the present~invention.

I n the abowe dorigiged | i gands, the divalent bridge (ZR err])[ &CI[ERI§NHT034
preferably selected fromthe group consisting of Si(CHerr])[err],
SiPh[err], CHerr], (CH[err])[err] and C(CH[err])[err] Cpis a

heterocycllc cycl opent adi rrula (rr)y or (11"), reported
above, ’Qﬁ"é‘%@f%‘[“? &’é‘fﬁf%ﬁﬂ ?tBy la (I'1l), reported above; even
nor e preferably, Is selected fromthe group consisting of '

N- et hyl Anameﬂow;yctrafmdpm{:m mvdnpondbayzlass sf gmpfﬁo a (IV):

di hydr oi ndeno[ 1, 2- b] i ndol yI , N-al |yl - 10 di hydr oi ndeno[ 1, 2- b] i ndol yI
N- et hyl -5, 6- di hydr oi ndeno[ 2, A) aw)

N- phenyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndo N-al |yl -5, 6-

di hydr oi ndeno bli h liﬂe?]
Theygroup ﬁe gI'nthe %“‘@g“g é@ﬁpéﬁ’t%{gﬂe? gerl vg?%gyg{r %%['g% or nuf:%%ﬂ )
or (IlI"%), and preferably of forrmla(lll ; even rabl Ais eqbual
to Cp. Nois 4ni infagsr rangies frep L4o 4+ Sm#élgﬁnﬂaaﬁduqeﬁgv Hé‘hF

present invention are:

10- [ 1, 1- dbfichidtallocehes] fcdidingl toihe peesehtlinenicmdol - 10-y| )silyl]-5,10-diydro
i ndeno[ 1, 2- b]indole; 10-[(5, 10-di hydroi ndeno[ 1

16. (3 (5, P et Bl iy i ket G, 2 ey e o %
]i ndol e;

10- [ 1- met algﬂuplweéls%g of BiGH Y e GHp GHX M. GER) et hyi |- 5, 10-di hydr oi nd
eno[ 1, 2- b]indole; 11 WO 99/ 24446 ,

PCT/ EP98/ Cpoisda mtem;ychc diyniopegtadienyingneupgfi fosmula () or (II'), reported above, and
10- di hydr oi ndeno[ 1, 2- b] i ndol - 10-yl ) silyl]-N-nmethyl -5, 10-

di hydr oi ng %f@ﬂaﬁ?&dﬂdsﬁdﬁk&o faRmbla KHTYE tdported abbve; even more preferably, Cp is selected

- di hydr oi ndeno[ I, 2-b] 1 ndol - 10-yl ) met hyl ] - N- net hyl -5, 10-
from the group consisting of N-methyl-5,10-dihydroindeno[1,2-b}indolyl, N-phenyl-5,10-
dihydroindeno[1,2-b}indolyl, N—allyl-S,10—djhydr9indeno[1,2—b]indolyl, N—memyl-5,6- |
dihydroindenof2,1-blindolyl, N-phenyl-S,G—dihydroindeno[Z,l-b]indolyl, N-allyl-5,6-
dihydroindeno(2,1-bJindolyl and N-methyl—l,8-dihydroindeno[i,1-b]pyrrolyl.
The group A can be a cyclopentadienyl derivative or a group of formula (II) or (II'), and
preferably of formula (III); even more preferably, A is equal to Cp.
Non limitative examples of the bridged ligaﬁds acc_qrding to the present invention are:
10-[1,1-dimethyl-1-(5,10-dihydroindeno[1,2-blindol-10-yl)silyl}-5 ,10-dihydroindeno[1,2-
blindole;
10-[(5,10-dihydroindeno[1,2—b]indol—10-y1)methyl]—5,10—dihydroindeno[l,2—b]indole;
10-[2-(5,10-dihydroindeno[1,2-bJindol-10-yDethyl}-5, 10—dihydroindeﬁo[1 ,2-b]ind01e;
10-[1-methy1—1-(5,10-dihydroindeno[1,2.-b]indol-10-yl)ethy1]-5,10-.dihydroindéno[1,2-

blindole;
11



di hydr oi ndeno[ 1, 2- b] i ndol e; 10-[2-(N-net hyl -5, 10-di hydr oi ndeno[ 1

, 2-b] i ndol - 10-yl ) et hyl ] -N-nmet hyl -5, 10- di hydr oi ndeno][ 1, 2- b] i ndol g; ,
10-[ 1-met hyl - 1- ( N- net hyl - 5, 10- di hydr oi ndeno[ 1, 2- b] i ndol - 10-yl.) et hyl -N-neth
yl -5, 10- di 4% enof 1, 2-b]indol e; 10-[1,1 -di net hyI 1- (N

10- di hydr oi ndeno[ 1 , 2-Db]i ndol -10-yl)silyl]-Nphenyl -5, 10- di hydr0| ndeno[ 1
, 2-b]indol e; 10-[ (N phenyl -5, 10-di hydr oi ndeno[ 1

, 2-b] i ndoj }ﬂﬁegb(ﬁr DR0-InsiRAENL & 10~ _
10 [2- (N p m;l/%g@gbyéﬁ roi ng eno y@%mﬁ d %gsgﬁ %?%‘g’ﬂfk@%ﬁ@ﬁsyﬂ% 10-
di hydr oi n 1. 2- 10-[ 1- et hyl - 1- (N- phenyl -5, 10-di hydroi ndeno[ 1°

,2-Db]i ndo‘l‘ﬁX‘S‘I"Wdf ﬁy#’?filﬁ\é‘%venyl 5, 10 di hydr0| ndeno[ 1 ,2-b]indole; 6-]1,

1- di met hyl - 1- 6- di_hydroi ndeno[ 2, 1 i ndol - ilyl]- 5 6- di hydr oi ndeno[ 2

, 1-b] i ndol(b[ -methyl—S O-dihydromdeno[l 2—b mdol-lO-yl)me y]]- methyl-S 10-

6 [ (5, 6-di hydroi ndeno[ 2,-1- b] i ndol - 6-yl ) net hyl ] -5, 6-di hydr oi ndeno[ 2, 1-b] i ndo

| e; 6-[ 2-dihydroftide q;.a}immz 1-b]indol -6-yl)ethyl]-5; 6-di hydroi ndeno[2
1-b]indol e; 6[ 1-net -1- (5, 6-di hydr oi ndeno|[ 2,

125 s i

-d

-b]i ndoI Ysilyl]-N-nethyl-5,6- dihydroindeno[1, 2-b]indole; 8-[1,

-di net h Xt@!ﬂlqﬁ"ﬁ?m -blindple;; hydr oi ndeno[ 2, 1- b] pyrrol -8-yl)silyl]-N nethyl -
8- 12 WO 99/ 24446

CT/ EP98/ ﬂFDI%meﬂlyMe(bbmﬂlyhﬁ[m—dmydr}mylemﬂl ﬁ-b]mdol—lO-yl)ethyl]—N-meﬂxyl—S 10-
(N-met hyl -5, 6-di hydr oi ndeno[ 2,

[b] | ndolmﬁya&lo}rmhml,j_bm’hyl 5, 6-di hydr oi ndeno[ 2, 1-

10-{1,1-dimethyl-1-(N-pheny!-5, 10-dihydroindeno[1,2-b}indol-10-yDsilyl}-N-phenyl-5, 10-

POTORRREER

dihydroindeno[1,2-b}indole;
10-[(N-phenyl-5,1 O-dihydroixideno [1,2-b}indol-10-yl)methyl}-N-phenyl-5,10-
dihydroiﬁdeno[l,Z—b]indole; |
10-[2-(N-phenyl-5,10-dihydroindenof1,2-bJindol-10-yDethyl]-N-phenyl-5,10-
dihydroindeno[1,2-b}indole; |
10-[ 1-meﬂ1yl—1—(N—phenyl—5 ,10-dihydroindenof1 ,2-b]ind01-IO-yl)ethyl]-N-phenyl-S ,10-
dihydroindenof1,2-blindole; |
6-[1,1-dimethyl-1—(5,6—dihydroindeno[2,l-i)]indol-G-yl)silyl]-S ,6-dihydroindeno[2,1-blindole;
6-[(5 ,6-dihydroindeno[2,1-blindol-6-yl)methyl]-5 ,6—dihjdroindeno [2,1-b]indole;

| 6-[2-(5,6-dihydroindeno[2, 1-blindol-6-yDethyl}-5,6-dihydroindeno[2,1-bJindole;
6-[1-methyl-1-(5 ,6-dihydroindeno[2, 1-b] indoi—6—yl)ethyl] -5,6-dihydroindenof2,1-blindole;
6-[1,1-dimethyl-1-(N-methyl-5,6-dihydroindenof2, 1-b]indol-6-yDsilyl] -N-metﬁy1-5,6-
dihydroindeno[1,2-b}indole;

8-[1,1-dimethyl-1-(N-methyl-1,8-dihydroindeno[2,1-b}pyrrol-8-yl)silyl]-N-methyl-1,8-
12



b] i ndol e; 8-[ (N nethyl-1, 8-di hydroi ndeno[ 2,
~1-b] pyrrol -8-yl)nmethyl]-N-nmethyl -1 , 8-di hydr0| ndeno[ 2, 1- b] pyrroel e;
6- [ 2- ( N- mewayd9/23446 PCT/EP98/07034
, 6-di hydr oi ndeno[ 2, 1- b] i ndol - 6yl ) et hyl ] - N- et hyl - 5, 6- di hydr oi ndeno[ 2, 1--
]i ndol e; '
1- met (N-net hyl -5, 6-di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) et hyI]-N—rret hyl -
di h;ﬁéhxqrmémqlig -Blppielesiol e |
1, 1- di et hyl - 1- (N- phenyl - 5, 6- di hydr oi ndeno[ 2, 1- b]

bli

6- [

5, 6-

6-] _
([j - 6- \G-j(™N-ng ihbl—ﬁk&aﬂﬁy&ﬂmﬁeﬁe&dl—b}aﬂdmi@ylk)memn-H-mﬁ]thyleﬁwd)hydromdeno[z 1—
n

b

[

b

N- phenyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) net hyl ] - N- phenyl - 5, 6-:di hydr
enol 3, gﬂio ]indole; 6-[2-(N phenyl -5, 6- di hydr oi ndeno] 2,
i ndol -'6- et N- phen 5 ,6-di roi ndeno [2, 1- I ndol e;

dol y} hyl ] - N- phenyl - di hyd i nd [ b]i ndol

(
d
]
1[1 o oR R R ottt S 3 Sy metiolt & dipdroindenol2. -
|
[
[
[

, 1-di met hyl - 1- (cycl opent adi enyl )si |yl ]- N net hyl -5, 10-di hydr oi ndeno[ 1, 2
dol &lpyrrole; -

[
1
Jin _ -
(cycl opent adi enyl ) net hyl | - N- net hyl - 5, 10- di hydr oi ndeno[ 1, 2- b] i ndol g;
2
2

0
b
0_
0- [ 2- (cygfn, 163181t dRothiidsholZ 1 bl indol-6 kDediyilyN rnéthyles) 6 dihyRirbindenty2 4
0 -(cyc opent | enyl ) et hyl ] N- phenyl -5, 10- di hydr oi ndeno[ 1, 2- b] i ndol e;
0-[1- rret Dﬁd—ie (cycl opent adi enyl )et hyl ] N- met hyl - 5, 10- di hydr oi ndeno -
[1,2-b]in 8 *10-[ 1- met hyl - 1- (3-" but yl - cycl opent adi enyl ) et hyl ] N- et hyl -

10- di hydr oi ndeno[ 1, 2= b] i ndal VWO 99/

PCT/ Epé g/piometh; y& -(N-n!ethyl-s éd.lhygrom denol2, bf'mﬁ4l-6—yl)eﬂ1yl]-N—methyl-5 6-
10-[ 1-net hyl - 1- (3-adamant yl - cycl opent adi enyl ) et hyl | N-nmet hyl -5, 10
- di hydr oi dibtpdroindefio[2;1-blindole; :

6-[1,1-dimethyl-1-(N-phenyl-5,6-dihydroindeno[2, 1-b]indol-6-yl)silyl]-N-phenyl-5,6-

6-
oi
1-
6-
1-
10-
1
1
1
1

dihydroindenof2,1-blindole; |
6-[(N-phenyl-5,6-dihydroindeno[2,1-blindol-6-yl)methyl}-N-phenyl-5,6-dihydroindenof2, 1-
blindole; | \
6-[2-(N-phenyl-5,6-dihydroindeno[2, 1-blindol-6-yl)ethyl}-N-phenyl-5,6-dihydroindeno[2, 1~
bjindole; |
6-[1-methyl-1-(N-phenyl-5,6-dihydroindenof2, 1-b]indol-6-yl)ethyl]-N-phenyl-5,6-
dihydroindenof2,1-b]indole;

'10-[1 , l-dimethyl-1-(cyclopentadienyl)silylj-N-methyl-S ,10-dihydroindenof1,2-bJindole;
10-[(cyclopentadienyl)methyl]-N-methyl-5,10-dihydroindeno[1,2-b]indole;
10-[2-(cyclopentadienyl)ethyl]N-methyl-5,10-dihydroindeno[1,2-bjindole;
10—[2-(cyclopentadienyl)éthyl] N-phenyl-5, 10—dihydroind§no[1 ,2-bjindole;
10—.[l—methyl-1~(cyclopentadieny1)ethy1]N-methyl-S,lO—dihydrdindeno [1,2-bJindole;

10-[1-methyl-1-(3-butyl-cyclopentadienyl)ethyl]N-methyl-5,10-dihydroindenof1,2-bjindole;
13



b]indole; 10-[1, ' _
1-dinmethyl-1-(fluorenyl)silyl]-N nethyl-5, 10-di hydroi ndeno[ |, 2-b] i ndol e;

10-[ (fl uor I thyl]-Nnethyl-5,10 -di hydroi ndenof[, 2-b]in
10-[ 2- (f1 ug{;éﬁ%/%‘é‘?hw ] N-net hyl -5, 10-di hydr oi ndenol I, 2-b] |%§%"9"’°’”‘
10-[ 1- net hyl - 1- (f | uor enyl ) et hyl ] N- net hyl - 10 di hydr oi ndeno [ 1, 2-b]i ndol e;

6-[1, -
1-di met hyljo¥i IORENL B kfﬂﬂd] I5h0ddia e i91do
le; 6- [(cygﬁopent%dl gr}yl ) map#‘%’] t hyl - Cdi hy r ol nden%[ 2, 1- bfl ndol & f
6-[1, 1- dbﬁg&&gl 1- (fI uorenyl)silyl]-Nnet hyI 5, 6-di hydr oi ndeno [2,

1- b] i ndol

6-[1, 1-di net hyl - 1- 7-di -t- but I-quoren i1ylT-N et hyl dlhydr0|nde
no [2,1- prT[éldI‘@m xl-impwpvl) Xl}Ncﬂﬁ@lﬂr #@W@Wﬁﬁ%%ﬂ-@@o&, hydr oi ndeno
[2,1-b]lindole. A particularly preferred bridged ligand is

6- [ ( N- met HQH(fuovertilimysthiyl]-MNaimothy -5 ,’llolailhydioindéno[l ,2-bjindole;

yl ) met hyl ] - N-net hyl - 5, 6- di hydr oi ndeno[ 2, 1-b] i ndol e. The I [ Eands of tEe
state of R RioRhPARAINARKENS 10 A RaRRBLPEREENN 7. Sducts or from
d f Il wh
the or oup I1{En %Eﬂaﬁ?ﬂwﬁx SRty @ﬂ%ﬁi&rgnﬁpg%ﬁﬁé%baﬁ 5% or opa ed by

first reacting a conpound of forrrula (V) S ). 14 WO 99/ 24446
PCT/ EP98/ 6710 Judiretiiydrl- (cyahpcmadienyl)sﬂyll-ﬂl-mﬁﬁy -5¢-dihyfiroindeno2), 1-hlivdaleshave t he

nmeani ngs reported above, with a conpound able to form a del ocalized anion

on the cyelipse RWﬂﬂaﬁi%ﬁ&l)xhbmgl] N’Jﬁéﬂﬁ 5, - ditydfoiidenb[21-bfifideglend of formul a

(ZRerr])[err] err], wherein Z err], mand n are defined as above and
the subst 'G-ﬁ‘?lrlhﬁné%yl- —(ﬂuorenyl)sﬂyl]-N—methyl—5,6—dlhydromdeno [2,1-blindole;

6-[1,1-dimethyl-1-(2,7-di-t-butyl-fluorenyl)silyl]-N-methyl-5,6-dihydroindeno {2,1-blindole;

6-[1-methyl-1-(fluorenyl)ethyl]N-methyl-5,6-dihydroindeno {2,1-blindole.

A parﬁcularly preferred bridged ligand is 6-[(N-methyl-5,6-dihydroindenof2,1-blindol-6-

yDmethyl}-N-methyl-5,6-dihydroindeno[2,1-blindole.

The ligands of the invention can be prepared according to general procedures known in the

state of the art, starting from commercially obtainable products or from derivatives which
| can be prepared by known methods. More specifically, when the group A is equal to the

group Cp, the above ligands can be prepared by first reacting a compound of formula (V) or

V) |
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sanme or different fromeach other, are hal ogen atons or tosylate groups
Non Iim'ta@ 9§ gﬁ'%rrpl es of corrpounds of formul a (ZR[err])[err P’b

di et hyl di R %BA | ane, di phenyl di chl orosi |l ane, dlnethyldlchloroge nanlun1
2, 2-di chl oropropane and 1, 2-di bronp- ethane. The synthesis of the above
bridged ligands is preferably carried out by adding a solution of an _
organic lithiumconpound in an apol ar sol venipyst 0 a solution of the conpound
(V) or (V') in an aprotic polar solvent.«The,thus obtained sol ution

contai ning the conpound ( 3 ' nionic formis then added to a
solution of the conmpound 0O o R ]VYerGY)i|1 an aprotic
pol ar "sol vent. The bri dged Iig f SR separated by genera
procedures known in the state of wt. limtative exanpl es of
aprotic polar solvents which can be used in the above process are

t et rahydr of urane, di net hoxyet hane, diethyl ether, toluene and -
di chl oronethane. Not limtative exanpl es_of ol ar solvents suitable for

t he above process are pentane, WO 99/ 24446

PCT/ EP98/ 07034 benzene. Dur P e ess, th enperature is
preferably kept between -180[eN ; 8

between -20[err]C and 40[err] C Q -carXilon of the bridged |igands of
formula (1V), when the group Ais different fromthe group Cp, can be
carried out by reacting an anionic salt of a conpound of fornula (V) or

\(/\/>1hfe21b\rllvI LQW%II?#?;? #’fg:ﬁ%%ha@]ﬁf% dg%%?are d’by bcgg%oggécg?l%é)’ ]
z
2 compouarah BEipeA b At S PRI SR, A SRsFaE WA SAPORIA S

and
' formula (ZR' ), W,, wherein Z, R!, m and n are defined as above and the substituents W,

same or different from each other, are halogen atoms or tosylate groups. Non limitative
examples of coﬁmpounds of fonnpla | (ZR.’,,,),,W2 are  dimethyldichlorosilane,
dﬁmmmﬂdkmknoéhmc,dkmﬁhykmﬂﬂonugrnmnhnn,2;Ldkhkuppnmmneand‘L24ﬁbnxm}
ethane. |

The synthesis of the above bridged ligands is preferably carried out by adding a solution of
‘an organic lithium éoﬁ:pound in an apolar solvent to a solution of the compound (V) or (V°)
in an.aprotic polar solvent. The thus obtained solution containing the compound V) or (V")
.in the anionic form is then added to a solution of the compound of formmia (ZR.,,,),.,W2 in an
aprotic polar Sf)lvent. The bridged ligand can be finally separated by general procedures
known in the state of the art.

Not limitative examples of aprotic polar solvents which can be used in the above process are
tetrahydrofurane, dimethoxyethane, diethylether, toluene and dichloromethane. Not

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

15



thereafter with a conpound of forrmula MJ[err], wherein Mand the
substituents L are defined as above. Non [imtative exanples of conpounds
of fornmula I\/L&m‘d% are titaniumtetrachloride, zirconiumtetrachl oride and
haf ni um t e¥¥Q More specifically, said bridged |igan§ST4¥as/07034

di ssolved in an aprotlc pol ar solvent and to the obtained solution is added
a solution of an organic lithiumconpound in an apol ar solvent. The thus
obt ai ned %;’IEE c formis separated, dissolved in an aprotic pol ar sol vent
and there-"ar e'r added to a suspensi-on of the.conpound M4 in an aprotic

pol ar sol er1t e end of_ the reactlon h@ﬂ ol i d aroduc btained is
separ at e &’E?qe%m?meéa $ prafera sédnﬂlg 0f G eand
state of the art “limtative exarrpl es of aprotic poI ar sol vent s

sui tabl e morepmfcrahiwbemaspe%&iam&%&ses are tetrahydrof urane, _
di net hoxyet hane, diethylether, toluene and dichloromethane. Not limtative

exanpl es phe ﬁ%h%oﬁ‘?if\tﬁé‘bﬁ l’i of vl Ovifiel? $RCE&DEP A & diffeteal from
hexane and benzene. During t ol e process, he terrperature Is preferably

kept between -18Q[ er [r nd t n. -2 rr]C
ang 40] em&f 8{> agbeg%fg%ig%teby }egttm% i ditdric E’aﬁﬂ gg)mf{ounﬁ 0 ormula?{'fe ]
PCT/ EP98/ 07034 The met al | ocene conpounds of fornmula (1), wherein n = 0 and

r = 1, cafVhavigyapthstamtadAgseuR.i ng t he anions of the |igands Cp and Avwith
a tetrahalide of the metal M(i.e. MJ[err]), Mand L having the neanings

reported Thevetaleent conpdunds off formgula {)) when auis differens fiof0l md0isvENéan be
Met al | ocene corrpounds of forrrul a (1) according to the present invention

mg: gi:]gna?f n of t he cor r pon gé(pﬂ?ﬂﬁa%oce g) E’H s in l%\/\ﬁseﬁg%g

oP o SO SeRap e G 0t ) o e bt 28,

the thereafter with a compound of formula ML,, wherein M and the substituents L are defined as
above. Non limitative examples of compounds of formula ML, are titanium tetrachloride,
zirconium tetrachloride and hafnium tetrachloride.
More specifically, said bridged ligands are dissolved in an aprotic polar solvent and to the
obtained solution is added a solution of an organic lithium compound in an apolar solvent.
The thus obtained anionic form is separated, dissolved in an aprotic polar solvent and there-
after added to a suspension of the compound ML, in an aprotic polar solvent. At the end of
the reaction, tﬁe solid product obtained is separated from the reaction mixture by techﬁiques
commonly used in the state of the art. Not limitative examples of aprotic polar solvents
suitable for the above reported processes are tetrahydrofurane, dimethoxyeﬂlane,
diethylether, toluene and dicﬁlo_romethane. Not limitative .examples of apdlar 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.
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presence of a suitable hydrogenation catalyst such as PtQ2, and hydrogen.
Hydrogen pressure is preferably conprised between 1 and 100 bar, .and the
t enper at ur SVOIBABer abl y conpri sed between -50 and 50[ err] C. PEREPIEP70B4 a5t
one L substituent in the netall ocene conpound of formula (I) is different-
fromhal ogen, it is necessary to substitute at |east one substituent L in

t he obt ai ged t.al l ocene wit | east nangt her subsgtituent  different fraom
nal ogen. B¢ Meirs0T Eoapbis, 3 fopRlR F Rt 20Dy R 1 b B% bkaarec Y
the state of the art. .For exanpl e, -when the substituents L are alkyl '
groups, t Keacting he adonscef hedigands Epand A Withha tatvahialideefibe matalMi Ges ML), M
(Gignard reagents) or with |ithiunmal kyl conpounds. A further object of :the
present i and® Tt havingsthe mednidgsstepbried taboveyosaidraedction ibeingotarpiedl dutSin a suitable
conprising the reaction product between: (1) a netall ocene conpound of

formul a (Eélv &ptionally as a reaction product with an organo- al um num
conpound O 7ot mul a AlR err] or Alferr]Rerr], in which the substituents

Rlerr], sane or different, fraom each_ other, have the negani ng of err] or
are hal ogdietalipggne mpgwdawﬁmtﬁ@, 3pEording toyhe nrea%meapgnmpgr[eah&p and A
or gano- al um num conpound of formula 17 WO 99/ 24446

PCT/ EP98/ aropartiallyRhydrdgenated)| daarbe] s¥fitably] prepared hybisdrogenation 8 ther ortexponding

t he neani ngs reported above, or one or nore conpounds capable of form ng an

al kyl et yldAfRER EtipOinds THWHER CPAREopEAATIPA cOREGIRNS td 2rmkdd A or AT).

obtai ned by reacting water with thé organo- al um numconpound of formnula
A R err] rr]l Rl.err wth th ondition t at | east, one r} i
not hal oggﬁgiiﬁ?%%@gﬁéwﬁem ‘F&F&rqﬁ'i lgsaoﬁmtgﬁ%vﬁé’iv@“? [ lfﬁ‘é ?g[a@;i %ﬂ\'ﬁ“s
~conprised between 1:1 and 100:1. The nolar ratjio between al um num and the
netal of DFrseneeofia Butahle hydrogsaprionseatalystispele as PtO,, and hydrogen. Hydrogen pressure

is preferably comprised between 1 and 100 bar, and the temperature is preferably comprised

between -50 and 50°C. |

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

halogen, it is necessary to substitute at least one substituent L in the obtained metallocene

with at least another substituent different from halogen. Such a substitution reaction is

cArriéd out by methods known in the state of the.' art. For example, when the substituents L

- are alkyl groups, the metéllocene_s can bel reacted with alkylmagnesium halides (Grignard

reagents) or with lithiumalkyl compounds.

A further object of the present invention is a catalyst for the polymerization of olefins

comprising the reaction product between '

(1) a metaltocene compound of formula (I), optionally as a reaction product with an organo-
aluminum compound of formula AIR’, or A1,R’,, in which the substituents R’, same or
different from each other, have the meaning of R* or are halogen, and;

(2) an alumoxane, optionally in admixture with an organo-aluminum compound of formula
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about 10:1 and about 5000:1, and preferably between about 100:1 and about
4000: 1. The al unoxane used in the catal yst according to the invention is
bel i eved t i near, branched or cyclic conpound, contai gj st
one group .g{‘&ﬁ@%@pe: [err] wherein the substituents R err] ?bgg&rg&%')rﬁ?

different fromeach other, have the neaning of° Rlerr] or are a group

-0-Al(Rlerr])[err]. Exanples of al unoxanes suitable for the use according
to the presesiR’j v ALR Ofhe atbstitiingy REhaviix tHeemédviiigs. repGrdabove) BF BB more
(TIBAO and tris(2,4,4-trimethyl-pentyl)- alum noxane (TIQAO . M xtures of

o co BRSO MY Grar i 15, TR
A1 (G e 11 et pScds bt B o b eaing s Wi . e
Ch

e
[err]CMvel[err])[err], AI(CHerr]Si M[err])[err], Al(Me)[err]iBu,

) [ er alxmtinumichnpound ef formulal AIRYj @UuALRBYs withAhg sdndition thatBu least one R? is not
ylerr]d, A(Et)[err]d, AEtCd[err], Aferr](Et)[err]C[err], whérein
Me=net hyl paibhert th)this cadd) the ffolititktios of RYwak it readsion is HRpIREd Hétdien 1:1
PCT/ EP98/ 07034 Anpbng t he above. nenti oned al um num conpounds,

tris-(2,4 4-?Wethyl -pentyl)alum num (11 QA), trimethylalum num (TMA) and
triisobut hum (TIBA) are preferred. Not limtative exanpl es of
conpounds_able to forma netal | ocene_al kyl cation are conpounds of fornula
J+K[ er r | , Thm aclamratiocdhetyesnsalyminusn 9nd thexetal of fhe-metaligeens iy comprised between
react irreversibly with a substituent of the conpound of formula (1) and

Kl err] i sabout d0adnddbounsodnn], amki prefeshkbiys betoieex alsout i100:leand\wbout1009:1abl e t o
stabilize the active catalytic species which originates fromthe reaction

of the twyneQRRAKALES 1388 N BathlysShdcotdihg 16 Itile hiRhtich iCbAfeve®4S be a linear,

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

Al
Al
Al
A

(.
(
(
(Me
(Me
=ne

R, RS
Al—0—AK
R8’ I -

wherein the substituents R®, same or different from each other, have the meaning of R* or

are a group -0-AIR®),. |

Examples of alumoxanes suitable for t,he. use accordihg to the present invention are

methylalumoxane (MAO), isobutylalumoxar# (TIBAO) and tris(2,4,4-trimethyl-pentyl)-

aluminoxane (TIOAO).

Mixtures of different alumoxanes are suitable as well. Not  limitative eXamples of .
 aluminum compounds of formula AIR’; or ALR’, are:

Al(Me);, Al(Et),, AIH(Et),, Al(iBu),, AIH(@iBu),, Al(iHex);, AICH,);, AICH,CH,),,

Al(Ch,CMe,),, Al(CH,SiMe;);, Al(Me),iBu, Al(Me),Et, AlMe(Et),, AlMe(iBu),,

Al(Me),iBu, Al(Me),Cl, Al(Et)2Cl, AIEtCl,, AL(Et),Cl;, wherein Me=methyl, Et=ethyl,

iBu=isobutyl, iHex =isohexyl.
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to be renoved froman olefinic substrate. Preferably, the anion Klerr] :
conpri ses gne orﬁggre boron atons. Mrre preferably, the anion é{‘erﬂl IS an
ani on of ;N%OP%{? a BAr[err], wherein substituents Ar, sane BPIFEP¥N:
fromeach other, are aryl radicals such as phenyl, pentafluorophenyl, )
bis-(trifluoronethyl)-phenyl. Particularly preferred is the tetrakis-

pent af | uoagRIBNIe- Ave! Renddtel NALARARY coRiPBRNI Striﬁi(lﬁ%mﬂﬂ@fl?ﬁ%gﬁ%@g@ﬁg‘#

suitably used.” The catal ysts of the present iInvention can a

an. i nert Dar t .. b eposi ti t.he netal.l ne .co 1), or .the
reaction @ﬂ@f@hinﬂF&Wﬁ%m "Pﬁ?&@g@ﬂ Sﬁ'@H@ﬁﬁ”P?ngRﬁﬁggiﬁ%ﬁéﬁ@nfgj, or the
conponent _(2) and_successively the netal |l ocene conponent (1), on the inert.
support, NotHlimiative iexamp&suﬂfl Fempsundse abledito | foymb an metadlosenso |k r eation are
pol yet hyl ene. The solid conmpound so obtained, in conbination with further

addi ti on edmpdinds lof Yornmila ITKY WiResinJbicla Brorsusiacd, ablectongivd & Protbh Andes Riact

is usefully enployed in gas phase polynerization. The catalysts of the -

bresent | SR 67 aASAAR FIGOUSIIoURESE foBmlBT fid RORSL MBS Lty O

C

ol ef i ns. ere a further objec nN1s a proc
pol ymeri zation of olefins, conprjsing . the pol ri.zation reaction of at,
| east one""g‘ll ﬂﬂ?scn%ﬁﬁmn#%n@g@iplse%@ﬁé@ 96484 76 they activeeatalytic, species Mhjch; .

19 WD 99/ 24446 _ .

PCT/ EP98/ oniginates\imm ithe reaetiprnofise aivoaompeundsgnuuwhichfis Sufficiently (dbile tofbe ablen
n=1 and the group A is a non-substituted cyclopentadienyl group, the

obt ai ned {£pe rebedd froltf IR RRIHHHE sFosiake Meflf Ngh' AtdnYKS ¥oiHpiided Wnk Cor more

structure. Alternatively, when is used a metallocene of fornula (1), _
wherein ng n he group A i.s a_substituted cycl opent.adien QMP, . 1 he.
obt & ned PRI Sobe A Brsfisafly e BhiobokL i o ol OF bR by B b
catal ysts of the present invention can be used in the honp-pol ynerization
reacti on Sybstituents Ar, same or different from each other, are aryl radicals such as phenyl,

pentafluorophenyl, bis-(trifluoromethyl)-phenyl. Particularly preferred is the tetrakis-
pentafluorophenyl-borate, Memore, compoﬁnds of formula BAr, can be suitably‘. used
The catalysts of the present invention can also be ﬁseci on an inert support, by depositing the
metallocene comﬁonent (1), or the reaction product 6f the metallocene component(1) with
component (2), or the component {2) and successively the metallocene component (1), on the
inert support, such as silica, alumina, styrene-divinylbenzene copolymers or polyethylene.
'i‘he solid compound so obtained, in combination with further addiﬁon of the alkyl aluminum
compound as such or prereacted with watér, is usefully employed in gas phase
" polymerization. | |
The catalysts of the present invention can be advantageously usg:d in homo or
copolymerization of olefins. Ther_efore, a further object of the invention is a process for the
polymerization of olefins, comprising the polymerization reaction of at least one olefinic

monomer in the presence of the above described catalyst.
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ol efins, preferably of ethylene for the preparation of HDPE, or of

[err]-ol efins, such as propylene and 1-butene. In ethylene pol ynerization,
t he netallqﬁégiga the invention show excellent activities gyefppaRFssed
in very. |l ow rati os. Another interesting use of the catalysts _

according to the present invention is in the copolynerization of ethylene

with higher olefins. In particular, the catalysts of the invention can be

used for WWierpiseysedai mmlloéede%@ouiﬂ@f&bﬁa@p@tmﬁn&a#hlaﬁﬂ the grovbt Kiipad
have a density _h| gher than 0.9 g/m and very | ow xyl ene sol ubl e

o tho f ofBmS 8&?@@%@&“&#“? oy g Dol Rt MRS Rt e

10 carbon atons, ¢l ool efi ns es of hese olefins are pro erne
1- but ene, PF‘}?@HP@%B’ sﬁ#ﬁﬁ%ﬁﬁ@%ﬁtéﬁ%@%@ gn isused; 2 metallocene@f n&
1- dodecene, 1-tetradecene, 1- esadecene, 1- oct adecene, 1-ei cosene,

al | yl cycl ¢hewherein ayel ap:kﬂleegueuposlds olsahstinated rcyclbpenmlimy’mgdoup, the obtained c-

4, 6-di met hyl - 1- hept ene. The copol yners nay al so contain snmall proportiohs

of units g, ﬂn"ﬁd]ﬂoﬁcf 3% edE'S%“"fcﬂc t%&ul ar fromstraight or cyclic,

conj ugat e non “conj ug I enes, such as 1 4 hexadlene | soprene,

1, 3- but adi di ene _and 1, 6- hept adi e units derivin fro
Lerr]-ol efﬁ%séaaw}mp F 46, it RyentiaR, can, olFFfation JApction of
pol yenes are present in the copol yners preferabl |n anounts ranging from1l

% to 20% lojefing, preferablio/of sefidene for the preparation of HDPE, or of a-olefins, such as
PCT/ EP98/ 07034 nole. The catal yst of the invention can also be used for the

prepar at i @popyle rié'éﬂtp-ﬁﬁfeh& IRQRRNHPpSlyRErifiion! R3S metdidcéiRE bF 1Rl ﬁ%ﬂiﬁm‘%fhow

formul a [ err] =CHR, R havi ng the neani ng reported above, optionally

cont ai ni ng At i i d m pol yenes. The saturated
el ast oneri é&z‘,{%ﬂ%} %eg e&ﬁ‘ﬁaﬁ%ﬂf‘g e‘{“FPE and [err]-olefins and/or
non

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. The LLLDPE copolymers which are obtained

have a density higher than 0.9 g/ml and very low xyiene -seluble percentages. |

Suitable olefins to be used as comonomeré 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, cyclehexene, norbornene and 4,6-dimethyl-1-heptene.

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

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

hexadiene, isoprene, 1,3-butadiene, 1,5-hexadiene and 1,6-heptadiene.

The units deriving from a-oleﬁns of formula CH,=CHR, frorﬂ cycloolefins -and/or from

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



conjugated diolefins able to cyl opolynerize. The unsaturated el astoneric
copol yners can contain, together. with the units deriving fromthe :

pol yneri zatWen9B#446t hyl ene and [err]-ol efins, also snall propBETESPEO7934
unsaturated units deriving fromthe copol ymeri zation of one or nore

pol yenes. The content of unsaturated units is preferably conprised between
0.1 and 5% weight. Non |[imtative exanples of suitable [err]-ol efins
conpri se ﬂ%g | ene, 1-butene and 4-nethyl-1- pentene. Suitable non
conjugated diol efins able to cyclopolynerize conprise 1,5-hexadi ene,

1, 6- hept adihesatalysg of thesinnention @nialsasbe Bed forighe prepamation o elastomsric sopolymers
sui tabl e pol yenes are: (i) pol yenes able to give unsaturated units, such
as: - | i nefiethylént- withj dwoiifing ofi fonaala CHe:CHR,I RAhivingn diecinearting #6ported above,
1, 4- hexadi ene ci s, 6-nethyl- 1,5-heptad?ene, 3,7-dinethyl-l,6-o§%adiene and

11-net hyl - 1..10-40 adi , | i i . _
cis-1,5- C@P%%a%%ﬁﬁhgmweﬁ#@b%ﬁ%@ é’&f gﬂge&§ bi cyclic -
di ol efins, such as 4,5, 8, 9-tetrahydroi ndene _and 6 and _7-nethyl-4,5, 8, 9-

t et rahydr mhﬁdi?ﬁ%!?ted clastIpgric mpmﬁsi@emm&mqumﬁm ¢plefins and/or non
5- et hyl i den- 2- nor bor nene, 5-isopropyliden-2- norbornene and

exo- 5-i sopbfjugied -dolkfinhd ableeecylopdlohefiyes. | The GinsdtariatedSelastoiBbrie e ers can
dicyclopentgﬁgene, tricyclo-[6.2?€.O[err]]4,9-undecadiene and ngoynbm)
99/ 24446 . . - s S Pog/

he. 4. ot SOFiRe S0gether with the uolts deriving from the polymecizaton of elfylere'aif &-Cfbf,
cycl opol yneri ze, such as 1.5-hexadi ene, 1,6- heptadiene and -

2~ et hyl - 21s9_$realh prepestions of ynsayupied Al deriviag from e eepolymerigatian of ene or

i soprene. '

more polyenes. The content of unsaturated units is preferably comprised between 0.1 and

5% by weight.

Non limitative examples of suitable a-olefins comprise propylene, 1-butene and 4-methyl-1-

pentene. Suitable non conjugated diolefins able to cyclopolymerize comprise 1,5-hexadiene,

1,6-heptadiene and 2-methyl-1,5-hexadiéne. o

Non limitative examples of suitable polyenes are:

(1) _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-dodecadiere;

monocyclic diolefins, such as cis-1,5-cyclooctadiene and S-memyl-l,s-cycloocmdiene;

— bicyclic diolefins, such as 4,5,8,9—tetrahydr9indene and 6 and 7-memyl4,5,8,9- |

~ tetrahydroindene;

—~ alkenyl or alkyliden norbornenes, such as 5-ethyliden-2-norbornene, S-isopropyliden-2-
norbornene and exo-5-isopropeﬁyl-2-norbomenc;

— polycyclic diolefins, such as dicyclopentadiene, tricyclo-[6.2.1.0*7]4,9-undecadiene and
21



Anot her object of the present invention is a process for the polynerization
of propylene carried out in the presence of the above described catalyst. A
further in%gﬁd’_‘gg_ use of the catalysts according to the pr wwyﬁ tion
is for the préparati on of cycloolefin polyners. Mnocyclic and polycyclic
ol efin nmonomers can be either honopol yneri zed or copol ynerized, also with
| i near ol efin nononers. Polynmerization processes according to the present

i nvention cgie el defivhtiveithdrBofgaseous phase or in |iquid phase,
optionally in the presence of an inert hydrocarbon solvent either aromatic

(such as @l ue ' LG . ne, '

| sobut aneh?nd gé%f%rﬁg%agénde@% a%%lth)g/ E&?ﬁg&éﬁgﬁ%‘?gu n%gésg?%hg%‘g&%r nge'r ably
ranging fromapout Oferr]Ct 0 280[err]C. In particular, in the
processes for g%a%?&epm@- ﬁlyg-g,ﬁu%mggkg LLDPE, it is preferably conprised
bet ween 20[err]C and 150[err]C and, nore preferably between 40[err]C and
90[ err] C, (iiiher earjugated dienesp sunheasdiutatiiensfant isopednest oneri ¢ copol yners it is
preferably conprised between O[err]C and 200[err] C and, nore preferably’

bet ween, 2Qlnpiiel Gris! ckABE ekl imtBRIG IS Pratest T e BélyRRRRY B bropiRe °°

vari ed by -changi ng the pol'ynmeri zation tenperature, e or t
concentration.of the cata by.usi ng nol ecul ar wei ght
t lyeL
ht

| yst. .conponent s..or.
regul atorgz,m'ﬁeﬂcﬂq 2 ;Pc‘j?s ‘?ftﬁﬁgg?";f es?rﬂgp Stat al ysts of the invention
are ‘sensitive to hydrogen as a nol ecul ar wei regul ator is unexpected in
vi ew of t e famker interestingf usehef the watlystsaaccording teothei prasestitinventiph dis pfoe stbeice
of a netall ocene conpound according.to the 22 WO 99/ 24446
PCT/ EP98/ grépatutiont eficyciodlefid poBaters.t Monbyydliogaid pelfcytlic afléft monbnefecan be

nol ecul ar wei ght of the obtained polyners, even if used in relevant.

amount . Hifier kil ierBh P boptishbdiid! bRB wil{ikr YREh Hodbindis N9 M Xt ures
Polymerization processes according to the present invention can be carried out in gaseous
phase or in liQuid phase, optionally in the presence of an inert hydrocarbon solvent either
aromatic (such as toluene), or aiiphatic (such as propane, he@e, heptane, isobutane and
cyclohexaﬁe). | | |
The polymerization temperature is preferably ranging from about 0°C to about 250°C. In
pérﬁéular, in the processes for the prepar.ation': 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 lpreparation of the elastomeric copolymers it is prefei'ably comprised between
0°C and 200°C and, more preferably _between 20.°C and 100°C.
The molecular weight of the polymers can be varied by changing the polymerization
temperature, the type or the concentration of the catalyst components or by using molecular
weight regulators, suckh as hydrogen. .The fa'_:t that the catalysts of the invention are sensitive

to hydrogen as a molemxlar weight regulator is unexpected in view of the fact that, if the

polymerization is carried out in the presence of a metallocene compound according to the
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or by carrying out the polynerization in various steps differing in the
pol yneri zati on tenperature and/or in the concentration of the nolecul ar
meight.regﬁﬁ%ﬁ%ﬂ“ﬁs The pol ynerization yield depends on the pHFF o§p7034
netal |l ocenes in the catalyst; the netall ocene according to the present

I nvention may be used as such or may be previously subjected to

puri fi catgq B P60F Y08 Catﬂfé]af;} me/nb Egsﬁ'nﬁéﬁcgﬁémm Swiiefit Bfge&%nx@

t he conponents of re conta a

pol yner i i on The I S eneraIIy conpri sed betmeen 1 and 60

M nut es, EﬂtlgPE‘FSaSY%P ‘?1£ %%&‘ﬁ nutes. The pre-contact
concentrations for the netallocene conponent (1) are conprised between

10[ err] oFhe mofeenlal waightdistribationaeanf be varied byousing enixtufes) oft differeat metatiogenes ed
between 10 and 10[err] nol/|. The precontact is generally carried out in

the presegc eyOtardyifly Gu odE Dlymetizeioh B YarioR! bepa|ditferi) i RS oym&%ﬁm?f

nonomner . The fol 'owm ng exanples are reported for illustrative

oper a1 orEBAFRLE Bha/sF FRIHE bR oLt Bl RV EN TR cn enic 1 ne

t echni ques. Solvents were distilled fromblue Na-benzophengne ketyl
(Et [ err] Ofhe olyrasrization yisky depends pn the mmitiypE astaloneBessda r the netalystn dhe
stored under nitrogen. BuLi (Al drich) was used as received. The [err] H NWR

anal yses mitallotenk| aecondasy @nthel present nvention oy beetseduds suthaor mey 8 previbadly
spectronmeter (CD{err]d[err], referenced agai nst the m ddl e peak of the

triplet o &]—%H -at 5.35 ppm. AI I NVR sol vents were
dried oveéru i’e{}er r?a er rii an t| | ed before use. WO 99/ 24446
PCT/ EP98/ Q703

Pre arat on of thes scrrled out under nit
usi ng st Fé ’Pﬁsﬁ%@-}% %ﬁés‘“ﬁe tﬁe components of the cata{ysg

contacted among them before the polymerization. The contact time is generally comprised

between 1 and 60 minutes, preferably between 5 and 20 minutes. The pre-contact
concentrations for the rﬁetallocene co@omnt (1) are comprised between 102 and 10 mol/l,
whereas for the component (2) they are comprised between 10 and 10 mol/l. The precontact
is generally carried out in the presence of a hydrocarbon solvent and, optibnally, of small
amounts of monomer.

The following examples are reported for illustrative apd not limitative purposes.

GENERAL PROCEDURES AND CHARACTERIZATIQNS

All operations were performed under nitrogen by using conventional Schlenk-line
techniques. Solvents were distilled from blue Na-benzophenone ketyl (Et,0), CaH, (CH,CL)
or AliBu, (hydrocarbons), and stored under nitrogen. BulLi (Aldrich) was used as received.
The 'H-NMR analyses of memllocenes and ligands were carried out on an AC200 Bruker
spectrometer (CD,Cl,, referenced against the middle éeak of tfn: triplet of the residual

CHDCI, at 5.35 ppm). All NMR solvents were dried over P,0; and distilled before use.
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The [err]H-NVR and [err] CGNWR anal yses of polyners were carried out on a
Bruker 400 MHz instrunent. The sanples were analyzed as solutions in
tetrachl or odi deut er oet hane at 130C. The intrinsic viscosity r _;“dl /9)
was neasur@P IR ralin at 135[err]C. The nelting point Tm %ﬁh"}’&? 3hd
[err]H (J/g) of the polyners were neasured by Differential Scanning .
Calorinmetry (DSC) on a DSC-7 apparatus of Perkin Elnmer Co. Ltd., according -
to the'fo | [ | isfhakd .
pol ymer i zg%@aﬁnﬂ%le‘% eg’?{ggktsﬁ% err?%%;%eﬁ%gﬂs%gﬁﬁ?%‘g speed%g\ﬁmts%here _
20[err]C/m'ﬁu.t e'i t he sanple was kept at 180[err]C for 5 m nutes and

t her eaf t ef®% oled with a scanning speed equal to 20[err]C/ mnute. A
second scanning was then carried out according to the sane nodalities as
the first ToadH-NMR apd 5iG-NMR analysesaofopolymersnweretarriechout om at Braker 400 MHz
scanning. The density (g/m) was determ ned by.imrersion of a sanple of

extruded gREQMEHE THe samples wei® atdlyedas doRtibhy ingeasihiitbdideerodtiage h01307€,
ASTM D- 1505 nethod. I n the copolynmers according to the present invention,

t he produ . | A | *ﬁﬁ-h]. ﬂiﬂ? | derr] is the

reactivi t%%@fﬁ%@%yymkéféﬁsﬁe at 13 e %%kg%%,éwas cal cul at ed
according to the fol |l ow. ng formula: Berr] wherein f is the rati o between
nol es of dhayneltsg peintsTmA(IC8pd ARU/g) ofythe polymess were measered dyoDiffesentiabnd

c is (PPP+PPE)/ EPE. The anount of conononers (%w.) in the copol yner was

det er m ne8cdiningRChRAMMEHEUESC) dica DICH iappinitus 'of Petien Ehaer o Eitd.] acobdding to

determ ned according to the follow ng nodalities: about 2.5 g of polyner

and 250 mucOforioiifg proftreP 856010 T of Rfie Bbia B drich Ak RS oiighe 24

WO 99/ 2444¢
00l e _ang e | e PSR ki of st Sy 09l e i S ThAY

~ for 5 minutes and thereafter was cooled with a scarming'speed‘equal to 20°C/minute. A

second scanning was then carried out according to the same modalities as the first one. The
reported values are the ones obtained in the second scanning.

The density (g/ml) was determined by immersion of a sample of extruded copolymer in a
column with a density gradient according to tﬂe ASTM D-1505 method. |

In the copolymers ac;:ording to the present invention, the produd of the reactivity ratios 1,T,,
wherein r, is the reactivity ratio of propylehe and r, that of ethylene, was calculated
according to the following formula:

| I, XTI, = 1+ fx(c + -+ DX + D)~

wherein f is the ratio between molés of ethylene units and moles of propylenic units in the
copolymer, and c is (PPP+PPE)/EPE. |
The amount of cbmonomers (%wt.) in the copolymer was determined.by IR techniques.

The solubility in xylene.at 25°C was defennined according to the following modalities: about

2.5 g of polymer and 250 ml of xylene were placed in é round-bottomed flask provided with
24



135[err] C and was kept under stirring for about 60 m nutes. The m xture was
allowed to cool to 25 [err]C, under continuous stirring; then, it was
filtered off, AR ?éfter evaporation of the solvent fromthe fpti/mrosoressil

t he obt-ai nrrent of a constant weight, the weight of the soluble portion was
cal cul at ed. PREPARATI ON OF COVPOUNDS OF FORMULA (V) or. (V) Example 1

Synt hesi s of 5, 10-di hydroi ndeno[ 1, 2-b]indole of formula (V), wherein X=
N-H, Y i codlefiandlreflio 6ondenter| kiptanseRnitrogen! Thenthuscabtained axixines was deated to
and a=0 The N-H inden0| ndol e was prepared as described by H Armt and

R. Robi
R RODI NSofystg anfi\GHR Kchpinder SRS abB6FY Hified THefixhie WAlallGwid R5 4R

N- et hyl 0- di hydr oj n eno i ndol e .of Y
is a si ng@se%b 1y saﬁﬁ%r 'e"BF? 1 g tte E@ﬁqiﬁg@a&%@v Séée%h‘%%b
In a 0.5 1 bulb were pI aced 100 M 50% aqueous NaOH,- 100 m benzene

(28 mmol )foémihd Giltditt patibthechbtaifthers- of| 4 constant w@}saﬂmwmhttqfethasahbkepomoq 8
mM (28 nmmol) of Mel and 0.5 g of trimethylcetyl anmmoni um bronide. After

havi ng styid &fadifteq.obt ai ned mixture for 2 hours, the formation of an

organi ¢ phase was observed; said phase was separated, washed twice with

vater (1900go) el 6 AUFPOBRBY OF FORMULIDE ol e 0l vent, the

resi due
PCT/ EP98/ 07034 was recrystallized fromethanol, obtaining 5.3 g of
N- et hy! -Exammpleihydr oi ndeno[ 1, 2- b]indol e(yield = 84%. [err]H NVR
(codAferr]): 7.65-7.10 (m 8H), 4.03 (s, 3H), 3.68 (s, 2H).
Synthesis of 5,10—dihydroindeno[1,2-b]indole of fox_'mula (V), wherein X= N-H, Y is a

single bond, R?and R® form a condensed benzene ring and a=0

The N-H indenoindole was prepared as described by H. Armit and R.Robinson (J. Chem.

Soc., 121:835), according to the following reaction scheme:

o 2,

Example 2

Synthesis of N—methyl—S,10-dihydroindeno[1,2—b]indele of formula (V), wherein X= N-Me,

Y is a single bond, R?and R® form a condensed benzene ring and a=0

In a 0.5 1 bulb were placed 100 ml 50% equeous NaOH, 100 ml benzene, 6.1 g (28 mmoDof
5,10-dihydroindenof1,2-blindole, prepared in the Example 1, 1.8 m! (28 mmol) of MeI and
05 gof trnnethylcetylammomum bromide. After having stirred the obtained mixture for 2
hours the formation of an organic phase was observed said phase was separated, washed

twice with water (100 mi) and dried over N3,S0,. After removal of the solvent, the residue
25



- Exanpl e 3 Synthesis of N-phenyl-5, 10-di hydr oi ndeno[ 1, 2-b] i ndol e of fornula
(V), wherein X = NPh, Yis a single bond, Rerr] and Rerr] forma '
condensed benzene ring and a=0 N-Ph i ndenoi ndol e was synt hesi zed accardi ng
to the fol.IV¥ ?{6‘“? action schene: [err] In a 0.25 1 bulb vvere‘; TERI8(p7434 g
(70 mml ) of N, N-di-phenyl hydrazine, 9.2 g {70 nol) of 1-i ndanone and the
solution obtained by mxing 5 mM 96% Herr]SdJerr] in 80 m ethanol. The .

pour o | e S I B AN Saplaibg 55 O 1A 10 AisaRy 2-

hydr azi de tr th CHerr]d[err] (150 nl); the organic phase was
separ at ed bﬁﬁ?’@é"?ﬁ— ©so4 and the sol vent was evaporated. The solid

resi due-was recrystallized from heptane, obtaining 11.3 g of

N- pheny| - SHISMR EGDER)rH65T} 10 @up8H) db0 (s, PHR) 3.68 (602H). [err] H NMWR

(CDA [err]): 7.75-7.05 (m 13H), 3.82 (s, 2H). Exanple 4 Synthesis of

5, 6-di hydmag[z 1-b]Jindole of formula (V), wherein X is a single bond,
Y= NH Rerr] and R err] forma condensed benzene ring and a=0 26 VWO

99/ 24446 P93/ Q70 l‘{he
N-H i ndenGiH s e S—¢ 56 At '.'.
Chem Soc.,  121: 838) ac Ol’dl:p to t he foI I ow ng reactlon scherre [err]
Exanpl e 5 A5 Bing 3, RCaRd: In\A0TIQ aCONABNSee n“:&;;’:’*’;«.!'.!.r‘. apdi@T0dol e of fornul a
(V), wherein Xis a single

N-Ph indenoindole was synthesized according to the following reaction scheme:

)
©®H+“©

In a 0.25 1 bulb were placed 13 g (70 mmol) of N,N-diphenylhydrazine, 9.2 g (70 mmol) of

1-indanone and the solution obtained by mixing 5 ml 96% H,SO, in 80 ml ethanol. The thus
obtained mixture was heated at reflux for 4 hours and it was then poui_'ed into a solution of
7.5 g NaOH in 200 ml water.

The thus obtained hydrazide was extracted with CH,Cl, (150 ml); the organic phase was
separated, dried over Na,SO, and the solvént was evaporated. Thé solid residue was
recrystallized from heptane, obtaining 11.3 g of N-phenyl-5,10-dihydroindeno[1,2-bJindole
(yield = 60%).

H-NMR (CDCl,): 7.75-7.05 (m, 13H), 3.82 (s, 2H).

Example 4

Synthesis of 5,6-dihydroinderio[2,1-blindole of formula (V), wherein X is a single bond, Y=

N-H, R*and R? form a condensed benzene ring and a=0
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bond, Y= NMe, Rerr] and R err] forma condensed benzene ring and a=0 In a
0.5 1 bulb were placed 100 m 50% aqueous NaOH, 100 ml benzene, 6.1 g (28
nol ) of SWE $W4t oi ndeno[ 2, 1-b] i ndol e, prepared in Exanpl e P£T/E_P9810ﬁ034(28
-mmol ) of Mel and 0.5 g of trlmsthyl cetyl amoni um brom de. After having -
stirred the obtained mixture for 2 hours, the formation of an organi c phase

was observe ald se was se at ed, t e er (100 _m)
and drie &:HS ‘F? qvgqsrqrep gq)yg}i }XE“& ‘i/gzn&ﬂﬁw %p

was recrystal i zed from et hanol obt aining 4.8 g of

N- net hy| Sac. 5121 :838); atcodéing[tdthbfo]lbwﬁlgl reagtionesichieme: 7899 . [err] H NWVR
(CDCl[err])::7.85-7.00 (m 8H); 3.72 (s, 3H); 3.61:(s, 2H).  Exanple 6 -
Synt hesis of N-allyl-5, 6-di hydroi ndeno[ 2, 1-gfkpz\ndol e of fornula (V), vvherei n
Xis asing}Né"Zbond, Y =Nallyl, Rerr] a rr] forma condens

ring and a8 In a 0.5 | bulb were placed 1 50% aqueous NaOH,

benzene, 6J)1 g (28 | ) of 5,6-dihydr~|ndeno[2 b |ndole -
Exanpl e g (41 f_al 1§t -brpm nd

trimethyl | anmo m de. Afte&
for 12 27 WO 99/ 24446
PCT/ EP98/ 07034 hours, the formation of an organic phase was observed; s_ai d
phase wagx gted, washed twice with water (100 m) and dried over
Na2SO4. After renmoval of the solvent, the residue was passed through a
gg: 3?}“02’5 S Bogiltddrdi B hé‘SPfo%ﬁla(\B Wherdifl % 5 Yinpie"9
N-al lyl-5, 6 d| hydr0| nd no[23 1- b] [ ndolnséé)él eld = 37%,. [err] H NWR
(CDOl [ er bond, Y=cN-MeoR bguzene tingand a=0 1y ; 5. 02 (m 1H);
4.73 (m2H); 3.63 (s, 2H)

In a 0.5 1 bulb were placed 100 ml 50% aqueous NaOH, 100 ml benzene, 6.1 g (28 nimol)of

5,6-dihydroindeno{2, 1-bjindole, prei:ared in Example 4, 1.8 ml (28 mmol) of Mel and 0.5 g -
of trimethylcety]mnmoﬁium broxhide. After having stirred the obtained mixture for 2 hours,
the formation of an organic pﬁase was observed; said phase was separated, washed twice
with w.;vater (100 ml) and dried over Na,SO,. After removal of the solvent, the residue was
recrystallized from ethanol, obtainihg 4.8 g of N-methyl-5,6-dihydroindeno[2,1-b}indole
(yield = 78%). o |

'H-NMR (CDCi,): 7.85-7.00 (m, 8H); 3.72 (s, 3H); 3.61 (s, 2H). .

Example 6 |

Synthesis of N-allyl-5,6-dihydroindenof2,1-bjindole of formula (V), wherein X is a single

bond, Y = N-allyl, R®and R form a condensed benzene ring and a=0

In a 0.5 1 bulb were placed 100 ml 50% aqueous NaOH, 100 ml benzene, 6.1 g (28 mmol)qf
5,6-dihydroindeno[2,1-blindole, prepared in Example 4, 5 g (41 mmo}) of allyl-bromide and

0.5 g of trimethylcetylammonium bromide. After having stirred the obtained mixtre for 12
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Exanmpl e 7 Synthesis of N phenyl -5, 6-di hydroi ndeno[ 2, 1- bl i ndol e of formul a
(V), wherein Xis a single bond, Y = NPh, Rerr] and Rerr] forma
condensed benzene ring and a=0 In a 0.25 1 bulb were placed 10 g (45 mol)
of N, N-di piwerpgl2ga8r azi ni um chloride, 6.0 g (45 mmol ) of 2-i nEenmres/eqeds 50
m of ethanol. The thus obtained m xture was heated at reflux for 4 hours
and it was poured into water; the residual mxture was extracted with
CHerr]d [err] (150 ni) and t he sol vent was evaporated. The wanted co ound
was i sol Awouts, he formation of ke erBanic PhaseWas GPEeTVed: iaish Phase Jvasnseparated, |Was
eluting with benzene/ hexane = 1:2. The resulting solution was evaporated
and tr eatteftevwvith witern(100 inth endidried obéralNa,SQy. Alfier perrovabiof dlte solvertt, theyresidnes.
Said crystals were separated, washed with hexane (10 nl) and finally dried,

55 ) e S ol g e 3
Shor oS! el bR VS AR oS 5 Bl ee@taolevﬁlgr&fle

benzene ring, a=1 and Rerr] =t- butyI 28 WO 99/ 24446-

PCT/ EP98/(giehB2 B2%)D] 16g (0.1 nol) of t-butyl-phenyl hydrazine, 13g (0. 1
nol ) of indan-2-one and 100 m of isopropanole were placed into a bulb. The
obt ai ned 'FLNMR CHTL,): 91831890 rsH :N95 ; (o, 13,18, LTFDR R0 ¢y AM)S .78 t h
a solution of 5% H 3e)rr]Sq err] in )30 m (of h@oproﬁgnolgh:nd rgfl uxed for 1
hour. Th I ture was cooled to roomtenperature and poured into
wat er . gﬁg E?? ‘was filtered, vvashed vmth water and finally dried,

t hus yield
Example 7

__"1

Synthesis of N-phenyl-5,6-dihydroindenof2, 1-blindole of formula (V), wherein X is a single

bond, Y = N-Ph, R?and R® form a condensed benzene ring and a=0

In a 0.25 1 bulb were placed 10 g (45 mmol) of N ,N-diphenylhydrazinium chloride, 6.0 g
(45 mmol) of 2-indanone and 50 mi of _ethanol. The thus obtained mixture was heated at
reflux for 4 hours and it was poured into water; the residual mixture was extracted with
CH,C], (150 ml) and the solvent was evaporated. The wanted compdund was isolated by
passing the obtained mixture through a colﬁﬁm of silicagel, eldﬁng with benzene/hexane =
1:2. The fesulting solution was evaporated and treated w1th 10 ml of hexane, obtaining the
precipitation of crystals. Said crystals were separated, washed with hexane (10 ml) and
finally dried, thus yielding 5.4 g of N-phenyI-S ,6-dihydroindeno[2,1-blindole (yield =
45%).

'H-NMR (CDCL): 7.95-7.15 (m, 13H); 3.81 (s, 2H).

Example 8

Synthesis of 2-t-butyl-5,6-dihydroindenof2,1-blindole of formula (V), wherein X is a.single

bond, Y = N-H, R?and R® form a condensed benzene ring, a=1 and R* = t-butyl.
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18g of 2-t-butyl -5, 6-di hydroindeno[2,1-b]indole (yield = 69%. [err]H NWR
(CDCl[err]): 8.04(bs, 1H); 7.88(s, 1H); 7.71(d, 1H); 7.42(d, 1H);. 7.38(t,
1H); 7.32(deo 9biadas7. 28(d, 1H); 7.12(t, 1H); 3.65(s, 2H); 1.4HcIVESS7034
Exanpl e 8-bis Synthesis of 2-nethyl-5,6-di hydroindeno[ 2, 1-b]i ndol e of
formula (V), wherein Xis a single bond, Y =NH Rerr] and Rlerr] forma -
condensed benzene ring, a= 1 and Rerr] = nethyl. [err] + Me 12.2g (0. 1nol)
of p- Me- phenyINh drazine, 13g (0.1lnol) of indan-2one and 100nm of tBu

1 hour; the Im xture s then treated drovm se with a sol utlon of

H err]Sd e i g3 ' pm_p_a_n xed for 1 holi*r. T
wat er and@ally drled .

m xture wa ol ed m t enper atldy

precipitate s filtered, washed Wlt

WO 99/ 24446 tBu PCT/ P98
obt ai ni ng 19. 3g of 2-nethyl -5, 6-di hydroi ndeno[ 2, 1-b] i ndol e (yield= 88%

[ er r] ';‘ y’i\ﬁtég% [rﬁéﬁ]zt%f t—ﬁu%ﬂkﬁqﬂé’?ﬁzﬂe Eé_’:fgs 0. %1)73% 2}521 a@f_@(ﬂm} of
ﬁ 5m§§ ﬁy| Szismrsa : §ve§e 5 ?@b s@o@ﬁbf Fhe optainpdomixtgre vy pefluxed\fpr 1hpure fheny

is a single bond, Y= NM, Rerr] and Rerr] forma condensed benzene
ring, a=1 iamdasR;reaﬂeqi dmpwlinct yith fesohjtion of Sml H,SO, in 30 ml of isopropanocle and

refluxed for 1 hour. The resulting mixture was cooled to room temperature and poured

into water. The precipitate was filtered, washed with water and finally dried, thus yield
. 18g of 2-t-butyl-5,6-dihydroindenof2,1-b}indole (yield = 69%).

'H NMR (CbCls): 8.04(bs, 1H); 7.88(s, 1H); 7..71(d, 1H); 7.42(d, 1H); 7.38(t, 1H);

7.32(dd, iH); 7.28(d, 1H); 7.12(t, 1H); 3.65(s, 2H); 1.43(s, SH).

Example 8-bis

Synthesis of 2-methyl-5,6-dihydroindenof2,1-b]indole of formula (V), wherein X is a single

bond, Y = N-H, R*and R? form a condensed benzene ring, a=1 and R* = methyl.

_N
HN ki

+ O~ — O (5 =
HN Me

Me
12.2g (0.1mol) of p-Me-phenylhydrazine, 13g (0.1mol) of indan-2one and 100ml of

isopropanole were placed into a bulb. The obtained mixture was refluxed for 1 hour; the
mixture was then treated dropwise with g soluticn of Smi H,SO, in 30ml of isopropanol
and refluxed for 1} hour. The resulting mixture was cooled .to room temperature and

poured into water. The precipitate was filtered, washed with water and finally dried, thus
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15g of NaOH, 20 ml of water, 20m of benzene, 0.1g of

trimethyl-cetyl -ammoni um brom de, 7.8g (0.03nmol) of

2-t-butyl -5, 6-di hydroi ndeno[ 2, 1-b] i ndol e, obtai ned in Exanple 8, “and 2. 5n
(0. 04nol ) -OVOOME4M6] | were placed in a bulb. The resulting t\/\bCWBSQéWQ%tem
was stirred for 2 hours at roomtenperature and then 10 m nutes at refl ux.
The reaction m xture was then cooled to roomtenperature; the organic |ayer -

was col |l ected,. d i C d. The residue
was  eor y SPIHREdY 3% oS Rk Sebarundel ! Hindbte &@8—%8%3 |
N—rrethyl-2t butyl -5, 6-di h dr0|nde |ndole( el d=75% . [err]H NMR
( cbal [err]H~Nm1C<DCIa)|—|)8 (bGA(IH), ﬂl-l%S(szl { d.63@4) ; 1 ; 3239(d, 1HD); 7.330( dH);
AH); 7.24(d, 1H); 7.05(t, 1H); 3.72(s, 3H); 3.62(s, 2H); 1.43(s, 9H -
Exanpl e 9-72XaSYH)IEOBE, OH))NT 02 (d)VIH) 3m<bymﬁ,,2355(shsﬂr)0| ndeno[ 2, 1-b] i ndol e
of formula (V), wnherein X 30 WO 99/ 2

PCT/EPQSI%Q%Z&% a single bond, Y = N-I\/e R[err] and Rerr] forma
condensed "ben ne ring, a= 1 and R[err] = nmet hyl . I\/e [err] 45g of NaOH,
60m of w of benzene . f h ammnl um br om de
19. 3( 0. 0gyatbe cthyl :D fr-dibydroindenc)2 ole jof - wherein X -
Exanpl e 8- bi s, and 7.5m (0.12nol )" of CH[err]I wer e pI aced in a buIb The
resul tingis wosingih hend,sY s+ RiMesR3 and R2 dofmma @dntensed behzene aing, evvpk and R e=and
then 10 mnutes at reflux. Then the reaction m xture cooled to room
terrperatu g?nd filtered. The obtained precipitate was washed twice with

et hanol fnally dried, thus obtaining 18g of N
tBu tBu
CHal
——

15g of NaOH, 20 ml of water, 20ml of benzene, 0.1g of trimethyl-cetyl-ammonium
bromide, 7.8g (0.03mol) of 2-t-butyl-5,6-dihydroindeno[2, 1-blindole, obtained in Example
8, and 2.5ﬁﬂ (0.04mol) of CH3I were placed in a bulb. The resulting two-phase system
was stirred for 2 hours at roem fempe'rature and then 10 minutes at reflux. The reaction
mixture was then cooled to room temperature; the organic layer was collected, washed
twice with 100ml of water and evaporated. The residue was recrystallized from
hexane/benzene, thus obtaining 6.2g of N-methyl-2-t-butyl-5,6-dihydroindeno{2,1-blindole -
o (yield=75%).
'H NMR (CDCL): 7.82(d, 1H); 7.64(d, 1H); 7.39(d, 1H); 7.32(t, 1H); 7.30(dd, 1H);
7.24(d, 1H); 7.05(t, 1H); 3.72(s, 3H); 3.62(s, 2H); 1.43(s, 9H) |
Example 9-bis

Synthesis of N-methyl-2-methyl-5,6-dihydroindenof2,1-blindole of formula (V), wherein X
30




met hyl - 2- net hyI -5, 6-di hydroi ndeno[ 2, 1-b]indol e (yiel d=88% . [err]H NWR
(CDCI[err]) 63(s 1H); 7.61(d, 1H); 7.38(d, 1H); 7.32(t, 1H);. 7.18(d,
7. 05 446 /- 03(d, 1H); 3.76(s, 3H); 3.62(s, 2H); 2.5

Exarrpl e 13"’2\/ esr s of N-methyl - 2-net hyl -1, 8-di hydr oi ndeno[% br?g%/yrrol e
of formula (V'), wherein Xis a single bond, Y = NM, Rerr]=H Rerr]=m
and a=0. [err] 9.2g (50mmvl) am noi ndanone- hydrochl oride (prepared as
r epor t edjy sthglédond ey et NaMe, F¥land RV\@raDhebhdénsed benzene ring, a=1 and R* =
PCT/ EP987 07034 Chem Ber. 29:2604-2606, 1986), 23m (200nmol
met hyl aceﬁ@ﬁetrc ester and 13.6g (100mmol) NaOQAc trihydrate were added to
100m of c acid. The resulting m xture was heated at 80[err] C under
stirring, for 3 hours. The reaction m xture was then cooled to room
tenperature; pbe precipitate was filtered, washed tMgce with 100m of
wat er, et han and ether, and was finally dried, B obt ai ni ng 6. 6g of
denopyrrole (yield=58%. 'H NVR(GR2CNYerr]): 8.40(bs, 1H):
4 37(d, 1H); 7.30(tchgH); 7.10(td, ¢ 3.95(s, 3H); 3.53(s,
J) [err] 6. 59 (2%w) of carbonet flox\k- i ndgpopyrrol e,
prepared as, N’ bove 3.6m (60mmul) of neLR /@m 30m water,

| aidns] um chl ori de
were placed intbv a b and the m xture was heated at 40C~ under vi gorous
stirring, for 3 hours. Then the m xture was cooled to roomtenperature; the-

organi ¢ RgSef WHORE BRI 60 watdte 60RhI 6F (befiBéneS VARBE' 8¢ emety1cbyl-2mhitnfim

bromide, 19.3(0.088mol) of 2-methyl-5,6-dihydreindeno[2,1—b]inddle, prepared in
Example 8-bis, and 7.5ml (0.12mol) of. CH,I rrvere placed in a bulb. The resulting two-
phese system was stirred for 2 hours at room temperature and then 10 rninutes at reflux.
Then the reaction mixture coole‘d to reom temperemre and filtered. The obtained
precipitate was washed twice with ethanol and finally dried, thus obtainin_g_ 18g of N-
methyl-2-methyl-5,6-dihydroindenof2,1-blindole (yield=88%).
lI.jI-NMR (CDCL,): 7.63(s, 1H); 7.61(d, 1H); 7.38(d, 1H); 7.32(t, 1H); 7.18(d,.1H);
7.05(t, iH); 7.03(d, 1H); 3.76(s, SH); 3.62(s, 2H); 2.56(s, 3H).
| Exa'mple 10

Synthesis of N—methyl-z-methyl-l,8-dihydroindeno[2,i-b]pyrrole of formula (V’), wherein X

is a single bond, Y = N-Me, R*=H, R3=_Me and a=0.

9.2g (50mmol) aminoindanone-hydrochloride (prepared as reported by S. Gabriel et al.,
' 31 '



was recrystallized from hexane/ benzene m xture, thus obtaining 4.5g of

N- et hyl - car bonet hoxyi ndenopyrrole (yield = 64% . [err] 5.54g (20nmol) of
N- net hyl - car borret hoxyi ndenopyrrol e, prepared as reported above, 32 WO
09/ 24446 - WO 99/24446 PCT/ EPOBERTRIGA3L 51
of methanol and 25n 37%OH were placed into a bulb and the resulting

m xture was refluxed until the solid dissolves. The resulting solution was

cooled to roomjtenp t tw ce with 50m of benzene and -
neutral iz t #ﬁyﬁé%éﬁ#‘?@%ﬂiggé, ﬁ’i’é‘ é@ﬁ%?ﬁa@@%@?% gster apd Hidqbe
with water and dried, thus obtaining 3.6g of N '

met hyl - i ndt@@mmol)oNaOAckwibydrate: wgrg addedito-18Gmbpf aceioCadidr The Feduting rnixmid
of the obtained conpound and 40 m of diglyme were placed into a bulb. The
resul ting v4SRARY ANBOYCS uh@dH firibg, #5038 HotuhsC PHedreaeidn aixthbd vak THRLESSIE fo

for 2 hours. The reaction m xture was then cool ed -to room-tenperature; the

crystalli r.ecipi e red; e ' ala) fd |-y

Gy od 1 hagoBEpRakfeS o gt GitE3Y Hphhad toAb AR 1008 o Wiler, ethanal
1, 8- di hydr oi ndeno[ 2, 1- b] p}[r role (yield=799%... [erggl—l- NVR CDCIa&er r}j): 7. 34Sm
2H); 7.20@nd athgr, sndayas finglly dgiedy (thus phyainings668, of garbometboxy-indepopyrrole
2.28(s, 3H) PREPARATI ON OF BRI DGED LI GANDS OF FORMULA (1V) Exanple 11

Synt hesi s (9feld=58%).

10-[ 1- et hyl - 1- (cycl opent adi enyl ) et hyl ] N- et hyl - 5, 10- di hydr oi ndeno [ 1, 2-

19- L e ) ! I ] N-met hy a . .
]indole Ogtl-xggzglieég%q\%m egﬁ%ﬂ o7t 1K e73nE* 18y 7308 1H); 7.10¢td, 1H);

cycl opent a ‘he” bri dgi
3.95(s, 3H); 3.53(s, 2H); 2.62(s, 3H).

" MeOOC

MeOOC
CHg

Me

6.5g (29mmmol) of carbomethoxy-indenopyrrole, I;repared as reported above, 3;6m1
(60mmol) of methyl iodide, 30ml water, 30ml of benzene, 10g NaOH and 100mg of
trimethylcethylammonium élﬂoride- were placed into a bulb and the mixture was heated at
40°C, under vigorous stirring, .for, 3 hours. Then the mixture “was cooled to room
temperature; the organic phase was separated, the solvent was evaporated and the residue
was recrystallized from hexane/benzene mixture, thus obtaining 4.5g of N-methyl-

carbomethoxyindenopyrrole (yield=64%).

MeOOC

5.54g (20mmol) of N-methyl;carbomethoxyindenopyrrole, prepared as reported above,



divalent radical is C(CHerr])[err] In a 50 m bulb were placed 1.55 g (7
nol ) of N-nethyl -5, 10-di hydroi ndeno[ 1, 2-b] i ndol e, prepared in Exanple 2,
and 10. nl. wiobor24kse i xt ure was cooled to -50[err]C and treat POT/EPHEIO3E
of BuLi 1.6N (7 mmol) in hexane. The resulting solution was allowed to warm
to 33 WO 99/ 24446

PCT/ EP98/ 07034 room t enperature and_subse uent]y treated with a sol ution
consi st i A3mbpf metkanal apd Zamy) 37 %KQ;‘IGWHF& ‘Iﬂilﬂ #didb apd sherespiting-mixtures

t hus obtai ned m xture was stirred under reflux for 2 hours; the resulting
suspensi was wefluxed | wtilt the' golid t disypivest UThe aresulting ascldtion tWa® Goolednat erooml he
m xture was extracted with CHerr]J]dJ[err] (50 mM) and the organi c phase was

?EL?SUZVMJ‘:%‘@%L Pl %‘?ﬁ@%ﬁ:ﬁ?e d“‘fﬁ‘gﬂ? ﬁ?gygﬁfz"fﬁd fid.
0. ‘irf}eﬁ‘ﬁsfnrﬁcfp“’eérel Se e, P%he%”wblt Aok, et B0 RyainERE, et 1 25:

b]indole. [err]HHNVWVR (CDCl[err]): 7.6-7.0 (m 8H); 6. 87 (r’r) 6.64 (m, 6.55
(M, 6. 4methyl-indenppyxmojecathogis doid (viekda8%%k). 4. 13 (s), 4.10 (s) total 1H
4.03 (s, 3H; 3.22 (M, 3.08 (m total 2H, 1.47 (s), 1.42 (s), 0.90 (s),
0.89 (s) tot @.[o@-l Exanpl e 12 Synt hesi s of

10- [ 1- net hyl - 1- (8- butgH,- cycl opent adi enyl) et hyI]N-rrech;yI-S 10- di hydr oi ndeno
[1,2-b]indole forfsfa (1V), wherein Cp is Ilke =K. 2, Ais

2- But - cy Rt R wyl and t he—br»dgi ng \ rd| cal Is C(CHerr])[err]
In a 100 ertMel aced 3.07 g (14 “Me
N- net hyl - 53 df hydr oi ndeno[ 1, 2- b]i ndol Daf ed in Exanple 2 and 20 m

"THF. The mixture was cooled to -50C and subsequently treated with 9 m of

BuLi 1. 6H do1é7iRb]) dffithd Sbaited dotipdiiatddd 46 niCdfdisRine were placed into a bulb.
The resulting suspension was heated to 160°C and kept at this temperature for 2 hours.
The reaction mixture was then cooled to room temperature; the crystaliine precipitate was
filtered, washed with ethanol and finally dried, tbus obtaining 2.27g of N—methyl—Z—methyl—
1,8-dihydroindeno[2, 1-b]pyrrole (yleld~—79%)
'H-NMR(CDCL,): 7.34(m, 2H); 7.20(t, 1H); 6.98(t, 1H);. 6.07(s, 1H); 3.52(s, 3H);
3.48(s, 2H); 2.28(s, 3H)
PREPARATION OF BRIDGED LIGANDS OF FORMULA (IV) .
Example 11

Synthesis of 10-{1-methyl-1-(cyclopentadienyl)ethyl]N-methyl-5,10-dihydroindeno [1.2-

blindole of formula (TV), wherein Cp is like in Ex. 2, A is cyclopemadienyi and the bridging

divalent radical is C(CH,),

In a 50 ml bulb were placed 1.55 g (7 mmol) of N-methyl-5, 10-dihydroindeno{1,2-blindole,
prepared in Example 2, and 10 ml THF. The mixture was cooled to -50°C and treated with

4.5 ml of BuLi 1.6N (7 mmol) in hexane. The resulting solution was allowed to warm to
33



was allowed to warmto roomtenperature and subsequently treated with a
solution consisting of 2.27 g (14 mvol) of 6, 6-di methyl -2-butyl ~ful vene in
10 M of THF. The thus obtained m xture was stirred under reflux for 2
hours; -t heWPS93#46ng suspensi on was cool ed to room t enper at uFS *aRa8071%84 ¢ eqd
W th 50 m water. The m xture was extracted with hexane (100 ml) and the
organi c phase was dried over Na2SO4; after evaporation of the solvent, the -

PCT / EP9S /'%%é%ﬁlr%es Tamure aapd g}xl?seg% nﬂP'st aéedovanh a solution consxstmg of 0.75 ml (7 mmol) of

10-[ 1- et hyl -, 3- but ) N—n”eth -5, 10-

di hydr.oi ek '(hl P%B} é}/‘ﬁfﬁpﬁ% %h %ﬁﬁ’%‘fd S 10) %“tdawqefée%foal d
not require any further purification step, was obt ai ned in yield of 93% (5
g), as a Zhours; shotesuhingt suspansionowes cooled to goemectepperatire cands tredied HihHIQ
bonds [err]H—NIVR(CDCI[err]) 7.6-6.9 (m 8H); 6.62 (m, 6.22 (m, 6.18

Loral 1p TR MW%%"%“’% . T T e 1.0 S

f t ot al
T0-] 1- ﬁetﬁﬁ%ﬂ e o o e SOBY PSR s et o B o
d dol d f I | i k
Bx. 2. A yielblBig GReldmingiypha '”x%ségmr?é&“@i‘sp%mmwosw gl PRt
radical is C(CHerr])[err] (a) Synthesis of
6, 6- di net the! - Jighdd admzﬁnmhﬂiyl-ii(uyolapbntz{dmnyl) A ethiyfiN+methyl-5,10: dibly drodndend[1.2-6
g, 66.7 mmol), 1 br onbadamantane (14.3 g, 66.7 mol ), tri phenyl phosphi ne

(17.5 g, %ngol 1) and dry THF (90 -ml) was stirred and heated to the
reflux te ature for 10 hours. The solvent was renoved by distillation

e o OSSR LR 76,0 85, 88! 8) )% 6 U .55 B! 23 @8 5.96

(m) total 3H; 4.13 (s), 4.10 (s) total 1H; 4.03 (s, 3H); 3.22 (m), 3.08 (m) total 2H; 1.47 (s),

1.42 (s), 0.90 (s), 0.89 (s) total 6H.
Example 12

Synthesis of 10-[1-methyl-1-(3-butyl-cyclopentadienyl) ethyl]N-methyl-5,10-dihydroindeno

[1,2-blindole formmla (IV), wherein Cp is like in Ex. 2, A is 2-Bui-cyclopentadienyl and the

bridging divalent radical is C(CH,), |

In a 100 ml! bulb were placed 3.07 g (14 mmol) of N-methyl-5,10-dihydroindenof1,2-
blindole prepared in Example 2 and 20 ml THF. The mixture was cooled to -50°C and
subsequently treated with 9 ml of BuLi 1.6N (14 mmol) in hexane. The resulting solution
was allowed to warm to room temperature and subsequently treated with a solution
consisting of 2.27 g (14 mmol) of 6,6-dimethyl-2-butyl-fulvene in 10 ml of THF. The thus
obtained mixture was stirred under reflux for 2 hdurs; the resulting suspension was cooled to
room temperature and treated with 50 ml water. The mixture was extracted with hexane (100

ml) and the organic phase was dried over Na,SO,; after evaporation of the solvent, the
| 34



hexane was evaporated fromred extract and the residual deep-red oil was
purified by colum liquid chromatography (eluent: hexane). Yield 12.9 ¢
(97% . mpwoodddd[err]C H NVR (benzene-d[err]; 30[err] Q) [erCRK/EPSS/OTSH) ;
6.42(m; 6.26(m; 6.13(m; 5.93(m ([err]=3H, 35 WD 99/ 24446

PCT/ EP98/ 07034 =CH); 2.92(m 2H,-CHerr]-); 2. OO(S 3H) 1.77(s, 6H);
1.61(s, Adamant gne}. [err] A m xture of KOH 0.108_nol) and

Et OH (50 m}é uad o1l @@g@@f@é&f et -G Bund-gy men ienyDethyl]N-methyl-5,10-
1- cycl opent adi enyl adamant ane (7.88g, 34.7 mmol), obtained as reported

above, wadihyddeindené{l,2sblibdolei Mhiscproduct; svhich dtmmtatrysmllm ahdniid St feqaire ahy
mol )* was added, - and t he mxture was stirred and heated to the refl ux

tenperatu hSbtainéd t ?mﬁtuf@ t
85% H err]ﬁﬁger %ﬁ%n) n 15530€b of l{hﬁ%i?ﬁ%ﬁ@%??%\%)pragg pitate \?vadSIQME

filt d and h 0 EtOH (15 ni d dried
v:acugreThgsn 3 ego\i'gleé’r?sg%% rf]‘ﬁ%ﬁ?‘]‘% C[ err] (D[err])' 38?3) [(ralr(ra] X a -
6.69(dd, 1 d, 1 ; 1.97(b 1.88(bs, 6H);
SO be ﬂm@m@& 9 Gon 6L G2, 620X(m)3i8) 18 CTHEPR {3, 609 (o, 574
Synt hesi s of

10- [ 1- et gy tdeal ZHad1MR(:) 410508 | 202 ()PediA ;) 4101, 8/2 Bot9 ,306
di hgldroi ngm?lo[l 2- g]lnng’g Inocgl);SO mr(gbul We’ze plcg]cg%m? 80 (515)(8.' @ nmol ) of

N- net hyl - | A3y d pared in Exanple 2 and 10 m
THF. The imi?%@eiﬁmgggggf@g{ohg%fgggl%gi ggquently treated with 4.8 ml of

BuLi 1.6N I n hexane. The resultl ng solution was allowed to warm

to roomtéﬁ?&ﬂggoe and subsequently treated with a solution consisting of

2.0 g (8.3 mmol) of 6, 6-dinmethyl-2-(1-adamant hyl)-ful vene, prepared as
Synthesis of 10—[1-methyl-1-13—adamanﬂ1yl—qclopentadienyl) ethyl]N-methyl—S ,10-dihydro .

indeno{1,2-b}indole, corresponding to formula (IV) wherein Cp is like in Ex. 2, A is 3-(1-

. adamanﬂxyl)éyclopentadienyl and the bridging divalent radical is C(CHQ2

(a) Synthesis of 6,6-dimethyl-2-(1-adamanthyl)-fulvene

Tp-rpo

97%

A mixture of nickelocene (12.6 g, 66.7 mmol), 1—bromoadamantane (14.3 g, 66.7 mmol),
triphenylphosphine (17.5 g, 66.7 mmol) and dry THF (90 ml) was stirred and heated to
the reflux temperature for 10 hours. The solvent was removed by distillation under
reduced pressure and the crystalline residue was washed .with hot hexane (5x50 mi). Then
heiane was évaporated from red extract and the residual- deep-red oil was purified by
column liquid chromatography (eluent: hexané).. Yield 12.9 g (97%).

m.p. = 19-21°C.

'H NMR (benzene-dg; 30°C) &: 6.64(m);. 6.42(m); 6.26(m); 6.13(m); 5.93(m) (Z=3H,
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descri bed above, in 15 m of THF. The thus obtained m xture was stirred
under reflux for 2 hours; the resulting suspension was cooled taq room
terrperatur reated with 20 m water. The mixture was ex it h
CHerr]d{ PgP%B m ) and.the organi c phase was dried over éé’?’&%%%f _
99/ 24446 PCT/ EP98/ 07034
Na2SO4; after evaporation of the solvent, the residue was recrystal lized )
from nmet ha R e e of the
t hree |sorre@?1s-é b%?%ﬁ?l%ﬁ%%f)’nd?t}g Smg}ozag GH') i@TESZ%-I)qu 3 ﬁtng}
10-[1- et hyl - 1- ( 3- adamant hyl -
QTH-€ &t hyl 1 e ydr oi nde_no[ 1,2-b]jindole. [err]H NWR .
9}@% (m, 6.14 (m, 6.09 (M, 5.95
: (5T : 4.07 (s) total- 1H, 4.05 (s,
3H); 320(n) 3.18 (m, 300(n) 8894 al » 2.1-1,7 group of multiplets
total 15H, 1.37 (s), 1.28 (s), 1.25 (s), 0.99 (s), 0.96 (s), 0.94 (s) t ot al

6H. ExanpA gnikfhrSWHKOH &.05g, 0.108 mol) and FtOH (50, mi) was degassed, Into well-stirred
10-[ 2- (N-net hyl -5, 10-di ydr0| ndeno[ 1, 2-b] i ndol - 10- yI)ethyJﬁ N-rret hyl -5, 10-

di hydr oi ndenol lin rrespon t o] erein

B2 andupfgeut FudpREN A EaIERT R (. 86, Pormens dbtathed RS ae%&%b% b
were placed 4. 38 20 mrol ) of N-methyl -5, 10-di hydroi ndeno[ 1, 2- b]i ndol e
pr epar ed W3 3&@ 15mimstes At TUPM. temperatine: apetonad(3. Scmb) 3%immpl) swpeadded,

and treated mnth 12.5 m of BuLi 1.6N (20 mmol ) in hexane. The resulting

sol uti on awdsthel mixteré iwas \Sefred tand’ heuted eonhe REfLE terifegamed fdred Hour: Thearthé C
and finally treated with a solution consisting of 0.85 m (10 mol) of

1,2-dib d t
underI rre&ﬂg@l? bﬁ%‘&g dﬁttﬁgtfor esu P?ﬁ;fs%eﬁ dn@eﬂ?rﬂé)c()%slﬁrﬁl %ﬁ%%n?él%

temperatur e At Vet ridre bha Wathed it 1,0 3% m1), BOH (15 ml), and dried in

vacuo. The yield 7.31 g (88%).
'H NMR (C.D;, 30°C) 6: 6.69(dd, 1H); 6.60(dd, 1H); 6.24(t, 1H) {-CH=}; 1.97(h;s, 3H);
1.88(bs, 6H); 1.70(bs, 6H) {Adamantane}; 1.87(s, 3H); 1.81(s, 3H) {-CH,}.
- (b) Synthesis of 10-[1-methyl-1-(3-adamanthyl-cyclopentadienyl)ethyl]N-methy}-5,10-
dihydroindeno[1,2-bJindole |
In a 50 m! bulb were placed 1.80 g (8.3 mmol) of N—methyl—S,lO—dihydrqindeno[l,2-
blindole prepared in Example 2 and 10 ml THF. The mixture was cooled to -50°C and
subsequently treated with 4.8 ml of BuLi 1.6N (8.3 mmol) in hexane. The resulting solution
was allowed to warm to room temperature and subsequenﬂy treated with a solution
~consisting of 2.0 g (8.3 mmol) ‘of 6,6-dimethy1—2-(1-adamanthyl)-fulvene, prepared as
described above, in 15 ml of THF. The thus obtained mixture was stirred under reflux for 2
hours; the resulting suspension was cooled to room temperature and treated with 20 ml

water. The mixture was extracted with CH,Cl, (50 ml) and the organic phase was dried over
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I solated a white precipitate, which was washed with ether and dri ed,
yielding 3.0 g (yiel d=60% of the ligand . N

10- [ 2- ( N nwblyghagusl0- di hydr oi ndeno[ 1, 2-b]i ndol - 10-yl ) et hyl ] - yﬁr/EP 8/07034

met hyl -'5,10-di hydro indeno[1, 2-b]indole. [err]H-NVR (CDC [err]): ?’8‘1? 1(m
16H); 4.05(s, 6H); 3.82(m 2H); 2.18(m 2H); 1.83(m 2H). 37 WD 99/ 24446
PCT/ EP98/ 07034 Exanpl e 15 Synt hesi s of

10-[ 1, 1- dNa380jgy | after( Nvaperation 5ofl Otlti hsolvemitndtheo residue was recrystallized from

[ 1, 2-b]indol -10-yl)silyl]-N methyl-5,10-di hydroi ndeno[ 1, 2- b] i-ndol e,

cor r esporgéthghol/® 21)( lyselgiBes 91 1 o Q:Eﬁdﬁﬁt hed
di val ent radi cal el s Si Eerr] err] g]I(g'nzﬂsad:zg%?r)ﬂl-:ﬁfbﬁI mefe‘};%f'ﬂ%(r:gg%q%’mﬂh

nmol ) of hydr,o eno 2:Db] i ndol red, i | e and
20 nl di e@’m{;ﬁ‘%{] Pf) Téﬁ'he eﬂ%ﬂa ‘g%m g&?flgrr] %%YQ%%M

of BuLi 1.6N (9 rrrml; in hexane The resultln solution was allowed to warm
to room t¥elopentadienylatdIN-methd S, 10dibydroindenafic2-blindgley treated with a
solution consisting of 0.55 mM (4.5 nmol) of Me[err]SiC[err] in 10 m “of

di et hyl et HENMR (EDIOY)s7 66.9i(the $H)} 81607 (en)V6255(mh, 614 @) 6109 @h), 5495 @h),%5.73

hours; the resulting suspension was cooled to roomtenperature and treat ed

W th 20 %%f I e

with et hre&rn)an grl eéfdlﬂ‘@sﬁéﬁl@ @’ ﬂg‘?ém#agllz-i%%g}? (o’?éﬁ) ?@pg@“@a%’ﬁﬁﬂ?m
(3:2) of

di met hyl (ES Sﬁé {lcsl‘lﬂpng)fd@ampéréﬁé?@ H3H) 1T0():15281 6bi 1-25 1(GhLGBR K9 - 5
, 10- di hydr0| ndeno[ 1, 2-b] indole. [err]H-NWMR (CDCl[err]): 8.0-7.0 (m 16H);
4.41 (s, 0:96(s), 0.8439) total 6Heso) total 2H. 4.16 (s, rac-), 4.13 (s, meso-)
total 6H, -0.40 (s, neso-), -0.48 (s, rac-), -0.49 (s, neso-) total 6H.
Exanpl e Exatplehgsi s of

10-[ 1- nmet hyl - 1- (cycl opent adi enyl ) et hyl ] N- phenyl -5, 10- di hydr oi ndeno [ 1, 2-

Synthesis of 10-[2-(N-methyl-5,10-dihydroindeno[1,2-blindol-10-yDethyI]-N-methyl-5,10-

dibydroindeno[1,2-b]indole, corresponding to formula (IV) wherein Cp = A = Ex. 2 and

the bridging divalent radical is (CH,),

In a 250 ml buib were placed 4.38 g (20 mmol) of N—inethyl-S,10-dihydroindeno[1,2-
blindole prépared in Example 2 and 50 ml THF. The mixture was cooled to -50°C and
treated with 12.5 ml of BuLi 1.6N (20 mmol) in hexane. The resulting solution was allowed

to warm to room temperature, then cooled to -50°C and finally treated with a solution
consisting of 0.85 ml (10 'mﬁlol) of 1,2-dibromoethane

in 10 ml of THF. The thus obtained mixture was stirred under reflux for 1 hour; the
resulting suspensibn was cooled to room temperature and treated with 1 ml water. It was
isolated a white prc;cipitate, which was ‘washed with ether and dried, yielding 3.0 g
(yield=60%) of the ligand 10-[2-(N-methyl-5,10-dihydroindenof? ,2—b]ind01~iO—yl)eﬂ1yl]-N—
methyl-5,10-dihydro indeno[1,2-b]indole.

H-NMR (CDCL): 7.6-7.1(m, 16H); 4.05(s, 6H); 3.82(m, 2H); 2.18(m, 2H); 1.83(m, 2H).
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bl i ndol e, corresponding to fornula (1V) wherein Cp islikeinEx. 3, Ais
cycl opent adi enyl and the bridging divalent radical is C(CHerr]){err] In a

100 m buIb Iaced40g(15 mmol ) of

N- phenyl - @Ea’ﬁﬁ%r oi'ndeno[ 1, 2-b]i ndol e prepared i n Exanpl e PCHRRo8AT 034
THF. The mxture was cool ed to -50[err]C and treated with 9.4 m of BuLi
1.6N (15 mmol ) in hexane. The resulting solution was allowed to warmto 38

WO 99/ 2444fsgample 15 PCT/ EP98/ 07034
roomterrperatu?e and subsequently treated W|th a solution consisting of 1.6
g (15 mmolg f 5 6Cl thlf “ |n 1 ﬁ‘ HE. . The.t oht.al ned

i xt ur e ':‘! 1 i dih; qugu 40 uo:‘l_’ S) 1-

cooled to roomterrperature andtreated W|th 2o_m vvater The mxture was
ext r act ed mgthyl-L10-6 pindenof1,24x) ing ORTESE , 1l herein G &
Na[err] SO err]; after evaporatlon of the solvent, the resi due was

recrystal Igyzajaﬂdrmebﬁagmgemt@emlrﬁldalas Sl(gfl{s%l el d=52% of a nixture of the
t wo |soners (position of doubl'e bonds) of the |igand

é& e Tor A 104 %BWQ‘[@%&“?-QQ%W%‘P%EW@% 10, k5Bl il
86 Oy paciebeq iy Ertinble Dipd 20 54 Qidfhyleiien, The Fixtung sag cpoled ) 9°Eand, rajgd

6H. Exanple 17 Synthesis of
10-[1, 1- dlwuﬂl Byrhl- gf- Bekiph 6Ny(9-rimbl)- inki Heyaineo i The arasrflting salttiondwhs dliowedd) toi warinj to\-
phenyl -5, 10- di hydr oi ndeno[ 1, 2-b] indole, corresponding to fornula (1V) :

wher ei N CoomAteimpbrature, Bl cobRARH I Al HhMB! R&dted Wﬂﬂll%’?‘kolhﬁon conmstmg of 0.55
Si(CHerr])[err] In a 100 m bulb were placed 4.0 g (15 mol

o ot myt et kG- eH %t@‘fégt%élhﬁt@h@ﬁ%@%feﬁﬁtr?ﬂeﬁs?ﬁ%f@t@%% i

1.6N (15 nmol ) in hexane. The resulting solution was allowed to warm
under reflux for 2 hours; the resulting suspensmn was cooled to room temperature and

treated with 20 ml water. It was isolated a white precipitate, which was washed_ with ether
and dried, yielding 1.9 g (yield=85%) of a rac/meso mixture (3:2) of the ligand 10-[1,1-
.dxmethyl- 1-(N-methyl-5, 10—dlhydromdeno[1 2—b]mdol—10—y1)s1lyl]-N-methyl~5 10-
dihydroindeno[1,2-b] indole.

‘ﬁ-thR (CDCl,): 8.0-7.0 (m, 16H); 4.41 (s, rac-), 4.32 (s, meso) total 2H; 4.16 (s, rac-),
4.13 (s, meso-) total 6H; -0.40 (s, meso-), -0.48 (s, rac-), —0.49 (s, meso-) total 6H.
Example 16

Synthesis of 10-[1-methyl-1-(cyclopentadienyl)ethyl]N-phenyl-5,10-dihydroindeno [1,2-

blindole, corresponding to formmla V) wherein Cp is like in Ex. 3, A is cyclopentadienyl

and the bridging divalent radical is C(CH,),

Ir: 2 100 ml bulb were placed 4.0 g (15 mmol) of ‘N-pheny}-5,10-dihydroindeno{1,2-b}indole
prepared in Example 3.and 20 ml THF. The mixture was cooled to -50°C and treated with

9.4 ml of BuLi 1.6N (15 mmoi) in hexane. The resulting solution was allowed to warm to
38



to roomtenperature, then cooled to OC and finally treated with a solution

consisting of 0.88 m (7.5 mmol) of Me[err]Sic[err] in 10 m of.

di et hyl et hwo 99Baed6t hus obt ai ned mi xture was stirred under refPGKEP/07034

hours; the resulting suspension was cooled to roomtenperature and treated

with 20 M water. A white precipitate was isol ated, washed with ether and
; : . . “ a1 o : )

f]lr Ig:ﬁ d }{'ofq'o‘{ﬂ %%@Mﬁ% geq%%m@ tr%fateﬁ vsrri%(l: élns% uct)ioxq1 cé%xs%t?né (:)Lf }%) g ?{5 }n?r(laol) of

(N-phenyl -5, 10- di hydroi ndeno[ 1, 2-b]i ndol - 10-yl ) silyl ] -N-phenyl -5, 10- di hydro
i ndeno[ 1, @6-difnethylfuiveas/ie 4946l of THF. The thus obtained mixture was stirred under reflux
PCT/ EP98/ 07034 b]i:ndole. [err]H-NVR (CDCl[err]): 7.70-7.00 (m 26H); 4.52

(s, rac-) ; : L e Ssimderatafd Al fréated
-0.45 (s,foﬁéﬁs%gf%l?mag égg%?ﬂgs g?/cgﬁgjs;fos of pera fréated %th 20 ml

6-[1, 1-di net hyl: 1- (N et hyl - ol iAqd AT = 6 i

ot hy1 - 5, WolsF i RRRE S et ik Gl R s W Ol s fped Mer
wherein = A= Ex. 5 and the bridging divalent radical is )

Si ( CH[ er r NpiSQ4 pftenevapomgioniof fhe ﬁplmte%ﬁ rgsidye was recrystallized from heyane to yield
N net hyl - 5, 6-di hydr oi ndeno[ 2, 1-. b]indol e prepared in Exanple 5 and 20 ni

di et hyl et D@r g (JiBRl=252%) bf a wistuze of ¢t two f3pmiery Position taf elouble bunkls) oF the digand
BuLi 1.6N (11.4 mmol) in hexane. The resulting solution was-allowed to warm

Lo, 0om  SRECAING. (LbRDRARAD AN Sheks ST Riac EOMba " 0
o1 T iChRYS, SR0GE % B0, Bled i S5 BAY b 578 .

with 20 M water. A white precipitate was isol ated, washed with ether and.
dried, yi 6/00i Gm) total 3 4231(8)-6620 (9 total (1&k/ H26 dm}i 2110 Gu) otal) 2k 1.54s), - §t

pr oduct .

-

(s), 1.03 (s), 1.02 (s) total 6H.
Example 17

Synthesis of 10—[1,l-dimethyl-l-(N-phéﬁyl-S,10—dihydroindeno[1,2-b]indol-10—yl)silyl]—N-

phenyl-5,10-dihydroindenof1,2-b] indole, correspondihg to formula (IV) whereinCp = A =

Ex. 3 and the bridging divalent radical is Si(CH,),
Tn a 100 ml bulb were placed 4.0 g (15 mmol) of N-phenyl-5,10-dihydroindeno[1,2-blindole

prepared in Example 3 and 50 ml diethylether. The mixture was cooled to 0°C and treated
with 9.4 mi of BuLi 1.6N (1'5 mmol) in hexane. The resulting solufion was allowed to warm
to rdom temperature, then cooled to 0°C and finally treated with a solution consisting of
- 0.88 ml (7.5 mmol) of MeZSiClzlin 10 ml! of diethyletber. The thus obtained mixture was.
stirred under reflux for 1 hours; the resulting suspension ﬁras cooled to room temperature
and treated with 20 ml water. A white precipitate was isolated, washed with ether and dried,
yielding 3.6 g (yield=81%) of a réc/meso mixture (1:16) of the ligand 10-{1,1-dimethyl-1-

(N-pheny}-5,10-dihydroindeno[1,2-b]indol-10-y1)silyl}-N-phenyl-5,10-dihydroindeno[1,2-
39



[err]HNWMR (CDCl [err]): 7.9-6.8 (m 16H); 4.02 (s, rac-), 3.62 (s, neso)
total 2H, 3.63 (s, nmeso- ), 3.43 (s, rac-) total 6H ‘0.06 (s, neso-), -0.38
(s rac-), .- 0. 424]!“ nmeso-) total 6H Exanple 19 Synthesis of

6-[ 1, 1- di mXRYV243 | uorenyl ) si |yl ][ N-met hyl - 5, 6- di hydr oi nderRfBER%IM 3 dol e
, corresponding to-formula (1V) wherein Cp=Ex. 5, A=fluorenyl and the
bridging divalent radical is Si(CHerr])[err]. 40 WO 99/ 24446
PCT/ EP98/ elerr] A suspension of 2.19g (10 nmol) of
N net hyl - I hydr oi ndeno[ 2, 1-b] i ndol e, prepared in.Exanple 5, in 30m of

oL e e o GRCIIERYY Shotth bud AR by b LA b S 0 M

with a solution of 2.6g (10mmol) of fluorenyl -di nethyl chl orosil ane

( pr epar edmeso-de$ed2 e dad); -A45Has mee-3tatal 6., J. Organonet. Chem 509(1):
63-71, 1996) in 20 m of ether. The obtai ned mixture was heated to room.
terrperat UBRamiplé 18€d for 1 hour and water was added. The thus obtained
precipitate was filtered, washed wth vvater and et hanol, and finally dried,
o yield g 5B ST ik i
(group of S, o), U 5o(S,
3H); -0.41(s,

6-[1, 1-di i SNS s
no [ 2, 1-b]indol e, correspondl ng to forrrula (1v) wher ei n Cp= Ex 5,
A=2, 7-di - Exbﬁtgxﬂ{héhndgngkh\mtmitrMnsmdl val .ent rad| cal is
Sl(CH[err])[err] 41

In a 100 m! bulb were placed 2.5 g (11.4 mmol) of N-methyl-5,6-dihydroindeno[2,1-

blindole prepared in Example 5 and 20 m! diethylether. The mixture was cooled to 0°C and
treated with 7.2 ml of Buli 1.6N (11.4 mmol) in hexa_ne. The resulting solution was allowed
to warm to room temperature, then cooled to 0°C and finally treated with a soiution
consisting of 0.7 ml (5.7 mmol) of Me,SiCl, in-10 ml of diethylether. The tim‘s obtained.
mixture was stirred under reflux for 2 hours; the resulting suspension was cooled to room
temperature and treated with 20 ml water. A white precipitate was isolated, washed with
ether and dried, yielding 1.7 g (yield=60%) of a rac/meso mixture (5:1) of the target
product. .

H—NMR (CDCl,): 7.9-6.8 (m, 16H) 4.02 (s, rac-); 3.62 (s, meso) total 2H; 3.63 (s, meso-
), 3.43 (s, rac-) total 6H; 0.06 (s, meso-), -0.38 (s, rac-), -0.42 (s, meso-) total 6H.
Example 19

Synthesis of 6-[1,l—dimethyl-l-(ﬂuorenxl)silyll [N—methyl-S,G-dihydroindeno[;1-b]indole,

corresponding to formula (IV) wherein Cp=Ex. 5, A=fluorenyl and the bridging divalent

radical is Si(CH,),.
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WD 99/ 24446 _ PCT/ EP98/ 07034
[err] A suspension of 0.65g (3nmmol) of N

N- et hyl - Swio 9o/suads oi ndeno[ 2, 1- b] i ndol e, prepared i n Exanpl e BCT/EPIL/@1984 Of
ether was treated dropwise with 1.9m 1.6N BuLi (3mml) in hexane. The
resulting deep-yellow solution was cooled to -20[err]C and treated with a
- solution of 1.1g (3mmol) of 2,7-di-t-butyl-fluorenyl-dinethyl chlorosil ane

(prepared as described by K Patsidis et al.,\J,gO ganonet. Chem 509(1):

63-71, 1996) in XN of ether. The gbtai nedshxture was heated to room
tenperature, sti for 1 hour and ‘ded, The precipt

filtered, washed h water and et dri ed,
0.85g of t pr ddbict (yi /CDCl [err])
(group of 144} -3

9H); 1.25(s; 9H)\ -0.29(s, 3KZ~Q¢45(s, 3H). Exanple 2
6-[ (N- et hyl -5, 6-di hydr oi ndeno[ 2, 1\b] i ndol - 6-yl ) net hyl ] -
di hydr oi ndenol[ 2, 1- bl i ndol e, corresponding to fornula (1V) wherein Cp
Ex. 5 and the bridging divalent radical is CHerr] 42 WD 99/ 24446

et by - & SRR OF Aeigots i Rrmbetti-5 6 girojpdenofzf-tlindols, prepared in
Example 5, 1n 30ml of etherl was treated dropwise with 6.25ml 1.6N BuLi (10mmol) in
hexane. Thé resulting deep-yellow solution was cooled to ~20°C and then was treated with
. a solution of 2.6g (10mmol) of fluorenyl-dimethylchlorosilane (prepared as described by
K. Patsidié et al., J. Organomet. Chem. 509(1): 63-71, 1996) in 20 ml of ether. The
obtained mixture was heated to roém temperéture, stirred for 1 hour and water was added.
The thus obtained precipitate was filtered, washed with watér and ethanol, and finally
dried, to yield 2.6g of the target product (yield=59%).
'H-NMR(CDC,): 8.0-7.1 (group of multiplets, 16H); 4.19(s, lH); 3.98(s, 1H); 3.58(s,
3H); 0.35(s, 3H); -0.41(s, 3H). |
Example 20

Synthesis of 6-[1,1-dimethyl-1-(2,7-di-t-butyl-fluorenyl)silyl}[N-methyl-5,6-dihydroindeno

[2,1-blindole, corresponding to formula IV) wherein Cp=Ex. 5, A=2,7-di-t-butyl-fluorenyl

and the bridging divalent radical is Si(CH,),.
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200m of DWMFA were placed into a bulb and the resulting m xture was heated
under stirring to 50[err]C. 3.4g (0.05npl) of NaCEt were added tq the

m xture and the resulting solution was stirred for 10 m nutes_and t hen
treat ed-witWO89B4446 379 formaline. The resulting nixture was B¢TEPROY 2
hours at 75[err]C, -then it was cooled to roomtenperature and treated with
5.3g of NHerr]d. The precipitate was filtered, washed twi ce with DVFA
(30m) and with ether, and finally dried thus yleldl ng 20g of the Iigand
6-[ (N-ret hyl - 5, 6- Ny
di hydr oi ndeno[ 2,
ole (yield= 90%
3.61 (s, 6

ndol - 6-yl ) met hy
ot | HNVR (CDCl [ 4
dd, 2H). Exanpl
-di hydr oj4
dr oi ndem®| 2 i
wher ei n Cp A—Ex \9-bis and t Rk 'gl ng di val ent radi cal
Me 9.32g (0.04nol) of N-nethyl-2-Xethyl-5,6-di hydr oi ndend
prepared in 43 WO 99/ 24446
PCT/ EP98/ 07034 Exanple 9-bis, and 80m of DMFA were pl aced into a bulygfand
the resulting m xture was heated under stirring to 50[err]C. Then 1. 36g

(0.02nol ) of NaOEt were added; the resulting solution was stirred for 10
m nut es arl suspensipneoft @65gi (Bmmol)mﬂNmylcﬁ,ﬁmmommmééﬂmdohg prepared in-
was stirred for 2 hours at 75[err]C, then cooled to roomtenperature and

treated WB)%\:]A@E 8f iNH5edlr $1Chther Reasoib@ted eBopwRel Withal omileE 6N BUEI €3mmids fied

twice with (15rr1) et hanol and ether, and finally was dried, thus
- obtaining 3,20 Ofpd é&ﬁhﬁ?t&%—y@now solution was cooled to -20°C and treated with a

‘solution of 1.1g (3mmol) of 2,7-di-t-butyl-fluorenyl-dimethylchlorosilane (pre’pzired as
described by K. Patsidis et al., J. Organomet. Chem. 509(1): 63-71, 1996) in 10 ml of
ether. The obtained mixture was héated to rbom temﬁerature, stirred for 1 hour aﬁd water
was a&ded. The precipitate was filtered, washed w-ith water and ethanol, and -—f"-mally dried,
thus yielding 0.85g of the target product (yield=51 %).

'H-NMR(CDC],): 7.8-6.8 (group of multiplets, 14H); 4.01(s, 1H); 3.55(s, 1H); 3.40(s,
3H); 1.36(3,. 9H); 1.25(s, 9H); -0.29(s, 3H); -0.45(s, 3H).

Example 21

Synthesis of 6—[@I-methyl—5,6—dihydroindeno[2,1-b]indol~6-y1)methyl]—N—meﬂ1yl—5;6-

dihydroindeno[z,l-blindole,'corresponding to formula (IV) wherein Cp = A = Ex. § and

the bridging divalent radical is CH,
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met hyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndol - 6-yl ) net hyl ] - N- et hyl - 2- et hyl - 5, 6-
di hydroi ndeno[ 2, 1-b] i ndole (yield = 99%. [err]H NWR (CDCl[err]}: 7.86(d,
2H); 7. 66(¢i09bdaaqe’- 63(s, 2H); 7.40(t, 2H); 7.13(m 4H); 7. 0XHCK/EPIE07034
4.50(m 2H); 3.59(s, 6H); 2.52(s, 6H); 2.23(m.2H). Exanple 22 Synthesis
of ' - _

6-[1, 1-di et hyl - 1- (N- phenyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndol - 6- lyl]-N
phenyl -5, 6- di hy evdeno[ 2, 1- b] i ndol e, correspondi ng~Q\ f or N (1Y)
wherein Cp = A > 7 and the bridging dival ent ré i
Si(CHerr])[err]y = a 250 m bulb were placed 6. 45 ,

N- net hyl - 5, 6- di r@x ndeno[ 2,8™M3M&dol e prepared i @ d 100 ni
di et hyl et hef~~Thdy ¢ »

I Xture vvazmﬁ red to Of[err
BuLi 1. 6N R{ ) i n hexane: e resulting ¢
to roomtewt _ then cooled to O[err] C ane
sol ution consistir{g of 1.4 m (12 mmol) of Me[err]Si err] in 20 m of-

di et hyl ether. The thus obtained m xture was stirred under reflux for 1
hours; thg]09s(0.1/moD) 68 3pEBHyDS,6:dihydrdideriof201-blindole,eprepart vineExamiple r5; adneld
with 20 M water. A white precipitate was isolated, washed with ether and
dried, vyi ' (Yiel G= fo '

6.1, 1 di g%@hy%f?)%h\g%rglﬁgggﬁnte a bl aﬁ&%é %Hﬂl@ﬁg nhi®tiré G8dddheated under
Ay of nenol 2 SBlnoly B bhsh of bl N e SRS e ey’
PCT/ EP98/ 07034 form was found in the nother solution). [err]HNWR

- (CDA [ er r jolutign 9das7 sted for 160HnimBessand ghem eated 1wiB 3.8 mb 37 % Hernpline. Jthe
Synt hesi s of

6- [ 1, 1- di gy dhkebba Bl irrdd o bl SatO7 SO D itk @foledltobidons myfbrathes
lyl']- N-nethyl-"2-t-butyl -5, 6-di hydroi ndeno[ 2, 1- bl i ndol e, corresponding to

formuila (L} whereifin 5.3g of NH,CL. The precipitate was filtered, washed twice with DMFA

(30ml) and with ether, and finally dried thus yielding 20g of the ligand 6-[(N-methyl-5,6-
dihyd_roindeno[Z,1—b]ixidol-6-yl)methyl]-N—1.nethyl-5,6-dihydroindeno[2,l-b]indole
(yield=90%). |

*H-NMR (CDCLy): 7.9-7.1 (m, 16H); 4.47 (dd, 2H); 3.61 (s, 6H); 2.23 (dd, 2H).

Example 21-bis

Synthesis of 6—[(N-methyl-2-methy1—5,6—dihydroindeno[2,1-b]indol-6-yl)methy1]-N-methy1-2—

methyl-5,6-dihydroindeno[2,1-blindole, corresponding to formula (IV) v_vherein Cp=A=Ex.

'9-bis and the bridging divalent radical is CH,

9.32g (0.04mol) of N-methyl-2-methyl-5,6-dihydroindenof2,1-blindole, prepared in
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Cp =A = Ex. 9 and the bridging divalent radical is Si(CHerr])[err] [err] A
suspension of 5.5g (20 mmol) of . '
N- net hyl - 2- ¢ - -5, 6- di hydr oi ndeno[ 2, 1-b] i ndol e, prepared i ‘% 9,
in 50m -of-‘élptr)?é% s treated dropwise with 12.5 m 1.6N BuLi ?‘Eﬁ%@’(ﬁ%
hexane. The resulting deep-yell ow solution was cooled to -20[err]C and then
treated with a solution of 1.3g Me[err]SiC[err] (10mmol) in 10 nl of -

et her. Th%ﬂ%ﬂé‘b@ﬂ AHSOHECHDMEA v Dldced idkod b@Ib'H@the @ as
refluxed for hour. The resulting m xture was treated with 100m water;

t he organi,c e , S Iht t sal.vent was.,..
evapor at edieatmEfast Tpeif o550 G THA? L3802kt B MACHs: v 3002 Hhe (S Suring
mnutes a white precipitate started to form The obtained precipitate was
filtered, SRAEHEYWAS (Sirredyforel( minutes and,then tesated: with bis2ml 7 t%ﬂ@am-eThe
rac-formof the target product (2.1g; yield=30%. [err]H NVR (CDd [err]):
7.84(d, 2Hesulfing TikturéHyas stirbéd for 2 Hpnrs/at373C, theh codleddpdbont tdmperatify ahd -
2H); 7.15(td, 2H); 4.12(s, 2H); 3.48(s, 6H); 1.42(s, 18H); -0.5(s, 6H). 45

VO 99/ 244 - o4 oracini v P ey
Exanpl e 22@%5%% etgi 5§ of IBQLCI. The obtaine precxplmtg was filtered, washed twléeRAR MBS

8-[1,1-di hyl - 1- ( N= net.hy] - 2- net -1, 8-di.hydr.oi ndeno[ 2, 1.b] py - 8-
yl)silyl] "G rfgﬁlé%’l ﬁé‘?rﬁﬂ’efi,ag&&l?}@é(r%%g@ [%ﬁ-@ﬁ&#«#@% (@(#'E&W"a'g
to fornmula (I wherein Cp=A= Ex.10 and the bridgi n(l; divalent radical is
Si ( CH er r |i¢thyl-$,6rdihydromdenc{@ drbjindol-6fyDioethyd]-Nvmethyl-3fmethyl-5,6-

N- et hyl - 2- met hyl - 1, 8- di hydr oi ndeno[ 2, 1-b] pyrrol e, prepared in Exanple 10,
in 10mM ofdiBydieindeBs[20E]imiblé Bricld2{999%).C and was treated with 3.4m 1.6N
BuLi in hexane. The resulting m xture was allowed to warmto room

'H-NMR (CDCL,): 7.86(d, 2H); 7.66(d, 2H); 7.63(s, 2H); 7.40(t, 2H); 7.13(m, 4H);

7.02(d, 2H); 4.50(m, 2H); 3.59(s, 6H); 2.52(s, 6H); 2.23(m, 2H).

Example 22

Synthésis. of __ 6-[1,1-dimethyl-1-(N-phenyl-5,6-dihydroindeno[2, 1-blindol-6-yDsilyl]-N-

phenyl-5,6-dihydroindenof2,1-b}indole, corresponding to formula (IV) wherein Cp = A =

EX. 7 and the bridging divalent radical is Si(CH,),

in a 250 m! bulb were placed 6.45 g (24 mmol) of N-methyl-5,6-dihydroindenof2,1-b}indole
prepared in Example 5 and 100 ml diet_ﬁylether. The mixture was cooled to 0°C and treated
with 15 ml of BuLi 1.6N (24 mmol) in hexane. Thé resulting solution was allowed to warm
to room temperature, then cooled to 0°C and finally treated with a solution consisting of 1.4 B
ml (12 lﬁmol) of Me,SiCl, in 20 ml of diethylether. The thus oﬁtained mixture was stirred
under reflux for 1 hours; the resulting suspension was cooled to room tmp&aMe and
treated with 20 ml water. A white precipitate was isolated, washed with ether and dried,
yielding 5.0 g (yield=70%) of pure rac-form.of the ligand 6-[1,1-dimethyl-1-(N-phenyl-5,6-

dihydroindenof2,1-blindol-6-yl)silyl]-N-phenyl-5,6-dihydroindenof2,1-bjindole (the meso-
_ “ _



S TTT—

tenperature; the m xture was then cooled to -50[err]C and treated with
0.33m (2wiyvapaeade[err]SiC[err]. The resulting suspensi on pewEPIS/eresd t o
warmto roomtenperature and treated with 10% aqueous NH err]C sol-ution
(50mM ). The precipitate was filtered, washed with ether and finally dried,
thus obtaining 0.9g of 8-[1, 1-di rrethyl 1- (N-net hyl - 2- et hyl - 1, 8-

di hydr oi mwa]xpyhmﬂoﬂmyqﬂygm)yl ] - N- et hyl - 2- met hyl - 1, 8- di hydr oi ndeno]
1,2-b]pyrrole (yield=77% as a 1:1l=rac:nmeso mxture. [err]H NWR

(CDO [ e FILNMR. 1001, %:H.90-7.00°6s, 268); 37 HL.0¥ (268, 1H); 7.18(t, 1H);
7.07(t,1H): 6. 9@?? iﬂ H: 6.82(d, ﬁ)ﬁ) 16 gmill}?o 6.(1%(§1,)1H); 3.70(s, 1H) ;

3. 38(s, 3%?&1%%5 1H); 3. 25(s 3H) ; 2. 33(s 3H); 2.26(s,3H); 0.1(s,1.5H);
-0.42(s 6(s, 1.5H). PREPARATI ON OF METALLOCENES OF FORMULA (1)
Exanmpl e 25 46 WD 99/ 24446

PCT/ EPogSynthesis aof Brfi J-dimethyl-1-(N-methyl-2-t-butyl-5,6-dihydroindenof2,1-b}indol-6-yDsilyl}-

| sopropyl i den(N-rret hyl -5, 10- di hydr oi ndeno[ 1, 2-b] i ndol - 10-yl)

( cycl opeN-agthyh2iobutyl-$,6Alibydrdindénof2 j1dsliridoley ctresporialithd tovorenuld HBdwherzin g
(10 mmol ) of the ligand 10[ 1- et hyl - 1- _

(cycl opegﬁgigulﬁﬁgﬁ{#%@ﬁhﬁ#—(ﬁvﬂgﬁ% %Qr;gi%g— g[ 1, 2-b]indol e, prepared
I n Exanp m xture was cooled to
-50[err] C and treat W|th 14 m (22 mmol) of BuLi 1,6N in hex . After
two hours, it was ved the precipitation of ora ; p whi ch were
separ at ed, washed ‘«V cold diethylether and dried,

(yield=709% of the hi um sal pg@f the starting I|g

mol ) of Zrd [ serrp~ere susperded—s 30 nl of () &

obt ai ned ¥¥x wad treated wMeSiCl, 36 g offBihe ve Ilt/rN um sa pFTiRY
Vi gor ous reacty-gr '

A suspension of 5.5g (20 mmol) of N—methyl-Z-t-butyl-S,6-dihydroindeno[2'l-blindole
prepared in Example 9, in 50ml of ether was treated dropw1se with 12. 5 ml 1.6N Buli
(20mmol) in hexane. The resultmg deep-yenow solution was cooled to -20°C and then
treated with a solution of 1.3g Me,SiCl, (10mmol) in 10 ml of ether. Then obtained
mixture was allowed to warm to rooﬁl temperature and refluxed for 1 hour. The resulting
mixture was treated with 100ml water; the organic layer was collected, washed with water
and fhe solvent was evaporated. The resulting oil was treated with 10m! of hexane. In
some minutes a white precipitate started to form. The obtained precipitate was filtered,
washed with hexane and fmaﬁy dried, thus obtaining the pure rac-form of the target
product (2.1g; yield=30%). |

'H NMR (CDCl,): 7.84(d, 2H); 7.75(. 2H): 7.66(d. 2H): 7.37(t. 2H): 7.28(dd. 2H):

7.19(d, 2H); 7.15(td, 2H); 4.12(s, 2H); 3.48(s, 6H); 1.42(s, 18H); -0.5(s, 6H).
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and the solution becane violet. After evaporation of the solvent, the
obt ai ned conpl ex was recrystallized from tol uene, thus yielding 2.2 g of

i sopropyl i t hyl -5, 10- ' 703

di -hydr oi né’gﬁgyfk“ggb] i ndol - 10-yl) (cycl opent adi enyl ) zirconi um 986°r?

(yield=60% . [err]"H NVR (THF-d[err]): 8.20 (d,2H); 8.06 (d, H; 7 85 (dH)
H)

7.50 (d,H); 7.40 (t,H; 7.28 (dd, 7.16 (t,H); 6.94 (dd,H); 6.24 (m 1H);
6. 10 (mﬁi)amp'i 94 (m1H); 5.51 (m1H),; 4.19 (s,3H); 2.50 (s,3H); 2.38
(s,3H). Exarrple 26 Synthesis of
I sopropyld den(. ] 2 ) Q‘xhé tﬂ;a 8-
cycl open 5 iy ke y ,
mol ) of the I|and 10 [1 methyl. 1-(3 t-butyl,
cycl openAGHE 2755 ol AYGrONEenQled RIRYIAPHS! §013 ! ) TOTIRYQ, L)
i n Exanpl e 12 and 20 m  of toI uene. "The obt ai ned m xture was cool ed to
-50[err]G/]ﬁﬁdntﬂyﬁaAedEmmmﬁtﬁébnﬁgmgﬂwﬂmtkadﬂalmstH;)@N i n hexane.  The
resulting solution was allowed to warmto room 47 V\099/24446
PCT/ EP98/ 07034 tenperature within 1 hour and.then i I%geate with 1.16
g (5 mol) of ZrCd[ery]. The solvent was eva 2 nd the regldue was
recrystal lized from ether, thus yielding 0.13 gfo turout 1:1 of
the two isoners 3p- and rac sopropyllde AN (
di hydroi nd R TM%ioI-lo-ylieg" but yI - cyclop'
rr]C[err] :
total 3H 2. 0 (s) 2.49 (s), 2.35 (s), 2.34 (s)

dichlorid I=5% . [err]H “ﬁ% .20- (m8H); 6. 16
. 80 5. 47 , O. t ot 4.16 (B), 4.15
uy ?WZ A a| 6 ,17 (s), (1.82)0
(s) total 9H Exanple 27

(m, 6.00
A suspension of 1g (5.5mmol) of N-methyl-2-methyl-1,8-dihydroindeno[2,1-b]pyrrole,

—,
3

prepared in Example 10, in 10ml of ether was cooled to -20°C and was treated with
3.4m! 1.6N BuLi in hexane. The résulting mixture was allowed to warm to room
temperature; the mixture was then cooled to -50°C and treated with_O':33ml (2.7mmol)
Me,SiCl,. The resulting suspension was allowed to warm to room temperature and treated
with 10% aqueous NH,CI solution (50m1)'. The precipit;lte was filtered, washed with ether
and finally dried, thus obtaining 0.9g of _8i[1,.1-dimethyl-l—(N-methyl—Z—methyl—l,8-
dihydroindenof1 ,2—b]pyr‘rol-9—y1)silyl]-NQmethyl424m6ﬂ1yl-1 ,8-dihydroindenof1,2-b]pyrrole
(yield=77%) as a 1:1=rac:meso mixture.

'H-NMR (CDCl): 7.55(d,1H); 7.42(d,1H); 7.36(d,1H); 7.26(t,1H); 7.18(t,1H);
7.07(t,1H); 6.94(t,1H); 6.82(d,1H); 6.16(s,1H); 6.11(s,1H); 3.70(s,1H); 3.38(s,3H);
3.32(s,1H); 3.25(s,3H); 2.33(s,3H); 2.26(s,3H); 0.1(s,1.5H); -0.42(s,3H); -0.46(s,
1.5H).

PREPARATION OF METALLOCENES OF FORMULA (1)

Example 25
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Synt hesi s of isopropyliden(N nethyl-5,10-di hydroi ndeno[ 1, 2- b]

I ndol - 10-yl)[ 3-(1- adamant hyl)-cycl opentadi enyl] zirconiumdichlgride In a
70 m Dbul b wmemnerzgsaced 2.3 g (5 mml) of the |igand PCT/EP98/07034
10-[ 1- et hyl - 1- ( 3- adamant hyl - ' :
cycl opent adi enyl ) et hyl ] N-met hyl - 5, 10- di hydr oi ndeno[ 1, 2- b] i ndol e, prepared
in Exanple 13, and.20 m of toI uene. The obt ai ned mxture was cooled to

- 50[ er r] CoYRipesis O f pytiemNometh (©-dihy i g0 dexane. The
resul ting sol utlon was al I owed to war m to roomtenperature within 1 hour

and then i¢yctepentadivayhirsohitmldidhlogid¢é 5 nol ) of ZrC[err]. The solvent was
evaporated and the residue was recrystallized fromether, thus yielding

?géér?,p&f In a 70, mi bulb, yere placed 325 g (10, mmol of the ligand 10 {Lmetiyld;
- ovel °%e%%?pa%n&aghzﬁ&&hé%fkéﬁfﬁﬁyﬂﬂ#ﬁa§ew§%@ m}%&%?“'s

yI )(cycl opent adi enyl ) zirconiumdichloride In.a 70 m buI b were placed 2. 26
(6 ol and 40 b dicthydetier] (FHelobtainkg mikture Svas cosledae/-302@ aind treated with 14 ml

PCT/ EP98/ 07034

(cycl opentaslingayh ot NeRM B bdxabe. L AR W6 Houkd)de Hak bblervbd ﬂ@b&apﬂm&ﬁbﬁd

in Exanpl e 16, and 20 nl of tol uene. The obtai ned m xture was cool ed to

- esult1 g oCiRs PR il e ?%va&é%”‘%%%f’ﬁwﬁ% R, SEART AR i s

and then it was treated with 1.4 g (6 2 of ZrCI[err] ]’he solvent was
evapor at edielding2:36 géxﬂﬁ;&%)sof@@rlm saleqfthe lellﬂﬁnd dignien.yi el di ng
0.55 g of

5P 0P O 0 by e o 0l e e

8.25-7. 00 vid®) theittbd with3£36'P dithe dbove liaurt Salt. MR orbll reaetiof, Z:Cl, dissolved
and the solution became violet. After evaporation of the solvent, the obtained complex was
recrystallized from toluene, thus . yielding 2.2 g of .isopropyliden(N-mefhyl—S,IO—
dihydroindeno[l,2-b]indol—10-yl)(cyclbpentadienyl) zirconium dichloride (yie1d¥6_0 %).
'H-NMR (THF-dp): 8.20 (4,2H); 8.06 (d,H); 7.85 (d,H); 7.50 (d,H); 7.40 (t.H); 7.28
(&d,H); 7.16 (tH); 6.94 (dd,H); 624 (m,1H); 6.10 (m,1H); 5.97 (m,1H); 5.51 (m,1H);
4.19 (s,3H); 2.50 (s,3H); 2.38 (s,3H).
Example 26

Synthesis of isopropyliden(N-methyl-5,10-dihydroindeno[1,2-blindo}-10-y1)(3-t-butyl-

cyclopentadienyl) zirconium dichloride

In a 70 ml bulb were placed 1.9 g (5 mmol) of the ligand 10-[1-methyl-1-(3-t-butyl-
cyclopentadienyl)ethyl]N-methyl-5,10-dihydroindenof1,2-b}indole, prepared in Example 12,
and 20 .ml of toluene.. The .obtained mixture was. cooled to -50°C.and treated with 6.25 ml

(10 mmol) of BuLi 1.6N in hexane.. The resulting solution was allowed to warm to room
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(m1H); 2.57 (s,3H); 2.41 (s,3H). Exanple 29 Synthesis of

di met hyl si | anedi yl - bi s(N-phenyl -5, 10- di hydr oi ndeno[ 1, 2- b] i ndol - 10- yI )
zirconiumdichloride In a 70 m bulb were placed 4.75 g (8 mmupl

10- [ 1, 1- di n¥ORP448( N phenyl - 5, 10- di hydr o PCI/EPS8/07034

i ndeno[ 1, 2-b] i ndoI 10-yl ) -silyl]-Nphenyl -5, 10-di hydr oi ndeno[ 1, 2- b] i ndol e,
prepared in Ex. and 40 m of ether. The obtained m xture vvas cooled to -

hg?i[gglrl)fc t?ﬁwge é%?gﬁwei g’?é%?gl {H]'fl on o yeﬁiow cryi? gl\tj 'S o Z)Z?Zvrg ’h;akl d.
(ol o b o o B oo st i, o 13 for

ZrCl[err] were suspended in 30 mM of cold CHerr]O[err] .and the obtained
m xt ure wees mix@iat abouti 111 af thegtwe! i®mareimesof andgat~ ofhisopropylideniNtmethylds,48-
descri bed above.  After vigorous reaction, ZrC [err] dissolved and t he

sol ution bcﬂﬁs%(ffgldééﬁ&[l\Q-leﬁﬁol-lﬁ%(wuwllc?&oﬁ@:&adi&i}ﬁﬁ Nt 1 agichritn 2 h fiélfloride

cooled to - rr]C. A crystall'ine solid was isol’ated, washed
CHerr]d [6'”% S% dried, thus yielding 2.35 g of

di met hyl si AXGPH: bi s(N phenyl -5, 10- 49 D 99/ 24446

PCT/ EP98/ 07034 di hydr oi nden _'Ll 2-b ndoI 10-yl) zirconium di chl ori de

(yi el d=65-NMBASTACY B2H04 (. BD; 6.16 (), 6.00 (x), 3.80 (), 547 (m), 5.39 ()
di met hyl si | anedi yl - bi s(N— nmet hyl - 5, 6- d| hydr oi ndeno

[ 2, 1- b] i nctotal BH14). ¥6 (P4i18nE)Yioedd 1381;1 2150 I(s), 2.49Qs)12.381(sh, 284 €s)odott GHI; .. Fﬁ(g,
(5 mmol) of 10-[1, 1-di met hyl -I-(N-net hyl -5,-10-

di hydroi n gndol - 10-yl) -
silyl]- df?%%‘é’”%d. hydr oi ndeno[ 1, 2-b] i ndol e, prepared in Exanple 18,
and 20 m ]8 tlc))iewe. The obt ai ne_d m xture was cooled to -50C

Synthesis of isopropyliden(N-methyl-5,10-dihydroindenof1,2-b} indol-10-yD[3-(1-

adamanthyl)-cyclopentadienyl] zirconium dichloride

In a 70 ml bubb weré placed 2.3 g (5 mmol) of the ligand 10-[1—methyl—1—(3—adam'anthyl—
cyclopentadienyl)ethyl]N—methyl—S,10-di1iydroindeno[1 ,2-blindole, prepared m Example 13,
and 20 ml of toluene. The obtained mixtire was cooled to -50°C and treated with 6.25 ml
(10 mmol) of BuLi 1.6ﬁ .in hexane. The resulting solution was allowed to warm to room
temperature within 1 hour and then it was treated with 1.16 g (5 mmol) of ZrCl,. The
solvent was evaporated and the residue was recrystallized from ether, thus yielding 0.21 g of
isopropyliden(N 7methy1—5,10-dih§droindeno[1,2-b]indol-lO-yl)[S—(l-adamanthyl)- )
cyclopentadienyl] zirconium dichloride (yield=7%).

Example 28

Synthesis of isopropyliden(N-phenyi-5S, IO—thydromdeno[l ,2-blindol-10-

y])(cyclopentadienyD zirconium dichloride

In 2 70 ml bulb were placed 2.26 g (6 mmol) of the ligand 10-{I-methyl-1-
48



and treated with 6.25 m (10 mmol) of BuLi 1.6N in hexane. The resulting
solution was allowed to warmto roomtenperature within 1 hour ~and then it
was treat ewowwdadds 16 g (5 mmol) of ZrC[err]. The resulting PET/EDRS/07034
crystals were separated, washed with toluene and dried, thus yielding 0.39
g of dimethyl silanediyl-bis(N nethyl-5, 6-di hydroi ndeno[ 2, 1-

b] i ndol - 6y|)2|rcon|umd|chlor| = 12 in th formof t he

rac- i sonecyclopentadienyietiydly-phe r}y E%grwm@@[é M"l‘gﬁlﬁ prepargd; ig)Example;
(s,6H). Exanple 31 Synt hesi s

di net hyl s16,and @0yt ¢f tolwenen¥h¢ ()btaumdlmixtlﬁ‘e@vasldoymdaonﬂé‘f(bhﬁl trefted wdthl 7.6-nal )
zirconiumdi chl oride A suspension of 2.2g (5mmol) of -

6- 11, 1- di rotiiflonlof BLuipnosN I gk mﬁrﬁm@%ﬁm@m 'amv@@é@m to room

'PCT/ EP98/ ydr ol ndeno[ 2, 1-b]in epared in Exanple 19, in

of ether wastreat W|th62 16N ( n_hexa

resul t i nd“EBFRNTS &E %e]atfd ‘ﬂgﬂgo}égt(é ﬁﬁ??'ggg%me?t

of Zrd[err]. The obtai ned mxture was allowed to warmto roomtenperature
and t hen was evaporated andhther eesidue rwasrrecayssallized, feom Biher; tans pisldingi 45 zanfje
precipitate was filtered, washed with THF and ether, and finally dried,

t hus vyi el dbpeplides(Niphenyl-5,10-dih dromdeno[l 2—b]mdol—10-yl)( cyclo ntadxe 1) zirconium

di met hyl si | anle)%ll yl - (fIT uorenyl )(I\)l’- met hyl - -di hydroin en(?[ez ¥|)ndol 6-yl)

zi rconi u @@ﬁ?ﬁﬁg@l;gj d_ =709 . ExarrpIe 32 Synthesis of

met hyl en- ~di hydr oi ndeno[ 2,1- b] I ndol - 6-yl ) zirconium

o TN et T NMR I Ty H a2 ) Gbla55 . §6 o, T8 635 (o, 11; 5.88 (m,1B); 5.56

b] i ndol - 6-yl ) met hyl ] - N-net hyl - 5, 6-di hydr oi ndeno[ 2, 1-b] i ndol e, prepared in
Exanpl e 2(m,1E)0240 (sj3H)f Zdile(tim‘i)et her. The obtained m xture was cooled to
-50[err]C and treated with 6.25 m

Example 29

Synthesis of dimethylsilanediyl-bis(N-phenyl-5,10-dihydroindenof1,2-b}indol-10-yl)

zirconium dichloride

In a 70 ml bulb were placed 4.75 g (8 mmol) of 10—[1,1—dimethyl¥1-(N—pheny1-5,10-dihydto
indeno[1,2-b]indol-10-y1)-silyl]-N -phenyl-S,lO—d;’hydroindeno[l ,2—b]indole, prepared in Ex.
17, and 40 ml of ether The obtained mixture was cooled to -50°C and treated with 12.5 ml
(2 mmol) of BuLi 1.6N in hexane. In the period of two hours, the precipitation of yellow
crystals is observed; said crystals were isolated, washed with cold ether and dried, yielding
2.9 g (60%) of the lithium salt of the ligand dianion..

1.12g (4.8 mmol) of ZrCl, were suspended in 30 mi of cold CH,Cl, and the obtained
mixture was treated with2.9 g (4'8. mmol) of the Iithim salt obtained as described above.
After vigorous reaction, ZrCl, dissol;red- and the solution became dark violet. The solution
was concentrated to 5.ml and cooled t§ -50°C. A crystalline solid was isolated, washed with

cold CH,Cl, and dried, thus yielding 2.35 g of | dimethylsilanediyl-bis(N-phenyl-5,10-
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(10 mml ) of BuLi 1.6N in hexane. The starting |igand dissolved and the
corresponding white dilithiumsalt started to precipitate; the precipitate
was i sol at yeahed with diethylether and dried, thus yieldi y f
said di Iit‘m?n salé9 (yield=78%. 0.9 g of Zrd[err] (3.9 mol \A/g%ﬁ/o%ﬁ :
suspended in 30 m "of cold CHerr]C[err] and the obtained m xture was
treated with 1.8 g (3.9 mmol) of the above dilithiumsalt. Zrd[err]

di ssol veddihparoindeR8[1G2 b¥indéil 1026 sitorui dichloHde tyaeld =i65%)pr eci pi tate was

i sol ated, washed with cold CHerr]C[err] and dried, thus yielding 0.82 g
of net hyl Mﬁ‘{# met hyl - 5, 6- di hydr oi ndeno[ 2, 1- b] i ndol - 6yl ) zirconi um

di chloride™(yreld=33% . Exanple 32-bis Synthesis of :

met-hyl en-'bi s( N-nmet hyl - 2-pget hyl| -5, 6-di h d{ i ndeno[ 2, 1- bl i ndal - 6-\6/1 zi rcani um
di chiori d esis diyl-bis(N-methyl-53, ydroindeno [2,1-blindol-6-yDzirconium
PCT/ EP98/ 07034 [err] M  ~~~~~ Me A suspension of 3g

(6. 67mol ichloride[ ( N- net hyl - 2- net hyl - 5, 6- di hydr oi ndeno|[ 2, 1- b] i ndol - 6- .

yl ) met hyl | - N- net hyl - 2- et hyl - 5, 6- di hydr oi ndeno[ 2, 1-blindole, prepared in
exanpl e 24y i 90 i BT BT 2085 & (S HaBBDVoF MOLA - dim&Y B ol

I n hexanei%nd stirre ngl’;e“ ﬁ‘aSh. The ér.ésul ti nyé\lbyg I@W.giég%gﬂ?mn( ’id‘
cont ai ni nq.,t he .di | i t.hium gal the I|i was I s0] ated. b il tragj.on,
washed t witdigisroal bt TaEHi . The SUEBMORUN Sl inenaly bl
50m of dichl oronet hane at -50£2err ! C and the resulting yellow sol ution was
treat ed wpreparedsg Examaplends) and 20 f tolwene. The obtained mixmre wiad enoded too-SA8EmM

to roomtenperature under stirring for 3 hours. The inorganic by-products

were filtandteateddvith 6.2t (10Nt 6 BARI 416N ih heRdtle. THeCrebsifing 'syitioh lwase
preciplitate was- ' -

allowed to warm to room temﬁerature within 1 hour and then it was treated with 1.16 g (5

mmol) of ZrCl,. The resuiting yellow crystals were separate;d, washed with toluene and
dﬁed, thus yielding 0.39 g of dimethylsilanediyl-bis(N-methyl-5,6-dihydroindeno{2,1-
blindol-6-yl)zirconium dichloride (yield=12%) in the form of the rac-isomer. |
'H-NMR (CD,CL,): 7.6-6.9 (m,26H); 3.7 (s,6H); 2.37 (s,6H).

Example 31

Synthesis of dimethylsilanediyl-(fluorenyl)(N-methyl-5,6-dihydroindeno[2,1-bjindol-6-y1)

zirconium dichloride

A suspension of 2.2g (Smmol) of 6-[1,1-dimethyl-1-(fluorenyl)silyl][N-methy}-5,6-
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i solated by filtration, washed with cold dichl oronethane and dried, thus
obt ai ni ng gvcﬁ f the target product(yiel d=20% . Exanple 33 S mhe5| s of
di met hyl si| 6 b s(N-phenyl - 5, 6- di hydr oi ndeno PCT/EP98/07034
[2,1-b]indol-6-yl)zirconiumdichloride In a 70-m bulb were placed 5.94 g
(10 mol ) of 6 [1 1-di met hyl - 1- (N- phenyl - 5, 6-di hydro 52 WO 99/ 24446
PCT/ EP98/ §f 02 1-b

i ndeno[ 2, 1 ] | n - 2yl }meIFfoepﬁfe%eny agxpte él ’nydr0| ndpenotf]? fvag]lir%sq é”lth
pr epar ed d qQf .di et hyl et her, The _obtai ned .nm xture was
cool ed t oJS %g‘?&%ﬁ%@%(%‘?@dﬂ\ﬂeﬁﬁnﬁ hf r‘%”?&‘%ﬁﬂ yLion was cooledgR +30°C and
hexane. In the period of two hours, the precipitation of. white crystals was
obser ved; treated withy 51188 {Smmal) p§ 2rGl,c Thevohsdinel miixtore wias allowtd to e¢drar towpdm
dried, yielding 3.6 g of the lithiumsalt of the |igand dianion

i el d 6 faturk th Vi e
(yi Ofémpe; and thein@irtedforZ2 Hobey 4d rd&ﬁ@erﬁ &Bﬁﬁ@ Thé rtgxﬁs()?ﬁia.#%t eﬁﬁf‘?h% -

CH[err]CI[err] and the m xture was treated wwth 3.6 (6 nmol

salt obt [ rr .S e h
ol ut i on PREIEROYES ofithd Rt Sith ﬁ%fﬁaﬂa@e FSE I Tieidlae 2 Fe
recrystalljzed frqomtol uene, thus I Vi

di et hy! 591 aAsestpisiosdl-(hiorea XNGmeH 8 cofihpdnindenol2, 1-blindol-6-y1) _ zirconium
1- b] i ndol -6-yl ) zirconi um di chI or| de in very high yields. Exanple 34

Synt hesi sdichloride (yield=70%).

di net hyl si | anedi yl - bi s( N- net hyI 2-t-butyl -5, 6-di hydroi ndeno[ 2, 1- bl i ndol - 6-
yl) zi r conpyapneiecsy oride [err] A solution of 1.36g (2 mml) of the |igand
6-[1, 1-di net hyl - 1- (N- et hyl - 2-t-butyl -5, 6- di hydr oi ndeno|[ 2,
1-b

] ndol S)ﬁntﬂés}s f:ﬁet’hyi\lh 1s(ﬂ‘y met%y -5 %J&ﬁllydr%m%egcl)ll}yfi{)? cie& 1{)2 . b rc]igc%lloel'lde

In a 100 mi buib were placed 2.25 g (5 mmol) of 6-[(N—methyl—5,'6—dihydroindeno[2,'1-

b]indol—6—yl)methyl]fN-mcthyl-S,6-dihydroindeho[2,l—b]indole, prepared in Example 21, and
40 ml of diéthylether. The obtained mixture was cooled to -50°C and tréated with 6.25 ml
(10 mmol) of BuLi 1.6N m hexane. The starting ligand disSqlved and the corresponding
white dilithium salt started to pfecipitate; the i)recipitate was isolated, washed with
diethylether and dried, thus yielding 1.8 g of said dilithium salt (yield=78%). |

0.9 g of ZrCl, (3.9 mmol) was suspehded in 30 ml of cold CH,Cl, and the obtained mixture
was treated with 1.8 g (3.9 mmol) of the above dilithium éalt. ZrCl, dissolved and a red
crystaﬂine solid precipitated; the precipitate was isolated, washed with cold CH,Cl, and
dried, thus yielding 0.82 g of methylen-bis(N-methyl-5,6-dihydroindeno[2, 1-b}indol-6-yl)
zirconium dichloride (yield=33%). |

Exémple 32-bis

Synthesis of . methylen-bis(N-methyl-2-methyl-5,6-dihydroindeno[2, 1-b]indol-6-y1)zirconium

dichloride
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53 WO 99/ 24446
PCT/ EP98/ 07034 prepared in Exanple 23, in 40mM of ether was treated with
2.5m 1. 6NpRyddr4gdemol ) in hexane. The resulting sol uti on waecixPpedrdie
-50[err]Cand treated with 0.47g (2 mml) of ZrC[err]. The m xture was
allowed to warmto roomtenperature and stirred for 2 hours at room .
tenperature. The thus obtained yell ow precipitate was filtered, washed with
ether and finaliy dried, thus obtaining OM8Sg of the target prodq\ﬁé

(yi el d=50% . danpl e 35 Synt hesi s of .
bi s(N- net hyl By di hydr oi ndeno[ 2, 1- b] i neg -6-y|) 2|rcon|umd|c ide In a
100 M bul b & pl aced 2.19 g (10 mmo
b]i ndol e, pre \d in Exanple_S and 30
m xture was S err]Candtreat

1.6N i n heMene. il ting soluti N to -50[ errg amd
wth 1.16 g (5 Zrd [egpli- The res om xt was al | owg
warmto roomtenperature and ai ned underlitontinu tirring 02:0!}

hours. Ayellow precikhii ate was 1 sol at ed, waghed wi t hediogt hyl et her \and
recrystall’fl rr]CI[err] M@\s

o}
N- et hyl -. eno[ 2, 1-b] i ndoI e (J@
crystals. -Th G ther sol ution was evaporat et and
recrystalli A€ rom tol uene, thus givige
(yi el d=40% . caanpl e 36 Synt hesi s of '
bi s( N- phenyl -5, 0 di hydr oi ndeno[ 1, 2- b] i ndpl - 10-yl) zirconi umdlclorlde I n
a 100 nl bulb Were pI aced 2.81 g (10 mmol peof

of "ai of hy Rearaside of BERG R of 6 U Gl B RRARTS. 6?&%%%%&& }Z’i‘eﬁg 5

with 6.25 m 10 mml of BuLi 1.6N in hexane. The resultlrglg
yl)methyl}-N-methyl-2-methyl-5,6-dihydroindeno[2,1-bJindole, prepared in example 21-bis,

in 60ml of ether was treated w_ith 10ml! 1.6N Buli (16mmol) in hexane and stirred within

3h. The resuiting yellow' suspension, containing the dilithium salt of the ligand, was

isolated b& filtration, washed twice with ether and dried.

The obtained product was dissolved in 50ml of dichloromethane at ~-50°C and the resulting

yellow solution was treated with 1.5g (6.67mmol) of ZrCl,,. The mixture was allowed to
~ warm to room temperature under stirring for 3 hours. The inorganic by-products were

filtered, and the solution was evaporafed to Sml. Thé red crystalline precipitate was

isolated by filtration, washed with cold dichloromethane and dried, thus obtaining 0.85g of
the target product(yield=20%).
Example 33

Synthesis of dimethylsilanediyl—bis(N-pheny!—S,6—di11ydroindeno [2,1-blindol-6-yD)zirconium

dichloride
In a 70 ml bulb were placed 5.94 g (10 mmol) of 6-[1,1-dimethyl-1-(N-pheny}-5,6-dihydro

52



solution was cooled to -50[err]C and treated wth 1.16 g (5 rrrml) of
~ZrCl[err]. The obtained 54 WO 99/ 24446

PCT/ EP98/ O M389/M4446 ure was all owed to warmto roomtenperat urBCZde’98107034
mai nt ai ned under continuous stirring for 2 hours. A red precipitate was
| sol ated, washed with diethylether and dried; the resulting solid was

veshed, oo ot b b s S St L. epiionix. 2.

CHerr]C[err] and dried, thus yielding 1.3 g of bis(N-
phenyl - 5, Aﬂdéomlcbfcilﬁhﬂtcd{el. Pherobtained ntigtupe was icooled won-50°€hand trelated with 14 ml
(yiel d=36% . Exanple 37 Synthesis of

di met hyl s ﬁﬂﬂﬁbl% lof [Bud i . 6t i \lexAne T the p&ri%d(ﬁfwmxﬁg%e[%}eé?ﬂﬁb‘ﬁr 6Cwhite

yl)zirconiumdichloride [err] A suspension of 0.9g (2. 1mmol t he Ilgand

Pexane. m@ﬁﬁn%ﬁsiﬁx#ﬁ él‘*%%#e%%ﬁ%t%ﬁ% ERheE i O ifnet? dpd o

and then treated with g (2.1mmol) of ZrCl[err]. Thé red precipitate

. that for n¥ieldiag fﬁgpéﬂwhmw&ewpémanéémqw e0Bonet hane, t hus
giving 0.3g of the target compound (yiel d=25% . POLYMERI ZATI ON TESTS

Met hyl al unmxage(6( idl) Af FrGlewereasuspemizdcin 300 ynl Ssthevld 'CH,Clp and) sisd niiture was
solution of 10% by weight in toluene. 55 _
treated with 3.6 (6 mmol) of the lithium salt obtained above. After vigorous reaction, ZrCl,
dissolved and the solution became orange. The solvent was evaporated and the complex was
recrystallized from toluene, thus giving dimethylsilanediyl-bis(N-phenyl-5,6-dihydroindeno
[2,1-blindol-6-yl)zirconium dichloride in very high yields.
Example 34

Synthesis of dimethylsilanediyl—bis(N-methyl—Z-t—butyl-S,6~dihydroindeno[2,l-bEndol-6-

yDzirconium dichloride

tBu

(=11} iBu

A solution of 1.36g (2 mmol) of the ligand 6-[1,1-dimethyl-1-(N-methyl-2-t-butyl-5,6-

dihydroindenof2,1-bjindol-6-yl)silyl] -N-methyl—Z—t—butyl—S ,6-dihydroindeno[2,1-b]indole,
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WO 99/ 24446 PCT/ EP98/ 07034
Tris-(2,4,4-trinmethyl-pentyl)alunoxane (TIOAO 3.45 m of a TIOA solution
(IMin hex added at roomtenperature to 5 ml of tol ygPEEposo7034
previ ousl yaﬁ%ﬁ%‘gat ed and distilled over triisobutylalumnum 0,031 m .of
wat er were then added, at roomterrperatu're with a syringe and the
resulting solution was stirred for 10 m nutes at room tenperature.

- Tris- (2, Apdphdell TRERANPRE 08 Y in) A0mIToR etfer WS reated VP2 (Snall 1.6MNBUEI (4mmW)tmo)
was used difuted to a 1M solution in the indicated sol vent.

W oo wasbetens TBE Spusl A i toofbd QTSI raRAE Wik G782 BmbOE |

was prepared in a glass flask treated with Nferr] at 90 C, for hour s,
by di ssol %Gl Zhemirure wanallewed o3pam 9Io8 B’[Mﬁ' 4‘@3?4#@5%%% at
i nvention in toluene, then transferring an aliquot of this solution into a

tol uene spjom itemperantrai Theghusebriedr yallommprevipitite wasHfiltergd; washedawithregher
cl ear solution which was sti rred for S mnutes at roomtenperature and 1 hen

i nj ected ggma in the
presence %“Eﬁﬁﬂhwngﬁg&rrg@@ 3EAYI\/ERI Z Tlﬁctl.ilal(uf'-tl E) Eﬁg@ e 38 The

cat al yst @‘F‘ ut:og prepared as descrl bed above, containing a retall ocene

cat al yst Tventi on, as reported in Table 1, and nethyl al unoxane
(MAO) as cocatal yst, was fed |nto a A4-liters. steel autoclave (1l-ljiter

aut ocl aveSynthesis hEbis(N-methnd$p6-d indene(2, 1 blindel6-y] girceniym dichlogide r r er and
treated with N2 at 90[err]Cfor 3 hours, contal ni ng 1.6.1 of hexane (0.51

W th EX. $2)a 300 shi Gulbokeref pld¢ddAR. 1% gOl(rIm|mmehoE>N-r&ﬂiyl-Saﬁ—dﬂinMeno[2 1-
20[err] C. The autocl ave 56

blindole, prepared in Example 5, and 30 ml of diethylether. The obtained mixture was

cooled to 0°C and treated with 6.é5 m! (10 mmol) of BuLi 1.6N in hexane. The resulting
solution was cooled to -50°C and treated with 1.16 g (5 mmol) of ZrCl,. The resulting
mixture was allowed to warm to room temperature and maintained under contimwous stirring
for 12 hours. A yellow precipitate was isolated, washéd with diethylether and recrystallized
from CH,Cl,, thus obtaining 1.0 g of N-methyl-s ,6-dihydroindenol2,1-b]indole
Gield=33 %), in the form of yellow crystals. The rhother solution was e‘vaporated and the
resulting solid was recrystallized from toluepe, thus giving a tbtal yield of 1.2 g
(ield=40%). |

Example 36

Synthesis of bis(N-phenyl-5,10-dihydroindeno[1,2-blindol-10-y1) zirconium dichloride

In a 100 m! bulb were placed 2.81 g (10 mmol) of N—phenyl—S,lO—dihydroindeno[l,2—
blindole, prepared in Example 3, and 30 ml of diethylether. The obtained mixture was
cooled to 0°C and treated with 6.25 ml.(10 mmol) of BuLi 1.6N in hexane. The resulting

solution was cooled to -50°C and treated with 1.16 g (5 mmol) of ZrCl4_. The obtained
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t enper at ur rgised to 80[err]C and 10 bar of ethyl ene wer | i.ed.

Pol yneri za P\(I)ﬁ effected for 1 hour, keeping the tenperat uf%ﬁglg%’dﬁﬂ

et hyl ene pressure constant. Pol ynerization was di sconti nued by '

I nst ant aneous degassing of the autoclave and, after cooling to 20[err]C,
the obt ai Gdre!wis'alloWedRB WHERI to'fonfieRfRAGRCArAN aididifld iicR GoAtNRRL Btirring
nitrogen atnosphere, at the tenperature of 80[err]C. The experinenta

par amet er%_é d“gsuant'ities, as well as polynerization data are reported in
Tabl e 1. 3}5’1 *39 A 200 ml gl ass autoclave, provided with magnetic
stirrer, tenperature indicator and feeding |ine for the ethylene, was
purifi ed Arredforesipitateyiwas isqlaipd o washed ws{lesgﬂlzieﬂm apd ¢iriede theeresulting splidowas

i ntroduced 90 m of hexane. The catal ytic systemwas prepared separately in

10 m of washedavittb$0 el Cland the resulting Sslutidre was cohedntated(ig® 5 ml. Red
correspondi ng al um num al kyl and water, in a ratio Al/Herr]0=2.1, when”

necessary) . indi ' T%Bhﬁedl kS t 4N C0f3: ST i 14 NG 1L AE
nmet al | oceenrgétggl‘ge Eilg%lhfaéd,[ he ow‘é@? %o(%grséﬁgglz gﬁrr%a#h b#‘ ‘%SOY lgfedrll@ légsbr%p%l%{lkgd
in Table 1-bis, Affer 5 mn s stjrring, .the solutiaon was .introduced into
t he aut oc?llml‘énﬂe'é{ihmyaéfii ﬁ@ﬂdﬂ@ﬁ@%@m@&'ﬁ@r@% Qﬂ?ldﬁﬁ-,gggb mper at ur e
risen to 80[err]C and pressurized to 4.6 barg. The total pressure was kept

const ant Byarpled7g et hyl ene. After the polynerization tine reported in
Tabl e 1-bis, the polynerization was stopped by cooling, degassing the

react or ag¢hthdi®s Ioft AREIRFISIRhedlyl-bisIN-REtHTERLREGYI-1 B18ing SRR [D P BIpRTo eSS

washed wiTh acidi ¢ _netnanot, than W th netnanol and dried 1 n _oven at

60[err] C m ggcro ﬁﬁ@é@o Tge pol ymeri zati on conditions and the
character he obtai ned pol yners are 57

Cl
CH Me Me, CHy : =
: N N N
\/ 8 Me” @@ o
: . [ Si \ 1) 2Buti ©
220, N

-0

Y

CH;

A suspension of 0.9g (2.1mmol) of the ligand prepared in Exan;ple 23 in 20ml of ether
was treated with 2.7ml 1.6N-BuLi in hexane, at room temperémre. The resulting mixture
was stirred fo; 3 hours and then treatéd _with' 0..49g. (2.1mmdl) of ZrCl,. The red
precipitate that formed was filtered and recrysiallized from dichloromethane, thus giving
0.3g of the térget compound (yield=25%).

POLYMERIZATION TESTS

Methylalumoxane (MAO)

A commercial product ( by Schering) was used in solution of 10% by weight in toluene.
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I ndicated in Table 1-bis. Exanple 40 Influence of tenperature In_order to

eval uate tr‘g [ nce of tenperature on the activity of the g ocene
according ¢ QPM?esent i nvention, ethylene polynerization V\g&@ #‘W’gﬁf out
using the netall ocene prepared in Exanple 30 with MAO as cocat al yst,
follow ng the procedure reported in Exanple 38; but varying the tenperature "

of pol ynerm ' ' ' ported in Table 2. Exanple 41.
T A0 o BB BAERE (HOAD)

I nfl uence y r to evaluate the influence of hydrogen on the |

nmol ecul ar | ght _,of oht ai n ol yner eth e _pol ri zati.on was
carried oérvf%gan‘bfo? r@aﬁeﬁ‘g}'&%‘b Zﬂgpﬂ’r éﬁ?ﬂ@jwleﬁe é‘%ﬁpﬁ‘tﬂé‘%rm QSV\? ml of
cocatal yst, follow ng the procedure reported in Exanple 38, with the only
di f f er enc dolvens, mrevigady dgoxygenated and distitled ovex: triisobussiladuminnm.F0,03 hrenli of awaten
data are reported in Table 3. The obtained results confirmthat the

met al | oceRrgsie WinidiiedJat Woith@nipefheiR] with/£ Syrisge @ideths eesiltingy@ttorWas aseed
as a nol ecul ar weight regulator; this fact Is unexpected in the light of

t he poly ' ‘]h&%# d in the cited European .patent

appl i cat iﬁg{#\{:@ 4%@\%@ € hydrogen, even when used in rel evant
anounts, has no.,effect _on the | ecul a ight of the obtained polyners.
Ther ef ore,TW‘@rﬂWX"Pmn&g‘W“% ntion it is possible to

regul ate the nol ecul ar weight of the final polymers, maintaining at the
sane ti ne A cominescial sampleo@iytWitce) wasusefl dilatedrto at 1M Ebntiondn die ingtidated solveut.
pol yneri zation reactions carried out with the catal ysts according to
Tris(2-methyl-propyDaluminum (TIBA)
A commercial product available from Witco was used.
Preparation of the catalyst solution
The catalyst solution was prepared, in a glass flask treated with Nz. at 90°C for 3 hours, by
dissolVing a known é.mount of a metallocene according to the present invention in _tolixen_e,
then transferring an aliquot of this solution into a toluene solution containing the desired
amount of cocatalyst, obtaining a clear solution which was s_tirred for 5 minutes at room
temperature and then injected into the autoclave at the polymerization temperature in the
presence of the monomer. | |
ETHYLENE POLYMERIZATION (HDPE)
Example 38
The catalyst solution prepared as described above, containing a metallocene catalyst of the
invention, as reported in Table 1, and nigthyialumoxane (MAO) as cocataljwst, was fed into a
4-liters steel autoclave (1-liter autoclave with the zirconocene of Ex. 32), equipped with

anchor stirrer and treated with N, at 90°C for 3 hours, containing 1.6.1 of hexane (0.51 with

Ex. 32) and 1.0 mmol of TIBAL (2.0mmol with Ex. 32), at about 20°C. The autoclave
| 56



58 WD 99/ 24446 :

PCT/ EP98/ 07034 the invention, even if in |ow amunts so that the.yields of

t he processwerson2aefs negatively affected, makes it possible to rexEP®IoFoIshe
mol ecul ar wei ght of the obtained polyners up to Tmval ues of practical :
interest. Exanple 42 Influence of the cocatalyst In order to test the
activity of the netall ocenes according to the resent I nvention with

di ff erent temparatirgvas, raisepip S0 Con h&bﬁtﬁf ety mswer&rmppheda&olmm@qonewas'
nmetal | ocene prepared in Exanpte 30 with MAO or TI QAO as cocat al yst,

f ol | owi ng ¢fferteddoy Itouz,Akdepingihe eashersuckeard éthylené preSstrepOmsLAS,

Pol ymeri zation data are reported in Table 4. The obtained results confirm

r[/\nh?'rr E/gfl ous%%@%?g)ﬁysts Eghﬁﬁféd)zghﬁs@f‘uence Qﬁ?ﬂﬁé%f/@é%ﬁ{ﬁ( elan or gﬁer_
h fl h f

et al | ocer@olEB B Ay r&stq'?%én# £ RolBFer gres” StHprusi b A inam psm in

was carried out using the netall ocene prepared in Exanple 30 with MAO as

cocat al ystnpitrbgén atmasphearkeatthé temeperatatel of 8Q¥Cocedur e descri bed i n Exanpl e 38.
Pol ymeri zation data are reported in Table 5. The obtai ned results confirm

the fact tRd expepiniithdl pRARACSE AaCQiantities, R \kélfaﬁ rizafl¥f WataOdre AePorf&! ih
active even when used in very low Zr/ Al rati os. LENE COPOLYMERI ZATI ON

(LLDPE) Ex,?rml g 44 Et hyl ene/ 1- but ene copol yneri zat i on

Example 39

A 200 ml glass autoclave, provided with magnetic stirrer, temperature indicator and feeding
line for the ethylene, was purified and fluxed with eﬂlyléne at 35°C. At room temperature
were infroduced 90 ml of hexane. The catalytic system was prepaied separately in 10 ml of
hexane, by consecutively introducing the cocatalyst (the corresponding aluminum alkyl and
water, in a ratio AI/H,0=2.1, when necessary) indicated in Table 1-bis, and after 5 minutes
of stirring, the metellocene solved_ in a the lowest possible amount of teluenc, as reported in
Table 1-bis.

After 5 minutes stirring, the solution was introduced into the autoclave under ethylene flow,
the reactor was clbsed, the temperature risen to 80°C and i)ressurized to 4.6 barg. The total
pressure was kept constant by feeding ethylene.

After the polymerization time reported in Table 1-bis, the polymerization was stopped by
ceoling, degassing the reactor and the introduction of 1 ml of methanol. The achieved
polymer was washed with acidic methanol, than with methanol and dried in oven at 60°C
under vacuum.

The polymerization conditions and the characterization data of the obtaihed polymers are
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The catal yst sol ution prepared as descri bed above, containing the

net al | ocene of exanple 30 59 WO 99/ 24446 N

PCT/ EP98/ 07034 or 33, and MAO or Tl QAO as cocatalyst, was fed into a
4-liters sW@IYuMeG®Cl ave, equi pped with anchor stirrer and t rRCE/ERDSINNG34

Nl err] at 90[err]C for 3 hours, containing 1.6 1 of hexane and 1.0 mmol of
TI BAL, at about 20[err]C The autoclave tenperature was raised to the
desired val ue and_the guantities of -ethyl ene, 1-butene and hydrogen

i ndi cat edoficatedin daBledsbis. | nt r oduced under anhydrous nitrogen at nospher e.
In trials conducted with the netall ocene of Ex. 30 1-butene (g) was

i nt r oduceBxample 4he aut ocl ave at the beginning, while in trials with Ex. 33 .
1-butene (%9 was charged together with ethyl ene. Polynerization was carried

out for theukmaddfitanpérafi®s reported in Table 6, under continuous stirring,
keepi ng t'h'e—re'm%md the pressure of ethylene and hydrogen constant.
Pol ynmeri zati gn was di scont.isaued by instantanegus assj,.ng _of..t he autocl ave
ond "t « I coBey 1 et BR aptREEe BY o ARG B VT BT [ planoci BbdoRdind
di scharged and dried in an oven in nitrogen atnosphere, at the tenperature
of 80[ er ripctheTpresens| ipventiona ethyenco pelymesizatiom wvag carded gut usingothe cmetalloceap| e
6. The data of the obtained copolyners are reported in Table 7, follow ng

the sane prepaedoin Eafthple630 MbaMNIAO! as Foextalyss;/ fhilbwign thes ppsvethiner fepatted in A

200 m glass autocl ave, provided with nagnetic stirrer, tenperature

I ndi catorE?ﬁg%] eggli | t Htwll 08 polfne 4 £ &ﬁéa sUxe '
et hyl ene a Fe?gfi’] %.gt At T 0 %ﬁ]tee%pﬁg"réa ureeagveee | n@%gﬁbﬁlgg lng? %é%\qtégge
and the ampunt , of éilg%ene reported in Table 7-bis. The catal ytic system

was prepalc@aretpLT in 10 nl of heptane by consecutively introducing

MAO and the netall ocene indicated in Table 7-bis solved in the | owest
.possi bl e Example 41 :

Influence of hydrogen

In order to evaluate the influence of hydrogen on the molecular weight of the obtained
polymers, ethylene polymerization was carried out using the metallocene prepared in
Example 30 with MAO as cocatalyst, following the procedure reported in Example 38, with
the only difference of introducing hydrogen in the reaction mixture. Polymeriiation data are
reported in Table 3.

The obtainéd results confirm that the metallocenes according to the present invention are
sensitive to hydrogen as a molecular weight regdlator; this fact is unexpected in the light of
the polymerization results reported in the cited European patent application EP 0 604. 908 .
where hydrogen, even when used in relevant amounts, has no effect on the ﬁolmdm weight
of the obtained polymers. Therefore, with the metallocenes of the invention it is possible to
reguiate the molecular wéight of the final polymers, maintaining-at the same time intrinsic
viscosity values of interest.

The use of hydrogen in polymerization reactions carried out with the catalysts according to
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anount of toluene (the | ow amount as possible). After 5 mnutes stirring,
the solution, was introduced into the autoclave under ethylene flow, 60

WO 99/ 244461 o9 PCS/ETDR%d39 7034
t he reactor \/\/a/su4c4l60$ed, the tenperature risen to 70[err] C and pressuri zed
to 4.6 barg. The total pressure was kept constant by feeding ethyl ene.
After the reaction tinme reported in Table 7-bis, the polynerization was

st opped ke ffvehiicis). evefdf s low dnfiemnts s it the rielte of the process are ndt degatively
met hanol . The achi eved pol yner was washed with acidic nethanol, than with

met hanol | dr ' r gfgﬁm, Bk II; hehd :
conditioﬁ?&g'ﬁéoi‘ {I/llg%?gdig p§¥sgﬂ‘r=g%orr§%§éidr%§%tg@a{§i : T%g{ég%ta 0‘1!7_?{) e =0btggiur>1ed
copolyners are reported_in Table 7-ter. ETHYLENE/ PROPYLENE copol yneri zation
Exanpl e Jim yalesg 1BEEeSon was carried out by continuously supplying
the nononer m xture at a constant flowrate in a 250 m gl ass reactor

equi pped Exaniiple42t i rring and a thernoneter. The cocatal yst was prepared- by
dissolving 3.45 m of TIOA (1IMin hexane) in 5 nm of toluene, then adding
0.031 M iRfudiRE BF ¥ echiaR@e stirring the solution for 10 minutes. The -

cocat al yst 0 a nitrogen purged reactor containing 100 m of
t ol uene. _The .reactor S RuUL i nt DS t d : :
reaction IPe‘?FﬂE’F g? s ils aggﬁ—} rﬂ?dﬁﬁgg&?gé{“c ﬂgd?@%ﬂgt %r gﬁo?re‘é%}ﬁ;‘i]n g%gmgn‘glﬂl

propyl ene, containing 60%v of ethylene, was supp]ied continuoysly, at a
Dot al | pr shfotest cicapiyssseEhyame ROLYTMes7aan &S cABtAt o usEbe fustijorbpe Bfepied
net al | ocene according to the present invention, as reported in Table 8,

di ssol vedniExatpk 30fwittoMkDer TIOAOaitadatalyst tfallowing| thepolymerization progedire
therefore a ratio Al/Zr of 1000 and a ratio Al/H err]O of 2. After 15

mnutes e AYUMET A 98 PAFmetipRRAtaeY are reported in Table 4.

The obtained results confirm that the metallocenes according to the present invention are
very active with various cocatalysts.
Example 43

Influence of the Al/Zr ratio

In order to test the influence of the Al/Zr ratio on the activity of the metallocenes according
tb the present invention, ethylene polymerization was carried out using the metallocene
prepared in Example 30 with MAO as cocatalyst, following the polymerization procedure
described in Example 38. Polymerization data are reportéd in Table 5.

The obtainéd results confirm the fact that the metallocenes according to the présent |
invention are very active even when used in very low Zr/Al ratios.

ETHYLENE COPOLYMERIZATION (LLDPE)

‘Example 44 . |

Ethylene/1-butene copolymerization

The catalyst solution prepared as described above, containing the metallocene of example 30
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adding 1 m of nethanol and the copol yner. was coagul ated i n aci dul at ed

met hanol, then filtered- and dried- under vacuum Yields and -
characteristics of the obtained - copol ynmers are reported in Table 8. 61

WO 99/ 244480 99/24446 : PCT/EF98/8703% 034
The obtained results denpnstrate a good activity of the netall ocenes of the
i nvention in ethyl ene/ propyl ene copol ynmeri zation. PROPYLENE POLYMERI ZATI ON

Exanpl e 47 200 e har ged 1 ].jacketed )
stai nl es&¥F 95 @Pg M i@q ﬁ?f@&ﬁ g’%‘&ﬂﬁ?‘? @a‘LP%Fr%I stegbapteclaye, equipped o
35 m stainless steel vi aI connected to a thernostat for tenperature
cont r ol , witheanchos stjrremand M%Withayhhh@OWﬁW&WuBAcgmhhﬁEg)h. | hofhbexane andid
dried at 50[err]Cin a stream of propylene, then cooled to room

t enper at yr@ mmslcoR TIBALA e ab@fi 207€)) THECANDALAS SdnprathREWRS rXisd] toZﬁiel déaued
tenperature indicated in Table 9. The catalyst nmixture was prepared

Sl ut  on VIR BT s ool T ERefe  TeicoCad Ry Geed o flaﬁa‘ag rﬁa

at room tenperature and then jnj ect ed into the _ autoc] ave b_y mean
ni t r ogen iredied Enderranhydrons piteagsn airaespheree p mapondamdﬁ@ﬂp&qmetmlm of

tenperature. The polynerization was carried out at constant tenperature for
1 hour ailEk.t30ehbitenavis) waeintivddced into twer inntoclavenatxihe degifihingr, widlet inrtgialshwith
unr eact ed m)norrer and cooling the reactor to roomterrperature t he pol yner

vas drle%yrs@ wﬂ 33 E&tog’é%e@%lﬂ{éd)fl g“q[ | QRHEPLR fBF ©

reported in T I1e thé characteri zat tal ned
pol yners or.ted |n l T% bt ai ped [ € ults em)ns rate that
by suitatﬁ? Sl‘b Q’r é t YRPCT (Rl Eﬂ“ lg t&’ mperature

and the pressure of ethylene and hydrogen constant.
Polymerization was discontinued by instantaneous degassing Iof the autoclave and, after
cooling to 20°C, the obtained shurry of polymer was discharged and dried in an ow}en in
nitrogen atmosphere, at the temperature of 80°C. |
The polymerization conditions and yields are reported in Table 6. The data of the obtained
copolymers are reported in Table 7, following the same order of Table 6.
Example 45
Ethylene/1-hexene copolymerization
A 200 ml glass aﬁtoclave, provided with magnetic stifrer, temperature indicator and feeding _
line for the ethylene, was purified aﬁd fluxed with ethylene at 35°C. At room temperature
were introduceéd 90 ml of heptane and the amount of 1-hexene reported in Table 7-bis.
The catalytic system was prepared separately in 10 ml of heptane by consecutively

| introducing MAO and the metallocene indicated in Table 7-bis solved in the lowest possible
amount of toluene (the low amount as possible).

After 5 minutes stirring, the solution, was introduced into the autoclave under ethylené flow,
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nmet al | ocenes according to the'present I.nvention nmay give propyl ene pol yners
havi ng high isotacticity (mmm pentad content higher than 90 %9 or may -give

syndi ot actwe da@ls¥der Opyl ene (rrrr pentad. content). Exanpl e 48pEEEpos/ditis
99/ 24446 : PCT/ EP98/ 07034

_Influence of Al/Zr ratio In order to test the influence of the Al/Zr ratio
on the activity of the netall ocenes according to the present invention,

pr opy| endhe otagtrrwasatlosed, testeomperatane risen taSI0AG andeprassusizédtoed S arg pThe totaln
Exanple 30 with MAO as cocatal yst, at the tenperature of 60[err]C, for a '

period Ofgl'ssﬂ&uﬁr tlcopd ga,l‘fgecgﬁ ¥ffRAdpeat i on procedure described in
Exanpl e , Wt ast&% (?i #f@ge cet tﬁﬁﬁnéu[err] (1:mvol) was charged in the
reactor bgfore charging the catal Lxture. Polyneri.zation data. are
Fepor t ed AREHDg rEacHon Kne FRsir dnct IR frbi 1B ppmiETizANoH wag stapRed bR eooling,
met al | ocenes according to the present invention are very active even when

used i n egessing\thgrreagtor and the infedugtion a1 malf oflmethenclf Therpsbiesed pelymeroraser

to evaluate the influence of tenperature on the activity of the netall ocene

accor di NGyished Rathrdchie MiethahoR tharPWith thétRano? Afid Aeied iR bveRat 60°CWaRlef fiduuge
out using the netall ocene prepared in Exanple 30 with MAO as cocat al yst,

fol | ow ng.t he pol yneri zation procedure described.i.n . 4 byt v | ng
the tempePia apBeasrZRfod RoniioRt 358 Wefis 8 Tfepdfica R FSELL By ot ¥ e
reactor before charging the catalyst mxture. Polynerization data are
report ed ohiaimedh¢epolymersare reported in Table 7-ter.

ETHYLENE/PROPYLENE copolymerization
Example 46
The copolymerization was carried out by éonﬁnuous]y supplying the monomer mixfure at a
constant flow rate in a 250 ml glass reactor equipped with a stirring and a thermometer. The
cocatalyst was prepared by dissolving 3.45 ml of TIOA (1M in hexane) in 5 ml of toluene,
then adding 0.031 ml of water and then stirring the solution for 10 minutes. The cocatalyst
was then added to a nitrogen purged reactor Eontaining 100 ml of toluene. The reactor was
pﬁt into a thermostated bath and, when the .reaction temperature of 50°C was reached, a
mixtuie of ethylene and propylene, containing 60%w of 'ethylene, was supplied
: continuousiy, ata tqtal pressure of 80 mmHg and a flow rate of 50 Uh.
3.45 pmol of a metallocene according to the present invention, as reported in Téblé 8,
dissolved in 5 ml of toluene, were added to start polymerization,_ having therefore a ratio
AVZr of 1000 and a ratio AVH,0 of 2. After 15 minutes the polymerization was stopped by |
adding 1 ml of methanoi and the copolymer was coagulated in acidulated methanol, then
filtered-and dried under vacuum. Yields and characteristics of the ebtained -copolymers are

reported in Table 8.
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WO 99/ 24446 PCT/ EP98/ 07034

Tabl e 1 Exanpl e Met al | ocene Al/Zr " Yield Activity met Activity Zr

[err] (9) (mol) (g) (kg/g[err].h) (Kg/g[err].h)  (dl/g) Ex. 25

0. 002 - W@ 8924446 200 100 530 1.38 Ex. 26PCI/EPI3QI0H0?2

2200 126 63 375 4.27 Ex.27 0. 002 - 2500

118 59 402 2.88 Ex. 28 . 0. 002 2200 85

gi 0 g%%neggres%ltslgeraowge a goodﬁgﬁ%y of 1% ocgepsl 9& the mvenppg in

6.1 Ex. 30 0. 0003 8700 180 600 4310 2.98 Ex.

32 oethplgge/propyleng@opolymsrigation.  86. 3 578 4.2 Ex. 33

0. 0005 9900 170. - 340 . 2892 4.79 Table 1-bis Ex.

Met al | oc. PROPYLENEPOLYMERIZATION Zr Tine Yield Activity ~[err] (ng)

type (mmol) (nol) (mn) (Q) (Kg/g[err] h) (dl/g) Ex. 29 0. 30

T CWH[erEHQE? 0.4 1000 3 113.9 16.1 Ex. .29 O, 15
p£e47 1000 6 0.43 244 9 > 13 Ex 32 0.13

2 180y orondin e e it s BB, resons

2 1.68 3374.9 n.d. 9:1 Ex. 32 0. 05 TI CGAO MO 0.09 1100 4
1.47  298@goetically diriven Sstirrer and a 35 ml stainless steel vial, connected to a thermostat for

temperature control, previously puﬁﬁed b_y washing with a TIBA solution in hexane and

dried at 50°C in a stream of propylene, then cooled to room temperature.

The autoclave was then thermostated at the poiymerization temperature indicated in Table 9.

The catalyst mixture was prepared by adding the amount of zirconoc;.ene dichloride indicated

iﬁ Table 9 to a MAO solution in toluene, obtaining a solution which was stirred for 10
" minutes at room temperature and then injected into the autoclave by means of nitrogen

pressure through the stainless-steel vial, at the polymerization temperature.

The polymerization was carried out at constant teniperature for 1 hour and then it was

quenched with carbon monoxide. After venting the unreacted monomer and cooling the

reactor to room temperature, the polymer was dried under reduced ﬁressure, at 60°C.

The polﬁeMﬁon data are reported in Table 9, while the characterization data of the

obtainéd polymers are reported in Table 10.

The obtained results denionstrate that, by suitably changing mélecular symmetry, the

ineta}locenes according to the present invention ﬁay give propylene polymers having high

isotacticity (mmmm pentad content higher than 90%) or may give syndiotactic polypropylene

(rrar pentad. content).

~ Example 48
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Ex. 33 0.20 . MAO 0.26 " 1000 2 1.11 1422. 1 11. 29 Ex.
32* 0.10 MAO 0.179 1100 15 1.94 519. 6 p.d. BEx. 32*
0.05 Tl GRp'dofda446 0. 087 1100 15 3.15 1687 n.d. PCI/EPSS/OBBA '
0.05 TIBA/ MAO 0. 085 1100 15 4.3 2030 n.d. 9:1 *The
procedure described in Exanple 39 was followed, wth the differences that a
300 m autoclave with a nechanical stirrer was used, with 150 n hept ane as
sol vent , InfluencobAlAr ratibar g. 64 WO 99/ 24446

PCT/ EP98/ 07034 Table 2 Metall ocene Al [ Zr T Activity net
Activity Iﬁrorder tBQésft]thé Eﬂﬂuence of theADZr rat{oQin the acuvmk cf ﬂ{e&héthlldidenes according
gg%g[err] h) dl /g) 0.0003 40 -

467 0. 0dBe presemg?'%%nmn prgfid P°lyme‘8zas°n v g i g, i

Met al | ocene drogen  Activit

(rmol) %fed fn ExamEIR é%g’[’l& MAQyas coggraly gtrqthp t?g:AeCrgt'(.%e'f ;J{ﬁg‘rd;,o@g g%re;i]od&)?)

8700 600 4312 2.98 0.0003 8700
200 1 hmﬂ@ ﬁ)llowmg the polyrﬁéﬁﬂtxon procedfireidesCriti@lin Examplg200with the diffegence
276 1984 .15 0. 0003 8700 - - 450 240

1725 that A1Be, (#%nfof) was charged in the reactor before charging the catalyst mixture.
Polymerization data are reported in Tabie 11. |
The obtained results confirm the fact that the metallocenes according to the present
invention are very active even when used in very low Zr/Al ratios.
Example 49

Influence of temperature

In order to evaluate the influence of temperature on the activity of the metallocene according
to the ‘present invention, propylene polymerization was carried out using the metallocene
prepared in Example 30 with MAO as cocatalyst, following the polymerization procedure
described in Example 47, but varying the femperature of polymerization. AliBu; (1 mmol)
was charged in the reactor-b.efofe charging the catalyst mixture. Polymérization data are

_ reported in Table 12.
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Met al | ocene Cocat al yst Al / Zr Activity met Activity Zr (g)
(nol). (kg/g[err].h) (Kg/g[err].h) (dl/qg) 0.0003

8700 4312 2.98 0.0003

533 "@%‘%‘““ 2.54 0.0003 TI GAO 18300 PCT"E%%%“
4530 4.8 Table 5 Metal |l ocene Al/Zr  Yield Activity net
Activity Zr (9) “(nol) (9) (kg/g[err].h) (Kg/g[err] h)
(dl/g) 0.0003 8700 180 TableOD 4312 2.

0. 0009 125 190 210 1511 3.97 0 001

250 . | Metalloceng oy AVZr " eld. éﬁ f \% Egb% 5’5‘ il

PCT/ EP98/ b o E48) netal 1 GROD, |- th Kg/gzah) ) L31/8)

but ene Actfi vERy25 Aci vi 0y002 1900 | 201} el100C (bar)530 . 1.38

kg/glerr].jh Eg/2pery]. hOB0230 | 022MD5{ 126 OAO &0 2 875 140 4.276(g
220 1BR22FX. BO OCDOQOOZ 25000 | 8¥Y90| 2 590 10 402 60 2.889C
4238 Ex.30 ERQ. 9905 87p02»0o®R | %8 10 42 15 5 18592
Ex. 33 0.000@5" 59 MAO 0%0 D %) - o 280 23c 33
0. 0005 " 2590p % K 213§1gab| 6 7‘§Zx‘§anbl e
m densilyag | b“cf ! ;‘ e igm © 600 4310 | 298
Ex.32 0.0003 1 200 | 25.9 86.3 578 42
Ex.33 0.0005 9000 | 170 340 2892 4.79
Table 1-bis
Ex. Metalloc| Cocatalyst Cocatalystﬁ AUVZr | Time| Yield| Activity 7
- (mg) type (mmol) | (mol) | (min)| (g) | Kg/g,.bh) | (dl/g)
Ex.29 | 030 | TIOA/H,0 04 |1000]| 3 | 02 113.9 16.1 |
Ex.29 |- 0.15 MAO 02 |1000| 6 |043] 2449 | >13
Ex.32 | 0.13 MAO 022 {1000 2 | 0.8 12362 | nd.
Ex.32 | 0.09 MAO 0.15 | 1000 | 10 | 239! 1066.9 | 5.75
Ex.32 | 0.10 |TIOAO/MAO| 017 | 1000 | 2 |1.68] 33749 | nd.
9:1
Ex.32 | 005 |TIOAO/MAO| 0.09 | 1100 | 4 |1.47| 2953.0 { nd.
' 9:1
Ex.33 | 020 MAO 026 | 1000 | 2 {111} 14221 |11.29
Ex. 32% | 0.10 MAO 0179 | 1100 | 15 | 1.94| 5196 | nd."
Ex.32*| 0.05 | TIOA/MAO | 0.087 | 1100 | 15 | 3.15 1687 n.d.
9:1 .
Ex.32*| 0.05 | TIBA/MAO | 0.085 | 1100 | 15 | 4.3 2030 n.d.
9:1 ‘ '

*The procedure described in Example 39 was followed, with the differences that a 300 m! autoclave with a
" mechanical stirrer was used, with 150 ml heptane as solvent, at a Ptot of 4 barg. '
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(O . (g/m) (%) (%) (di/g) Ex. 30 120. 4
0.919 99. 8 2.75 Ex. 30 106
n d. WO darags 1.96 Ex. 30  n.d. na s rCuEesi
98. 9 3 Ex. 33 n. d. n. d. n. d. 99.8
1.62 Ex. 33 n. d. n. d. n. d. : 99.9 1.82 Table
7-bis Ex. Metallocene Cocat Al/Zr TablxZne Tine Yield Activity"
(m) (rrm)l) (mol) (m) (mn) Kg/g[err].h Ex.30 0.15
0. 247 1 gas) 9 gx 923
1100 Um"‘an“‘f’ﬂ? Ayze. | To4k s m@% 081“:“%362530 100
2 10 ® @olk ngé)@._ .__LISS.@&_ (!
[err] @409%) 870Q ¢} 60 |(dl/g)y740 13/ 9)588 30| 6221 6
78.5 2.0.9003 8RN 7 |Ex. 7®2 21670 684815 -4.616
47 66 . WD 990.008316 8700 80 600 4312 2.98
PCT/ EP98/ 07034 Tabl e 8 Exanple Yreld ACTITVITY ETNyTenc
Eglr;]) Ex. 25 [e”] (g) (kg/g[e”] " 71(05/&,\1) 0.43
g . - . .
0.82 Ex. 26 0.62 2.0 Table3 g3 7 0. 86 [err]
2 - .
Metallocene AVZr | Hydrogen Activity met Activity Zr n
@ (mol) (ml) ke/g.h) Kg/gz.h) [(117:9]
0.0003 8700 0 600 4312 2.98
0.0003 8700 200 400 2875 2.47
0.0003 8700 300 276 1984 2.15
0.0003 8700 450 240 1725 2.12
Table 4
Metallocene | Cocatalyst . | AUZr | Activity met | Activity Zr | 0
(& (o). | (keg/gg..h) Xg/g,.h) g |
0.0003 MAO 8700 |. 600 4312 2.98
0.0003 MAO 17400 533 3830 2.54
0.0003 TIOAO 18300 630 4530 4.8
Table §
Metallocene | AUZr | Yield |  Activity met Activity Zr n
= (mol) ® kg/g,.-b) _(Xeg/gz h) (dVg)
0.0003 8700 180 600 4312 2.98
0.0009 125 190 210 1511 3.97
0.001 50 190 190 1368 3.76
0.001 15 150 150 1080 5.05
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Ex. 27 0. 37 1.2 . 80 n. d. 3.14 Ex.

28 3.45 10.9 69.5 0.41 0.96 Ex. 30
0.8 2.5 83.9 0. 29 _ 1.13 Ex. 32 514
16.0 . .WO99/24446 n. d. : n.d. Ex. 34 2. 54PCT/EPI8/07034g, 1|
77.8 0.34 1.30 Ex. 37 2.94 9.4. 77.2
n. d. 1.21 Table 9 Ex. Met al | ocene Al / Zr T Yield : '
Activity Activity () nol Ci‘a g kg/g[err].h
Kg/g[err].h dl /g Ex. 25 0. 001 bé"oﬁo 50 7 7.0 )
6.4 d E 20 N 002 3000. Z0 Q 4.0 3.7
n.d. Ex.2¢ Ex. fMeglocen | Gomo |A¥Er|Tagp i T |Ethylene tattene | Activity |oActivity
0.4 Ex. 27 0} 002e 3000 |@ool)| 37 { °C| (ba8.[5 kg/ge-hd Kg/g,. . 10|47
Ex. 28 0. 002 D 70 19] (h) 9.5 9.2 0.48
Ex. 30* / 8Z. 81 3
Ex. 32  TIORS g;é@ % 9,8 5. fg ggg 13 B géég
Ex. 37 | i 6 3. g 4a. -
- g 5 is
*Al'i Bu[ ern efl 7 th%re%gtor%cgef(%el har g tihe
catal yst r L mpPeO0 | 2. m 1 6% [er?i 2391
nnmm MAQ) | 9900 | (Lig)70 | 10.1 |(o8% 250 2134
Ex. 26 101 ' 90. 7 - 0 Ex. 27
146. 1 92.3 0 Ex.28 : n. d.
n. d. 52.6 67 Table 7 - :
Example Tm density 1-butene Xylene insoluble n
() (g/ml) (%w) _(%w) dv/g)
Ex. 30 120.4 0.919 7 ' 99.8 - 2.5
Ex. 30 106 0.904 nd. 92.9 1.96
Ex. 30 nd. nd. n.d. - 98.9 3
Ex. 33 n.d. n.d. - nd. 99.8 1.62
Ex. 33 n.d. n.d. n.d. 99.9 1.82
Table 7-bis

Ex. | Metallocene| Cocat | AVZr | 1-bexene| Time Yield Activity
(mg) (mmol) | (mol) (ml) min) | () Kg/g,..h
2.0

1Ex30| 0.15 0.247 | 1100 2 10 3.28 94
Ex32| 013 | 023 | 1100 10 10 4.03 1245.5
Ex.32| 0.08 0.139.| 1100 2 10 2.24 1125.0
Table 7-ter
Example 1-hexene Tm y " H
(%w) °O dV/g) J/g)
Ex. 30 21.6 78.5 2.43 54.7
Ex. 32 27.9 686 1.16 47
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WD 99/ 24446

PCT/ EP98/ 07034

Tabl e 11 Metal | ocene Al [ Zr Yield Activity [err] (9) - (mol)
(9)  Wobepaus] - 4) (d| /g) 0.003 300 130 PCT/&B98%07034
0.27 0.002 500 .53.0 n.d. 0.002 1000 140
70.0 0. 25 0.002 2800 164 82.0 0.23 Table 12
Met al | ocene Al [ Zr T Yield Activity (9) (nol)
([err] O (g) (Kg/g[err].h) Takble¢§) 0.002 1000 30
5 - o .5 . 0.56 0.002 1000 - 40 160
80. 0 EmegleO O0%jeld | 10QQtiviy °4 Ethylene 130 1, 0.0y
0.17 68 9/ 2444 ) j%w) _  (dlg)
PCT/ EP98/|978 +we%—— Foteneof—Formig—H) £,
(ZR[err])[e]r‘?"L%&) (AfErr]M[errfL [err] €l) ere?#3(ZR[err]9[8@rr] S
a dival erft Bk ‘tfri 9%g ¢p and2® Z bding 8.7, |ce, %8 P,| and FBe
Rl err] gr*ouﬁx,Z‘bq al ®37di fif erendl.Zrom dach ®8Rer, lbei ng.dd or | i nedrldor .
branched,| sgkurst ¢d gy 4snsaturatguoC errf] -C g9.5] allkyl,o4herr]t C eords
cycloal kyl , gL g5 r|-Clergr] 4ryl, glgerr]-errgsgl kylfarylgeg Cefr]-¢@rrl]
arylal kyll gpoups: | 54 16.0 n.d. nd. n.d.
Ex. 34 2.54 8.1 71.8 0.34 1.30
Ex. 37 2.94 9.4 77.2 n.d. 1.21
Table 9
Ex. Metallocene | Al/Zr T Yield Activity Activity n
(2) mol °C g keg/go.h Kg/g,.h dl/g |
Ex.25 0.001 5000 50 7 7.0 6.4 n.d.
Ex.25 0.002 3000 70 8 4.0 37 nd.
Ex.26 0.002 - 3000 | 70 30.6 15.3 15.0 04
Ex.27 0.002 3000 50 | 37 18.5 18.2 0.47
Ex.28 0.002 3000 | 70 19 95 9.2 0.48
Ex.30* 0.002 2800 60 164 82.0 81.8 0.23
Ex.32 0.003 3000 60 15 5.0 335 0.23
Ex.37 0.002 3000 50 7.6 3.8 24.5 n.d.
*AliBu, (1 mmol) was charged in the reactor before charging the catalyst mixture.
Table 10
Example - Tm AH mmmm T
) a/g) (%) (%)
Ex.26 142.4 101 90.7 0
Ex.27 146.1 112 92.3 0
Ex.28 n.d. n.d. 0 52.6
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Cp is a heterocyclic cyclopentadi enyl group of forrmula (I1) or (I1"): [err]
wherein one of X or Yis a single bond, the other being O S, NRerr] or

PRl err], R err] being hydrogen, a linear or branched, saturated or

unsat ur at evePeRe#M6Clerr] alkyl, Cerr]-Cerr] cycloal kyl, (] BEFEPR@034
aryl, Cerr]-Cerr] alkylaryl or err]-Cerr] arylalkyl groups, optionally
con- taining one or nore atons bel onging to groups 13-16 of the Periodic .
Tabl e of the Elenments; R err] and R[eré,%l or different from each

ot her, are selected from the group con g{eﬁé of hydrogen, hal ogen, |inear

or branched, satur C[.ac-r.éﬂ-l:[-e.r-r_.—a-L-lf,y-l - 69 WO
99/ 24446 I Metallocene AVZr | Yiel Activity RCT/ &PQS/ 07034
Clerr] cycloalkyl,| Jerr@® Cerr| @uol) | Ce@r]iCleig, B k I Adi/g)
Cerr]-Cerr] aryljal kylg.0eoR ery ] ,300&:[]?[130“ -SRBeg r], [- ORfrerf] and
-PRerr], wherein R errgofas the ni hg mgpo ted sghpve; [or g ert] and

R err] for m t oget her a G:B&jensed f?(%r ri 0 Sat rab% gnsat ur at ed
or aromatic, optiopally, tain e Oﬁré at bel groups

13-16 of the Perio he—SahSH-t ~r'r], equal
or different fromeach other, are sel ected fromthe group consisting of
hal ogen, |inear or branched, saturated or unsaturated Clerr]-(err] alkyl,

Clerr]- Cerr] cycloalkyl, CJerr]-Clerfablr12, Cerr]-Cerr] alkylaryl,
Cerr]-Cerr] arylal kyl, OQ[err] G:OQ[err] -SR[err], - NR[ err] and

-PRlerr], %&hﬁ%@h@r 0 req@élaed Mty onajTy y
cont ai ni ngfoneée nor e |at be g g to gr Peg i _
Tabl e of t H-5< KIH&)‘L Q,Qf et - ?
parti aIIy ydr&;%‘ated derﬁ%tl /e 3 tke het e} ocyclii c gr@u§ of for P (11)
or (11'); 40 160 04

0.002 , 1000 50 180 90.0 0.17

68



A is a substituted or unsubstituted cycl opentadienyl, a group -NR[err],

Rl err] having the neaning reported above, or corresponds to (ll).or (I1"),
or to a pawoabhaaabydr ogenated derivative of (I1) or (I11"); MCHERIS/NO7034
transition metal belonging to group 3, 4, 5, 6 or to the |anthanide or
actinide groups of the Periodic Table of the Elenents; the substituents L,

same or different fromeach other, are nonoanionic sigma |igands sel ected

fromthe Wﬁonsi sting of hydrogen, halogen, -Rerr], - rnmi1; :
-OCOR{err], - Os(err]Crlerr], -SRlerr], -NRerr] and.-PR[I m “"e“l““tlma
groups R ¢rr], Axnetellocene iof formmid (Ij:r om each ot her, have the medani ng rFepdrted
above; the substituents L', sane or different fromeach other, are

coordi nati ng nol ecul es; 70 ZR%?) ¥.1

PCT/ EP98/ 07034 mis 1 or 2, gel d‘?éié)\%&n i% N or P,(Dand being 2 when Z is
C, Si or Ge;, n_is anibteger rangi,ng fromoO.to-4;, L IS or 1; w. n,is..0 en
ris 0; p and Whgﬁegl{ eggfg 4‘5&8‘? Opp §ﬁlp§mgOCgang pbe?ﬁ?@“\gqéapl’?%e’tsﬂé’r., ,
val ence of the netal Mmnus 2 when r= 1, and mnus 1 when r=0, and p+q

being [err] 3.am the R'igroupss equalos slifersottromi eaghtother| being H or lneas or dranobed by
the fact that (ZRerr])[err] is selected fromthe group consisting of

CRerr], Si R esdnjratededy wisatratdiRCp0,) anlcﬂsgcgrq, o?aréan@%[@{clohiﬁt d,-C.RaRiylaryl

havi ng the neaning reported in claim he nmetal | ocene according to

claim 2, chara&ﬁé{_"bzm(e%}ei???ﬁ‘jg@pt that (ZR[err])[err] is Si(CHerr])[err],

SiPhlerr], CHerr rt] or C(CHerr])[err]. 4. The
net al | ocene ac&gr,di ng to claim1, characterized by the fact that Cp
corresponds t oCPd¥ ARFETUYFNS cyglenenfadienyl group of formula (II) or (I°):
X
R4, (
)
R2

wherein one of X or Y is a single bond, the other being O, S, NR® or PR®, R® being
hydrogen, a linear or branched, saturated or unsaturated C,-C, alkyl, C,-C,
cycloalkyl, Cs-C,, aryl, C,-C,, alkylaryl or C,-C,, arylalkyl groups, optionally con-
taining one or more atoms belonging to groups 13-16 of the Periodic Table of the
Elements;

R? and R?, equal or different from each other, are selected from the group consisting

* of hydrogen, halogen, linear or branched, saturated or unsaturated C,-C, alkyl, C;-
69



wherein the substituents Rlerr], equal or different from each other, are

selected fromthe group consisti n_g_QL_l_l—ne&r—vr“Ur’é'ﬁéhed saturat ed or
unsat ur at ed C[errL Cerr] alkyl, C[err - oaI kyl, C[err err
aryl, d errWOeGPR#M4p al kyl aryl L\“\ m ﬁ\ kyI OQ[e?fr']‘ P98/0703
-OCOR[err], -SRerr], - NR[err] an erei n R[err] has t he
meani ng reported above b is an |nteger ranging fromO to 4; X, Y, Rerr]

[0 claim 4,  onGPiBrisAiybdEe el R PRy, CrCon B3ERR, PORG RRQRGSRG

consi sting of 0- di hydg oi ndeno[ bl i ndol - 10-yl , N—rreth | -5
di hydr oi ndeno NBJG ié ; M&hﬁymesmng feported abovel or "R 2nd B form
10- di hydr oi ndeno[ 1, 2 b] [ ndol 10 yI 71 WO 99/ 24446

PCT/ EP98/ 07034td'gpﬂ1etlidncdndn'metbr(bjﬁa, Trinlg), | satirhted; winsaturated or -aromatic, optionally
N- met hyl - 5, 6- di hydr oi ndeno[ 2, 1-b] i ndol -6-yl, N- allyl-5, 6-di hydroi ndeno

[ 2, 1-b] i ndol - 6yhraimiid &e%ﬁﬁ&le alpifs %biaggmg'ta &g:s[l%is oPiHe Bt odRs '{!ﬂ)le of the

The netal | ocene according to claim 1 cterized by the fact that
A corresponds formula (111), as defined in claim4. 7. . - The
met al | ocene ac to claim6, characterized in being

nmet hyl en- bi s(N-net hyl - 5, 6- d| hydroi ndeno[ 2, 1- b] i ndol - 6-yl ) zi rconi um
di chioride or thenmibstjments R*, equal corrdiffarent &om: eaghcether, rege tselected  from  the group

characterized by the fact that Ais selected fromthe group consisting of
cycl opent adi enygbasisting-dftiajdgeniy tihedroott belnctivd| satdrated or unsaturated C,-%l], alkyl, C;-

adamant yl - cycl opent adi enyl, i ndenyl and tetrahydr0|ndenyl

glrat glrl oc-ene acg%n‘g} W1 %%%é%@r d’ng-to ﬁg%ﬁmﬁg ac Z?Iﬁze v gf’_

fact that L Sl\ﬁfkl gﬂ(? Pﬁgz, @hereuk R® has the meaning reported above, optionally containing
one or more atoms belonging to groups 13-16 of the Periodic Table of the Elements;
ais aninteger'ranging'fromOto4; _
or Cp is a partially hydrogenated-dériva_tive of the heterocyclic group of formula (ﬂ)
or (IC');
A is a substituted or unsubstituted cyclopentadienyl, 2 group -NR®, R® hairing the
meaning reported above, or corresponds to (II) or.(II’), or to a partially hydrogenated
derivative of (I) or (I’);
M is a transition metal belonging io group 3; 4,5, 6 or to ﬂ1e lanthanide or actihide
groups of the Periodic Table of fhe Elements;
the substituents L, same or different from each other, are monoanionic sigma ligands
selected from the group consisting of hydrogen, halogen, -R%, -OR%, -OCORS, -
OSO,CF,, -SR®, -NR% and -PR%,, wherein the groups RS, same or different from
each othgr, have the meaning reported above; the substituents L’, same or different

from each other, are coordinating molecules;
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11. A bridged ligand of formula (1V): (ZRlerr])[err](Cp) (A (1v)
wherein (ZR[err])[err] is a divalent group bridging Cp and A, Z being C
Si, Ge, N aowoB92seme the R err] groups, equal or different froPCEEPIS/HOBE!,
being Hor linear or branched, saturated or unsaturated (Jerr]-(err]

al kyl, derr]-Cerr] cycloalkyl, derr]-Cerr] aryl, (err]-Cerr]

al kylaryl or Clerr]-Clerr] arylalkyl groups; Cp is a heterocyclic

cycl opent adi erMis drs% beimgrbwhem £ is N pr By and being 2avhen ZyjgCy i on Gieo

PCT/ EP98/ 07034 R2 Rd4a [err] wherein one of X or Y is a single bond, the
ot her being On§ arNufeper ranging ffbined t0]4; Risdr o1 1;em is)0 Whenwded; a |inear or

branched, saturated or unsaturatied (Jerr]-Cerr] alkyl, (err]-(err]

cycl oal kyl, - P : iqnglr@ ' r I al@égﬁr :
a?lyl al kyIy gr(c):[uggn,t”1 8[%?(%%% con- ?gll&]]nq ﬁ{g?’o gegi?%;ﬂre%at?gks e éﬂntg]:]]%\ngé%ﬂoM'
roups 13-16 of .the Periodic TablLe of the Elenments; R.err],and Rerr],
gquglo or diff emm%fwg?ﬁ’éﬁhhmlfms Lyaener0, pf"r‘!)';i’r[‘{‘ﬁg roupRE:ons% sti.ng
of hydrogen, hal ogen, linear or branched, saturated or unsaturated
derr]-C 2rr] Thé&hetalifcene JacceEflimgr to clainod) kharactefized byCiher fict ahatl (ZR',), is
Clerr]-Cferr] alkylaryl, (err]-Cerr] arylalkyl, -ORerr], -OCORerr],
-SRerr], - NR @iidcled®ten BEgRbug co i oF ERY! BIR'AGeRNE NIE PR Ginfi er’?f‘

above; or Rlerr] and R err]| can form togethér a condefsed Jerr]-
ring, saturat .unsaturat ed or omgti c, optionally con- taining one or
nore atons bel @%‘B%P&Fﬁ? LICIYM 140" per i odi ¢ Tabl e of the El enents:

3.  The metallocene according to claim 2, characterized by the fact that (ZR'.), is

Si(CH,),, SiPh,, CH,, (CH,), or C(CH,),.

4. The metallocene according to claim 1, characterized by the fact that Cp corresponds

to formula (II): . l .
. L I
R4, : | am .

wherein the substituents R®, equal or different from each other, are selected from the
group consisting of linear or branched, saturated or unsaturated C,-C,, alkyl, C;-Cy
cycloalkyl, C,-C, afyl, C-C, alkylaryl, C,-C, arylalkyl, -OR®, -OCOR®, -SR®, -
NR®, and -PR®,, wherein R® has the meaning reported above; b is an integer ranging
from 0 to 4; X, Y, R* andla have the meaning reported in claim 1. |

5. The metallocene according to claim 4, characterized by the fact that Cp is selected
from the group consisting of | 5,10-dihydroindenof1,2-b)indol-10-yl, N-methyl-5,10-

dihydroindeno [1,2-blindol-10-yl, N-phenyl-5,10-dihydroindeno[1,2-blindol-10-yl,
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73 WO 99/ 24446
PCT/ EP98/ 07034 the substituents R err], equal or different from each other,

catur at od SrochERd o 28°”q"e??]“silzﬂlllllﬂllﬁlllﬂﬂllf 18 "Cer T R
Clerr]-Cerr] aryl, derr]-Cerr] *alkylaryt, érr]-Cerr] arylalkyl, -
-Rerr], OCCR[err] -SRlerr], -NRerr] and PR[err] wher ei n R[err] has

t he meani ng reB‘U—dxﬁf'dx%hﬂéﬁoquBhﬁ' b6k @rofidefidf2¢1 -81id01-6-y1, N-
bel onging to groups 13-16 o[f t he Perl%ldl c Ta Ie of ?he El ement s] a |sy

of the net or oot Efbyloingerty, 1R e 4 | NP R GL o

unsubsti t ut ed Cf?/d Qpent adi enyl, a group -NR[err], R err] having the nmeaning
reported aboveb Fespondsto(ll) or (Il1"), or to a partially

hydrogenated derivative of (Il) or (Il1"); mis 1 or 2, being 1 when Zis N
or P, andébei nThe mbmallocéne sacCording ao €laimnl ior 4) dhataegpeized cingithg faconhat Ao
4. 12. The bridged ligand according to cI ai m 11, characterized by the Tact

that (Z t f
Sl?(]-lfeﬂ]e;[]e”:fﬁésgilﬁs[err qlf@rr ¢ [err [Qgpﬂsalnggc?a-l[err])[err]

ot e ) SR R R ol i B e S AL BRI RGeSt

Rlerr], equal or different fromeach other, are selected fromthe group

consi sting of A& -dibwdroindene{3;1-blindol-§rid)ringonive dichioride or dimeshylur at ed
Cerr]-Cerr] alkyl, 74

8. The metallocene according to claim 1, charactenzed by the fact that A is selected

from the group consisting of cyclopentadienyl, 4-t-butyl-cyclopentadienyl, 4-
adamantyl-cyclopentadienyl, indenyl and tetrahydroindenyl.

9. The metallocene according to claim 1, characterized by the fact that M is Ti, Zr or
Hf.

10. The metallocene according to claim 1, characterized by the fact that L is halogen or
R

11. A bridged ligand of formula (IV):

| ZR',)(CoXA) )

wherein (ZR',), is a divalent group.bridging Cp and A, Z being C, Si, Ge, N or P,
and the R! groups, equal or different from each other, being H or linear or branched,
saturated or unsaturated C,-C,, alkyl, C;-C,, cycloalkyl, C,-C,, aryl, C,-C,, alkylaryl
or C,-C,, arylalkyl groups; |

Cp is a heterocyclic cyclopentadienyl group of formala (I) or (I'):
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WD 99/ 24446

PCT/ EP98/ 07034 Clerr]-Cerr] cycl oﬁ"fﬂu“uﬂ"" ﬂ%r] aryl, err]-Cerr]
al kyl aryl, Wp&pR344e[ err] aryl al kyl err], - SI?@'F/E}’98107034
-NR{ err] and -PRerr], wherein R[err] ‘had tMe feahing reported in claiml3i;
b is an integer ranging fromO to 4; X, Y, Rerr] and a have the neani ngs
reported in claimi11l. 14. The bri dged | i gand according to claim 13,
characterized by the fact that Cp is sel ectedRBromthe group consisting of
N net hyl - 5, 10- di hydr oi ndeno[ 1, 2- bl ndol ylIX phenyl -

5, 10-di hydr oi ndeno[ 1, 2- b]r4dol
N-al | yl -5, 10- di hydr oi ndeno[ 1,
met hyl - 5, 6- di hydr oi ndeno[ 2, 1-b
N- phenyl -5, 6- di hydr oi ndeno[ 2, 1-b]i nd
[2,1-b]indole. 15 The bridged |ligand according to claim 11,
characterized by the fact that A-corresponds to forrmula (111), as defined
in claim13. 16. The bridged ligand according to claim 15, characterized
in being 6-[(Nnethyl-5,6- dihydroindenol 2,

1-b] i ndol - 6-yl ) met hyl ] - N-met hyl - 5, 6- di hydr oi'ndeno[ 2, 1- b]|ndol e. 17. A
catal yst for the polynerization of olefins conprising the reaction product
between: - a netallocene as described in anyone of clains 1-10, optionally
as a reaction product wth an organo-al um num conpound of formula Al Rl err]
or Alferr]Rerr], in which the substituents R[er% sanme or different from
each other, are selected fromthe group congistisnig of hal ogen, |inear or
branched, saturated or unsatur S al kyl, derr]-Cerr]
cycloal kyl, Cerr]-Cerr] aryl, Igryl 3 err]-Cerr]
arylalkyl, -ORerr], -OCORerr], NRI(; and err], wherein
Rl err] has the meaning reported in n al unoxane, optlonally in
adm xture wi th an organo-al um num conpoung "of formula Al Rlerr] or
Alferr]Rerr], the substituents R err] having the neanings reported above,
or one or nore conpounds capable of form ng an al kyl netall ocene cation. 75

wherein one of X or Y is a single bond, the other being O, S, NR® and PR®, R®being

NA~g3 1y
andYN- al 1yl -5, 6-di hydr oi ndeno

hydrogen, a linear or -bra.ﬁc.hed, saturated or unsaturated C,—Cm alkyl, C;-C,, -
cycloalkyl, C,C,, aryl, C,-C,, alkylaryl or C,-C,, arylalkyl groups, optionally con-

taining one or more atoms belonging to groups 13-16 of the Periodic Table of the

Elements; |

R? and R?, equal or different from each other, are selected from the group consisting

of hydrogen, halogen, linear or branched, saturated or unsaturated C,-C,, alkyl, C;-

Cyp cycloalkyl, CoCyy aryl, C,Cy, alkylaryl, C,-Cy, arylalkyl, -ORS, -OCOR®, SRS,

-NRS, and -PR®,, wherein R® has the meaning reported abové; or R2and R® can form

together a condensed C;-C, ring, satm'ated, unsafurated or aromatic, optionally con-

taining one or more atoms belonging to groups 13-16 of the Periodic Table of the

Elements;
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18. The catal yst according to ¢ zed by the fact that

sai d al unoxane i s obtained by react} ter with an organo-al um num
conmpound Ofwf)@%/ﬂhh@ AlR[err] or A hl@ﬂmﬁnmu me at | eastpOfRpsdibdd S
not hal egen, the nolar ratio of A7 L ction being conprised
between 1:1 and 100:1. 19. The catal yst according to clains 17 and 18,
characterized by the fact that said alunoxane is MAQ, TIBAO and/or TIQAOQ °*

and that said thegsubstitabmtsiRtp emqed opadifferens frohD8achTdber naté seledtedAron Gh@ @roup A
process for the polynerization of olefins conprising the polynerization .

reaction of at.le LN | al .
claimed in anyc{))f# c: glqﬁs [%fe#tl’ol% 21. H‘Fﬁ’ekiptrﬁf)dg%d:?eg%?or tleﬁ-g@lta%"capgflh@'go,
for the polynerjzatio f_.propyl ena. 15 22 e~pro S, a r 4 -0

Cl ai m 20 1 or - Cre SRR E o B oG AP TS S Co BRSO e AT OB SKE,
The process according to claim?22, characterized by the fact fhat said
catal yst 20 com¥Rf;sand RS, wheseindkthas thetmeaning peported Above;| opsionally containing

, 6-di hydr oi ndeno[ 2, 1-b]indol-6-yl) zirconiumdichloride or dinethyl. 23,
The process acefi 6t fithré StofilsHelongthg toProdpdel 316 oAthePepiadiel Tadl€6f B EléSents;
copolynmers of ethylene with one or nore [err]-olefins of fornula CH2=CHR,

wherein Ris a ighﬁﬂteéegg%xfg%pgﬁgnfﬁﬂﬁg from1l to 10 carbon atons,
or

optional ly confal ning op ons of units deriving from pol yene. 25.

The process according to claim20, for the preparation of cycloolefin
pol yners, opti &Pa‘Fqnyg“c arpagtiallyn Bydragenated derivagiye of 6]5!? %Fﬁé%b'c &rqupsof formula
- @Mor @)

A is a substituted of unsubstituted cyclopentadienyl, a group -NR®, R® having the
meaning reported above, or corresponds to (II) or (II’), or to a partially hydrogenated
derivative of (II) or ar;
‘misl or2,beinglwhenZisN.orP.,andbeingZWhenZis.C, Sior Ge; mis an
integer ranging from 1 to 4.
12. The bridged ligand according to claim 11, characterized by the fact that (ZR')), is
© selected from the group consisting of Si(CHL),, SiPh,, CH,, (CH,), and C(CH,),.
13. The bridged ligand according to claim 'il, characterized by the fact that Cp
corresponds to formula (I1I):
RS

Rés am

wherein the substituents R®, equal or different from each other, are selected.from the

group consisting of halogen, linear or branched, saturated or unsaturated C,-C,, alkyl,
| 74



wo _— AN cvimsons,

4.

15.

16.

17.

Cy-Cyy cycloalkyl, CoCyy aryl, CrCy alkylaryl, Cr-Cy arylalkyl, -OR, -OCORY,
-SR®, -NR%, and -PR%, wherein R® has the meaning reported in claim 11; b is-an

integer ranging from O to 4; X, Y, R* and a have the meanings reported in claim 11.

'The bridged ligand according to claim 13, characterized by the fact that Cp is selected

from the group consisting' of N—methyl—S,lO—dihydrqindeno[l »2-blindolyl, N-phenyl-
5,10-dihydroindeno[1,2-blindolyl, N-allyl—S,IO-dihydroindeno[l,Z-b]indole, . N- .
methyl-S,G-dihydroindend[Z,l-b]indole, N_-phexiyl—S,6—dihydroindeno[2,1—b]indole and
N-allyl-5,6-dihydroindeno [2,1-b]indole. |
The bridged ligand according to claim 11, characterized by the fact that A
corresponds to formula (III), as defined in claim 13.
The bridged ligand according to claim 15, f:haracterized in being 6-[(N-methyl-5,6-
dihydroindeno[2,1-b] indol-6-y1)methyl]—N-meﬂiyl—5 ,6—dihydroinden9 [2,1-blindole.
A catalyst for the polymerization of oleﬁns comprising the reaction product between:
- a metallocene as described in. anyone of claims 1-10, optionally as a reaction
product with an organo-aluminum compound of formula AIR’; or ALRY;, in which
the substituents R, same or different from each other, are selected from the group
consisting of halogen, linear or branched, satgrated or unsaturated C,-C,, alkyl,
C;-C, cycloalkyl, C¢-Cy, aryl, C,-C,, alkylaryl, C,-C,, arylalkyl, -OR®, -OCOR?,
-SRS, -NR’, and -PR®,, wherein R has the meaning reported in claim 1; |
- an alumoxane, optionally in admixture with an organo-aluminum compound of
formula AIR’, or ALR’, the substituents R’ having the meanings reported
abov-e, or one or.more compbunds- .éapéble of forming an alkyl metallocene

cation.
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18.

19.

20.

21.

23.

The catalyst according to claim 17, characterized by the fact that said alumoxane is
obtained by reacting water with an organo—ahmunum compound of formula AIR’; or

ALR’,, where at least one R? is not halogen.

'The catalyst according to claims 17 and 18, characterized by the fact that said

alumoxane is MAO, TIBAO and/or TIOAO, and that said organo-aluminum
compound is TIOA, TMA and/or TIBA. |

A process for the polymerization of olefins comprising the polymerization reaction of
at least an olefinic monomer in the presence of a catalyst as claimed in any of claims
17 to 19. |

The process according to claim 20, fof the polymerization of propylene.

The process according to claim 26, for the preparation of polyethylene or LLDPE
cépolymers. |

The process according to claim 22,“ characterized by the fact that said catalyst

comprises the metallocene methylen-bis(N-methyl-5,6-dihydroindenof2,1-blindol-6-

yl) zirconium dichloride or dimethyl.

The process according to claim 20, for the preparation of elastomeric copolymers of

ethylene with one or more a-olefins o_f formula CH;=CHR, wherein R is an alkyl

~ radical having from 1 to 10 carbon atoms, optionally containing small proportions of

units deriving from polyene.

The process according to claim 20 for the preparation of cycloolefin polymers

optlonally containing units denvmg from linear oiefms
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