_LU6Gs/9 1 Monocycl opent adi enyl conpl exes The present invention relates to
monocycl opentagienyl conpl exes in which the cycl opent adi enyl system bears
att | east one unsubstituted, substituted or fused, heteroaromatic ring system
bound 5 via a specific brldge and to a cdtal yst system conprising at |east
one of the nDnocycIopentadlenyI ~conpl exes, and al so to processes for

- preparing the latter. In addition, the invention relates to the use of the

- _catalyst systemfor the polynerlzatlon or copolynerization of olefins and
to a proces$NeFVCBPRRRITHEOBBFYRA ef i ns by pol ynerization or 10
copol yneri zation of olefins in the presence of the catalyst systemand to

pol yrers byl pabl el hiok BB ¥ionbBMYe Bl dif RALBLLSE SuMblE R AlLaUgE o

t he pol yneri za ns are m um oxi des’
(cf. for exéYP(ﬂﬁf@abe% ?flkaa@iWSUbEEH@Qcquéﬁéld?fho%'#se@f@ﬁﬁf%%mqf%*ﬁ@\é\{séﬁjym””‘i%1
15 V|0| 6, ﬁ:aﬂ spé&@:)bndﬂ-é'@ﬂ% g@é‘@ﬁzﬁ's&é&er@'elﬁrﬂprﬁ%’in‘@)ﬁk S or@mﬂ@kﬁﬁ@%ﬁop@ﬂﬁdlenyl
copol yners havin ecu are relatively insensitive to
hydrogen and® ”E”Hff% cﬁ')‘gﬁgg? ‘?rP?ﬁﬁF?ﬂgW%Taé'E% hs:ljtﬁ “ei ght to be controled in. a
sinmpl e manner. On the other hand, the use of bis(cyclopentadienyl) chrom um

(US 3,709, Sﬁﬁ%dmm %r(e' Mﬁmﬁ' rzfat&%ym@éf 1 c%(awsy@e@wfbatﬁ@wmyﬁgtfou%r

4,015, 059) whi ch been applied to an inorganic, oxidic sug port ‘enabl es

t he nol ecul ﬁ?p"b@?&@:ﬁ‘f‘o’b?f ANy wiHY POREeST 16" Prerpring PRI PY BRIy MeRZafiog; °hpl e

f ashi on My asdiytedantiof ofoydinoigeine prdsntaoftthecatasesyelenZirgid) polyNat bistzisstsd iens,
there is now ago a search for chrom um based catal yst systens having a-

uni quely defiined, active center, nanmely single side catalysts. The activity

and copol ynerization behavior of the catalyst and the properties of the

pQI ymer s obMahmdwetda@lfyew\,\thlrth%'ﬁe Gdea Wdrdhdoelyatelieative oteolafiris ek eishskdomingnalik i
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cl-ai ns "cons ralne geo nplexe T1on
speci fi d5pr¥ddss. #ed). Bweéfpmriemjy give ﬁihylvn%hqm)afvm@rétaﬂéacpﬁob/é@)s haMi@g algbr oc ess

~for prepari ﬂgle@JlarR@g}i@' gf b rb@mxemnsj@hmn@ ﬁ:ydaigeﬁ Bﬁ@th@@ﬁ@h&%ﬁcﬁw the molecular
Pol ymeri zat| q

R R A ST N e e A S Gt e
1996, 15, 5@8AniEARES 3KOHBSFHestpodra!)erorailm cdeis(@vdrbylemomial (0§Rd S PP mdIch-
but yl ami do) msrs%émxdpﬁécf ¥lah o %arnfanaacrwé@}f&% &@%@g ﬁ'@'n@d%)a} GBEQ bHTQe@leeﬁé tde

conpl ex for th Ig ymeri zatl on_ of ins. This conplex Selectively
pol yner #%esP ee?‘)ﬁg/‘?’ ‘ﬁé‘a%‘BH‘B%H‘@PQ%%W“&%“@?%%M% are not incorporated, and.
propene cannot be pol ynmerized. This di sadvantage can be overcone by use of

“structurall
nonocycl ope/b(ntlgd{gl é:%&lr %ff]Z?_/ E%?E?htt%%y}%é usnggreﬁ “ﬁgar eses?gcﬁf?ﬁh%%@gn Ba‘“‘eﬁ Cata[ly st ‘
li gands arysBps ﬁé‘&fiﬂsa WqLWYIC@ﬂnng @Fﬁ‘é‘h%e”t‘%‘rd}a"@it’éfﬁﬁleé'decféﬁ’yﬁﬁsB“et?ét'V‘tY and

~ pol ymeri zecl:opar reertemarbehsvidr o 48tagtanp thkprapadies 5f ti fhaREe Ootaitdetherenar s

bound t 95 %D&X&L ngg E'J b de!ltgr[t% lm a SiIDn%| a%ng' bg(%aRggted vanagon oqttHe figand framework
,r' _ , Thus, EP 0 742 046 claims constrained geométry complexes of elements of transition group 6, a
o - specific process for preparing them (via metal tetraamides) and a process for preparing a
polyolefin in the presence of such catalysts. Polymerization examples are not given. The ligand
30 iframework comprises an anionic donor which is linked to a cyclopentadieny! radical.

in Organomet. 1996, 15, 5284—5286-, K.H. Theopold et al. describe an analogous {[{tert-

butylamido)dimethylsify[}(tetramethylcyclopentadienyl)}chromium chlaride complex for thé

polymerization of olefins. This complex selectively polymerizes ethylene, Comonomers such as
35 hexene are not incorporated, and propene cannot be polymerized. |

This disadvantage can be overcome by use of structurally similar systems. Thus, DE 197 10615 |
" describes monocyclopentadienyichromium compounds which are substituted by donor ligands
and by means of which propene, folr example, can also be polymerized. The donor is from
40  group 15 and is uncharged. The doner is bound {0 the cyclopentadieny! ring via a (ZRz), fragmeht,



LU6079 2 where R is hydrogen, alkyl or aryl, Zis an atom of group 14 and
n> 1. In DEi {86230 580, Z=carbon in conbination with an am ne donor is
specifically clainmed. WO 96/ 13529 descri bes reduced transition. neta

conpl exes of nmetals of groups 4 to 6 of tBe 5 Periodic Table with

pol ydent at e nonoani oni c |igands. These include cycl opentadi enyl |igands
contai ning a donor function. The exanples are restricted to titani um

conmpounds. There are also |i ste i.n whi is |linked
rigidly to W@EWEP%@?P%'fyegﬁﬁrﬂ fé °f§£f’é'ﬂ 1%@5@1%1 3@,@%&%@5@%@ 't hei r '
nmet al conpl exesbaariecentinaion wigdarbyminé dmnoemaneﬂlfeaiiymalrdemzr 10 and U
Sieneling in J. Ognet. Chem (1995), 500, 175-185, Section 3. In Chem Bar
(1996),. 129, 459-463, M Enders at _al. describe 8-quinolyl -substl tuted -
cycl opent adVén§¥ 13528 ergdbesieducré ansitep Mgl eRMAISEE Al BFFIEE" SARHPS i B 6HPEIm

tri chl or 5 de PerudRl RX@ ith 2olFidhtdty meieinpR Mbads.cmgbd intlad dyBlopdrtadEhyitigarde i n
conbi nati on_w,t.h M Rausch in-
Or ganonet . a%@r)mga%no %9‘?[[0@% Eégrgglgsy g‘;{tr el to ﬁta%%rlcg'gf’?@ﬁ ‘of olefins. 15
WD 01/ 92346 di scl oses cycl opent adi enyl conpl exes of el enents of groups 4-6

of the Peri @gli€are aﬁ@%ﬁnd@@st&r‘ﬂ@mﬁbrﬁéﬁqﬁé Sonof Grolift Gl gk xcliaepidithradiof oUD | S
(0]

‘bound to the c adi én

Che. Per Lo BUPLPETIRrRISENS AN DS AT AP S NPT B4 P PPEP R dl 20
It is anOobpety. Si¥mdihe in H\eghetoOhdnn (1993} SOQUNT Heds, Seaivsidt indemeBarl (188H)p| exes

based on CY%@E@“A@O'MGBN ers c%t ag@Q&%b@@ﬁblﬂ&ﬂ%um&u@&%cigﬁgﬁfg’dre\‘m'lr&éﬁd@%ﬁd t%é'il’ table

for the polyneérization o efins ihvention is to
find an adv&%At %E@U'Q”‘b‘r%ég?mﬁ?t”'B‘?’@E&FP'ﬁ@'e’é‘ﬁc%P@B’Wﬁ‘f%?@%tad’%”‘wmﬁhve f ound
t@at t hi s obireatdeiiscoatiradoreditHiMAObas saanl weeht lddbisinyl ChiempheMeRausth ioh

conpr i se Fsg'éﬁ artidt! ‘x‘%s&”ﬁ' @%%‘wéﬁaaofor{nggor@rﬂégé &1&9%%( Z-A) MM (1), where

t he vari abl e ave t foI cyc opent adi enyI_ system
30 Z is'a bridge between A and Cp of the formula, Rls ~18 35 --~, R2B

where L1B a0e01a26ks disdiepenaesithyledf copiprxadotdi@iontsGRERARs £6 osthé PEMic
pref er abl'y ‘Fa% e é%rhe Eleerents in which a dlhydrocarbyi-Y group is bound to the cyciopentadrenyi system '
- where Y.is an element of group 14 of the Periodic Table of the Elements which bears partrcular
Lewis bases
S 20 . B
Itis an object of the invention to find further transition rﬁetal eornplexes based on cyclepentadienyl
ligands having a bridged doner which are suitable for the polymerization of clefins. A further '

‘object of the invention is to find an advantageous process for preparing such.complexes.

25 We have found that thrs object is achreved by monocyclopentadienyl complexes which comprrse

( the structural feature of the formuia (Cp)(-—Z—A)mM (1}, where the variables have the followrng
g meanings: '
Cp is a cyclopentadienyl system,
30 _ _
' it is @ bridge between A and Cp of the formuia,
1B
)
1B
—
2B
R .
where

L' are each, independently of one ancther, carbon or silicon preferably carben,
40 B



LU6079 3 R's is C2-C2o0-al kyl, C2-C2o-alkenyl, C6-C2p-aryl, alkylaryl having
from1l to 1Quemmsbon atons in the al kyl part and 6- 20 carbon atons in the
aryl part or Si R383, where the organic radical R78 may al so be substltuted
by hal ogens and R1B and A nay al so be jofned to forma five- or

si x-nmenbered ring;. 5 R28 i s hydrogen, Cl-C20-al kyl, C2-C20-al kenyl,

C6- C20-aryl, alkylaryl having from1 to 10 carbon atons in the alkyl part

and 6-20 carbon ap@ns int rt, or |c r adi cal
R28 may al so be slbsti t'ﬁtcégz%%&%ﬁzg‘?%ﬁiéenéhds’ E@ngfoéno % OiBiPR&d t o
‘forma five- or six-nendgene the algyl bt amib- 2R3%8b®r%01ealolﬂ‘le arylgepersiBiis. persf one

anot her, hydrogen, Cl- %Qoeh&xlrad.cgﬁa@%%yaesbFse@wsmugéb%gmeénxlan@ﬁ sajnkwl aryl
- havi ng from1to 10 carbon atons in art “and 6-20 carbon atons

in the aryl part and t w32t ##f %P@eﬁ?@éorﬁh%‘/ﬂ’z?r%rd’%"@ MPEhEW to forma fi ve- or
si x-menbered ring, A is an unsubstltut ed substituted or fused, .

het eroaromatic ripg sys’gﬁﬂar?% klﬁe y1TEL sira?(%l]g% ggpghﬁngﬁ r%hﬂ%ﬁomﬂo |

consi sting of titanium _
mol ybdenum and t ungst en!daaebomatans leﬁ:«F*lKYZ!?Ft\Pédﬁé@éa@%étoﬁ@mﬁeafymfyst -

.system conprising the r@n@gmbmﬁ@b@amlerhyﬁlcawmlaeéeeb@éuﬁsheted By BS&Jdhs and
i'nvention, the use of- t n%)noc% |l enta%é P’}j{'& ompl exes he catal yst
systemfor the polymer 5? e Séﬁlv ¢ ZaE"0n O 51% rr‘nfg”%d a process
for preparing polyolefins by polynerization or copolyneri zatl on of olefins
in the presence of,4t he nonocycl opentadi enyl conplex or the catal yst system
and have al so found- pol yners obtai nable therefrom 30 The :

nDnocycIopentadieng conpl exes of the present invention conprise the
s(t ructural el enent® dréleadhoimmﬂeade(rﬂ}o)af(enZaAchM fiidyogemiinr®Re-tlkng Gerelki-abl es” are

- def d ab F t | t
e e our fu‘#[ e gl i

state ofSthe netal at orR2"Ps §129I°ébeF 3“&%@ "d%aﬁb‘ia”ia}‘i‘élt"ﬂﬁj‘@d‘f:ﬂ? Bhé?ayalso pe
cycl opent adi enyl 35 syssiedtho foid bl & shkirgantdsed fvg) ude monoani oni ¢ and _
dianionic ligands as described, for exanple, for X. Furthernore, Lews
bases such as am nes, ethers, ketones al dehydes, esters, sulfides or-
phosphi nes &an alig@an wsubstituiatl, sebstittited epiusgd, b@ﬁ@éﬁﬂﬁmlcwﬁyﬁe@; cycl opent adi enyf
system whi ch may have any desi red substitution pattern and/or be fused 40.
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vanadium, chromium, molybdenum and fungsten and
m  is1,2o0r3.

7 25 We have also found a catalyst system compnsmg the monocyclopentadlenyl complexes of the
(‘ ' present invention, the use of the monocyclopentadtenyl complexes or the catalyst system for the
{'fv_'--‘f;'.- 8 ~ polymerization or copolymerization of olefins and a process for preparing polyolefins by
po]ymerlzataon or copolymerization of olefins in the presence cf the monocyclopentadienyl
‘ complex or the catalyst system and have also found polymers obtainable therefrom.
30 -

‘ The monocyclopentadienyl complexes of the present invention comprise the structdral elernent of
the formula (Cp}{—Z-A)M (1}, where the variables are as defined above. Further ligands may
therefore be bound to the metal atom M. The number of further ligands depends, for exampie, on
the oxidation siate of the metal atom. Possible ligands do not include further cyclopentadienyl

.35 systems. Suitable ligands include monoanionic and dianionic ligands as described, for example,
for X. Furthermore, Lewis bases such as amines, ethers, ketones, aldehydes, esters sulfides or

phosphlnes can also be bound to the metal center M.

Cp is a cyclopentadieny! system which may have any desired substitution pattern and/or be fused

40 with one or more arcmatic, aliphatic, heterocyclic or hetercaromatic rings, with 1, 2 or 3



LU6079 4 substituents, preferably 1 substituent, being the group -Z-A The
basi ¢ cyclopentzadi enyl skeleton itself is a C5 ring systemhaving 6 it

el ectrons in which one of the carbon atonms nmay al so be replaced by nitrogen
or phosphorus, preferably phosphorus. Preflference is given to using C5 ring
.systenms w thout replacenent by a heteroatom A heteroaromatic which '
contains at |least one atom ‘5. fromthe group conS| sting of N, P 0 and S or
an ‘aromatic _ca nto ' SIC C I

skel et.on. Iﬁ“tisﬁ@e'ﬁ? é’éeg‘?{gbqgﬁﬁ'fbéﬁe”t?tﬁ% %rf)(jp%e r@e A geph‘f oCY c'I%>< and
t he basic cy$aﬁpsemﬂam9an§tbm$heh93@oﬁlesﬂrmsw winen ertecriine Dprbeﬁétoa:BIWW@@pb@n at ons.

P f S v |1 10 .
-eri g;en%e 're}lacgd Mprﬁtrag‘én 6&/;9409;1%?1} agrle?e'@bh A)?M%Q@Fﬁ% @%fg%ncé Er%eggfgot:eu;/grcﬁ éh% o

have the f oFYS&KWWthHﬁé‘?ﬁi%@?e”t@yﬂ 'E§A°a$?r% RS OHAPB I RBER ﬂ'éerF ?fﬁe
ElA to E5A frem easplipabnssting 20N,R, 'O 430/ atrae agacdic cam the pearctee) bk jused omn éris

anot her, g%_s?&’%&i%e%tad%@ \lﬁ Y{%n l%e%f&%eﬁtl c:éﬁl@%]fused%%toqﬁgaéé é%lt the "ﬁ%tléydc?{lé/ !

havi ng from tors 1 n part car
the aryl NRBAEDhe R CR@AE@ECBWY' %FERGAQWES}WWA@S regierapiy £arborstoms. GrefErNGE is
wher e the opigait eydid@h@absy Rsfniddy orape fBinsim @1p substituted by hal ogens and
two 25 vicinal radicals R A-RS5A nay also be joined:to forma five- or

si x-menbered ring, and/or,-two VI ginal radicals R A-RSA are joined to form
a heterdéycl e which contains at eqst one apem fromthe group consisting of
N, P, 0and S, with 1,-2 or 3 substifuents."RlA-R5A preferably one

substl tuent R A- R$A, be| ng a -Z-Ag n-aid 30 RGA are each, |ndependently
of. one anot her, hydrogen, Cl-¢zo-alk - Czo- al kenyl @- Czo-aryl,

a(kyl aryl having from1l to 18" carpe ssai Nt he al kyI part and 6- 20 car bon
atons in the aryl part and two gerningi e[fc{aals RSA may al so be joined to
form’ a fl ve- or six-nmenbered ring. 35 In p erred cycl opent adi enyl systens
Cp, all B A to ESA are carbon. TWORMCl nal radi caI s R A-R5A toget her vvlth
the EE A -ESA bearing themmy forma heterocycle,  preferably a

DL Pogan Vhe v 75 116755 Bl om oM the group consi sting of

E”‘-ESA are each carbon or not more than one E'* to E* is phosphorus,

. 20 . .
R*.R* - are each, independently of one ancther, hydrogen, Cy-Cag-alky!, C;,;-Cgo~alkény'l',
' Cg-Cog-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and .
6-20 carbon atoms in the aryl part, NR®,, N(SIR™;),, OR™, OSiR%,, SIR™,, BR™,,
where the organic radicals R'-R* may also be substituted by halogens and two |
25 - vicinal radicals R"-R* may also be joined to form a five- or srx-membered ring,
and/or two vicinal radicals R™R* are joined to form a heterocycle which contains at

least one atom from the group censisting of N, P, G and S, with 1,-2 or 3 substituents

R'.R™ preferably one substituent R'*-R*, being a -Z-A group and

30 R . are each, independently of one ahother, hydrogén, Cy-Copalkyl, Co-Cop-alkenyl,
Cs-Cop-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
B-20 carbon atoms in the aryl part and two geminal radicals R® may also be joined

to form a five- or six-membered ring.
35 In preferred cyclopentadienyl systems Cp, ali E™ to E* are carbon.

Two vicinal radicals R"-R®* together with the E'* -E* bearing them may form a heterocycle,

prefarably .a heteroaromatic, containing at least one atom from the group consisting of nitrogen,

phosphorus, cxygen and sulfur, particularly preferably nitrogen-and/or sulfur, with the gih g
40  present in the heterocycle or heteroaroratic preferably being carbon atoms. Preference is given

on atons in



-phosphorus, oxygen and sulfur, particularly preferably nitrogen and/or

sul fur, withygde E A-ESA 40 present in the heterocycle or heteroaronmatic
preferably being carbon atons. Preference is given LU6079 5 to heterocycles
~and heteroaromatics having a ring size of 55 or 6 atons. Exanpl es of :
5-menbered heterocycles which - may have fromone to four nitrogen atoms
and/or a sul fur or oxygen atomin addition to carbon atons as ring atons

are 1, 2- dlhéprofuran furan, thiophene, pyrrole, isoxazole, 3-isothiazole,
pyrazol e, . d‘f@ﬂr@ydﬁﬁrﬁiﬁe&oaﬂ?%tﬁéﬁﬁﬂ"@ arigpizg °B§<afoﬁ 3orps. dxarples & SGREAPASDI e
5 1,3, 4- ox adétarbﬁ)c%s whicR rr%y héde&?da{ ﬁmeaﬂd:uﬂ.mﬂogﬁbntaltdnmbar a Bl ggepfatomn in

6- r’renber ed h&tﬁ%r %n% s rimg ar e a@yé%ﬁgarﬁu%ﬁf fu%{i? @Bﬁhen% ;Ey?rldfe S&E&Qen

atons and/of a hos O azife
pyri m di ne, 3@9%@2%@&&10!@ caazqfe éhzam@, imidazola. 12, ﬂﬁzadwéoian‘bﬁ i—ozadiazelﬁ.u azi ne.

The 5-megbey @d_cﬁa@iaz@ren?ﬁ@%&g;e%&e@wgﬁoﬁsg@wméﬁ&@ nk@nb%kga%te}démgmbys _
Cl- Clo- al kyl;, to 10 carbon atons in

C6- aving fro
e alkyl P ERECSG ks o GRS HeATEy P PR PBRIRE FOTA SPRTS 13T or
hal ogens suglvsatsbihzaos, ippidazied) | pyrimidmeopyrdzinent, B é-triatinal k3 k-dixzide and 1,2, 3-triazine. -
al kyl aryl amn%os metlb@Ey Lr?o"é «‘P\me@rlééiﬂé‘té{ro%le@{ﬁgg%& bQTrsu!%ﬁ‘g g%ﬁg‘: W&-Jﬂg‘f”&e LcOfL. nore

-aromati cs or heteroaronmat heteroaryl
groups are ¥agteay! |hﬁ\a%9szﬂr@1 t%*eorpsbtfoa 2is In BeRYSk ARt GphETr 8 cabehz e PR indbo R
benzoxazol Epa’mdlabﬁﬂm drihgiagas eucHeaiplires clodrinb @ngrorming S@lkyihniad alk@seEmido, -

het eroaryl llé alx hrr a%ﬂgxn or gg 58:? Yiflhe & H‘!o Oérorqgt’lc eqéfp eﬂ'gljnl
Ral 5z i Pu roI i ne and

ci nnol i ne, ihazolrne, qui NOX enan
qui nol i zi neExama?iﬁsﬁ@b@n@fusemﬁrﬁ@mbﬁ@ddwtetqwl we@@raﬁwé%an@a@e tesrpfraiken from

L(et tau, Ch%Bn@otﬁi@ﬁheh@tb%ﬁﬂ@y&b%nbenl&azﬁg laﬁdl Qé’hmmﬁéﬁae Ex\ﬁﬁipl’éb@i @ni@ﬁ@ed The

heter ocycl e romatjcs are prefer X Vf‘ e bas
Cycr opent adrBRTPEER BHEaH G e e BT BB 6P i EoaUNoIRE Bioine,
het er ocyg| efhitetegine.auowatiing, .quinkieties, dciPednesdrittetior ead ouirditios Naairigregdone

. heteroatom @%emﬁfﬁ{e%te)‘ocgcigs hd3lbebr faMSEfom Letdfl, @&%ﬁ@é&%e%froc?MQ 9&%@&@@ enyl o
systens Cp h v af used- on eterociﬁzle arethl%cgena

- 2-met hyl t hi h@'ﬁé1 978, BT o PRI PR RE2ICS AlatFERY If“(sfeﬁj H%WFQF%?E
2-n-butyl t Myalp;mmtﬁleeyiekeieton da b &-C db.utﬁ%/lbcn'lhloaﬁbehemiceymﬁ/heteroaromatlc

2ot et hy sl L AneRt At e nagnph L AR L eRsy o3 paphily | apen-

tal ene, 3-net t hi apental-ene, 4- irapent al ene,
- 4- pheny? 2, 6- dlethyl-l-thla 25 pental ene,
" 4- phenyl - 2 E6<aﬁ|1pie§ Wyﬂp;}éntddreh‘jlls?@@ﬁi ap RANg a fused-on heterocycle are thlapentalene

j Bﬂg%: %}%it@llaﬁe er}e Z]epwly@f) h%[aeﬁee ls?pr??glthl%oentalen? a% rébutg,rtthlapentalene, :
- 2-met hyl aza?ptembatwléwmentztee@ Hytrlraztayiwb@ﬁp@m@ﬁee 231hegy$t}btagwaalmpeﬁmrényémépen-

3 n- blﬁtyl ?za@%ntaa{e@rr}@map%ntarénm nﬁlﬂelélﬁ%ﬂ\ ewnﬁn@b@ﬂﬁen@mhafyu.@yh@a@pﬁmtaalzege
‘nap az -

i i pe g

i ot hyi 4. 3206 2reRE2 Bl bt Rng e 2 A0k Bey Bl Bigsniete)

@- phenyl - 2 @tﬁnyl{‘?@rctrtnmaimyibuyﬂ;i -tepeBBlepe AEzdestatene, 2-methylazapentalene, 2—ethylaza—

Azphenyl - 2 pléntgﬁeﬁé '2%%9@&5;%htaien@éarpmlé’éaﬁé}ﬁa!ene 2- tnmethyls:!ylazapentaiene 2-phe-

T tert - butyll r}/ | - azape ig 9% ent al ene, P t%lene

1 phenyl - 2 SEEHRRERYT. SrEBHBAERARERE S GBS RT3 s biens -phery 2

et hyl -1 - ph@@p“hapezﬁpahtelaee iphping-yBHdi-2;bBtyll1 -arepbatbighe, 1-phang-plhafyernttatye heza-

1- phenydg 2,pardiend, 8Ldhe b ¥ldtrimetnyisilyl-1-azapentalene, 1-tert-butyl-2, 5-dimethyl-1-azapentalene,
oxapentalene, phosphapentalens, 1-phenyl-2,5-dimethyl-1 -phosphapentalene, 1-phenyl-2,5-di-
ethyl-1-phosphapentalene, 1-phenyl-2,5-di-n-butyl-1-phosphapentalene, 1-phenyi-2,5-di-tert-butyl-
1-phosphapentalene, 1-phenyl-2,5-difrimethylsilyl-1-phosphapentaiene, 1-methyl-2,5-dimethyl-1-
phosphapentaiene, 1-tert-butyl-2,5-dimethyl-1-phosphapentalene, 7-;:Sfclopenia{1 ,2]thieno(3,4]-

35 cyclopentadiéne and 7-cyclopental[1,2]pyrrolo]3,4]cyclopentadiene.

In further preferred cyclopentadienyl systems Cp, four of the radicals R™-R* i.e. two pairs of
vicinal radicals, form two heterocycles, in particuiar heieroaromatics. The heterocyclic systems

. are the same as those described in more detail above. Examples of cycicpentadieny! systems Cp
40 '



1- phosphapent al ene,  1-phenyl -2, 5-ditrinmethylsilyl-I-phosphapental ene,

1- net hyl - 2, bugiaet hyl - | - phosphapentalene
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i.e. tw pairs of vicinal radicals, formtw heterocycles, in particular
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cycl ododecy nex n~@;9y A SN oMl £-BedVP n%dédyn@»ﬁ{w?-rﬁé(r%ér@d &Eloalpﬁf! @Hﬁltﬂ?ng fnd ' n.,,

“whi ch the doubl e bond can be.internal or term @
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2,3, 6- 343“5' but@mpﬁﬁewf hSX%YIBGYFPP?PéQW&'FWW“Y' %@oaﬁw @ncwgipoomeeﬁ may o
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- p-net hykbe } z re .t Lca may al so
' be j oi n%é; Pd é%}'any 'm°a 5F mgﬁyé% eRW%{;ye%z;V\Q@ gzwpﬁ%qghenﬁgg ra %Q\R' A- RSA
fray J 9 al $o"be? $60bYGi%utiegtiyipheny agkaryal !éW@’Chfﬂaméﬁiﬁfﬁwhecﬂhtblmﬁl@@ ‘br omi ne.
“Fur t her nor @ubdthAnBS#y. GaRkyRbS f-, p-methylbenzyl, 1- or 2-ethyiphenyl, where two radicals R* to

1A RSA

R** may also be joined to form a 5- ar 6-membered ring and the organic radicals R
1A EA
-R

may

also be substituted by halogens, e.g. fluorine, chlorine or bromine. Furthermore, R can also

- .30 be amino or alkoxy, for example dimethylamino, N-pyrrolidinyl, picolinyl, methoxy, ethoxy or
isopropoxy. in organosilicon substituents SiR™;, possible radicals R®  are the same ones which

*A_R™ and it is also possible for two radicals R* to be

are-meniioned in more detail above for R

‘joined to farm a 5- or 6-membered ring, so that examples of suitable SiR™, substituents are

trimethylsilyl, triethyisilyl, butyidimet'hylsilyi,‘ tributyisilyl, tri-tert-butylsiiyl, trialiylsityl, triphenyisityl
35  and dimethylphenyisilyl. These SiR®, radicals may also be bound to the cyclopentadieny!

- .skeleton via an oxygen or nitrogen atom, for example trimethyisilyloxy, triethylsilyloxy, butyl-

dimethylsilyloxy, tributylsilyloxy or tri-tert-butylsilyloxy. Preferred radicals R'-R™ are hydrogen,

-methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyi, n—héxyl, n-heptyl, n-octyl,

vinyl, allyl, benzyl, phenyi, ortho-dialkyl- or ortho-dichloro-substituted phenyls, trialkyi- or trichloro-
40  substituted phenyls, naphthyl, biphenyi and anthranyi. As organosilicon substituents, particular



30 be am no or al koxy, for exanple dinethylamno, N pyrrolidinyl, picolinyl,
met hoxy, ethaxygr®r isopropoxy. In organosilicon substituents Si R6A3,
possi bl e radicals RCA are the sanme ones which are nentioned in nore detail
above for R A-R5A and it is also possible#or tw radicals RCAto be joined
to forma 5- or 6-nenbered ring, so that exanples. of suitable Si R6A3 o
substituents are trinethylsilyl triethylsilyl, butyldlnethyIS|IyI

tributylsilyl, tri-tert-butylsilyl, triall |SI| hen | si
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-isopro 0 :
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Preference (s a Dggm en\yggy %hyi %p%' i zmdenyvﬁtzrrﬁeq%\% i Hi radicals R A-RSA

forma céclic fused ring system i.e. t oget her mnth the basi ¢ E' A- ESA -
skel eton, pret eeabling sast&ﬁncay%laém@rmeadl eIyl @&@L-ett a:fk.@rc roligRl cgesgnéﬁh e, an
unsubstituted or bsti t |nden enyl , rg_ﬁ bort LY enyL
or tetrahydPGHHuE §PV§V§P8 VW%ﬁm%xﬁhﬁﬁéqPH& P”h hﬁ?lPﬁ & ﬁ?ronaoms;

2- et hyl i ndeimthg arylDartsiip o piBiR e OR™, CBiRTesd1yBiR hidepyd-meth@indényt éretylinienyl, -
2-net hyl benz'.gage indeqwsrou u#h%@@ %gmwm&yem@wysb%a% yi.wetnhez m&thyG23- al kyt

groups, C2-C2 groups y aryl groups havi ng
from1 t§ 1Bh‘?’:"é(‘|“l96W'a't‘b?ﬁé’hihh“”ﬁﬁ@” -al kyl part and 6-20 carbon atons in the
aryl part; NRBA2, N(SiR63)2, ORCA OSIR6A3 or SIREA3, e.g. 4- nethylindenyl

4 ethy| oo dul30BORYASTGRN o SO 1) LRSI GRS oy

- 5-net hyl - denyl hen

Preferred sﬁfwét'tp%%ﬁtdst @amqnsmnwwve%t%tsn\@tchf%wme%dNnaﬁ@tqnh@ particular their
above- descrp@eﬂe@aﬁb@mﬁgﬂﬁlc substituents and the car boorgani ¢ substituents
whi'ch f%rn1a fused ring system in particular their preferred enbodi nments.

25 mca be 1, 2 or 3, i.e. 1, 2 or 3 rqplcals RIA-RSA are -Z-A, in the
(ase of 2 om cgn bgimgR cpr@m gal %or 3 radicals R"-R™ are ~Z-A, in the case of 2 or 3 -Z-A rad!cals

' \’ being present, these can be identical or different. Preference is gwen to only one of the radlcals
R'™-R* being —Z-A (m = 1).

30 Like metallocenes, the monocyclopentadienyl complexes of the present invention can be chiral.

" Thus, one of the substituents R"-R®

on the basic cyclopeniadieny! skeleton can have one or
more chiral centers, or else the cyciopentadienyl system Cp can itseif be enantietopib s0 that
chirality is in use only when it is bound to the transition metal M (for the formalisms conecerning
chirality in cyclopentadienyl compounds, see R. Halterman, Chem. Rev. 92, (1992), 955-984).
35 : _ ,

Z is preferably a CR"™R?® group.

Possible carboorganic substituents R'®-R*® on the fink Z are, for example the foliowing: C2-Cao-
alkyl which may be linear or branched, e.g. ethyl, n- propyl isopropyl, n-butyl, isobutyi, tert—butyl,
40 n-pentyl, n-hexyl, n-heptyl, n-octyi, n-nonyt, n-decyl or n-dodecyl 5- to 7-membered cycloalkyl



bei ng present, these can be identical or different. Preference is given to
only one of t&% gadicals RTA RSA being -Z-A (m= 1). 30 Like netallocenes,
t he nmonocyclopent adi enyl conpl exes of the present invention can be chiral.
Thus, one of the substituents R A-RSA on tde basic cycl opentadienyl skel eton
can hav‘e one or nore chiral centers, or else the cycl opentadienyl system Cp
.can itself be enantiotopic so that chirality is .in use Only when it is -

bound to the transition metal M (for the formalisns concerning chlrallty in -
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joined to forma 5- -fenbered ring, so that exanples ofmsw table
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tri phenyl silyl ‘and di net hyl phenylsilyl. The radicals R B and R2B may be
identical or different. Pref erence is given to R18 and R2B being different,
so that A0 BPreferepdearical R” eersthyt n-papyliseprepy acbutihdsobulyls teRbe YA neealy hyhexyl,

n- propyl, Ia%ptqfwbetysnbé@w[ydhenynscﬂhmmlks Bﬁfrﬁwo-}aléﬁl}éllofsuBstﬁﬁéHMenyl@iﬁ%b‘br
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phenyl s, napitrégeh or biephieinykriiawia rattberadyd partivhiatepBR2Biblys -GH(CHe- smoe t ome
- hydrogen or nethyl, in particular hydrogen. Z is particularly preferably a

- CH( C6HL) - rou%2 25 | n anot her’ gr Leferred enbodiment RIB is an olefinic
unsat ur a’ed H@’ PFTEUFERPDOdRREF Bi s FhACEUBFEUaEd Seiver-PecH eieET i e ouple
l@r. m n.al Vi bytd.igprefepblypr tefreina binyl geoups ratikebly la cj’aikhrglaladlcad\/(vefemlmthé belkendl kenyl
\ ' radical with a terminal vinyl group. Preferred radicals R'® in.this embodiment are 4-penten-1-yl, 5-
' hexen-1-yl, B-hepten-1-yl and 7-octen-1-yl. These Kind of radicals lead in the ethylene
_copolymerisation reactions to copolymers with a higher molecular weight than the ethylene

30 hemopolymers in the respective ethylene homopoiymerisafions,

The bridge Z between the cyclopentadienyl system Cp and the heteroeromaﬁc A is an organic,
preferably divalent, bridge comprising sterically substituted carbon and/or silicon units. Z can be
bound to the basic cyclopentadienyl skeleton or be bound to the heterocycle or the fused-on ring
35 of the cyclopentadienyl system. Z is preferably bound to the basic cyclopentadieny! skeleton. The
activity of the catalyst can be influenced by the'change in the length of the link between the
cyclopentadienyl system and A. Z is particularly preferably bound both to the fused-on heterocycle
or fused-on aromatic and to the basic cylopeniadienyl framawork. If the heterocycle or aromatic is
fused on in the 2,3 position of the cyclopentadienyl skeleton, Z is preferably located in the 1 or

40 4 position of the cyclopentadienyl skeleton.
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radical with a terminal vinyl group.. Preferred radicals R18 in this
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het eroaésyl ?g?%aos are 2-quinolyl, "6-quinolyl, 3-crnnolyl, 8-ci nnonI
- pht ha azQ qui nazol yl, 4- qU|nazonI 8 qU|nazonI 5 qui noxal yl ,

-acridyl, 1- phenant hridyl and 1- phenazyl

' f""a;?"?‘- ' Among these heteroatomatic systems, particular preference is given to unsubstltuted substituted

~and/or fused 6-membered heteroaromatics having 1, 2, 3, 4 or 5 nitrogen atoms in the hetero-
aromatic moiety to which Z is bound, in parﬁicuiar 2-pyridyl or 2-gquinolyl. A is therefore preferably -

30  agroup of the formula (111

35 | 1 ()
_ES .
| /LN’ R |

where
16 (4G . '
E™-E™ are each carbon or nitrogen,
40 '



A can bind to the netal Meither internolecularly or intranolecularly. Ais
preferably boupds intranolecularly to M The synthesis of the conpound in
which A is bound to the cycl opentadi enyt ring can be carried out, for
exanpl e, by nethods anal ogous to those of ;oM Enders et al. in Chem Ber..
(1996), 129, 459-463 and P. Jutzi and U. Sieneling in J. Ognet. Chem
(1995), 500, 25 175-185. Anpbng these heteroatomatic systens, particular
preference i s1cgi4ven to unsubstituted, substituted and/or fused 6-nenbered
het er oar onatR ¢R heave ergh.lindependnilviofene Snatherr iygeaemn Cotiao-dliy!, Caé driteaayioCs-Cao-
aromatic miety t grilGRhdvihgBREN o oRaRek blofdlihe Ak Yk SY 6-80 catndiUiidid Y1 -
Ais therefore pref%rabl)g 30,ascgrﬁ'u of the f%é%;.l%@&(ﬁ 11% R2C %C.I clj?gm
Sic, EC 3C R3C - 357 BFEYHPaerRET = Phensisy ¥IFECR & eREhAIERPHYIrSEyted by
nitrogen, 40 LUG0ZEBgdB or RirogdR4dx flather @athalky ndeps idend-dkengfgrame, Grbt-hgr
hydr ogen,, Cl- C23- , = - al ke = s O al j ving from
1to 10 gar bon at glrrréé!x%r? ”‘%3@?% A%gig%{kmrgndofeégaéb%\a%%%sn'ﬁéﬁér@rg%ﬁf?‘ '? he. aryl.
part.or SiRsc3, meaﬂecafbﬁéa@fr@amf/ aFYABATEH IS R3NPV inieR) rasics s FoeRsutist | 476t ed
by hal ogens or niZhf0edd Rijoifdd th e Cive G exahdalerggrpyps, C2- C2o- al kenyl

groups, C6-C2o0-aryl 5 groups, alkylaryl groups having from1l to 10 carbon

atons in the sgl kyl part and 6-20 carbon atons in the aryl part or Si R6c3 and
two Vi ci nal Fadi carsear.drdraehdenthyRif enaprbthe, hygipoed. SoCheliyb Cabad-akenilo¥afar |

L | \ée- 0r1c§lo X- gzerrb%ryﬁslrlanuyré%l i&é;ﬁ@fﬁzﬁﬁ‘l %ﬁ@f&arbbgg%%"i}gtﬁ@blk pérk ax@t{"fz{iﬁéﬁ?ﬁc{heL ;o
ydr ogen, - C20-a _ - C20-al keny 5 - ‘aryl or._a aryl having
from1l to 10 car b@ﬁ’"ﬁt'%m afyhp?m@de"?(édIFﬁlg%t @ﬁ’ﬂal%q%mg%drtﬂé?fm Y6he in the
aryl part and two sixatino®lies riRBendray al so be joined to forma five- or
s(x-"rrerrber ed.ring and p is O when E c-E4c is nitrogen and is 1 when E c-E4AC
is-carbon. 15 In _particylag, O or. 1 E c-EAC i,s _nitrogen and the others are
carbon. A i€ part iSOV 5 préf BFasnEndis DVSRE GG IS @RSt hyl - 2- pyri dyl
4- et hyt+82- pyridyl, 5-nethyl-2-pyridyl, 5-ethyl-2-pyridyl, 4,6-dinethyl

: 1C_g4c

In-particular, 0 or 1 E is nitrogen and the others are carbon. A is particularly preferably a

~2-pyridyl, 6-methyl-2-pyridy!, 4-methyl-2-pyridyl, S-methyt-Z-pyridyl; 5-ethyl-2-pyridyl, 4 B-dimethyl-
2’-p_yridy|, 3-pyridazyl, 4-pyrimidyl, Bumethyi—47pyrimidyl, 2-pyrazinyl, B-methﬂ-z—pyraziﬁyi, :
‘ 5—methy|-2—pyra;inyl, 3-methyl-2-pyrazinyl, 3-ethyl-2-pyrazinyl, 3,5,G-trimethyi—z;pyrazinyl,‘
.20 2-quinolyl, 4-methyl-2-quinolyl; Sémethyl-z-quinblyl, 7-methyl-2-quinolyl, 2-quinoxalyl or _3-methy_i-
- 2-quinoxalyl. -

In preferred monocyclopentadienyl-complexes, the cyclopentadienyi-syétem CIS and -Z-Aforma
ligand {Cp-Z-A) of the formula IV: T o '

1A
] - 25 _ , : | R \ | RZA
(.. g g
e —— EZA .
A—Z—F. A
| \./E4A TN R
30
R4A

where the variables A, Z, E'* to E** and R* are as defined above and their preferred

émbodiments are aiso preferred here and -

35 R™-R*  are each, independently of one another, hydrogen, C4-Cyp-alkyl, Co-Cop-alkenyl,
Ce-Cag-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and

6-20 carbon atoms in the aryl part, NR®,, N(SIR®,),, OR™ OSIR®™,, SiR®;, BR™,,

where the organic radicals R'-R* may also be substituted by halogens and two

1A R4A

vicinal radicals R may also be joined to form a five- or six-membered ring,

40



2-pyridyl, 3-pyridazyl, 4-pyrimdyl, 6-nethyl-4-pyrimdyl, 2-pyrazinyl,

6-met hyl - 2- pyr.a#d nyl,  5-nmethyl - 2-pyrazinyl - 3-met hyl - 2- pyrazi nyl ,
3-ethyl-2-pyrazinyl, 3,5,6-trinethyl-2-pyrazinyl; 20 2-quinolyl, :

4- net hyl - 2- qui nol yl , 6-net hyl - 2-qui nol yl, .47- met hyl - 2- qui nol yl , 2-qui noxal yl
or 3-nethyl- 2-quinoxalyl. In preferred nonocycl opent adi enyf conpl exes, the
cycl opent adi enyfsystem Cp and -Z-A forma Iligand (Cp-Z-A) of the formula

IV: 25 RL\ zZA R EAE2H A-Z E5 i 3A(I\/} E4AA \ R3A 30 RAA where the .
variables A Z, El1 AntiortESAicasidadess Bl &R *here fhifed tretirmb dvtercayrk wiidi sonfsinefaer r ed
enbodi nents are al S%EQ{&E%&}I’“?{#OI-H%eﬁ(%%oﬁéstié&@%%rng seach, independently

of one anot her, hydrogen, o- al kenyl C6- C20- aryl,

al kyl aryl having from1 to 10 carbon atons in the alkyl part and 6- 20 car bon-
atons i n t h&hakeybodihtnts MeEpAFerrdd &hiditnaBCRiBAIbEBLIREABeWBeREAS jo BRRBA-RP ) 2. 2,
wher e thg org hgdfr icals R A-R4A may al so be substituted by hal ogens and
two vici naI ra icals R A-R4A may also be joined to forma five- or :
si x-menbered ring, 40 LU6079 11 and/or two vicinal radicals R A-R4A are
joined to fogvngtiass @r&@ﬁy@d@nm%tz -E Phradurs ptererlcd diveR iethaditeriemAutahe
group consisting of N, P and The enbodi nents and preferred enbodi nents -
descri bed above |ikew se apply to t R A-R4A 5 described here. Anpng these .
preferred.ligands (Cp-Z-A), parti (Ru prefenence is given to those of the
formula 34 1A 10 RZA O A-Z R3A 4A 15 R

A—7 M

3A°

R4A

15 ‘ : :
' where the variables A, Z and R are as defined above and their preferred embodiments are also -

preferred here and

‘ R“"-R‘“A are each, independently of one another, hydrogen, Cy-Cao-alkyl, Céuczu-éikenyi, :
" 20 'Cs-Cp_g—aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part, NR™,, N(SIR™3);, OR™, OSiR™;, SIR™;, BR™,,
where the organic radicals R'-R** may also be substituted by halogens and two
vicinal radicals R"-R* may also be joined to form a five- or six-membered ring,
| and/or two vicinal radicals R-R* are joined to form a heterocycle which contains at
25 * least one atom from the group consisting of N, P, O and S.

The embodiments and preferred embodiments described above likewise apply to the R™-R*
described here. '

30- -in particular, the monocyclopentadlenyl complex contains the ligand (Cp-Z-A) of the formula IV or
V in the following preferred embodiment; ' '

z is -CHR'™-, in particular -CH(CsHs)- ,
s A is
2C
Ffp
1C o e
\ 1C/E > SC Rp

| C (1)
40 )\ E4 é4c '



where the variables A, Z and R6A are as defined above and their preferred
enbodi ments g7l so preferred. here and RLA-R4A are each, independently of
one anot her, hydrogen, O -C Z0-al kyl, CZ-C26-al kenyl, 20 C6-C2o0-aryl,

al kyl aryl havi ng from1l to 10 carbon atons2in the al kyl part and 6-20 carbon
atons in the aryl part, NR6A2, "N(Si RGA3) 2, OR, OSi R6A3, SIR6A3, BR6A2,
where the organic radicals R A-R4A may al so be substituted by hal ogens and
two vicinal radicals R A-R4A nay al so be joined to forma five- or

si x- menber ed"€ftng, and/or two vicinal radicals R A-R4A are joined to forrra :
het er ocycl e pAhg€h captgichsar8én &E[t&'éeﬂ; east one atom fromthe group consisting
of N, P, 0 and S. The enbodi ments and preferred enbodi nents descri bed above
| i kewi se apply to the R A-R4A described here. 30 In-particular, the
nmonocycl operﬁ%ﬁh eny larecezap|iglepesiendy aione h@tﬂar.gmirdg%FCQ*-Zzofa)kYbﬂz-ﬂbneelkemr mul a IV
or V|nthefoIIOW| f |cular
CeH 06H5)5 Cn—@ 0955'@ Qlya‘?)ﬂ h&v l%nﬁ‘?'ﬂ} 10 égrﬂoﬁ afogé'mt%e alk IﬁbaR%ﬁ&

Réc p LUSOTO 12 mﬁ&oéa@%a@%“h‘ih%a%wQfét%@nw%%femetc'ﬁt?@@ﬁad'%f& RE‘C éﬂaé |
each, independent |y aBb bosesantt e haiofund vofyehsr 06 Chrala0galpsY, CoziErd gakfenyl, -

5 C6- C20- | | k | t
o 620 et bonat ok e OB AR drobd rideG BER A, B AR R B Bl L
Rlc- RAC may al so bearkasksi?q %ﬁr%Qﬂ‘ %V“Wﬁl'“t?g%ﬁ@a’@iar Pr‘ﬁrﬁfé‘rtw@W‘@'dadaqal@ﬂ o oups;

C2- C20- ajckenyl groupsr'® a%z@ayaeb)bbJ@mu@m;malfketloagnylmegtbenepen@aw ng from1
to 10 carbon at ons. in the alkyl

7 R3¢ are each, independenily of one anottter, hydrogen, C;-Cyp-alkyl, Co-Cop-alkenyl,
( : Ce-Cap-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
£ 620 carbon atoms in the aryl part and two radicals R® may also be joined to form a
15 fi_\ze- or six-membered ring and '
p " is 0 when E"C-E* is nitrogen and is 1 when E'®-E*C is carbon,

Misa metal selected from the group consisting of titanium in the oxidation state 3, vanadtum _
20  chromium, molybdenum and tungsten preferebly fitanium in the oxndat:on state 3 and chromium.
Particular preference is given to chromium in the oxidation states 2,3and 4, in particular 3. The
metal complexes, in particular the chromium complexes, can be obtained in a simple menner by
- reacting the corresponding metal salts, e.g. metal chlorides, with the llgand anion (e.g. by .
methods anaicgous to the examples in DE 197 10615).
25 . _ :
Among the monocyclopentadienyl complexes of the present invention, preference is given to ‘
those of the formula (Cp)(~Z-A)mMXy (W1}, wherethe variables Cp, Z, A, m ahd M are as defined
. above and their preferred embodiments are also preferred here and:

' 30 X are each, indebendently of one another, fluorine, chlorine, bromine, iodine, hydrogen,
C4-Cypatkyl, Co-Cyp-alkenyl, Ce-Cog-aryl, alkylaryl having 1-10 carbon atoms.in the allgyl
part and 6-20 carbon atoms in the aryl part, NR'R?, OR’, SR', SO;R", OC{O)R', CN,
SCN, B-diketonate, CO, BF,, PFs or a bulky noncoordinatihg enion,

35 R'-R?  are each, independently of one another, hydragen, C-Cae-alkyl, C-Cog-atkenyl, Cs-Cao-
aryl, alkylaryl having fram 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms
in the aryl part or SiR%, where the organic radicals R'-R? may also be substituted by
halogens or nitrogen- and oxygen-containing groups and two radicals R'-R* may also be
joined te form a five- or six-membered ring,

40



part and 6-20 carbon atons in the aryl part or SiR5C3and two vicinal

radicals R ¢yR4e 10 or R C and Z nay also be joined to forma five- or

si x-nmenbered ring, RSC are each, independently of one another, hydrogen,

Cl- C2o0-al kyl , C2- C20-al kenyl; = C - C2o0-aryi3 or al kyl aryl having from1l to 10
carbon atons in the alkyl part and 6-20 car bon ‘atons in the aryl part and
‘two radicals R5C may al so be joined to forma- 15 five- or six-nmenbered ring:
and pis O V\/gen E' c-E4C is nitrogen and is 1 when ELC-E4c is carbon. Mis a
metal sel ecRed fr aineasie ngperRNgertPE PR 38 eBNY4PEeANT uhrialiYt GeCoxikaati izt at e

3, vanadium 20 CB@DBIk)HéW! hmhyb@tﬂnumembdnwmﬁérﬂmne auryeéaeraarblswotobrbanmmel n
t he oxi dation stat omu

ul.ar, er enc ive
| chronium:in the oiﬁ%ea?r?]c?ﬁd§F%1P“@sfa‘§°al§£a‘ﬁﬁy S0 tfeHO‘B%‘ftP L) ave' fs%ﬁ‘ée r]??é‘atdal
| . conpl exes, "in partagandar the chroni um conpl exes can be obtained in a sinple
I manner by .reacting the corresponding netal salts e.g. netal chlorides,
' with the Irgand anion-(e.g.. by nethods anal ogous to the exanples in DE 197
10615) . nong BHe? r%ﬁocym opent adi enyl conpl exes of the present
invention, preference is given to those of the fornula (CP)(-2Z-A) mwk (VI) ‘

where the varl ﬁrge% ang’prﬁ%érreme gdrMeﬁtégkéf pagy frhgrfr‘cglg d%pc(?rggd %Q%Ergg Ergply

preferred enbo erre ere
i ndependent 1“9"”6?3“&5 ARd Iaﬁ@mlare@ﬂonm iesd MeferedhneRacyRoPe HRGRThEOMAlRYES-ne, hydr ogen,
Cl- C10- abkyl, C2-Clo-al kenyl, C6-C20-aryl, alkylaryl havi ng 1-10 carbon ‘

atons in th | k art and620 carbnat t he ar. r NR R2, OR ,
SR 308R ,‘?rs?}r%ﬁaﬁ%é’ B o D B ER B b et Bl R b AT
noncoor di naedungs eagil b the3gntRasiRN tar moragediopentadiene ratentxey, buf caomtwé?nettﬁei

Wdr ogen, Clafhfadbkibie l%%n&zx)a@l rK%QM!:uIarQ@E‘I %s@ﬁ}éé fludih& ehiFidd, bﬂ%ﬁ%e% fr om -

- 37to 10 carbnatoms in

part. or e S S Blan o S T g L i i Pam B By ) Prra by
hal ogensﬁororr’uebzybge Also athntagygsiigaas XaFuthegliggndaipsre apuely powayam iegathige R1 - R2
- may al so bewrd*logf d%ﬁ“rg egd%ugﬁ{e”frl%ofrea\é@fahOéFP,' @%%q%léﬁ cddr éjg%tmﬁ g #H@&Zcﬁne&rﬁg
epen

are each, one anot rogen -
C2- C20- al keHyAs @60@@“% vl qtf?é‘ﬁ‘k%%?‘r ﬁ‘é\??%g? r98?n9’12)t%9 1E’(§Cfé:a%4 bon atons in

't he al kyl part and 6-20 carbon atons in the aryl.part and two radicals R3
Y e L L R
"~ above ak8o )ép/;gp@tron of the radicals R'and R enables f ine adjustments to, for example, physical proper-
‘ties such as solubility to be made. Examples of possible carboorganic substituents R’ R2 are the
- following: C4-Csp-alkyl which may be ‘[inear or branched, e.g. methyl, ethyl, n-propyi, isoprepyl,
- n-butyl, isobutyl, tert-butyt; n-penty!, n:hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to
. 7-membered cycloalkyl which in turn bear a Ce-Cyo-aryl group as substituent, e'.g'. cycilopropyl, cy- -
- 25  clobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyciooctyr, cyciononyl or cyclododecyl, Cfcm—alkei "
ny! which may be linear; cyclic or branched and inw'hig:'h the double bond may be in internal or

termin'alz, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, |
cycleoctenyl or cyclooctadienyl, Cg-Coo-aryl which may bear further alkyl groups and/or N- or
O-containing radicals as substituents, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-me- |
30  thylphenyl, 2,3-, 2,4+, 2,5- or 2,6-dimethyipheny!, 2,3,4-,_2-,3,5-,‘ 2,3,6- 2,4,5- 2,46 or_3,4,5—tri-'
methylphenyl, 2-methoxyphenyl, Z-N,N-dimethyiaminophehyl. and arylalkyl which rnay bear
further alky! groups as substituents, e.g. benzyl, o-, m-, p-methylbenzyl, 1- or 2-ethylpheny!,
where R' may aiso be joined to R? to form a 5- or 8-membered ring and the organic radicals R'-R?
| may also be substituted by halogens such as fluorine, chlorine or bromine. Possible radicals R® in
35  organosilicon substituents SiR’; are the same radicals as have been described in more detail
above for R'-R?, where two R* may also be joined to form & 5- or 8-membered ring, e.g. trimethyl- '
sityl, triethylsiiyi, bufyld_imethyisi!yl, tributylsilyl, triaflylsilyl, triphenytsilyl or dimethyiphenylsilyl.
Preference is given fo using Cy-Cyp-alkyl such as methyl, ethyl, n-propyl, n-butyl, teri-butyt,
n-pentyl, n-hexyl, n-heptyl, n-octyl and alsc vinyl, allyl, benzyl and phenyl as radicals R' and R%
40  Some of these substituted !igénds X are very particularly preferably used since they are obtai-



individually and in conbination to these preferred nonocycl opent adi enyl
conpl exes. 10gd#e |igands X are determ ned, for exanple, by the choice of
the appropriate metal starting com / pounds used for the synthesis of the
monocycl opent adi enyl conpl exes, but can ai4so be altered afterwards.
Possible ligands X are, in particular, hal ogens such as fluorine, chlorine, -
bromine or iodine, in particular chlorine. Al kyl radicals such as nethyl,
~ethyl, propyl, butyl, vinyl, all phenyl 15 or benzyl are al so

advant ageou8a1's fangacax, a“‘{ttﬁaﬁfﬁé”aiﬁlﬁb&éttﬁﬂ@g)@%?r@ls pardryEyprefRipdemoediagpl ie

- Wi thout  bei agrefrbanshiwieh Xig Uif'r’et.l@lrameﬁ'laﬂhemdeBE%ox:ddDEGpr@ﬂﬂcldéeﬁ{éhyx:de

coordinatin dinatin I Qn or, exanple, S.. Strauss"in',
Chem Rev. %@@&@ ?&%%-'éj%n?&é@ aa?e'ﬁ(: %@% 2“"°—‘J’a s %e(ts al koxi des, '
p-

-sul fonat es, carboxyl ates and-p-di ketonates are also particularly useful

ligands g ZOTﬁ% nt}fﬁ’d'e!‘ Rbi tﬁé‘llg%f\déﬁ@eﬁeﬁgé &4he oﬁ&at@ﬁ‘gtalg?of %@Qhﬁﬁonfméﬁ NﬁelhéISt ment 5
to, f or exan'pl S|I cal proper- tires such a@jsou il
t

 Exanpl es of ”‘HB%?‘EF%“E”&%W@SHWE” 0968 PHITIBYI B erRxidRiop Sg’ri“eoftﬂPFeva“FHPrP ‘E?V?\Fﬁg
Cl- C20- al kyM imbatelicayyacthes dompizaes isusUaitaroiedh thesegskilia®inhiyd art. €hh:yr|rum n- pr opyl ,

i sopropyl , t
n- O(F:)t ylpy R RQC?’QDMIJH 385 ﬁﬂ?&gry ére d@ gPa&Q{ﬂH fserﬁ' mpcﬁg&{é:% stgt% t]t]ﬁ t)%m ch
inturn beaPX’%?“%Stéffo‘f’é?F v4- F@wsmﬁ g aéa petsiblate Hee C%npgl;GXE%ymssﬁrléﬁsﬁp ot 25

cl obut ylip cysdsopedtinténon wchaley |acttv§)¢ﬁtka@]§temc%|com§l)é£ds&@ﬁtﬁ;éh be @Mﬁrb;ﬂl’aﬁlw|

?%C{mo:jgﬂe%la“%c%%ﬁ oxa%zedﬁw su@%he a\M]va?ors @é’fer%ﬁce lé giv n to uglxg%:rllrgmﬁ% comppeg?s 19 and

1-al lyl, 2- @Jploy'ﬁatlosswel*ﬁlandblt@mrryqompt%mleﬁwox'dh@a@m3 cycl opentenyl
clcl ohexenyl, cycl ooctenyl or cyclooctadienyl, C6-C2o0-aryl which nmay bear

further alk | _grou ‘O-cont |n| S as subst.ituents;

o phenyl LorER g Pa5t Bhhs potes Aty tyAce ol %leaﬁﬁﬁst%a%ﬁ Wyl

- 2,3-, 2)8-, fozmﬁa(\fﬂr 2, 6- di it hyl phenyl, 2,3,4-, 2,3,5-, 2,3,6- 2,4,5-,
246 or 345tr| rrethyl enyl’, Fﬂ-rrethoxyphenyl, s _ '

2- N, N- di net hyl am nopheﬁhyl apd-aryl al kyI V\?nich may bear further alkyl
groups as ‘substituents , fipyl benzyl; 1- or =
2- et hyl phenyl , -wfere R—m8 \ be 10| ned to to form-a 5- or 6-menbered
ring and the organic ragi cal 5_R~-RX _wny al so be substituted by hal ogens
such as fluorine, chldfine or bromr?é Possible radicals R3 in 35 -
organos?f)l con substituents 31{11%33 are the sane radicals as have been

descri bed nmelf@){rhevgt@b@lslhaveab@mo\ﬁ@gm%mr@g where two R3 nmay al so be joi ned
to forma 5- or 6-menbered ring, e.g. trimethyl- S|Iyl triethylsilyl,

butyl di met hyl S|IyI tributylsilyl, . triallylsilyl, trlphenyIsHyI or
di met hyl phedyRei | ylare eqheifidanendsatly sfogﬁﬂmihqrmyd@gﬁlg QLAY 8140 -alsangh  as

met h¥]| et 3y|| n- pr@%l, arylniéalhylﬁbﬁhawhéfﬁémb%Y?hcarbc{% al?&ﬁs,mheék h&¥¥nd 3 PF;SPt Zlo
n-octy nd al so vin a nz enyl_sa S an

X gorre of ?hese subst¥ %%i%%?“#%%ﬁdﬁ?‘ >@¥yéP@p% §ﬁ i‘u‘{)g @%‘r égé'?ab‘f’vr%sed »
. §ince they are obt dhe trgg0y@ditds Rﬂfacb‘f‘maﬁﬁbqbth@aptuad@yhdaghnlsymaml\dicmal e

gtarting material s. ra&a‘?@ﬁml@wn@a@la}éo% fgrﬁea tERre TRA I PBRehBerel NRY, gf@sawone in
Whi ch Xi s di met hyl am, de met h | sopropoxi de, phenoxi de

- napht hoxi de, trifl afenal rﬁd’f:%? ﬁer%SLﬂ"TJ‘BW E’forﬁb%f‘%i?récyﬁ “éﬂ‘,"é't‘:{j"l‘ta‘E%Ftdﬁaéf gie

atom from the group consisting of N, P, O and S,

30
R5A are each, independently of one another, hydrogen, C-Cyg-alkyl, Cy-Cyp-alkenyl, -
Cs-Cyp-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and‘
B-20 carbon atoms in the aryl part and two geminal radicals R* may alsc be joined
to form a five- or six-membered ring,
35 ) '
A ' is an unsubstituted, substituted or fused, heteroaromatic ring system,
Rr* are each, independently of one another, hydrogen, C;-Cag-alkyl, Co-Cag-alkenyl,

Cs-Cyo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
40 _ 6-20 carbon atoms in the ary! part or SIR®,, where the organic radicals R*® may also



5 The nunber k of the |ligands X depends on the oxidation state of the
transition ngigabg M The nunber k can therefore not be given in general
ternms. The oxidation state of the transition netals M'in catalytically
active conplexes is usually known to thosesskilled in the art. Chrom um

nol ybdenum and tungsten are very pr obably present in the oxidation state +3,
vanadiumin the oxidation state +3 or +4. However, it is also possible to
use conpl exes whose oxidation state 10 does not correspond t480 that of the
acti've catal yst. Sudf sebs¥plesydalogenstaid WheemipR Pofintehiagicpts R egaice ey

oxi di zed by sui t abl qbuaéattbmhgrfﬁe- Ferferanee rmgagj ven to usi ng chrom um
conpl exes in - the oxidation state +3 and titani um conplexes in the oxidation
state 3. Furtherm)re we have found a process for preparing cycl opentadi enyl
system ani oriS® of t here deBh fintepandeninafiofe amither, ZudroperREe CA-alkgl, CYClyalRaB, R3A 20

R4A~ wherse the vari %Qlcgsa@%vgrk r!i'r?r HeQihk ﬂ%ngo ﬁ‘@@d?bcfhga?omﬂn'ﬁae%@l @eangach,
i ndependent|y of one anot al kYl Czo-al kenYi

AL ‘
C6- C20-aryl ; al kyl afyA? REEP ﬁ‘fj’”'\sr”bWF%Wf E?”l@dé‘ﬁ? ﬁaﬁaléﬁon"ﬁa}i ﬂs‘%bﬁéc"%‘?"l@ﬁo”ﬁaﬁt ,
and 25 6-20 carbon &itomssik-metriberedriyg, part, NRGA2, N(Si R6A3)2, ORI A, OSi Rl A3,
Si RSA3 wher A- RAA may aI so be. substituted by
hal ogens angvhﬁc&ggvﬁrrs%@ﬂ{e%telpaagbrcéf‘* ﬁlhglgA- R4AA may al so be joined to forma
five- “or sinFemPered aniond, reagiel i & Wyenaqf dedamuEdyligal s R A-R4A are joined-
to forme heterocycle whi*ch contains at | east one atomfromthe group
consisting of N, P, 0 and 5, 30RKBA are each, independently of one another,
hydr ogen, C1-C20 ad kyl, G2=Cze- al kenyl, C6-C20-aryl, alkyl aryl having from
-1 to 10 carbon atows_in A | Kyl part -and Gy@) carbon atoms in the aryl
pért and two gen nad R6A nmay al so be joined to forma five- or

: substituted, substituted or. fused,
heteroaromafl cri ng syste R45 are each, independently of one anot her,
hydr ogem5 ChrC20- al kyl , &% C20-al kenyl, ©6-C20-aryl, al kylaryl havi ng from
1 to 10 car %%P%o%&‘n%?aﬂ%‘c‘é%‘pomrﬁ“w 3B, 40 6- 20 carbon atons in the

ar yI part or he organi c.radj cal s R48 may al so LU6079
. isa metal of group 1 or Z of the Periodic Table of the Elerrents,

X2 s halogen, C1—C10—aikyl, alkoxy having from 1 to 20 carbon a‘toms.in the alkyl 'part and/ar
200 from 6 to 20 carbon atoms in the aryl part,r or R® and -
b ' rs 0when M®isa metal of group. 1 of the Periodic Table of the Elements andis 1 When

M®is a metal of group 2 of the Periodic Table of the Elements,
. is reacted with a fulvene of the formula (Villb).
1A

(Vilib)

30 ‘ R4A_ .
where the other variables are in each case as defined above.

The variables and their preferred embodirnerits have been described above.

35 _FUIvenes have been known for a long time and can be prepared, for example, as described by
Freiesleben, Angew. Chem. 75 (1963), p. 576. Preference is given fc one of the substituents R
in fulvene (Villa) being as defined for R'® and the other being as defined for R or both R*® in
fulvene (Viila) being as defined for R?®. R*€ in fulvene (VIIlb) is preferably as defined for R*®, in

48

particuiar hydrogen.
40



_other béPngPalicunepicreance i5rorR &> BRIUBGIH'S

15 be substituted by halogens and two genminal or vicinal radicals R40 may
al so be jotn&% to forma five- or six-nmenbered ring and R3B are each,

i ndependent Iy of one anot her, hydrogen, Cl-C20-al kyl, Cz-C20-al kenyl, 5
C6- C20-aryl or al kyl aryl haV|ng from1l togl0 carbon atons in-the aIkyI part
and 6-20 carbon atons in the aryl part and two radicals R3B may also be '
jOIned to forma five- or six-menbered ring, which conprises the step a)
or a'), where, in step a), an K anion is reacted with a fulvene of the

fO; nula (Vi kh@&yc&oé&tﬂeﬁyi@ﬁem@ﬁ@& Wi) hb@the cation of thé B &3 ki M?R‘*Eﬂ‘lés' n Saep ,
a an organone c._cofmpoun a oup 1 or
of the Peri 8%”@“31'33 kerh'stgce ey %Wﬁiﬁl\éggmﬁﬁy 055 ftF/BBQWd'CanE%féth aI koxy
havi ng fronwlict maQﬁ)eat&n*benngartdanEartmlar hesfesdricy Is gban to @nichh ogodiuRCor potfassmnrm 6 to 20
carbon ato of

group. 1 of mﬁerldﬁ li EIPumﬁgFﬁgﬁﬁﬁﬁﬂ%ﬁ?éégﬂﬂ&?nguﬁﬁha ﬁ@ |§ka net al-

of  groupb 2 @iflortdhénqb@agr@alu@ brefpide calipng MacTEN@nRYise beas fyrbgcunsbiargsd ligardst Bl vene

-~ of the for murgeufaVithiGR) magréSiuRMiodds hd idhBedidth bloRide dB8MNs30- RAA where the

other variables are in each case as defi ned above. The variables and their
preferred enbodi nents have been descri bed above. 35 Ful venes have been known
for a | ong miMR“XAg REdnplterapheRirRah céropouesatp benmersiatieseitdblegtbrbfiukaAldrich

rr el es’ ebeno SRGEU ML fr ofan ﬁ&%@gg\?c rlg]a?;a dlresf2BHE HENfRad firhy fidiah . One. Of

t he substituents ene ei ng as deflned
09 HCo-Fagpér YN IPREIF U GrPeas |
defined fora2gouf48 in fulvene (VI I b) is preferably as defined for R26, in .
parti cul ar hydrogen. 40
( The anion A’ is usually obtained by metal-halogen exchange in the reaction of A halide with a
£ - metal alkyi compound containing a metal of groups 1 or 2, in particular lithium, magnesium
A 15 chioride or magnesium bromide cations. Examples of suitable metal alkyl compounds are lithium
“alkyls, magnesium alkyls, magnesium (alkyl) halides, or mixiures thereof. The molar ratio of metal
alky! compound to A halide is usuaily in the range from 0.4:1 o 100:1, preferably in the range
. from 0.8:1 to 10:1 and particularly preferably from 0.95:1 to 1.1:1. Examples of such reactions
have been described, for example by Furukawa etal in Tet Lett 28 (1987), 5845.

20 ¢

" As solvents for the rectioh, it is possible to use all aprotic solvents, in panicular aliphatic and
aromatic hydrocarbons such as n-pentane, n-nexane, isohexane, n-heptane, isoheptane, decalin, -
‘benzene, tolueﬁe, ethylbenzene or xylene or.ethers such as diethyl ether, dibutyl ether, tetra-

_ -hydrofuran, dimethoxyethane ar diethylene glycol dimethyl ether and mixtures thereof. The

25 reaclion can be carried out at from -100 o +160°C in particular from -80 to 100°C. At tempera- :
‘tures above 40°C, preference is given to usmg aromatic or alzphatlc solvenis Wthh do not contain

any ether or contain only a small proportion of ethers, as solvent.

 The unsubstituted, substituted or fused, he'teroarbmatic ring system A is as defined above. The

30 radicals R™ and R and their preferred embodiments have likewise been described above. The

negative charge on the anion A is preferably located on a carbon of A adjacent to a heteroatom
~of A, in particular a nitrogen atom if one is present in A" A" is preferably 2-furyl, 2-thienyl, 2-pyrro--
lyl, 3-isoxazolyl, S-isoxazolyl, 3-isothiazolyl, 5-isothiazolyl, 1-pyrazolyl, S-pyrazolyl, S-byrazoly],
2-oxazolyl, 4-oxazolyl, 5-oxazoly!, 2-thiazolyl, 4-thiazolyl, S-thiazolyl, 2-imidazolyl, 4-imidazoly!,

35 5-imidazoiyl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, 1,3,4-oxadiazol-2-y] or 1,2,4-triazol-3-yl,
2-pyridinyl, 2-phosphabenzenyl, 3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-tri-
azin-2-yl, 1,2, 4-triazin-3-yl, 1,2,4-triazin-5-yl, 1,2,4-triazin-6-y}, 2-indolyl, 7-indolyl, 2-coumaronyl,
7-coumarenyl, 2-thionaphthenyl, 7-thionaphthenyl, 3-indazelyl, 7-indazolyl, 2-benzimidazoly! or
7-benzimidazolyl, 2-quinotyl, 8-quinoly!, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinzzolyl,

4C  4-guinazolyl, B-quinazoly!, 5-guinoxalyl, 4-acridyl, 1-phenanthridy! or 1-phenazyl.



LU6079 16 The cyclopentadienyl. systemanion (VIl) has the cation of the K
ani on or of MBR4ABXBb -as countercation. This is generally a netal of group 1
or 2 of the P&¥ddic Table of the Elements, which may bear further |igands.
Particul ar preference is given to lithium,,sodiumor potassium- cations

whi ch. may al so bear uncharged |igands such as am nes or ethers and nmagnesi um
5 chloride and nagnesi um bromi dé cations which ray |ikew se bear further _
uncharged ligands, in particular lithium magnesi.um chloride and nmagnesi um
brom de Cathgﬁgkamgn&BEM§§$%¥%QUE@ﬁhé%nﬁmgﬁﬁﬁably R B.- Such conpounds are
conmerci al |y avai | abl e from FfukaAl drich or can be obtained, for exanple,

by reacting the corresp ¢fing RZB .halide with the metal MB. 10 Parti cul ar
preference is given to |Eh|un1alkyls having a C i-C20-al kyl group, in
~particular a Cl-CBcal ky (group:mc The anion K is usually obtained by

nmet al - hal ogen exc §9+ \Ih/,ﬂe ction of A halide with a netal . al kyl
conpound 5contai ni ng & netal oups 1 or, [@ in. particular l'ithium

magnesi um 15 chlorlde n%?ae3|un1bronld£ gglons Exanpl es of suitable

met al al kyl conpounds al kyl s, magnesi.um al kyl s, magnesi um.

(al kyl') halides, or mxt'tires t eof The nol ar ratio of netal - al kyl :
conmpound tOquerathdzmxabias ke atd figlldwmgtreaningsige from 0,4:1 to 100: 1, preferably
inthe range from0.9:1 to 10:1 and particularly preferably from0.95:1 to -
1.1:1. Exanpl S, of such reactions have been described, for exanple, by
Furukamaﬂ%tT%.E %i mreTemch carben or MI®IENL087), 5845. 20 As sol vent s for the
-rection, is possible to use all aprotic solvents in particular aliphatic

and- aronath Mﬂrocarb such a t ane e ex
[hept ane, |P‘5%Eept359neé’c BFTdgnty 038?&%!?3“” h&?rﬁ%‘?ﬁ'e ” %“Pﬁhyt)éhgér?z‘ewl Sft#ne or
ethers such as di etyhylkyletyheving doiutty 0 edrber gtothinrtize alkyy parodndr6eld, carbon atoms

d-met hoxyet hane o tq%g,ty@gglneapg i, y\saﬁelre ﬁl]'fe%?gtam‘.lraqg\:%ﬁ 1e gmgm L MERinls

"The 25 reacti.on can ed out -10 in partlcu‘%ar_ from
-80 to 1U0C. At t apesnsor pifipees oafsl&v%r 046@0—8'@14 gToupSe FreEorakegy GEWPE Gotrsi-#Y
aronatic or- al i phatdugs, amyw@rg@umwhgmn ned 10CaftoRiabmsaniheelkpigiart @ contain

only a small prop 1 on of The. unsuhst.i

substituted or fuggé Carﬁ%'f 5&06'3 rbth%’f-’wﬁpaftloﬁé\ﬁgma dmo,é\f'c'@?'gs @%Pl hfgg ISO beThe
'30 radical s R s ainiheRt@Bmadve-hesix-memegred riegl enbodi ment s have Ilkemnse been
descri bed above. The negative charge on the anlon Kis preferably | ocated
on a carbon gf -K adjacent to a heteroatom X/J in particular a njtrogen

atomif ¥nefis pr @?éﬁt’h independgntlyof ppegnaingh r@gepuquipzo-atky!t eyl Lsier o-
- lyl, 3-isoxazol yl aryberiat@ariedving froBr1i ts 00 haraarodtyhs. indhd aiot parparal 6y20 carbon

1- Iyl 3 | | | Iy,
P Aot & PhegaSihe o B AE Y oo R RAH e SB35 !

5-im dazol yI 1, 25%3@5@@@1*3&21@@ amgl yl, 1,2, 4-oxadiazol -5-yl; .
1,3,4-oxad|azol 2-yl or 1,2, 4- trlazol 3 yl, 2- pyrldinyl 2-phosphabenzenyf,

3-pyridazi nyl r|m an, 4- pyri n & ra2| 1,3,5-tri-
P 2- P, %24 Bl . 5E y s nipigsn g R B iien 2 Skt i azi

azin-2 4tr|a2|n-6-yl,
ZZI ndol yl, 7-indol yI 2- courraronyl 7 counar onyl , 2 th| onapht henyl ,.

,?"t hi onapht h\ed’é)‘tlculaﬁn'opgéz:@“y tsm:t?oglermgﬁjztﬁé Ythers %rett%%h b Aaz kY hrefhred A
systems are 2-pyridinyl, 3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2- pyraznny! 2-qu:nolyl
3 cmnolyl 2-quinazolyl or4-qu|nazolyl - -
30 - . |
The A anion formed after metal-halogen exchange can be iso[atéd o'r preferably be reacted
. without further isolation with the fulvene (thla).' As solvents for the further reaction, it is possible
to use all aprotic sclvents, in particular aliphatic and aromatic tiydrocarbons such as n-pentane,
n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene, toluene, ethylbenzene or xylene
35  or ethers such as diethyl ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene
glycol dimethyl ether and mixtures thereof. The deprotonation can be carried out at from -100 to
" +1680°C, preferably from -80 to 100°C and particularly preferably from 0 to 60°C. At temperatures’
above 40°C, preference is given to using aromatic or.aliphatic.solvents whiéh contain no ether, or
only a small propartion of ethers, as solvent. '
40



7- benzinidazolyl 2-qui notyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl,

1- pht hal azyl , qurnazolyl 40 4- qurnazolyl 8- qui nazol yl, 5- qurnoxalyl
4-acri dyl, 4U %H@nanthrldyl or 1-phenazyl. LUB079 17 The K ani on is
preferab]y a group of the fornula (|I|a)1820 IRP Rpmi E\ ERPc-5i ¢ ‘
(I'lia) NR4c p where the variables havethe foll ow ng neanings: 10 E c-E4c.
are each carbon or nitrogen, R CR4C are each, independently of one another,
hydrogen, C, -Czo-al kYl, Cz-Czo-al kenY1l, C6-C20- aryl, alkylaryl having from
11to 10 Carﬁ%'byé&%dleﬂ#s%‘?erﬁgkﬁn \rrr%rtaramn r%ﬁhm b@tr%ﬁed lrthel B BEY!

part or SiR5C3,'where the organic radicals al so be substi tuted.
by 15 hal og%cﬁ’éo%?te HP‘E%‘@@@W%PW‘W%&Q ehromipL tarhkgrrfe Ehé?fﬁéyd@fﬂfe@ko‘) %lYekB‘ﬁyI
groups, C6-4&a2@sminyihg mghayPcpentlieyyl acyiblexgrapups having from1 to 10 carbon
atonms in the alkyl part and 6-20 carbon atons in the aryl part or Si R5C3and

two vicinal radicals Rc_RAC may also be joined to forma five- or

si x- mentfer edrthermgre, 20 hRIESGU@r%PFe@ﬁ?h for pregerprarieenehipdighc sistemsrnbthiadormula
hydrogen, Gingzo-al kyl, "C2-C20-al kenyl, C6-Czo aryl or al kyl aryl havi ng
from1 to 10 carbon atonms.Rin the algyl part -and 6-20 carbon atons, in the

~aryl part and t wo radhgals\RQQ may, fal so be joined to forma five- or

si x-nmenbered ring ané 25 p | %r{kgﬁen E'c-E4C is nitrogen and is 1 when

E, c-E4C i s carbon. . In articgrar, 0or 1 FETc is nitrogen.and the -

others are carbonk—Pﬁrtrtﬁiarly referred A- systens are 2-pyridinyl,

3- pyri d&2inyl, 2- pyrl drnﬁr\ Axﬁyk di nyl, 2-pyrazinyl, 2-quinolyl,

3-cinnol yl, 2-qurna26f or ﬁiqurnafhlyl 30 The K anion fornmed after

met al - hal ogen exchange can pheri sol ated or preferably be reacted wi thout

Qorther isolation with the fulvene (Villa). As solvents for the further
reaction, iwhefssthpwasigplbs bavettiee falaving rheanppedt i ¢ sol vents, in particul ar

alrphatrc and aronmatic hydrocarbons such as n-pentane, n-hexane, isohexane,

‘n- hept ane, li,soheptane, decalin, benzene, tol uen £l enzene or xy| ene 35
or ethety sé.riﬁ as GreTaT) FarBphaheredy B?ff’)??seeff"i‘fé‘rdlac?r@g a%y%?&'f RPgrgat ted tiene

di met hoxyet hane or sgdteh byd maeengrmyg:ioﬁl“ Bt eeditiopbllyetehara redogen actbmr es t her eof..
The deprotonatron can be carried out at from-100. to
R‘_”‘—R. .. are each mdependently of one another hydrogen C4-Cao-alkyl, Cz-Czn-alkenyl
Cs-Cag-aryl, alkylaryl having frorn 110 10 carbon atoms'in the alky! part and
20 ' 6-20 carbon atoms in the aryl part, NR*,, N(SiR™,),, OR™ OSIR™,, SiR*;, where
" the organic radicals R'"-R* may also be substituted by halogens and two vicinal .

a radicals R™-R*

may alse be joined 'to form a five- or six-membered ring, and/or two’
vicinal radicals R™-R* are joined to form a heterocycle which contains at least one
| _atom from the group consisting of N, P, O and §, ' '
25 . : . | : :
R® .. are each, independently of on.e'-another, hydrogen,'Cngo-alkyl, Co-Cag-alkenyl,

‘CB-Czu-aryl, alkylaryl having from 1 to 10 carbon atoms in the alky! part and
6-20 carbon atomns in the aryl part and two geminal radicals R®* may also be joined
o form a five- or six-membered ring,- ' '

30 L -

A is an 'unsubs’rituted, substituied or fused, heteroaromatic ring system,

R%® . are each, independently of one ancther, hydrogen, C-Cag-alkyl, Cz-Cm-alkenyl,
Cs-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and'
35 6-20 carbon atoms in the aryl part or SIR®,, where the organic radicals R*® may also
| . be substituted by halogens and R*® and A may also be Jorned to form a five- or

srx—membered ring,

R® are each, independently of one another, hydrogen, C;-Cag-alkyl, Co-Cag-alikenyl,
40 Ce-Copary! or alky!aryi having from 1 to 10 carbon atoms in the alkyl part and 6-20



+160C, preferably from-80 to.100C and particularly preferably fromO to
60C. At terrgﬁé@} ures above 40C preference is given to using aromatic
or.aliphati I%vents which contain no et her, or only a small proportion of
ethers, as solvent. 40 LU6079 18 The cycigopent adi enyl system anion (Vii)
obt ai ned in this way can then be reacted turther with the appropriate
transition metal conpound, e.g. chromumtrichioride tris(tetrahydrofuran),
to give the correspondi ng nonocycl opent adi enyl conplex (A). 5 Furthernore,
we have found a proggfssh dit@hs Iﬁ&wulpagawmoqmuwaﬁ?agyaé Rifed @f fofrhg fifeOr Nul a
(Vila), IARas R2B EG~E9€ (Vila) E3A 10 R2BEeA ; \R3A R4A -
where the variabl es®HaVasT eéecfrdﬂgl' ovm ng nmeani ngs: 15 EGA- E1ICA are each

carbon, where in each case four adjacent E6A-Et OA form a conjugated diene
system and th: addi tionally bears a hydrogen atom .

R A-R4A ar ehggchmg%tﬂgmgé%ﬁg f one anot her,  hydrogen, CIl-C20-al kyl,
C2-.C20- af kefyreaction th:én@zftﬁ y|aniogy mwaff%rané\ﬁ% mmwtbam@amwemom
in the al kygyswéftmgmma %20 carbon atons in the aryI part, NR6A2, ,

"N(Si RMB) 2, ORGA, CSi RGAB i R6A3, where the organic radicals R1IA-R4A may

al so be substituted by ’°ha| ogens,and two vicinal radicals R n-R4A may al so
be joi.ned to forma five- or x menbered ring, and/or two vicinal radicals
R A-R4A are joined to f "het erocycl e which contains at |east one atom
fromthe group consi st p\ N, P, 0 and S, RGA are each, independently
of one dRot her, Hydro - C20- al kyl , C2- C20- al kenyl, . CG C20-aryl,

al kyl aryl having from 16.cay,bon atoms in the al kyl part and 6-20 carbon
atons in'the aryl part &nd tvvoF@em nal radicals RGA may also be joined to
forma five- or six-mephgred ring, 30 Ais an unsubstituted, substituted or
- f41sed, heteroaromatic ng system R2B are each, indep_endently of one

anot her, hyghPgen vatkbteCaR- 2 deithed 483veC20- al kenyl
15 ' ' '

: The variables and their preferred embodiments have been descﬁbed above and alsoapply in this
process. Preference is given to ane R of the A-CR®R** anion and thus in formula (Vila) being

as de_ﬁh_ed for R'8,

20 The cation of the A- CRzﬁRZB anion and in particular the A CR™R** anion, is. generally a metal of

| group 1 or 2 of the Periodic Table of the Elements, which may bear further Ilgands Partlcular
preference is given to lithium, sodium or potassium cations which may also bear uncharged
tiga‘nds such as amines or ethers and magnesium chioride and magnesiu‘rh bromide catians which
may likewise bear further uncharged ligands. ' o

25 A o - :

© The A-CR®R®™ anion, in particular the A-CR'BR? anjon, is usually.obtained by deprotonation of

.A-CR®R®M, in particular A-CR™R?H. This can be achieved using strong bases such as lithium

alkyls, sodium hydride, sodium amides, sodium alkoxides, sodium alkyls, potassium hydride,
' potassium'arhides, potéssium alkoxides, potassium aikyls, magnesium alkyls, magnesium (alkyf)
30 halides, or mixtures thereof. The molar ratio of base to A-CR*®R?*H is usually in the range from
0.4:1 tc 100:1, preferabiy in the range from 0.9:1 to 10:1 and particularly preferably from 0.85:1 to
- 1.1:1. Examples of such deprotonatiohs are deécribéd in L. Brandsma, Preparative polar

organometaliic chemistry 2, pp.133-142.

35 As solvents in the deprotonation step, it is possible to use all aprotic solvents, in particular
aliphatic and aroi'natic hydrocarbons such as n-pentane, n-hexane, isohexane, n-heptane,
isoheptane, decalin, benzene, toluene, ethylbenzene or xylene or-ethers such as diethyl ether,

- dibutyl ether, tetrahydrefuran, dimethoxyethane or diethyiene glycol dimethyl ether and mixtures
thereof. The deprotonation can be carried out at from -100 to +180°C, in particular from -8C to

40



CG C2o-aryl, alkylaryl having from1l to 10 carbon atons in the alkyl part

and 35 6-20 carbon atons in the aryl part or Si R3B3, where the organic -

radi cal s R2BY¥fHy al so be substituted by hal ogens and R2B and A may al so be
joined to forma five- or six-menbered rj.,ng, R3B are each, independently of
one anot her, hydrogen, Cl-C20-al kyl, C2-C20-al kenyl, 40 CG C20-aryl or

al kyl aryl haV|ng froml to 10 carbon atons in the aIkyI part and 6-20 LU6079
19 carbon atoms in the aryl part and two radicals R38 nay al so be jOIned to

forma fiveggeg, ﬁwg%véhm R &Be re%mam Xtarb?naft.eb Q\%eﬂﬂséﬂ&é@s 5 a")

reaction of an B- anion, in particular an B-anion, wt

cycl opent enthig CaBip oAy, of Renidin PR P STRY PPIFIOR RBASBR(PXEM R3. A - RAA Wnere
the variabl es are as defined above. 15 The variables and their preferred
- enbodi nent s.have .been .d ri.b t hi REOGESS
Preference Thse UngSUbSF Fd S%rgugt u‘?é% f&f%g %té%q%%%%ﬂgggn%o}r‘\ 'saar‘?‘djj frﬁeds? E?Vr'l9 afnor mul a
(Vila) WeineparssCRERI Hamupon pRIGIZE GheRCHEiogp. ok radinals/R ORZERD 8ndihision | and in

. particular ;srberréisér?ﬁ%@lﬁ%%fs%wmewrse bgmsé‘rhﬂeb!aﬁov@eﬁﬁsl grQup is Pefidbiylio@lteddn Of the’
Peri'odic Table of the E e bear further f%ﬁ nds.” Partjcul ar .-

pret or ence 1S SHRASHNTSET P GriEeSA o FOEHEL THAEARIBRECRE BRI i oo
bear uncharged’ REHjapatersbichmath viamam 2 $-dometiptven 2-atydfurmgh2gimethylphlroe,i de and

T oands. s Srar et ap S SakE s, 1SR SRRRREHL Hagi HARIRIASSe,
usual | y"%bﬂamﬁ'féﬂ wda@weﬁmﬁrwlme@ -ethAP(RPBR BIRPY IR a2 bsaiidipe. CR eR2BH.

This can be auhdies ed- rm&rrn@gz ﬁm;eaﬁg m@e@h@u@r@pﬁembr 3- Bthyllﬂl-m@chw]&me soﬂl gm |
m riae,

hydride, s ASS

fot asst ur o5l S R e ey Rl K AR dR0L M AL Brig A S AL |
gnesi um (Zgtryjpyyazde, h@rr:lme“s/lpy@rzmm%@ @rme%lrlphem@oﬁ 3-diheihyiyraziner adethef base

to A CRZBR?p?Hzrng t&%ﬁ%l:a/u.Adiarrn@eteraaﬂegwyra%b Qiirthichet 94é%r%rquﬂarﬁreei ghims-in

L7 1 Bari, Sk et rwﬁryfﬁw‘é‘iaa%esﬁ Jda%rﬁr# xafrgroaﬁaogﬁeromm

Preparative pol ar
A- CRZBRZBH is particularly preferably a group of the formuta (Illb) .

R2C
,IP
. Rm ~2C 3C
20 ) P\éc/ EQ\Ea% R,
e 0 L (Illb)
S
H R’2B

25  where the variables have the foliowing meanings:

.E™-E*® are each carbon or nitrogen,

R'*-R*®  are each, independently of one another, hydrogen, C-Cag-alkyl, C2-Cyo-alkenyl, Cs-Cag-
30 aryl, alkylaryt having from 1 to 10 carban atoms in the alkyl part and 6-20 carbens in the
aryl part or SiR®%;, where the organic radicals R'°-R*C may also be substituted by
halogens or nitrogen or further C4-Cag-alkyl groups, C,-Cag-alkeny! groups, Cs-Cyp-ary!
groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and
8-20 carbon atoms in the aryl part or SiR°®; and two vicinal radicals R'°-R*® or R'® and
35 R'™® may“also be joined to form a five- or six-membered rin-g,

R%C are each, independently of one another, hydrogen, C1-ng-atkyl, Co-Cyp-alkenyl, Cg-Cap-
aryl ar alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 8-20 carbon
atoms in the aryl part and two radicals R®C may also be joined to form a five- or

40 six-membered ring,



organonetal | ic chemistry 2, pp.133-142. 35 As solvents in the deprotonation
step, it is possible to use all aprotic solvents, in particular aliphatic
and aronatléiﬁ93?ocarbons such as n-pentane, n-hexane; isohexane, n-heptane,
i sohepane, decalin, benzene, toluene, eth lbenzene or xylene or ethers such
as diethyl ether, dibutyl ether, tetrahy% of uran, di net hoxyet hane or

- - di ethyl ene gl ycol di net hyl - et her and m xtures thereof. The deprotonation

can be carried out at from-100 to +160C, in particular from-80 to 40
LU6079 20 100C. At tenperatures above 40C, preference is given to using

aromatic or ali phat| c. sal ye;&t ~whi ch contain.,no.ether, or contain only a
smal | propoftion &0 WRHdF sE 48 NEPIRSHE S e s Bbdt fARANGAY subst i tut ed or
fused, heteroaromatic ring systemA is as defined above and 5 bears a

| CR26R26H gr %up, Igr% Elmccfé{:gnrdﬁﬁtl%g %’%ﬁegrh enTEbCp'D %k alk@n @CBZB and'

their preferred W se *Yr oup
i s prefebably | ocatvbdkyiay hamieg Bﬁmﬁdo ﬂ)@)@@fb‘?f‘tﬁimﬂ%méﬂq alleyy! past @dﬁe@@ﬁ@&ﬂ éWﬂ‘@f A

in.particular a n'xﬁtﬁ@ﬂr‘?rbaﬁfo@mﬂaﬁ Mé@e!hé o@a%%‘ica!smz%ay eﬁs&i@%&@kﬂed By
preferably 2-meth uran,

| furan, i met
D oLl et hyl pyr r oPEoSEnS 21 B AdvanARpy IR 1S By ad'*f?r@fﬁ@ﬂwbsearlag witr
1, 2-di met hyl i ni dapod B pisfatetsy beiRy amtefipdd foi RfAzol e, 10
1- net hyl - 2- undecyl i m dazol e 2- pi coI i ne, 2-et hyI pyrl di ne, 2 propyl pyrl di ne,
2benzy|pyr|d|ne 2,6-1 i ne, 4-1 uti di ne, -lutid

-2, 3- cycl@hebt@ﬁ*é?ﬁw OF hE, ‘1—5 ds H‘VPQQZ‘ %thW?raFﬁé‘J“ PE”‘&”'@‘J’@(BEPf?'TEIﬂ’l ne,
3- net Eyl Py incERPREH séstdtid diy bplebing| DHemepyridinG; Zil;]rﬁﬁyﬂpﬁwulﬁymmdllp?ﬁdme 2,6-1uti-
2- met hyi pyr n lRyrAZL
~5- di et hy? %‘E‘H“Hﬁne' %,@éutgl}n a%?] fc’lohrg%tgnog)gar@% éegx)él ?ﬁ ?Im?lp)bndlne 246 collidine,
2t r ahydr oq &mﬁﬂwmrlmlne,tdemetamnﬁwwﬁﬁzﬁlmhylwﬂmﬁaﬁd?r ﬁethyipyrazme 2—ethyf-

2 4-di et hybngilﬁmhlermnetﬁ’-yl &nn@z élémtewl ﬁaklnelzlsn@metaylzyrgiuﬁmIa;elt ekinBe,
2- met hyl roin. R2BH i.s

0 C
a1 cuitdr | OB BRB Ry gt ¥‘8ﬁa%fweqv'a$ﬁm§4(qe Prfaestie S50 Rp-g &
E~RPo 2B | d,uar@dhhé [2)7-diRetf 1 Gnott; ImEMBuindxdifa 2odimkiyiquitdrelinear nedsiupminhave t he
fol  owi ng neanings: FE C E4AC are each carbon or nitrogen, R'c-R4C are each,

i ndependent|y of gne, another, édro en,,.d.- Co-al kyl ; C2- C20-al ken)é
06- C20- 30 &hef-CRalRkyPaiey in ResiFuiRghe "Rt gnirg, few?%'&#%&eef??nﬁfﬂfmt%e Y kyI
part and 6-2BateabbseBrabl bk hexcted without further isolation with the cyclopentenone (IX). As -

20 solvents for the further reaction, it is possible to use all aprotic solvenfs in particu(ai' aliphatic and
. aromatic hydrocarbons such as n- pentane n-hexane, isohexane, n- heptane lsoheptane decahn -
' benzene toluene, ethylbenzene or xylene or ethers such as diethyl ether, dibutyl ether,
‘tetrahydrofuran, dlmethoxyethanelor diethyiene glycol dimethyt ether and mixiures thereof, The
- reaction with the cyclopentenone (1X} can be carried out at from -100 to +160°C, preferably from-
25 - "-8_0 to 100°C and particularly preferably from O te 80°C. At temperatures above 40°C, preference
is given to using aromatic or aliphatic soNents which contain no ether, or contain only a small

s
T
el

proportion of ethers, as solvent.

The cyclopentenoxide formed by reaction of the A-CR?**R®® anion with the cyclopentenone (1X) is
| 30 usually protonated prior to dehydration. This can, for example, be carried out by means of small -
amounts of acid, for example HCI, or by aqneous work-up. The intermediate cbtained in this way,
viz. a cyclopenteno!, is subsequently dehydrated. This is often carried out with addition of catalytic
.amounts of acid such as HCl or p-toluenesulfonic acid or iodine, Dehydration can be carried out at
from -10 to +160°C, preferably from 0 to 100°C and particularly preferably from 20 to 80°C. As
35 solvents, it is possible to use, for example, aprotic solvents, in particular aliphatic and aromatic
- hydrocarbons such as n-pentane, n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene,
toluene, ethylbenzene or xylene or ethers such as dietnyl ether, dibutyl ether, tetrahycrofuran,
dimethoxyethane or diethylene glyco! dimethy! ether and mixtures thereof. Toluene and heptane
are parﬁcuiarly useful. Water separators are often also used for dehydration.
40



aryl part or SiR5C3, where the organic radicals R c-R4c may al so be
substituted hal ogens or nitrogen or further Cl-C2o-al kyl groups,
C2- C20- al ked&f‘g%‘?oups C6- C20-aryl groups, alkylaryl groups having from1
to 10 carbon atons in the alkyl part and §-20 carbon atons in the aryl part
or SiR5c3 and two vicinal radicals RIO-R4A€C or Rc and 35 RIB may al so be
joined to forma five- or six-nenbered ring, Rsc are each, independently of
one anot her, hydrogen, Cl-C2o-al kyl, C2-C20-al kenyl, C6-C20- aryl or

al kyl aryl h%lsp%ﬁordmégérmg%% c@aw@\%d%g Sl (15 .@&Afwmaﬂ@gévag@geo@s 2cpr bon

atons in the a radi ca forma
five- or 40 Ué‘?%'fﬁ’éﬁﬁféﬁ‘é@i“}afeﬁas anwmeﬁgmqwelﬁs Téle@vﬂamvptﬁoemf_ﬂzteehyéraﬁ?rt P den
and is 1 vvhemoﬁs ittoffAdan lafo @8 b Rifat@nsif ;R%B:mefaeamy mMeaen@Ie:ﬁhéryemmr&ne

I R i TR L R Y T AL
t he aryl Spafftende dSPRIBIed bmw@maneﬂ@hg&niocexamiedmn@ap@g rotegsieh Sipdrige or

~substi tut ednmétyillhﬁjnpgﬁ@%a@t%‘fuﬁggvﬂt’ﬂ(ﬂhebadﬁﬁ%r@leﬁnsﬂ%nln%&é“@éjnﬂogné @rgm:l%orfn!u)'he or -
si x- nenber e e eragl bei ng as defined for R18 10 In

particul ar, tr@“'BPgeit”ﬁte&r a'@ﬂ@f‘irg” ntPtgﬁ’Séf?éﬁ‘rFOH opfied GerRsydongpiadienyl ppplex (A). The
Parti cul arI Yy-proafies bt uAsefdPHIR28He syisbainss. anmeﬁn@eabé Cyﬂ:@perﬂatﬁdyydypty!ml di ne,

2- propyl pyr gﬂfaggagl agsobcfér}%g Jnjegu NSt Br &ab_ cﬂn‘w gr‘ﬁ ’awgcﬁ‘slﬂ M @le Monocyeio-

2,5-lutidin fﬁ)enop ridine ﬁ\eé)ly
2,4,6-coldl | aem@ﬂlenyecqmew JHPING @aRatiRg anatoa%ﬁfg/ hpYAeserbad A742 045,
-4, 6-di met hyl pyri m di ne, -2-nmethyl pyrazi ne, 2-et hyI yra2| ne,

2 6-di met hyll'Rey ! onocggdpfgta?nén?*l gﬁ% nge@)é!; @iéb%ﬁént%\zg tio pe%/%s@ff egrq%%ether with

2¢3-di et hyl pyrazimn rroqui no Ine
g i-nal di ne, fupthey- qgmpertemgsmgwaﬁa&ysﬁay@temgfo@o@fmlwnzat@mW@hw\';efurthermore found

7- di met hyl:é]blhéi@i;été?ﬁsfo?diéf%tH&WHﬁHia'ﬂQﬁmh;me:mp%ség di met hyl qui noxal i ne or,
neocupr0| n BR2B- 'anion, in particular the A-CRL8RZB- anion,

formed after deprotonation can be isolated or preferably be reacted WlthOUt
further isoApti ontleast bnet henocyabd pepiadit @yh comepleX 3¢fordiAg to2le gresaneintentibror  t he
further reaction, it is possible to useall aprotic solvents, in particular
- al'iphatic and aromatic hydrocarbons such ‘as n-pentane, n- hexane, i sohexane,
n- hept ane, -PsoheprtQAdly aGQEQéF'Fﬁ”“O’lSéW%%WQO t ol uene, ethyl benzene or xylene or
et hers such as diethyl ether, di butyl ether, tetrahydrofuran, .

di net. ho%et eﬁne @'Dﬁ%‘gt% C|’ﬂ°regft¥’%” ecgﬁg%ntagl et her and m xt ures' t her eof..

The redactio opent eno can be carried out at from-100 .
to +160C, preferably from 25 -80 to 100C and particularly preferably fromO

- to 60C. At b)errpes;ﬁ,rohm@%n@aw&eé&gystpgeﬁaeem@ern b&yrSdr¢BfdntaRg Usi-ng ar omatl c or
al irphatic solvents which contain no ether, .or contain only a small =~

- proportion of ethers, as solvent: The cycl opent enoxi de f or med by reaction of
t he A- CR2BR2B- amtxgnallv\nonmortr’rwe ol openstiedsougetaininX)e matal oBgrous L&l dr Y3 pitbe onat ed
prior tgsdehydr af;érg@mfggbs can, for exanple, be carried out by means of

I .

O : Thus, more than one of the monocyclopentadieny’l complexes of the present invention can
simultaneously be brought into contact with the olefin or olefins to be po[ymerized. This has the
advantage that a wide range of polymers can be produced in this way. For example, bimodal

30 products can be prepared in this fashion. '

For the monocyclopentadienyt complexes ef the present invention to be able to be used in
‘polymerization processes in the gas phase or in suspension, it is often advantageous for the
metallocenes to be used in the form of a solid, i.e. for them to be applied to a solid support B).
35  Furthermore, the supported monocyclopentadienﬂ complexes have a high productivity. The

' monocyclopentadieny] complexes of the present invention can‘theréfore optionally be immaobilized
on an organic or inorganic support B) and be used in supported form in the polymerization. This

" makes it possibie, for example, to avoid deposits in the reactor and to control the polymer
morphology. As support materials, preference is given to using silica gel, magnesium chioride,

40 aluminum oxide, mesopeorous materials, aluminosilicates, hydrotalcites and organic polymers



anounts of acid, for exanple HCO , or by aqueous work-up. The internediate
obtained in HJ Z viz. a cyclopentenol, is subsequently dehydrat ed.
This is oftene rrled out with addition of catalytlc anounts of acid such
as HCl or p-toluenesul fonic acid or iodingsg Dehydration can be carried out
at- from-10 to +160C, preferably fromO to 100C and particularly preferably
from20 to 80C. As 35 solvents, it is possible to use, for exanple, aprotic-
solvents, in particular allphatlc and aromatic hydrocarbons such as

n-pent ane, reubiemmemy&aa@mmpytéhehﬁmmme panitenfitiarteth yieh@ea bolsr, futisoeting],

t ol uene, 0 r di but yl

et her, tet r;}% S%@Fas Eopaﬁﬁ%gigﬁo&')g@% a{r?fea%a;}\1 ygﬁgg%fﬁéeﬁigélngﬁ%%%% net hyl et her:
and m xtures thereof Tquene and heptane - are particutarly useful. Water

separ at or st ?&,@Ef }Q@feﬁe'n@é)ls'Qﬁ/@ﬁjtofé)éatﬂy%hy)@fe@i MQrEh coﬂr(bn%éd@qﬁ&ml@?clop%lb&eﬁwt hod 6f |
re ar|n e C | ene S arti. cul ar EOUS
e b S e e b B L R e e A

by- product s doopried a@sdefwyidoaperent Bn t he  exo position) can also be separated
off in.a sinple fashion by neans of the further reactions to the

rnonocycl opent adi enyl conpl ex. The cyclopentadlene stem (Vila) obtained in
this way canopbtamisih peurpepebIHE! BEEFY NEUSFRPETSH REISbSerT P bayeasisH avithy
‘neans of potaa@;spmohmdmar@ls Ghe oidedib tich tHehsupport oamdorfeﬁﬁB)t £d riodsdybRpentddidnyt he

appropri % € P ;:’]c;f);grd?gttoathe é%ggqltmgntloﬁ afd thgg t%!ng;@o n%h’.é%re c%a%bmefi is in

trls(tetrahyr e correspon
conpl ex (A) .PriMtie imsat@raban@mnmclwta\dr@dwg@m% Qﬂhemﬁ@@ét 'F‘@&tﬁﬂ&ﬁ’ﬁéﬁe

Fur t her nor e,acﬁvfaangcabmp@mr& adh sayﬂ]m@m&@mep(e}«@dnao ofGRAB aﬁdztﬁé? ob@mn%@&@ﬂ, After

ot Y t%&dﬂ%w%%?m@ag%a% T iR iRt Sl s SRaSR Ftes phati

EP-'A- 742 046r ardhetichydmegrobmspent adi enyl conpl exes of the present invention
can be uged alone or together with further conponents as catalyst systens.
for olefin polynmerizatjon. W have, furthernmore, found catalyst systems for
ol efin pol y.‘ﬁaf? PRI POYEMRRY & fheeRRgFaToR Of tSsURPORd qellyst SyBiRm. at leastone of the
nonocycl opertoadkyeinydniaziamipl compaessaf tHerpgestot itveetiqpriesenght infoie@atatiorith at Bpst one

optional ly ap Vgﬂ-’r%%ghﬁo%gd daf]fé Qﬁtﬁ‘: ‘9 ﬁag%%rréferaagg%%gQ%lbﬂ?@akt}ﬁn%@l&i&r ?r{m re

~activating conmpo S Sul
ol efin pol yﬁﬁ‘?ﬁckﬂﬁtalr@ﬁ*”@n?ﬂh%‘)femtloﬁﬁﬁtlam?d trids Uﬁyﬁﬁﬁé”ﬁ’é‘idawthéhﬁﬁf@mﬁa@d or .

cont ai. nizng . pad¥RbRbY s@Jpogrn@mailme%oméntis:i—emfavetdmad t@eﬁﬂmg@gbp@ﬁér@lab@cyadlus mor e
t han one of ¢ ieny exe vention can

si'ml ¢ aneoudr VR E R R TSR B R Bt e thRE R R L "
pol yner i zedfromiiesporessof theesupradveaieriag e he Aerpoded atidyst lantfeined apoairsariavwingcan be
produced | np&dit!eﬁ BABY ple SO the& M QTS BimpRinEBRRabn o 3R dMoPEbELats GRNBS LR BPar ed in
t hl s fashi OWO 96/00243, WO 98/40419 or WO 00/05277. A further preferred embodiment comprises firstly

' 25 applying the activated component C) to the support component B) and subsequently bringing this

' ( - .supported compound into contact with the monocyclopentadienyl complex A) accordmg to ‘fhe

.

present invention.

As support component B), preference is given to using ﬁnely divided supports which may be any-

30 organic or incrganic solid. In particular, the support companent B} can be a porous support such
as talc, a sheet silicate such as montmoarillonite or mica, an inorganic oxide or a finely divided
polymer powder (e.g. a polyolefin or a polar, funclionalized polymer).

“The support materials used preferably have a specific surface area in the range from 10 1o
35 1000 mzfg, a poré volume in the range from 0.1 to 5 ml/g and a mean particle size of from 1 to
500 pm. Preference is given to supports having a specific surface drea in the range from 50 to
700 m/g, a pore volume in the range from 0.4 to 3.5 ml/g and a mean particle size in the range
from 5 fo 350 pm. Particular preference is given to supports having a specific surface area in the
range from 200 to 550 m%g, a pore volume in the range from 0.5 to 3.0 milfg and a mean particle
40 size of from 1010 150 pm. | |



For the. nonocycl opent adi enyl conpl exes of the present invention to be able
to be used qu?golynerization processes in the gas phase or in suspension,
it is often N ntageous for the netallocenes to be used in the formof a
solid, i.e. for themto be applied to a sglid support B). 35 Furthernore,

t he supported nonocycl opent adi enyl conpl exes have a high productivity. The
uu nonocycl opent adi enyl conpl exes of the present invention can therefore .
optionally be immobilized |i on an organic or inorganic support B) and be
used in supported formin the polynerization. This nakes it possible, for.
exarrpl e t OTh%\Sllr%rgan%es%?Edﬂt %n'bg stlggctgdetggtﬂpgrmgﬂgaﬁr%ng ggt {o%mé\g%dg&!ﬂﬁe{ter. .
nmor phol ogy. suppor Meterrars: preference 1S grven to using silica gel,

" magnesi um cPHcHLiding tratnaantivioauarRit cRUE] owes B0 B8 (308 eraferly from 1000

al um nosi | | Lat®Svith BYHGRE RbR i1bE 0T HEQABIyGPE LB Sut LER Fudsd preddcR - as

| yet hyl : | , | yst | yt.etrafl t hyl I
oot ot 1 2H87S DEBre Rt Giseho AL ebpons e RS cHTE aien B s ket o1 1 28 er s,
acrol ei n ortoVionyIC inceibabeet, Papdromiateathe gesifed seimtige pEthgsalieand/or tee dexred Bt
System whi CBnGATRI T SLTRI0HELARETLACI I <2 Ry ACROL IR 0 the

present invention an ne activating conpoun : urt’her
conpri ses &eSFRBICRBTPBAHYISBy el VAT §"ﬁﬂﬁg§°@ﬁ‘ﬁﬁﬁ ¢retlle &F lFY st
system t-hanethgapsaxahe ppabdty BéataysheMoaa Breliesdridad; e @xavbid) in WOsepgI08d.
conponep B). The order in which the support conponent B), the :
monocycl opent adi enyl 10 conpl ex A) according to the present invention and
t he acti vatThadocaamscurreriC)atelabcandifsi bgeaemisaily mogified diopeamplensgadmen of sithe
nonocycl opejlaeh 1eN%IFs 605 &lorihtidf agehte 1HHE BERbridabdEdTticOMicagel stfie, ki vati ng.
donmpound C)_can g% LﬁﬁeglL{%ﬁd |nde§endeqll%%qg one anﬁthem or
“g¥ul t aneoU SRy e lFd KA SERSFiCaTEN R PEERY s TWPHlss O HIECEFTEY 8XHPhe washed
wi t h sui t abdags inwresmotlivgnmedifadcdiicagelsbifipieatic  or aromati c hydrocarbons. 15
In a preferred variant of the preparation of the supported catal yst system
~at least one of the nonocycl opentadi enyl conpl exes of the present invention
~is brought Qreanis LBPREBRER'E fHches fnehcdvidiieolvgle WWFWQE-E&%GEW&“%)DOWW% '
~ sui t abl e soeleensr,polysigfens)aah yisg by Lstg aad soduidpreferadiytikdvase Herfedd ef agdhating adduct
or a m xtureg, rat i obt ai ned. | L L I i th the
denydr at ed "S55 SSRESPALRLL ALALARRE it 1 ffehte bfEh KEFalh
. resulting SBYPHNE EafoiroIsedYiE plsO OSSP 48R BRSHONABRAHPAKNE SYRACHS -9 (HEEIRR s
. dried tm ensdarseppdiabagd onQolyBehe, pblybth@eri0dr \veRpropBeneeHDMREe fuhEtkigRaIppOr es

of the support terial.. Th upported, catal yst, i s.obtained as a , .
Free- 1 owt B8 SORERmORR SRR RS o RaT 20 Ppe Pt RER TR (he above
. process ar.éndesdlized.bed in WD .96/ 00243, WO 98/ 40419 or WD 00/ 05277. A further -
preferred-enbodi nent conprises firstly 25 applying the activated conponent
C) to the %u.gd%%r,t conponent -B) and subse entlg bri n%i ng this s'upg'or‘ted' :
Conpound | REGEEIHRTGRTC R 2% FEPRB RUBREFBPLRIELAF 97 SCambhes s LEBBFU ng 1 o
the prassentgroupeens,idoh. 13, 14, 15 and 16 of the Periodic Table of the Elements. Examples of oxides - -

preferred as supports include silicon dioxide, aiuminum oxide and mixed oxides of the elements

calcium, aluminum, silicon, magnesium or titanium ‘and also corresponding oxide mixtures.
Further inorganic oxides which can be used alone or in combination with the abovementioned
) ' preferred dxidic suppbrts afe, for example, MgQ, Ca0, AIPQ,, ZrQ,, TiO,, B,0; or mixtures
30 thereof. ' '

- As solid support materials B) for catalysts for olefin polymerization, prefere.nce is given to using
silica gels since particles whose size and structure make them suitable as supports for olefin
polymerization can be produced from this material. Spray-dried silica geis comprising spherical

35 agglomerates of si'_naﬂer granular particies, i.e. primary particles, have been found to be
particularly useful. The silica gels can be dried and/or caicined_befo're use.

Further preferred supports B) are hydrotalcites and caicined hydrotalcites. in mineralogy,
~ hydrotalcite is a natural mineral having the ideat formula o
40 MgsAl{OH)1CO3 * 4 H.0

is renmoved and the .



.- sil anes

As support . conponent B), preference is given to using finely divided -
supports which may be any 30 organic or |norgan|c solid. In particular, the
support conpdf¥8f B) can.be a porous support such " as talc, a sheet silicate
such as nontnorillonite or mca, an |norg?§|c oxi de or a flnely di vi ded

pol ymer powder (e.g. a polyolefin or a po functionalized polyner) The
support materials used preferably have a specific surface area in the range.
-from10 to 35 1 000 nR/g, a pore volunme in the range from0.1 to 5 mM/g and
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range. fromoblyteoerS€optriaydlar thewutzhedrpihelee bengecclged)ilvipnrdtaciie gpperranhawing a-

specific sur Jn@%ge r%ﬁl?@edf@g Hq‘??unﬁ %HQ%SE &mt 89911&1%?55&@%& %Fergggﬁg :f?é/s%g”e i n

t he range frOm

150 pm EBUeGgsed hlsm@mmmag@rnydh% @ib?f@r’“thicééﬁfﬁ Ipeated ingasiear a@h watepofchsiefgation.
~treatment, & @e id/&shiesE@yenadsorbed water. Such a drying treatnment is
generally carried out at from80 to 300C, preferably from100 to 200C, with
drying at from 100 to 200C preferably being carried out under reduced
pressure 5 &ndf gretstibttark ete fodnd neeerly igasmg(esiyn-ainntiuodedipxides bitlisoigamargeni c

support can;pg; g@,lngtiang,gr Abhed 59 Rz t0 i 000C in order to set, if
appropri at e, ﬁ desire structgreggg‘%_re sol jd n [or the deS| red OH
p

- concentr®tion on the surfacMDxhd s oy aF ® "be treated chemcally
usi ng cust ommaky hawesshesattSusuoh nrashmﬂ‘tl(ab isaldivplest mgeleshier oy, Za| QuyiNg 0w,
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treat ment szarﬁﬂsé ﬂrcﬁrm toQS Lisualtg horhlhléiéiu Fd @lis Dtieger fromortb Bak Ipﬁlgc:!.@él%hsz theads to
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inpurities by neans of appropriate purification and drying operations-

- before yge. Aéctordm% f%iﬁ&cﬁﬂ%ﬁmeﬁthﬁjr%sﬁw%@é%@{ e reos‘ﬂhM L cBURROLL S,

functiona 20 |1ze base rene, - pol yet ene or
“pol ypr opyI e?ﬂé‘rc’tﬁ?teﬁi%% RUCRPERS Yria pf@?“-‘BUb‘ée“ ‘°“f or exanpl e anmoni um or hydr oxy
gr oups, | east one of the catal yst conponents can be i-nmobilized. =

Suitabl e i n a
ot e o PSRN oREhIESLAN BN FEIRRRRES Blodrbe  LOIhG2AP Gy %‘3?
Peri odi c Tafhieh e desied Eycé%fhsrgw Eﬁ‘ﬁ'?iﬁa@é’eéf—’t tadgigan, the crystal structure also

. 25 changes. The preparation of the caicined ‘hydrotalc,‘ltes used according to the present invention is

Q usually carried out at temperatures.above 180°C. Preference is given to caicination for from 3 to
( 24 hours at from 250°C to 1 000°C, in particular from 400°C to 700°C. It is possibie for air or inert

-gas to be passed over the solid during calcination or for a vacuum to be applied.

30  On heating, the natural or synthetic hydrotalcites fi rstly g:ve off water i.e. drying occurs. On
, further heating, the actual calcination, the metal hydroxndes are converted into the metal oxldes by
elimination of hydroxyl groups and interstitial anions; OH groups or interstifial anions such as
carbonates can also still be present in the calcined hydrotaicites. A measure of this is the loss on
ignition, This is the weight loss experiénced by a sample which is heated in two éteps, firstly for
.35 30 minutes at 200°C in a drying oven and then for 1 hour at 950°C in a muffle furnace.

The calcined hydrotalcites used as component B) are thus mixed oxides of the divalent and triva-
fent metals M(ll) and M(Ill), with the molar ratic of M(Il) to M(lll) generally being in the range from
0.5 to 10, preferably from 0,75 to 8 and in particular from 1 o 4. Furthern‘iore, normal amounis of

40 impurities, for example Si, Fe, Na, Ca or Ti and also chicrides and sulfates, can also be present.



t.. preferred as supports include silicon dioxide, alum num oxide and m xed
oxi des of the el ements cal cium al uminum silicon, magnesi um or titani um and
al so corresdoﬁ@?%g oxi de m xtures. Further inorganic oxides which can be
used alone or in conbination with the abgégnentloned preferred oxidic
supports are, for exanple, MO CaQ Al P Zr2, TiQ2, 6203 or mixtures 30‘
thereof. As solid support nmaterials B) for catalysts for olefin
polynerizatlon preference is given to using silica gels since particles

whose size ad?@keﬁpéordéﬁn@aﬁydr&gotés@@esmxw&@smﬁm E%Jgﬁésu% gfd m(m )is
pol ymeri zati can

roduced fromthi teri rie | C Is
conpri si ng ?q%%cﬁgu'ﬁﬁﬁmdﬁ}?@f‘ﬁ?% ”H)"feg§ 8l aé‘? p %{m ga?%ela&?“s@'e m@'?
primary par t(het 850! Cravrde)pieanbirgundertiios tosle npae Purtokddg y useful . The silica .
gel s can be dried and/or calcined before use.- Further preferred supports B)

are hydrotal cites and cal cined hydrotalcites. In mneral ogy, hydrotalcite
i s a nat @r alPreipiaeaeds 2lpagiveigo cAientHEroRIgieRin e AGhvyBIALE ERSkETERn i H20
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crystallizes in a ,sheet str dz{ metal ions in octahedral- hoI es
L%’Eék R

bet ween t,\/\o%rgﬁrln%e &Y MR Y- atem ions, with only every second
| ayer of 'the octahedral hol es being occupled In hydrotalcite, sone

rragEetSI u][n rrﬁ@ﬁyd%tgm{eepia%%a h?&o@lclﬂéﬁ d?hléﬂT&,é é%'&%m;ﬂ’o?e@arre%‘é%rﬁllyqsem 1y t he
pace 0 al Nns a OSI cha e
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t he forrru a 1'1T) A2pn have a sheet
structure af$af Pnf fwm HoNOep ’lgsprﬁfeéﬂ dieaht0 REPGM /8 gechingartifger e 108 Ni,  Co,
Mh, Ca and/ 600 fg.and mdnbdykibpérBadienyy dovpleast of iRetpadsestUmRnih \ prefoesblyGpplichy  La,

- Ce and/ 018 Cguch)g{m mo[u?trmat%e c:o%\?eﬁlgrghonrof ﬁ\%ﬁ"&?cl engdgnylpbmﬁeﬁg iri tﬂéﬁ!{)sﬁ'lte ti al

ani on an roml to
8, usual |y fatavat iysﬁaﬁnafroarﬁjtoiop gmak PieffralyeforT 200180 ppoland partigdarly ipefAralty from

2 to 4. 15 e 96 B & i §Jeb g bt duphor@®) ONS are organi ¢ ani ons such as- al koxi de
-ani ons, al kyI et her sulfates, aryl ether sulfates or glycol ether sulfates'

i norgani ¢ anions such as, in particular, carbonate; hydrogencarbonate,
nitrate, chfonéddhe momdcacti@eotadBomepmplexﬂs opdE perent inyertion Aveoitie rolyaiarizagion

- M7024° 200rac¥ HMA8Reir odg% ﬁhe@brm.l?ﬁt Hﬁ@ccﬁfactavvrmla‘ﬁra%!n}awf \ﬁkf th%léGrlﬂ %ht%}stocan

al so be present. 20 A such m xed droxid havi'ng a
sheet st r ucP@FRe ©KifEIay 9ped ﬁ’oé’@%r ‘a%ttﬂ’”égt‘v’thfa"r%'ﬁé?a@P‘ﬂ é@e ‘?attﬁlysf Wéteﬁlﬁpﬁ?j?g% of the
present i nvierhéreomprGak, casmenhpdmedr O}, ahecortnese sdinatibg cphppate drefaraiy tyahsoinal ci t es

by cal ci natéﬁgn form:ﬂg c&'ﬁ&g} by means of whi.ch the desired hydroxyl group
content can be. set. 3|t ‘'on, the crystal structure al so

' '25 - Suitable compounds C) which are able t¢ react with the monocyc]opentacﬂenyl complex Ajto
( : canvert it into a catalytically active, or more active, compound are, for example, compounds such
s as an aluminoxane, a strong uncharged Lewis acid, an ionic compound having a Lewis acid

cation or an ionic compound containing a Brénsted acid as cation.

30 As aluminoxanes, it is possible to use, for example, the compounds described in WO 00/31090. |
Particularly useful aluminoxanes are open-chain or cyclic aluminoxane compounds of the formula
(X) or (XI) o
RD _
~. . 0
, Al 00— Al —}— R (X)
: ] T .
35 Rzo/ {
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25 changes. The preparation of the calcined hydrotalcites used according to
the present invention is wusually carried out at tenperatures.above 180C
Preference ilgegioven to calcination for from3 to ' -' 24 hours at from 250C
to 1 000C, in particular from400C to 700C. It is possible for-air or inert
gas to be passed over the solid during cabti nation or for a-vacuumto be
applied. 30 On heating, the natural or synthetic hydrotalcites fi rstly give
off water, i.e. drying occurs. On further heating, the actual calcination,

t he net al s $ are converte nt.o the nm nat j an of
hydr oxyl or S8 ot | ASAChRAERF RN 8 Rt ool Sl eefratd 4 Bhrgns
such as caletl)@lnlartfisr isetutyhhroop, sini | & abéntqmeetent tq 30, pleterad icimet 23y dr ot al ci t es.
A measure of ‘this is the loss on ignition. This is the weight |oss
experienced by a sanple which is heated in tw steps, firstly for 35 30

ni nutes at QCP@@C‘I"W‘Y&JS@PWW@'“%?%C%iHEPUP%@ﬁ“GftMa“f[“”F‘R%G’PE at 950C in-a nuffle
furnace. sThe cal cined hydrotal cites used as conponent B) are thus m xed

oxi des of t ent ndtrlv n L) h the
nmol ar rati otﬁg?sgﬁwqﬁe”fa R}tnlof(ﬂe %mﬁé&@ FQ%.L@Q %L bz er"(;illjr\l/ﬁed r?%dg?ﬁ%% 5to 10,
preferably fscphdwmgfmgksﬂajurslnwndnthwaiﬁarlm Ewraérther '@@mqflctablnﬂnoxmmqqmoﬁﬂﬁse nor mal

amounts of  4Qaih&PHktid W&Sare anFne %Wﬂn&ttﬁ!s of b&% if¥ar arfdeeyBlc chhin Adfc@bsE
chlorides -and. su| f at es resent Pr ef ercg?rngncal i-ned

a
Py ot al o ¢ B8 S, KEH o R O dHAR BT Ty SRR SR PPt is
al um numo Sprekendinueaimngune wﬂgoﬂasa roeteirmlkyle dusoxily desniraurealiofs alunm’@b(mEfm@ma(ﬂomHjea

Chem e. GrbH; LHOWs %ﬁne l% n\'@ﬂ@fﬁa@auab@der the trade nanme Pural ox My. 5
Preference I's also given ci ne ydrotalcites in which the structural
t(ransforrratl on is conpl ete or virtually conplete. Calcination, i.e.

t:ransf or mat Fotheddors, odFikd HRiniboRanse &nwiieh wotrfdf thewgdrocdimin rs:x@m:ﬂaee bdwn .means of

X"’ay di ffr%g&!:{ﬂ%ﬁg&%‘g’éd‘aﬁom;@re %QUSG Cén&ﬁ%rar%%la%c&%ﬂ JA%Q%Q V\%’dt 2ES Of

silica gels ener al ers havi ng
a nean ﬁértmfmpén%nt&h@w@@ee%eamnoes@nescomowéjofptmforﬁué? enap(X. from 10 to 150
pm partlcularly preferably from15 to 100 pn1and in partlcular from20 to

romb. 5"t o B PRIk R T g e Bt et ot G050
nZ/ g, . pr ef ezleiihgxahe crmBONEDn 8O aniugtsared ther@tq@m rafie of aymifyro fred 0@ Aumigoena?/ g.

The mnocyc&&@%m@%ﬁnemb aﬁPgern%%sal@f stifl BRs@Ht eostﬁéltraﬂsﬁiu@ %la@ﬁorﬁfh% mineéekabl y
applied_in an anpunt i_on of m)noc%ﬁd opent adi enyl

hat
conpl-ex@8 i REMAFENY CRTRREY 1S E‘aff'%lf%’?g? r%’?éﬂé?n?g@o { PERETERYY BB G 1 01 2t er abl y -
~ from 20 to ED@upnbltheancgeiaimt 2T uteattoy. preferably from 25 to 70 prml per. g
of support B). Sone of the nonocycl opent adi enyl conpl exes of the. 'present
i nvention have little ){TTEI’I zation 20 activity on their own and are then
br ought i ntdTUEbFcEEs Q‘fvﬁ“tt IR GADRRNCNS 7 FeHECBEIFUIRERES oSt &0 e . abl e
to di spl ay meecedpl yiple, 8y bddtiodat frdth BY.to IFQrequ’u'v’HhS}tsrtﬁ&&@ﬂ,,pr&f&@bl?&brﬁb}e&b
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trusobutytaiumlnum at iow temperatures usually below 0°C. Such compounds and their use in

' '\;:-:, ' olefin polymerization are described, for example, in WO 00/24787. The atomic ratio of aluminum

. from the hydroxyaiuminoxane compound to the transition metal from the monocyclopentadienyl
complex A) is usually in the range from 1:1 to 100:1, preferably from 10:1 to 50:1 and in pérticular A

30 inthe range from 20:1 to 40:1. Preference is given to using a monocyclopentadieny! metal dialkyl

compound A). ' ' '

As strong, uncharged Lewis ‘acids, preference is giveh to compounds of the formula (X1
35 - MPXOx2x3P iy
where

M is an element of group 13 of the Periodic Table of the E‘lements, in particular B,
40 Al or Ga, preferably B,



25 Suitabl e conpounds C) which are able to react with the .
nnnocyclopeqbgg% nyI conplex A) to convert it into a catalytically active,
or nore acti compound are, for exanple, conpounds-such as an
al um noxane, a strong uncharged Lew s acigg an ionic conpound having a Lew s
acid cation or an ionic conpound containing a Bronsted acid as- cation. 30 .
As al'um noxanes, it is possible to use, for exanple, the conpounds descri bed
in WO 00/31090. - Particularly useful alum noxanes are open-chain or cyclic:
~al um noxane XQuPbandds® ek ebdrenybimoam | Ga-C -2y 6F-Q¥ary!, BaDerf arylalkyl Qallalkyllor R40 .
(X)) 35 R2 R30 O -Al £l ril eacﬁ’h@wgg@ﬁp-] 1%%&13%%%5 Pera%)réaorc%%(?ﬁmlsto

i ndependent|ly of one anot roup, prei

ethyl, butyl or isobutyPcgpei@eomandns Q‘W‘sra%?ﬁ' Piluatgstes Ciortm t?LFO‘Ptﬁe 80iodipg: éT erabl y
from5 to 25. A parti cub@siyt husedye! pradetsbily pemnamerdpasnuUNd is

‘met hyl al ymi noxane. 5 These ol i goneric al um noxane conpounds are usually
prepared”by controlled reaction of a solution of trialkylalunm num wth

wat er. | n géndreakxammias obbragonencharged kaviimanidseee gempoWied/3@80.ai ned in this
way are.i.n the formof mxtures of both Iinear and cyclic chain nol ecul es of
various | engt so that | is to be r mean.. The al uni noxane

ar
conpounds ¢ m&P%S BEhis yPpEISR AEe W%ﬁt'célﬁﬁ?%eﬂﬁ?ﬁs %i”ipﬁ”?ﬁ freRrehRraPs F|aQpfns

. . usually al umamwmtra‘dudqwb@ne Alianytbarencast erimetiefiarexin Baricuis prefarbrioe iggvendopoment -C)

are Com%fC'bQJaL% A& gbgt?eas;ft%geﬁamg@d ?D@fr%.ﬁé?%ﬂl]bﬁg? BXARESS ﬁgem ch sone

of the rocarbon T ad ato or. al koxy, -
aryl oxy, ~si Femgeupes FiedermuisdXEHD svhish X’ aixso'mBé u%rédje& al, E@f%‘i%‘ponent C in

pI ace of thgisglebainampaag)esapounds of the fornula (X) or (XI). It has been
found to be advantageous to use the nonocycl opent adi enyl conplexes A) and

tfre al uni noxane conpounds in such anmounts that the atomc ratio of alum num
fromthe al Suiahecameounds Fhara merterbily Pigderag Puiggctian efﬁ!wulnwaIORWromqmnoumG@éent

Eﬁ the t‘lrsa][‘ﬁietfd)rﬁaﬂlarmﬁ aJ:thWa@maﬁd&ﬁolg%@WGérﬂratms nﬂaﬁr@deﬁ@ewenmrﬁabmﬁe&knwé in
e range from '

part] oular PP R PrlsRgB R ey frrigetasd Ak e ppl dema Pt Sriding o

,act ivati ng peparebempEs obwagticalady @sejtabmjmqmdmesentafheehmhme)ls(penta—
ﬂuorophenyi)methanol and 4-hydroxy-2,2'3,3' 4, 4' 5,5'8,6"-nonafluorobiphenyl. Examples of
combinations of cornpounds of the formula (XU} with Bronsted acids are, in particular, tnmethyl- .
..20\ aluminum/pentafluomphen'o[ trimethylaluminurm/1- bis(pentaﬂuorophenyl)me{hanol trimethyt-
aluminum/4-hydroxy-2,2’,3,3', 4,4',5,5',6,6’-nonafluorobiphenyl, tnethy[aiummum/pentaﬂuoro—
" phenol and trllsobutyla!ummumlpentaﬂuorophenol and triethylaluminum/4,4' dlhydroxy-
2,2'3,3, 5,5'6,6"-octafluorobiphenyl hydrate.

25  In further suitable aluminum and boron compounds of the formula (XII), R' is an OH group.

Examples of compounds of this type are boronic acids and borinic acids, in particular borinic acids

having perfluorinated -aryl radicals, for example (CsF5):BOH.

Strong unchalrged'!_ewis acids suitable as activaiing compounds C) also include the reaction
30 products of a boronic acid with two equivalents of an aluminum trialkyl or the reaction products of
an afuminum trialkyl with two equivalents of an acidic fluorinated, in particular perfluorinated,

“hydrocarbon compound such as_pentaﬂuorophenol or bis(pentafluorophenyl)berinic acid.

Suitable ionic compounds having Lewis-acid cations include salt-iike compounds of the cation of
35 the formula (XII) ‘

£(<M3°)a*)o1az...oz1“* (X1

where
40



prepared, for -exanple, by addition of fromO0.5 to 1.2 equivalents of water,
preferably fL{aJESL}O 8 to 25 1.2 equivalents of water, per equival ent of

alum numto A kyl al um num conpound, in particular triisobutylalum num at
| ow tenperatures, usually below OC. Such gonpounds and their use in <'.

olefin polynerization are described, for exanple, in W 00/24787. The at omi c .

ratio of alum num fromthe hydroxyal um noxane conpound to the transition .
metal fromthe nonocycl opentadi enyl conplex A) is usually in the range from
1:1 to 100: M*° pref er ald an digneumt dQirdupsa to08 af tenPleriotic Tabit btk en@6isj n t he Tange
from20:1 to 40:1. Preference is given to using a nonocycl opentadi enyl net al
di al kyl - conpound A). As strong, uncharged Lewis acids, preference is given
to conmpound&§: & Qs he . f eermingl nes@tvely cRBIMDINIFDRITHESIS (OB G earyhakyle. an

el ement of group 13 Ofrykikg, ResHIQMhslodikiaen Bdvirgh@mbd ©PeRESon bBmBAthé 4l ar B,

40 Al or _Ga, preferabl @ and X3D e.eac agen

Cl- C10- afkyl, ©5-C, 5- &%&?5 angyg(ﬂ 1a‘P§§°a"§?” T‘F?Smﬁﬂ}‘[?“e I‘“ﬁ@ﬁ 8r°'°yﬂ%ﬁq§g 'R)‘% each
havi ng from 1 to 10 Caep bear &-Ghsalihgrohes sl skipdtituendi MQearﬂi-Gzﬁ-dmﬁ& to- 20 _
carbon atons in the aé%/b xgag” oY A4 dé&?(ld}l&, pschlorine, brom ne or iodine,
in ‘particular haloaryls, prefer abI y pentafl uorophenyl . 5 Further exanples
of strong, uncharged Levm S acids are given in WO 00/31090. Conpounds of. thi s"
type which are parti cil=anitygengefiultoaanconponent C) are boranes and boroxins.
such as tOI‘I al kyl'borane, triaryl borane or- trinethylboroxin. Parti cul ar
preference is given to using 10 boranes which bear at |east two
‘perfluorinated aryl r&dinddessr rmalttp éul ar preference is given to conpounds
of the formJIa (XIl) in which X7D, X2D and X3D are identical -preferably tri
s{(pentofl uo.ro C)are
pr(_ef erably Brepar ed bf ‘R?eé%@fj? Boytk%ﬁj‘%%rleﬁcrﬁanztj%u%dﬁ g6t gerr\ ocﬁ’ﬁg 1, 15 t he
formula (XIl) with water, alcohols, phenol derivatives, th| ophenol

deri vat ijgespgtic iy L.Jéé?ﬁ cﬁlt%rn!a ¥ caFHon‘aﬁy calbrsNo:BAL RLeNRE %ﬁld éf?i@m@n%@@ﬁ?dn@'ahd’ also
perfluori nat d aI cohol s an

henol s cul ar
el o5 of A NG 1y oL SERA s GrpEarHEeSPe R BLht GPFS U apRErITenT
1, 1- bi s( pentatien, ftieusiivayphitn\en tret tiedobettatieitoceny! cation. They preferably have

4- hydroxy- 2!’[(%0?0’%@!’%8&1’1%{2&1!‘1{8%0?5 mﬁpaﬁcuﬁpﬁ@m éb?r{pgpﬁog@@%)’é IsoEn%@rﬂglL

conbi nati ons
particul ar, anﬁ%tpt‘ﬁf?’?bly te?ek'%(P%ﬂﬁfHBWbe%‘H‘ﬂ%qt%or ophenbl

Ctrimet hygbal um num 1- bi s(pent af | uor ophenyl ynet hanol, trinethyl

- al unmi nun 4-hyd hge,s,)( ;?dng?ciré;negmg émﬁns’c%l 5::!50% %reth%Q%{r LM]QR@ PB&BY br atuminum

triethylal um nunt :
tri i sobut-y| SRR B pETAIERIND BEPHEIRDY SSEARE FAMPEYIRMW N AeN Meast @ ik h"-@F’Fn?‘@f‘“-oxy-
2,2, 3,3, Shoon & aftimet &bhi @O RbRAGRAY b tiM@b@b&ind which forms an ionizing ionic

compound with the boren or aluminum compound, e.g. triphenylchloromethane, or optionally 2

aC|ds are, in

25  base, preferably an organic nitrogen-containing base, for example an amine, an aniline derivative

or a hitrogen heterocycle. In addition, a fourth compound _whlch likewise reacts with the boron or

 aluminum compound, e.g. pentafiuorophenol, can be added.

lonic compounds contammg Brénsted acids as cations preferably likewise have noncoordlnatlng
30  counterions. As Bronsted acid, particular preference is given to protonated amine or anilineg
derivatives. Preferred cations are N,N-dimethyianilinium, N,N—dlmethylcyclohexylammon|ur_n and

N,N-dimethylbenzylammaonium and also derivatives of the latter two.

* Compounds centaining anionic boron heterocycles as are described in WO 97/36937 are also
35 suitable as component C), in particular dimethylanilinium boratabenzene or trity! boratabenzene.

-Preferr_ed ionic compounds C) contain borates which beér at least two perfiucrinated aryl radicals..

Particular preference is given to N, N-dimethylanilinium tetrakis(pentafiuorophenyi)borate. and in’

particular N,N-dimethylcyclohexylammonium tetrakis(pentafiuorophenyl)borate, N,N-dimethyl-
40 benzylammonium tetrakis(pehtéfluorophenyl)borate or trityl tetrakispentaflucrophenylborate.



25 In further suitable alum num and boron conpounds of the forrmula (XI1),
R7D is an OH group. Exanples of conpounds of this type -are boronic acids
and borinic @8, in particular borinic acids havi ng perfluorinated aryl
radi cal s, for exanple (C6F5)2BOH. Strong ggchar ged Lewi s acids ‘suitable as
activating conpounds C) also include the action 30 products of a boronic
acid with two equivalents of an alum numtrial kyl or the reaction products .
of an alumnumtrialkyl with two equival ents of -an acidic fluorinated, in
o St Y g s s b oot e
i u i ni [ i Vi
Lewi s-aci d cb’é’fﬁt%ﬁ%opri tﬂ@Fi?d’@dé‘h? pPorpRg &s E’d%‘gﬁ?ﬂ%[(%g%nt% %&%35 fhe afHon; g
formul a (X I[{CsFBBBEEAGR, or i34 tshraté Xhiod t9n bevdloendto4i: dUDBEY A1 A& vidBOridgs an -
el enent of e,Periodic Table of the Elements. QL to 02
are singly %’egg‘?’ FM) %ﬁd%%% Bups such as Cl-(C28-al kyl, C6-Cl5-aryl,
al kyl aryl5 aryl al kyI hal oaI kyI hal oaryl each havi ng from 6 to 20 carbon
atoms in th&-’u&ﬁe}ﬂsul’éblé%dil\.%ﬁ:hg @RbolifcRID) brd IRted%h war domi0ad.ons i n the al kyl
radi cal, C3-Clo-cycl oal kyl which . may bear Cl-Clo-al kyl groups as

-substltuents hal ogen, C1-C28- al koxy, C6- C15-aryl ozy, silyl or rrercaptyl

groups, ai Ey haampwrtt efgiond, ioshatgedd-e@isaaids, idrle gonmpouraly havinegayis-fgideations @ 5, d

corresponds §g éoh@omdg E&rtﬁmﬁgesf%ngted Qa&s e daﬁorﬁﬁseﬁéﬁfab&h@& of to%%bwél&tsl 15
Particularly useful cations are carbonium cations, on| %ny ati ns and

sul f oni ull cél'fqr%i’@feéﬂt?ﬁ ersbe 18395"6?*?’55 OPSEION ROy peﬁtﬁ e"P‘ﬁrtl cul ar
mention may be made of the triphenyl methyl cation, the silver cation and the

1 1" - di et h%'uﬁa%réé%ﬁ%x%@%w& ) RN ndRlde géioﬁ%lu)%]m}’%mﬁa%%%%ﬂé&a“ ng

yunt erions, I n S as are so nentioned in
9

109882, prl %P%WO@@&Wra&%m%ﬁaﬁgﬁ%awe'ﬁ@ PSP BRren-alo NG| COTPRIGE Rig

: -'noncoordl natticsgdiatksed s Wereoaksos. be prepared by combining a boron or alum num
- conpound,; e.g. an alumnumalkyl, with a second conpound which can react to

lLink two "or nmore boron or-alumnumatons, e.g. water, and a third conpound
whi ch f or s ltérpiscaesgibiadp tsemixures ahgddhprboyprogntionsd astedng QﬂmP&P”LﬁﬁQiLﬁfﬁ@ﬁgound

e. ? tri pheﬂ%ﬂtnﬁéﬁ @Un@w% Q@rﬂiﬂoxaﬂés Q’%drﬁbﬂ&l’ h¥th@alRBinB 2R, ar@raafl@fcaéa:lmpo?m Rr ganl C
nl rogen-con I Nl N rva ve
& nitrogen R %%%83%?0@%%@9tﬁaﬁf*?%ﬁen%f BriR oAty =0 ‘?mr%%hef@e? eact s

wi th the botews egid, in particular tris(pentafluorophenyi)borane.
~ Both the monocyciopentadienyl complexes A) and the adtivating compounds C) are preférébly |
used in a'solvent, preferably an aromatic hydrocarbon having from 6 to 20 carbon atoms, in

particular xylenes, toluene, pentane, hexane, heptane or a mixture thereof.

25 Afurther possibility is to use an acﬁvating compound C} which can simulténeously be einp[oyéd
' as support B). Such systems are obtained, for example, from an inorganic oxide by treatment with
zarcomum alkoxide and subsequent chiormatlon for example by means of carbon tetrachlonde

The preparation of such systems is descnbed for example, in WO 01/41920.

.30 A likewise broad product spectrum can be achieved by use of the monocyclopentadienyl _
complexes A) of the present invention in combination with at least one further catalyst D) which is
suitable for the potymerization of olefins. It is therefore possible to use one or more catalysts
suitable for clefin polymerization as 'optional'component D} in the catalyst system_‘Pos'sible
catalysts D) are, in partiéular, classical Ziegler-Natta catalysts based on titanium and classical

35  Phillips cataiysts_ﬁased on chromium oxides.

Possibie components D) are in principie all compounds of {ransition metals of groups 3 to 12 of.
the Periodic Table or the lanthanides which contain organic groups and preferably form active
catalysts for olefin polymerization after reaction with the components C) in the presence of A) and

40  optionally B) and/or E). These are usually ccmpounds in which at least one monodeniate or



al um num conmpound, e.g. pentafluorophenol, can be added. |onic conpounds -
cont ai ni ng EP% gt ed acids as cations preferably Iikew se have
noncoor di na [3 30 counterions. As Bronsted acid, particular preference is
given to protonated amine or aniline derj,vatives. Preferred cations are
N, N-di net hyl ani | i ni um N, N-di et hy(cycl ohexyl anmoni um and - I
N, N- di et hyl benzyl anmoni um and al so derivatives of the latter t wo. Corrpoundsr
cont ai ni ng ani oni ¢ boron heterocycles as.are described in WO 97136937 are
~also 35 subaaﬁh@tea@armqmmemth@)centianatparvtaiacmdrﬁuord:h beidhydsambiel igaidsmclude

bor at abenze bar ont ain
bor at es whi g‘ﬁh an&s Cotnyalmng ctya%%%%%% fof g%rgc{ @gﬁ&% lé?{g é%‘?% &9&%@& % cular
pref erence QuRs ;e‘éqﬁget mynﬂenpf@pﬁp@qmoarpﬁsﬂp sHitaR{e for oiefn polymerization are descrlbed in
tetrakis( pe@ﬁéhf: |Ré9r2®l@%h/|1@d3@llbae§ GFuARGmbIR, msUcicetyak ntadien | complexes are also
N, N-di rre% hyI ammoni ym t et r aki s(pent af | uor ophenyl ) bor at e,
N, N- di ne hyf“‘ ?%}I‘I RAMTSHERIM t et r aki s( pent af | uor opheny! )borate or trityl
t et raki spent af | uorophenyl borate. LU6079 30 It is also possible for two or

Tor e bor at epank ARG waNKRl HASABAS o) Aokt L Apetisiuons @agpmeaéégﬁen@ad.epg ate

anion to be10|ne orane, as'In the dianion 5) 3) a,
the anion [dets e preaaneetersysy to asd"i’et?”ﬁ%enﬁéP@Pléxeén? YhcuEsn UsRdY SIFHEESP® t he
suppor t Suréc@%xdsaemobébﬂ@@forrbtﬁﬁ(){i‘ﬁ)g a suitable functional group. .5
Further,.suitabl e activating conpounds - C) are listed in WO 00/31090. The
anmount o? strong, unchgrged Lewi s acids, -ionic conpounds having Lew s-acid
cations or ionic conpounds cong&ining Bronsted acids as cations. is
preferably fromO0.1 to 2&tequival ents, 10 nore preferably from1 to 10

(C']ui val ents, based on th ocycl opent adi e;ﬁj conplex A). Suitable

ctivating conpoungts (g 3\i ncl ude bor on- af¥d num coerounds such as

di [ bi s(pent af | uor opheny\)baf.eXy] net hyl al ane. Exanpl es of such boron-al um num
conpoungs are those di sa'dsed RI-WO 99/ 06414. 15 It is al so possi bl e to use
m xtures of all the abové,grenloned activating conpounds C) Preferred

m xtures conprise al uni foxaneszip particul ar nethyl al um noxane, and an

ioni ¢ conpound, in part.i qu,a‘Vr ofte containing the ,

t et r aki s(pent af | uor ophenyt® bor at e ani on, and/or a strong uncharged Levvl s
acid, in particular tris(pentafluor ophenyl )borane. 20 Both the

rmnocycl opent adienyl conpl exes A) and .the activating conpounds C) are
preferapd y wHesee bubstusd Mﬁnhdncdémeﬁéemabillwia@maérﬁrﬁmtl ¢ hydrocar bon havi ng

from6 to 20 carbon atons, in particular xylenes, toluene, pentane, ‘hexane,

hept ane or a_mxture thereof 25 A further possi b|||ty is to use an
‘acti vati ng E6npounds inivghiziepnisan heiivm. yaadislsnigbive taipioy@emias, support . B)

~Such systens are Ob&chbB&QJm érQunggeéarHalaeeleﬁnéamfg;@up @@fﬁapb@dwa% AY ter eat nent
Wi th ‘ lanthanldes
(__ xE is fluorine, chlorine, bromine, iodine, hydrogen, C,-C1o-alkyl, -Cz—Cw—alkenyl,
( ‘ Ce-Cys-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and from 6 to |
20 carbon atoms in the aryl part, -OR® or -NR®**R"E, or two radicals XE form a
substituted or unsubstituted diene ligand, in particular a 1,3-diene ligand, and the |

30 _ radicals XE are identical or different and may be joined to one another,

E'E.E® are each carbon or not more than one E"E_ to EF is phosphorus or nitrogen,

preferably carbon,

35t is 1,2 or 3and is such that, depending on the valence of M'E, the metallocene
- complex of the formula (XIV)} is uncharged,

where

40



~invention in conbination with at |east on 7 ,
‘suitabl'e for the polynerization of olefins. It is therefore possible to use

~zirconi um al koxi de and subsequent chlorination, for exanple by neans of
-carbon tetrachloride. -The preparation of such systens is described, for

exanpl e, inLWBPEL/ 41920. 30 A |ikewi se broad product spectrum can be
achi eved by use of the nonocycl opent adi enéi conpl exes A) of the present
further catalyst D) which is

one or nore catalysts suitable for olefin polynerization as optional

conponent Djet g AT cabal cfSéw%){@lt @rrt:ﬁ%%ﬁ salkl@!a:eﬂ a%tmgl ¥$rSand)) ordliSroadyNeach .
particul ar, classical Ziegler-Natta catal ased on titani um and

cl assical 35 Philli 5%""&98&0%? Va9 %5?@@“’8?? gﬁ‘?&ﬁ?'dﬁq'@(?@e@m Pl hgn atoms
conponents D) are i inips amohgita, emdl conpounds of transition netals of groups’
3 to 12 of the Periodic Table or the |anthani des which cont ain organic
groups and preferably formactive catalysts for olefin g merization after
reacti onwi R\ tolfe caiepeneitderayenty of pee Fiokhssmrtogh, By Cartvlabr to frmesaledy B)

~and/or E). These aredb%mﬂldryymrm@mﬁﬁh hiaywrmrﬁfbea{c1l®§§1ky;gm@p@mameatse or a

LU6079 31 pol ydent n o .the entral Si
bond. Possible Ii gaﬁﬂgzzl arq%f‘{] 958'9’ ylaﬁﬁ”ﬁg'ngg g‘ipczi‘t%'ﬁ%lﬁ %aaq}g’{ﬁ
groups and |igands wiri et G2 ecairametais io el any oart, AR rly(]SlR gbo@BBSE ONRf a,rE‘g% 3

nunber of such corrpwHa@%ne@r ﬁWrE@QA!@RfEWE QEFEIEJ‘b@QJbWT@tE& g,amcsg@n@érﬁﬂdﬂwrl bed
in Chem_ Rev, 2000, vol,

mul t
cycl operiCadi enyl cofficBR&s '3r “&F'%'B“‘arg‘cg’ﬁl rﬁgﬁ"f’% ”TaéF’SBIbEf"i"}?dﬁ%fa%ﬁf'Yezéﬂ’i on.
Particul arly wel | - soideeeh-mempone ites abyoritne Vicida rabesdihad rmanterignat to Ifcerast one

cycl opentadi enyl I 'hgang, o%b«%ﬁm%ﬁ SRGEBL K WrRhRbAEHs bie ﬁor(éeét@rk

onpl exes. Particularly use ocene conpl exes are those of t

formul a (XI'V) 10 R goppgonsiging o, B Oppd EQpe(sx| V) 3E EaE. R 3E 15t Z' E 20
: Wnere t he substi tuent s and indices have the foll ow ng meani’ ngs: VE is

‘titani uny ZIREEcom UM aq %flden%gl oecﬁ‘g%ﬂtgﬁ'& ?Hgleg&l @r%g ta?ﬂt 1P)e¥c?<£é:y GraB'laQ”'and.

nmol ybdenim or tungsten, or  an rou
the - : C1-C4-alkoxy or Ce-Crg-aryloxy and
Z%®  isasdefinedforXforis - _
s 3E
Ry .
» : : : iDE
0 | N
' : a8 E
-y TET
R13E Ew \ -
AN _,E\
ESE 11E
/ R-
5 12E
C :
~ " where the radicals _ :

R* 10 R™  are each, independently of one another, hydrogen, Cy-Cap-alkyl, 5- to 7-membered
'. ~ cycloalkyl 'or bycloalkeny[ which may in turn bear C1-C‘1§-alkyl groups as substituents, '
30 Co-Cag-alkenyl, Ce-Cag-aryl, arylalkyl having from 1 {o 16 carbon atoms in the alkyl
' " part and 6-21 carbon atoms in the aryl part, NR™E,, N(SiR™;),, OR™E, OSIR'E,,
SiR"E,, where the organic radicals R**-R"* may also be substituted by halogens
and/or two radicals R*-R', in particular vicinal radicals, may also be joined to form

E_RIE may be

a fi ive-, six- or seven-membered ring, and/or two vicinal radicals R
35 Jomed to form & fi ive-, six--or seven-membered heterocycle which coniains at least
‘ one atom from the group consisting of N, P, O and S, where
‘RME are identical or different and are each C1-Cyo-alkyl, Cs-Cg-cycloalkyl, Ce-Cys-aryl,
C1-Cy-alkoxy or Cg-Crp-aryloxy, '
40



| ant hani des, 25 XE is fluorine, chlorine, bromne, iodine, hydrogen,
C:l-C:lo-aIk;r/TLU @%-Cio-alkenyl, C6- C15-aryl, alkylaryl having from' to 10
carbon ato PH 5t he al kyl part and from6 to 20 carbon atonms in the aryl
part, -ORSE or -NRGER7VE, or two radicals E forma substituted or
unsubstituted.diene ligand, in particular a 1, 3-diene ligand, and the 30
radicals XE are identical or different and nmay be joined to one another,

E' E-ESE are each carbon or not nore than one E E to ESE i s phosphorus or
nitrogen, pBf'®r abhy caar k2esvn o3 hottmdrs than ofe BY t3E dnid phaspsarahortnitalgen, dependi ng
on the val ence of M Eﬁﬁ%ge Q@ al l ocene conplex of the formula (XIV) is
unchar ged, - where a4 78 ”’ RBE and R E-are each Cl-Clo-al kyl,

C6- Cl6-aryl, alkylaryl,  arylal kyl, fluoroalkyl or fluoroaryl, each. having
from1 to 1§ erbems KON 2 Noddier #riah -REYLLBl AP (K@M 6 to 20 carbon atomns
~in the aryl radical, and 5 to RSE are each, independently -of one another,
_hydrogeﬁ? Cl- C22-al kyl, 5-to 7-nmenbered cycloal kyl or ‘cycl oal kenyl whi.ch

may in turnRBearisCl- Closat kyl groups a ﬂﬁubstituegﬁﬁ, C2- C22- al kenyl,

C6- C22-aryl, arylal kyl - aving.fr%ﬂll ta 16 carbon'atons in the al kyl  part
and 6-21 carbon atons ip the aryll part,] 'NRBE2, N(éiRBES)Z, ORBE, OSi RBE3,
-SIRBE3  where the or_gg%as__[_adiﬁgﬁeg_-_ RBSE may_al ge= be sylbstituted by

hal ogens. and/or two 10 'radical's E-RSE, in particular Vicinal radicals, may
al so be.joined to fornﬂa five-, dix- seven-nmenbered ring, and/or two

o]
vicinal radi cal s RLE- RSE=nay be thpeqqﬁg forma. &I ve-, six- or :
seven- nenbered heterocycl e whi chtont aftns at Ieas? one atomfromthe group
consisting of N, P, O and S, where 15.WE . can_be identical or different
dnd are each Cl-Clo-al RT, C3-C10-cy5|oa|ky|,EFB—CfEéaryl, Cl- C4- al koxy or
€6- Clo- aryl oxy and Z“Elis as defined!for XE orijis E 20 WOE EG6Ef ~ E7E

RI3E_ E~$. 1 BE E BERI#E: —pg—Mi~, —(c — (¢ —.
' RIE . R RE RﬂE
R 1E R‘lSE RT6E RIEE "Rsss “Rﬂ:;E.
PR B S e
o . FLWE -I’?"?_E -}.LWE FL?TE F‘{ﬂ'E_ .I-JQT"E

=BR'F, =BNR'™R'™, =AIR'*, -Ge-, -8n-, -0-, -S-, =80, =80,, =NR'®, =CO, =PR"*F or -

=P(O)R"®E, '
5 25  where - '
( A R R' and R"™ are identical or different and are each a hydrogen atom, a halogen atom, a

trimethytsily! group, a C1-Cyo-alkyl group, a Cy-Cqo-fluoroalkyl group, a
7 CB—Cw—ﬂuoroaryl group, a Ce-Cip-aryl group, a C1-Cm—aikoxy group, a
30 E C7—C15-élkylaryloxy group, a C-Cyp-alkenyl group, a Cy-Cy-arylatkyl groﬁp, a.
|  Cy-Cup-arylalkenyl group or a C;-Cag-alkylary! group or fwo adjacent radicals
together with the atoms connecting them form a saturated or unsaturated ring
having from 4 to 15 carbon atoms, and

35 MF | is silicon, germanium or tin, preferably silicon,
A1E . iS . e O _— S — \ NR19E'\ PR19E, =O‘ =S.V =NR1QE' . O — R‘IQE‘.
. — — .

-NR'E, -PR™E, or an unsubstituted, substituted or fused, heterocyclic ring

40 ) system, where



25 R12E where the radicals RBE to RL3E are each, independently of one

anot her, hy r§ﬁﬁp, Cl-C22-al kyl, 5- to 7-nmenbered cycloal kyl or

cycl oal kenyl ch may in turn bear Cl-Clo-al kyl groups as substituents, 30
C2- C22- al kenyl , C6-C22-aryt, arylalkyl hayging from1 to-16 carbon atons in
the al kyl part and 6-21 carbon atonms in the aryl part, NR14E2, N(SiR14E3)2,
OR 14r, OSi R 14E3, SiRL4E3, where the organi c radicals RBE-R13E may .al so be
substituted by hal ogens and/ or 't wo radi cal s RBE-R13E, in particular vicinal
radi cal s, n@*fal so be ajeoéaammdepeﬁdahmm ofand aneher, Gilsalkyl, Gevearyimenbered ring,
and/or two vicinal ra 35 |ned to forma five-, six-
or seven-nenbered het ef ¢ {%P§§§h ﬁX§§R I'tast one atom fromthe
group consisting of N, P 0 and S, mhere R14E are identical or different and
are each Clg@to-al kyl js t{%;a ﬁ%l-é)@ll e, -5 Rich-radyYih turn Kebr €4¢€ 2410 ¥pusy

C6- C, o- agyloxy, 40 LU6G é% %FﬁéE ar e qach carbon or not nore than one
EBE to. E° CE is phospfoP §m5?“%?% %ﬁ“xmwyeferably carbon, or the radicals
RAE and Z1E together form-an -R BEV A E group in which 5 RI5E IS RL6E R16E

RISE RIGE ME - M6~ MO wh?m&s i FulHse & ;&saatz&oﬁaz@ 5, R Bo I fro s?stén?'E

- RI6E RI16E RI SE 20 _Ccmey also b?\/@E MZE MZE 877E 817E 817E 817E R17E 817E

=131316E, =8NR16ER17E, =AlR16E -Ge-, -Sn-, -0-, -5-, =SO =5, -=NR16E =CO,

=PR | E ofy Fxélﬁ%gg%%gE%Qﬁygt gﬁ”ﬁﬁ%éﬁ Qﬁdﬁﬁ%gE are,identipal Qr-different

and are eac en atom al'ogen at o trimethylsilyl ‘group, a
Cl- Clo- al kyl group, a Ci-C1- quoroaIkyI group, a '
A'E together with the bridge R'*E can, for example, form an amine, ether, thicether or phosphine.

( ; However, ATE may alsc be an unsubstituted, substituted or fused, heterocyclic aromatic ring
system which can contain heteroatoms from the group consisting of oxygen, sulfur, nitrogen and
15 'pho'spho_rusrin addition to carbon atoms m the ring. Examples of five-membered heteroaryl groups
~ which caﬁ contain from one to four nitrogen atoms and/or a sulfur or oxygen atom as ring atomns in
‘addition to carben atoms are 2-furyl, 2-thienyl, 2-py rrotyl 3-150)(8201)(' 5-tsoxazctyl 3-lsathzazo!yi
S-isothiazolyl, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazoly!, 2—thlazolyl -
‘ —thsazoly[ S-thiazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-3-yl, 1,2,4-. |
20 oxad;azo!—S -y, 1,3,4- oxadiazol-2-yl or 1,2 4-triazol-3-yl. Examples of 6-membered heteroary!
" groups, which can contain from one to four nitrogen atoms and/or a phosphorus atom, are
é-pyridinyl, 2-phpsphabenzoiyl, 3-pyﬁdazinyl,‘ 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-
triazin-2-yl and 1,2 4-triazin-3-yl, 1,2,4-triazin-5-yl and 1,2,4-triazin-6-yl. The 5-membered and
. B-membered heteroaryl groups can also be substituted'by Ci-Cypralkyl, Cs-Cyo-aryl, alkylaryl
| 25 having from 1 ta 10 carbon atoms in the alkyl part and 8-10 carbon atoms in the aryl part,
' trialky!silyi or halogens such as fluorine, chiorine or bromine or be fused with one or more

aromatics or hetercaromatics. Examples of benzo-fused 5-membered heteroary! groups are
-2-indolyl, 7-indolyl, 2-coumaronyl, 7-coumaronyl, 2-thianaphthenyl, 7-thianaphthenyl, 3-indazolyl,
7-indazolyl, 2-benzimidazolyl and 7-benzimidazoly!. Examples of benzo-fused 6-membered |

30  heteroaryl groups are 2-quinalyi, 8-guinolyl, 3—cinnoiyl, 8-cinnolyl, 1-phthalazyl, 2'-q1.iinazoiyl,'
4-quinazolyl, 8-guinazolyl, 5-quinaxalyl, 4-acridyl, 1—phenanthridyi and 1-phenazyl. Naming and
numberihg 61‘ the heterocycies has been taken from L. Fieser and M. Fieser, Lehrbuch der
organischen Chemie, 3rd revised edition, Verlag Chemie, Weinheim 1857,

35 tis preferred that the radicals X& in the formuia (XIV) are identical, preferably fluorine, chorine,
bromine, Cs-Csalkyl or aralkyl, in particular chiorine, methyl or,beniyl.

The synthesis of such compiéxes can be carried out by methods known per se, preferably by
reaction of the appropriately substituted, cyclic hydrocarbon anions with halides of titanium,

AD  zirconium, hafnium or chromiurn.



i when A'E is an unsubsti

C6-C, -fluoroaryl group, a C6-C, -aryl group, a C -Clo-al koxygroup, a 30
C7- Cl15- alkylarﬁloxy group, a C2-Cil-al kenyl group, a Cr7-C4-arylal kyl .group, a
, C8-C4- aryl alHé group or a Cr7-C4o-al kylaryl group or two adjacent radicals:
| together with the at ons connecti ng then1f%én1a saturated or unsaturated ring
having from4 to 15 carbon atons, and 35 E is silicon, germaniumor tin,
_preferably silicon, ALE 19E is -0--S— NRO PR 9E =Q =S =NR19E,, _O R -NR
19E2, -PR19E. 2 or an unsubstituted, substituted or fused, heterocycllc ring
40 system Cgtrle%&e?%céé coRbE R Bed@F 2 le%&dﬁ'd’éﬁé wafroone anot her,
C1- C10- aIkyI C 5-aryl, - C10- cycloalkyl -C, 6-al kylaryl or-
'Si (R20E) 3, R20E i s hydrogen, C1-C10-al kyl, C6- C15 aryl which may inturn
bear Cl-C4-al kyl groups,se5 aﬁf§ubstitUentsﬂor C3- C10-cycloal kyl, v is | or
J;¥ substituted or fused, heterocyclic ring system
icals RAE and R ZE together forman -R SE-
bridge R 5E ngﬁgfor exanpl e, forman amne,
et her, thioether or phos e R"However, y al so be an unsubstituted,
substituted or fused, het roc clic aromatic ring system which can contain
het eroatons fromthe grouﬁ ongit$txEn %Bof oxygen, sulfur, nitrogen and 15
phosphorus in addition to carbon atbis in, the ri ng. Exanpl es of : o
fi ve- nember ed het eroaryl ‘groups which can contain fromone to four nitrogen
1 atons anglor a sulfur o&;ox¥ggn_aton1as,ring_atons in addition to carbon
~atons are€e 2-furyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl,
3-isot hi azol yi, 5 |sot onI, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl,
2- oxazolyl, 4- oxazol kg azetyl, 2-thiazolyi, 4-thiazolyl, 5-thiazolyl,
2 |n1dazolyl 4-i m dazol R m dazol yl, 1,2, 4-oxadiazol-3-yl, 1,2,4 20
oxadi azol - yI, 1, 3, 4-ox c2=yL or 1,2, 4- triazol-3-yl. Exanples of
6- menbered heteroaryl gr Wi R can cont&V).f r om one to four ni trogen
‘atons and/or a phosphor u are 2-pyridinyl, 2-phosphabenzolyl,
3-pyridazinyl, 2- pyrhnrdln pyrinrdinyr,72~pyra2|nyl 1,3,5- .
triazin-2-yl and 1, 2,4 R 3-yl, 1,2,4-triazin-5-yl ‘and o _
1,2, 4-triazin-6-yl. The nbered and 6 menber ed heteroaryl groups can _
'also be substituted by1@i k@ﬁalkyl (6-Clo-aryl, abkylaryl f 25 having from
1 to 10 carbon atomns H% theTal kyl part and 6-10 carbon atons in the aryl--
part, “p\._ trialkylsilyl or halogens such as fluorine, chlorine or bronine
or be fyged with one or .oré - aromatics-or heteroaronatlcs Exanpl es of
‘benzo-fused 5- nenberedRﬁéteﬁb&ryl groups are  2-indolyl, 7-indolyl,
2- coumaronyl, 7-coumaro 2- thlanaphthenyl 74thianaphthenyl 3- |ndazonI

may al so be 0, 10 or the
group. APE together wi

2E

(Xl\/c:), B

25

30
(XIVd).

35

Among the compounds af the formula {XIVa), partlcular preference is gzven to those in which
M'E is titanium, vanadium or chromium,

40 X5 is chlorine, C,-Cg-alkyl, phenyl, alkoxy or aryloxy,



7-indazol yl, 2-benzim dazolyi and 7-benzi m dazolyl. Exanples of benzo-fused
6- menber ed % @ﬁﬁeroaryl groups are 2.quinolyl, 8-quinolyl, 3-cinnolyl,
8-cinnol yl, pht hal azyl , 2-qui nazolyl, 4- qU|nazonI 8- qui nazol ylI ,
5-quinoxa|y| 4-acridyl, 1- phenanthrldyl and 1- phenazyl. Nam ng and
nunbering of the heterocycles has been taken fromL. Fieser and M Fieser,
Lehrbuch der organi schen Chem e, 3rd revised edition, Verlag Cheni e,

Wei nheim 1957. 35 It is preferred that the radicals XE in the fornula (X V)
are identical, preferiabRkynél uori ne, chorine, brom ne, Cl-Cr7-alkyl or-

aral kyl, ingpapkFTubar., ﬁhﬂqgamgeﬁm@péhamyz O twb 888t radiBls RIS RESHS, £F such

conplexes can be carrie known ‘per se, preferably by
reaction of the appF%ﬁWP%?@TWﬁgﬁﬂg¥%?ﬁT€H@Dﬂycl|c hydr ocar bon anions with
hal ides of titanium 40 zirconium hafniumor chromum LU6079 35 Anpng

th tall t to RSE
RIE 5 RAE °ﬁ®§%%§%5@ﬁ§s%ﬁﬁéﬁé@%% h e B SRRRER g T o
R13E MLEXELM(XI'Vb) , s tEBIUR] AEORGE, vaha@dm & aRigEST JPMRGE: Rle  R2E 3E MEXE
(X VO, 25 R&SE \ W% fludrhd EerlRbeE SR, B deb&zWEr twd FadRaB VR idhESEbs ko) - 35

~ unsubstituted butadiene ligand,
t ' is 0 in the case of chromium, otherw;se 1or 2 preferably 2,
10 R'™toR™  are each hydrogen, C4-Cg-alkyl, Ce-Ca-aryl, NR**,, OSIR; or Si(R*); and”
R% to R". are each hydrogen, C;-Cg-alkyl or Cs-Ce-aryl, NR™&,, OSIR™%; or Si(R™), -
or two radicats R'® to R*® and/or R*E to R™E together with the Cs ring form an indenyl or

( | substituted indenyl system. .

"~ 15 The compounds of the formula (XIVb) in which the cyclopentad:enyl radicals are 1dent|cal are

: partlcularly useful.

Examjples of particularly useful compounds D) of the formula (XIVb) include: - .
‘ _ bis{cyclopentadienyl)zirconium dichloride, bis(pentamethylcyciopentadiehyi)z_irqonium dichioride,
20 ‘bis(methylcyclopentadie‘nyl)zir'conium didhioride bis(ethylcyclopentadienyl)éirconium dichleride,
bis(n -butylcyclopentadlenyi)zm:omum dichloride, bls(1 -n-butyl- 3-methyicyclopentadlenyi)
zirconium dichloride, bis(indenyl)zirconiurm dlchloride bls(tetrahydromdeny])z&rcomum dlchlonde _
and bls(tnmethy!snylcyclopentadlenyl)zwcon:um dichloride and also the correspondmg

dlmethylz:rcomum compounds

25
' Particularly useful compounds of the formula (XIVc) are those in which
18E . - .

R s . R15E o R1EE R1SE

' —SsSi — o + —C-— C—
RITE - RITE  RIUE

35  or=BR"F or =BNR 'R,

M*F is titanium, zirconium or hafnium, in particular zirconium, and

X areidentical or different and are each chiorine, C1-C4-alkyl benzyi phenyl or

Cs-Cis-alkytaryloxy.

40  Particularly useful com poundé of the formula (XIVc) are those of the formuia (XIVe')



i

~ ¢otrespondi ng drnethylzrr i
. of the formula (XI'vc) arR th-se Np which RI15E is RI6E R sE R16E 30 Si or

-G G ZI1.51 R17E R17E RL/7E- 3%

AE Among the conpounds of - the fornula (XJVa), particular preference is
given to those in which WE is titanium vanadiumor chromum 40 XE is

chl orine, CLu&sal kyl, phenyl, al koxy or aryloxy, LU6079 36 t is 1 or 2 and
R 1 Eto R5E are each hydrogen or Cl-C6-al kyl or twoe adjacent radicals VIE to
RS5E forma substituted or unsubstituted $enzo group. 5 Anpbng the conpounds

- of the fornmula (XI'Vb), preference is given to those in which ME is

titani um zirconium vanadium hafniumor chromum XE is fl uori ne,
chlorine, Cl-C4-alkyl or benzyl, or two radicals XE forma substituted or
unsubstituted butadiene ligand, t is O in the case of chromum otherwise 1

or 2, preferably 2, 10 RLE to R5E aRe each hydrogen, Cl-Ca-alkyl,

C6- Ca-aryl, NRBE2, OSi RBE3 or S (R8')3 ghd ROE to Rl 3E are each hydrogen,
CI-CB—aIkyI or Cs-Ca-arYl, §ER1 RI4E3 .or 14E Si(R )3 or two radicals
RLE to RS5E and/or WE to Rl with the.C5 ring forman indenyl or
substitused i ndenyl system 15 e.nonpiunds of ‘the formula (XIVb) in mhlch
t he cycl opentadi enyl radicals arge iglentical are particularly useful. .
Exanpl es of particularly usefyl compounds D) of the formla (XIVb) i ncl ude:
1] brs(cyclopentadrenyl)zrrfg ni um di chl ori de, , _ ‘
b|s(pentanethylcyclopentadanyI |rcon|un1d|chlor|de .20

bi s(met hyl cycl opent adi enyl) zi um di chl ori de,

bi s( et hyl cycl opent adi enyl ) zi r donj um di chl ori de, C(xive),

" bi s(n-buPylcycl opent adi enyi ) zi kcponi um di chl ori de,

bi s(1-n-butyl - 3- nethylcyclopéht:orenyl) zrrconlunrdlchlorlde
bi s(i ndenyl) zi rconi um di g, A brs(tetrahydrorndenyl)zrrconrunrdlchlorlde
d brs(trrnethylsrlylcyc, fehenyl.) zi rconi um di chl ori de and al so the

o

pounds. 25 Particularly useful conpounds

BRI BE or —BNR18ER17E

: where . ,
the radicals. R’ are identical or drfferent and are each hydrogen C-Co-alkyl.or 03~C1D-cycloalkyl
| preferably methy! ethyl isopropyl or cyclohexyl, Cﬁ-Czu-aryi preferably phenyl naphthyl or
‘mesrtyi C7~C4g-arylalkyl CT-C4,,—aIkylaryl preferably 4—tert—butylphenyl or3 5-d|—tert—buty!phenyl
20 or CB-C4U-arylalkenyl : ‘

R and R" are |dentrcal or different and are each hydrogen C1-C5-alky1 preferably methyl
ethyl, isopropyl, n- propyl n-butyl, n-hexyl or tert-buty! _ S
andtherings Sand T may be identical or different and saturated _unsaturated or partially

<25 saturated.

The indenyl or tetrahydroindenyt! iigands of the metallocenes of the formula (X!Vb') are preferably

substituted in the 2 oosition; the 2,4 positions, the 4,7 positions, the 2,4,7 positions, the 2,6,

positions, the 2,4,6 positions, the 2,586 positions,_the'2,74,5,6_ positions or the 2,4,5,6,7 positions,
30 in particular in the 2,4 positions, with the fol'lowing numbering applying to the site of substitution:

© 35
Furthermore, preference is given to using bridged bis-indenyl comolexes in the rac or pseudo-rac
form as component D). The term “pseudo-rac form” refers to complexes in which the two indenyt
]igands are in the rac arrangement relative to one another when all other substituents of the
complex are disregarded. '
40



MLE is titanium zirconiumor hafnium in particular zirconium and XE are

identical or different and are each chlorine, Cl-C4-alkyl, benzyl, phenyl or
C7- Cls- al kylé84/Poxy. 40 Particul arly useful conpounds of t he forrrul a (X Vc)
are those of the formula (Xl.Vc¢') LU6079 37/ RIER R 5 R R 15E MX
(XfIve'),. 10 R RT 73E R 15 R ROE where the radicals Rare identical o
different and are each hydrogen, Cl-Co-alkyl or C3-Cts-cycloal kyl, .
preferably mnet hyI ,, ethyl, isopropyl or cyclohexyl, C6-C26-aryl, preferably

henyl, na 7 - aryl ref erabl |
2 tert. but pFJ"ﬁ ’@&8"&%’5@}@-’?&”’3 s, &g%&wﬁ%@% a%%&% Rl aryl ol kenyl,
R5E and Rl3Em8§héls'Iadéfhx“?'%ié)lcmﬁmaﬁj'?'TY@F’@ﬁf"U@ri’df IgFige. disthvisirnediybis( m@xﬂbe al kyl , ,

prefe lr3 abl Iy mbﬂw ﬁlchleﬁcféyBlmeth?@iﬂal’n@ﬁi)/lb:s(téiralﬂijd?tﬂydany!ﬁhrb&ﬁ\yﬂl dictloride xathylddebis-
tert-butyl,, and t _
saturat ed; GHERELF fe@ Zich”'B@rCFC%glr g J@E”e%%m ar{ygﬂrco’z“im%'cglﬁ% § %h\é?ﬂﬁ(g'sor

t et r ahydr oi (tefehydroindeggiriteonim dibldoridet alrdrueliavasiylank- gtmserehdcmbawtsq%mfrqonarre
preferably d;é%?x%&'o‘ida'étﬁﬁ%nhﬁbdﬁyhﬁs(@te?tooiﬂtzw-*s%thy‘}ck)ﬁop%nédEﬁyﬁ)‘zfrdo%% didhidRiad 7
positions, the 0si'tions,
the 2,5,6 p%@?tiwlaﬁged'ﬁm%?’?%b%” 6 GHHW‘?R?H?C’GPY’FH@“W@@'%M% dﬁ%‘% W88 30 in.
parti cul ar big{2-4rieehyhddnydjaisdohiverdichionide hirhdtayidilehddgiisiyisopropdndeng)zappiyi ng to

e site ofuabSLidih Ained) né(ﬁgeﬁ S dEHIDE R e e UGG Bl ven to

conponenf D me’rw.k.nqeérf}ww@%u@j ofnigie qﬁ@ﬁﬁlw's'laé%sfl@s(@@egwhﬁwm@yqlwewﬁ@ewl)t he
two i ndenylzirconium dichioride, dimethyisilanediyibis(3-ethyl-3-isopropylcyclopentadienyl)zirconium dichlo-
' ' ride, dimethylsilanediylbis(2-ethylindenyl)zirconium dichloride, dimethylsilanédiylbis(2-methyl-
( o '4,5-benzindenyl)zirconium dichloride, dimethylsilanediyibis{2-ethyl4,5-benzindenyl)zirconium -
' dichloride, methylphenylsilanediylbis(2-methyl-4,5-benzindeny!)zirconium dichloride, methyl-

15 . phenyisilanediylbis(2-ethyi-4,5-benzindenyl)zirconium dichloride, diphenyisilanediylbis(2-methyl-
4,5-benzindenyl)zirconium diéhioride, diphenylsitanediylbis(Z-ethyM,5-benzindeny()zirbonium )
dichloride, diphenylsilanediylbis(2-methylindenyl)hafnium dichloride, dimethylsilanediylbis(2-me- -

thyl-4-phenylindenyf)zirconium dichloride, dimethylsilane'diylbis(z-ethyl-4-phenylindenYl)zirconium E
dichloride, dimethylsilanediylbis'(z-methyl—df-(1—naphthyl)indeny!)zirconium dichloride, dimethyl-

20 si]anediylbis(Z—ethyl-4—(1-'naphthyl)indeny[)z_irconium dichloride,.dimethylsilanediylbis(24propyl44-
{1-naphthyhindenyl)zirconium dichloride'; dimethylsilanediylbis(2-i-butyl-4-(1-naphthyljindenyl)-

zirconium dichloride, dimethylsiIanediylbis(2-propy1~4-(9-phenanthryljindeﬁyl)zirconium dichioride,
dimethylsilanediylbis(2-methyl-4-isopropylindenyl)zirconium dichloride, dimethylsilanediylbis- -
(2,7-dimethyl-4-isopropylindenyljzirconium dichloride, dimethylsilanediylbis(2-methyl-4, 6-diisopro- '
.~ 25 pylindenyl)zirconium dichloride, dimethylsilanediylbis(Z—methy1-4[,p—triﬂuoromethylphehyl]indeny!)-
C o zirconium.dichloride, dimethylsilanediylbis(2-methyl-4-[3', 5'-dimethyiphenyllindenyl)zirconium

K : dichloi‘ide, diméthyisilanediylbis(2-methyl#-{4‘—tert—buty!phenyi]indenyl)_zirconium dichloride, -

diethylsilanediylbis{2-methyi-4-[4'-teri-butylphenyllindenyl)zirconium dichloride, dimethylsilanediyl-
‘bis{2-ethyi-4-[4’—tert—buty!phenyl]lndenyl)zirconium dichioride, dimethyisilanediyibis(2-propyl-4-[4'--

30 :ter‘t—butyiphenyl]indenyi)zirconium dichloride, dimethyisilanediyibis(2-isopropyl-4-[4'-tert-buty)-
phenyi]indenyt)zirccnium dichleride, dimethyisilanedfy!bis(Z -n-butyl-4-{4 -tert~butylphenyl]mdeny!)-
zirconium dichloride, dlmethyisﬂanedlylbls(z hexyl-4-[4' -tert-butylphenyllindenyl)zirconium
dichloride, dimethylsilanediyl-(2- -isopropyl-4-phenylindenyt)(2-methyl-4- phenyhndenyl)znrconlum
dichloride, dimethylsilanediyl(2-isopropyi-4-{1-naphthyl}indenyl)(2-methyl-4-(1-naphthyl)indenyl)-

35 zircenium dichloride, dimethylsilanediyl(2-isopropyl}-4-[4'-tert-butylphenyllindenyl)(2-methyl-4-[4'-
tert-butylphenyilindenyl)zirconium dichloride, dimethylsilanediyl{z;is'opropyl—4-[4’—tert-butylphenyl]—
indenyl)(2-ethyl-4-{4'-tert-butylphenyllindenyl}zirconium dichioride, dimethylsitanediyl(2-isopropyl-
4-(4'-tert-butylphenyllindenyl){2-methyl-4-{3',5"-bis-tert-butylphenyl]indenylzirconium dichloride,
dimethylsilanediyl(QJsopropy}-4-[4’-tert-buty[phenyl]indeny!)(2—rﬁethyl-4—[1’-naphthyl]indenyl)—

40 zirconium. dichloride and ethy}ene(2-isopropyi-4-[4’—ted—butylphenyl]indenyl)(2-methy!-4—{4'-ted—



| igands are in the rac arrangenent relative to one another when all other
substituentg f the conpl ex are disregarded. 40 LU6079 38 Further exanples
of parti cul y Susef ul catalysts D) (XIVc) and (Xl Vc') include:

di.met hyl si | anedi yl bi s(cycl opent adi enyl) zi4gconi um di chl ori de;

di met hyl si | anedi yl bi s(i ndenyl)- zirconiumdichl ori de,

di et hyl si | anedi yl bi s(tetrahydroi ndenyl ) zirconium di chl ori de, ethylenebls-'
(cycl opent adi enyl ) zi rconi um di chl ori de, ethyl enebi s(indenyl)zirconium

di chl ori de, ble)tIMehﬁjnﬁbh}s zircopiuet diehidnide rant m@de theydojraspoedingdimetiyidicehilar | de,
tetranethyl I i i

di et hyl o | SRa B Sy b B B ORI Uitlarely Fiziintd

di chlori de: complexes are preferably used in the rac form. :
dlnethyIS|Ianed|be|s(3 tert- butyI 5- ethylcyclopentadlenyl)2|rconlum

di chl ori 5|Ia oni um di c i de,
i ot byl 1 SRATP B3 ent PEinssgr RAERTR AP DRT dk e By By [eRefon or ng'

di met hyf si | zppediistilp sesRtutedr dyclButyyitocardensinsiwiib dalidesrpiitarim zirgbeium, hafnium, -

di et hylsi| %ﬂgamhm,o%luwt&%qﬁbhaﬁ'ranmgﬁrmame&%péypwagﬂelar Hafif methods are

di met hyl si | anediy ﬂ 5-met-h yclo ent ad Sy - _zirconium
di chl'ori de, descnbed inter alig, in Journal of Organometai Chemistry, 369 (1 8%), 358-370.

dlnethyIS|Ianed|be|s(3 et hyl - 5- |sopropylcyclopentadlenyl)2|rconiun1dichlo-.,
ride, d t I chl ori de, '
d|nethyhg?lg¥£§h]fﬁgﬂjg$p %ﬁéi&&gyé}beﬁgyﬁ%éktﬁ ng%%%!UH]dICh|Orlde
dlnethyIS|I%nedﬂ?ﬁ%ﬂ%@?féEﬁVPm4m55ﬁéH%ﬁﬁﬂ@ﬁyP?%lrconlun1 di chl ori de,
2t hyl phenyt®si | anedbrink bt s¢. 2k bdprenyt obiwh eaddardenyth k ZustQiidwrutiubitinesd de,
- met hyl 15 “buP dengl nIanedlylbls(2 et hyl - 4, 5- benzi ndenyl ) zi rconi um
dichl ori de, ™ Heﬁ§ﬁ5|laned|ylb|s(2 nethyl- 4, 5- benzi ndenyl ) zi r coni um
di chl ori de, dlphenyIS|Ianed|be|s(2 et hyl - 4, 5- benzi ndenyl ) zi r coni um
di chl or kgle,g'e phenyl si | anedigydEbi s( 2- nethyllggﬁmy mﬁnlun1d|chlor|de
di met hyl si | anedi yl bi s(2-ne- |t hyl -4-phenylin f yl)ilrconlun1d|chlor|de,
“di net hyl si | anedi yl bi s(2- et hyl - 4-phenyl i ndenyl) zi reconi um di chl ori de
di met hyl si | anedi yl bi s(2- met 8yl=2- (&F nap h%hy$}+ﬁd@ny+)2|rconlunldlchlorlde
-di met hyl 20 S|Ianed|ylb|s(21ethyl 4- (1- napht yI)| denyl)2|rcon|un1 '
di-chl ori de, dlnethyIS|Ianed | bi s(2-propyl -4 a pht hyl )i ndenyl ) zi rconi um
di chl oride, dinethylsil aned{‘y‘? bi s(2-i-butyl RHE(lm%tht hyl)indenyl)-
zirconizon di chl ori de, _
dlnethyIS|Ianed|yL$% ﬂ#hﬂﬁ (9--phenant hryl )i ndenyl ) zi r coni um o
dichloride, di et IS|Ianed|be|s(2 met hyl - 4- |sopropyI|ndenyl)2|rcon|um
. dichloride, dlnethyIS|Ianed|be|s- : ~
(2 7- di et hyt - 41§sopropyLngen¥l)Z|rconLanJM hiori de gt :
|nethyIS|Ianed|be|s(2 nethyl 4,6-diisopro pyl i ndenyf) zirconium.
‘di chtori de, _ _ _
8inethy2%|laned|ylb|s(2 nethyl 4] p-trifluoromet hyl phenyl ]i ndenyl)- zirconium

L. chloridey is 1 or 2, preferably 2, - o - . . . ‘
(dtnethyIS|Ianed|be|sF2 methyl -4-[3', 5' -di net hyl phenyl ] i ndenyl ).zi r coni um
dichl ori de,

~dinet hyl si IR& e dR*S/Arioi R EFermtﬂnWdrrzgehAC1-®1e~alkylmJ@fyliaplwwyﬂy] |Q&@edagz/bl)3a!ksrl coni um
di chlori de, -Cys-aryl, NR™; or Si( R )3, OF two adgacent radlcals form a cyciic group havmg from 4 to
dlethyIS|Ianed| fbls ﬁ -Q -ter q} pt en¥lilngeq¥£ nj_um
di chl ori% de, %ﬁ?fP%q qataxﬁ%d'flsmpam wlar preference oeing given 1o all eing

bi s(2- et hyl - 4- [ #etiyert - butylpheny(]lndenyl)2|rconlun1d|chlor|de
di nmet h. yl si | anedi yi bi s(2-propyl - 4- [4 30 tert- butylphenyl]lndenyl)2|rcon|um

di chl oride, dinethylsilanediylbis(2 |sopr\P '-teit-butyl - ,
phenyl ]i ndgﬁ?pgi%yr%@‘ﬁﬁqgmp@p(%[pbq\fltr&é‘ormula {Xi d%/ are dzmethy!srlanedzyl(tetramethylcyclo-

di'met hyl si baneknyl)esfyRmhoridnilm dichidide! @methpsiayephenphktidgmpedtadienyl) tert
35 butylamino)titanium dichloride, dimethyisiianediyl(tetramethylcy'clopentédienyl)(adamanty&)-
titanium dichloride and dimethylsiianediyl(indenyl)(tert—butyiamino)ﬁtanium dichloride,

Another group of compounds of the formula (XtVd) which are particularly usefui are those in which
M'® s titanium, vanadium.or chromium, preferably in the oxidation state lil, and
40 ' '



LU6079 39 butyl phenyl j i ndeny

zi rconi um di chl ori de, ‘ o
dlnethyIS|Ianed|be|s(2 hexyl 4-[4'-tert-buty|phenyl]indenyl)zirconiun1

di chl ori de, LU8079

di met hyl si | anedi yi - ( 2- |sopropyl 4- phenyllgdenyl)(Z met hyl - 4- phenyllndenyl)2|
rconium dichloride, .

di et hyl si | anedi yl ( 2- |sopropyl 4- (1 naphthyl)lndenyl)(z nethyl 4-(1-naphthyr
Yindenyl) 35 zirconium dichloride,

di met hyl si Iﬁmed'.xlcﬁlgmesc@pé Wb ﬁﬁe[]ﬁorﬁ%rrgdi@&t)&dfl%}ﬂ?é‘é’dblshtﬂgﬁ’ey syl - 4- [

4" - tert-butyl g hengl]ln enyl’)zi rcont um di chi or

di met hyl si | r@ﬂ 1sopropy| 4-[4' -tert- butylphenyl] '

i ndenyl ) (2-ethyl-4-[4"-tert- butyIphenyl]lndenyl)2|rconlun1d|chlor|de

di et hyl si | gmediyl (2- i sopr oy - R6E  R16E

4-14' -tert- butylphenyl]lndeqyl)(z nethyl 4- [? 5' bis-tert- butylphenyl]lnden

yl zi rcorfi um di chl or.i de,

dlnethyIS|Ianed|yI(2 |sopro§yr"1 [&r- terr‘bd?ytphéhyfjlndemyl)(2 nethyl 4-11
" -napht hyl ]i ndenyl ) 40. 2|rcqn|un1d|chlor|de nd -
et hyl ene(2-i sopropyl-4-[4'-te %t butyIphenngTFde?g (2-nethy|¢4-[4'-tert

) zi rconi um di chl ori ., and al so the

correspondi ng di net hyl zi r coni um zi rconi um nonochl ori de _
nnno(alkglaryIOX|de) and zjrseoni um di«éalky! aryl oxi de) compounds. The

conpl exé$ are preferably uéﬁd in;th%{rﬁ% form 5 Such conpl exes can be
synt hesi zed by net hods kno per se,| prieferably by reaction of t he

propriately subst i tut ed;$eycl i c EdFécar bon ani ons with hal i des of
KPtanlun1 zirconi um hafnlb vanadi um niobium tantal um or chromnium

- Bxanpl es of appropriate pr%paratlve methods are described, inter alia, in

Jour nal - of Organonetallic Chenlstry 369 (1989), 359-370. ‘10 Particularly

- usef ul %anounds QIE% & for QQOVﬁ) are those in which ME is titanium

or zirconium in’par cdY a n|un1 and XE is chlorine, - Cl-C4-al kyl or

phenyl or two radicals X forn1a substituted or . unsubstituted butadiene

~ligand, i>a"15 RIQB R'S RRSE, BRSE d?%ﬁﬁndubéutut& subs@flted(er fsed, hbtelociRlid fn RL7E

R17E: 20 or -=BR 15? or gPNRiSERl?E Al O-S-or NRIOE 25t is 1 or 2, ..
preferably 2, R EATGRIBCLRPEE NpsY ﬂﬁh hydrogen, C,-Clo-alkyl, preferably
met hyl , C3- Clo cycl oal kyl., C5-Cl5-aryl, NRGE2 or Si(R8)3, or two adjacent

r adi Cal forma. ?syf%r'w%eg AW&a#QP@uBﬁthéoO Qﬁb@tltb@d oPisad? h&ar mggs'@em%atyh

'_partlcu ar prefe%egcg elng given to E to R3E and SE be ng

‘R to R* and R are each hydrogén, C1-Csg-alkyl, C3-Crg-cyaloalkyl, Cs-Cs-aryt or Si(R™)s, or
§ two adjacent radicals form a cyclic group having from 4 to 12 carbon atoms. '
2 : R | .
.'!n a préferred embodimént, A'€ is an unéubstituted , substituted or fused, heteroaromatic ring
sy_étem and M' is chromium, Very parﬁcu]ar preference is given to A'F being an unsubstituted or
substituted, é.g..alkyl—substituted quinolyl or pyridyi bound in position 8 or 2, e.g. 8-quinolyl, 8-
(2-methylquinolyl), 8-(2,3,4-trimethquuinbly!), 8-(2,3,4,5,6,7-hexamethylquinolyl), v being 0 and
30 M being chromium. Preferred catalysts D) of this type are 1-{8-quinolyl)-2-methyl-4-methylcyclo-
pentadienylchromium(ill) dichioride, 1'-(S-quinoEyl)-a—isoprOpyi-S-methylcyclopentadienylchro‘-
rhium(lll) dichloride, '1-(8—quinoiyl)—3-tert—butyl~5-methy!cyclopentadienyicﬁromium(HI) dichleride,
1-(8-quinalyi)-2,3,4,5- teframethylcyclopentadienylchromium(ll!) dichtoride, 1-(8-guinolyl)tetra-
hydromdenylchromlum(lIi) dichloride, 1-(8-quinolyl)indenylchromium(ill) dichloride, 1-(8-quinolyl)--
35  2-methylindenylchromium(lil} diCthFlde 1-(8-quinclyl)-2- lsopropylmdenylchromtum(!H) dichloride,
1-(8-quinoiyl)-2-ethyfindenylchromium(lil) dichloride, 1-(8-quinolyl)-2-tert-butylindenylchromium(lit)
dichioride, 1-(8-quinolyl)benzindenyichromium(ll‘i) dichloride, 1-(8-quinalyl)-2-methylbenzindenyi-
chromium(lll) dichioride, 1~(8-(2-methylquinolyl))-2-methyi-4-methylcyclopentadienylchromiumill)
dichloride, ’l—(8—(2-methquuin_olyl)—2,3,4,5-tetramethylcyclopentadEenylchrbmium(lII) dichioride, 1-
40 (B-(2-methylquinolyl))tetrahydreindenyichromium(il) dichloride, 1-(8-(2-methylguinolyl})indenyl-



methyl . Particularly useful conplexes D) of the fornula (XIvd) are

dinethyIS|quﬁﬁg¥l(tetranethylcyclo- pent adi enyl ).(bénzyl am no) titani um
di chl ori de hyIS|Ianedlyl(tetranethylcyclopentadlenyl)(tert- 35
but yl am no)titanium di chl ori de,
dlnethyIS|Ianedlyl(tetranethylcyclopentadlenyl)(adanantyl) titanium
.dichl oride and di met hyl silanediyl (indenyl)(tert-butylam no)titanium -
di chl oride. Another group of conpounds of the formula (Xl Vd) which are

parti cul ar | yehiwsefmill) aiti@oridB 05 &-AnsthilgtinolylyLEmetyindbamihtomiu@n adhiondeo n-(8-(2-
Chiorine CriciERely 'f'sépmgﬁﬂen@%hr?mm%?'ﬁ‘ﬁch\aﬂhe Sesta a2t dsr
unsubsti t ut eﬂdfchrbmtuaﬂif)edmclnﬂga?ﬁ@-(zﬂmlqu@olmv -2itgE-DRYBEeRIIBRngumii) dlcgpndeoﬁ— G

C RI7E R17E (feth %ﬂ&nm 11y dicHleridd & f=(81(B-rithyTBRSOB-Rhethyi-
=BNR16ERNE @ %Q”B%QE éz P BEZ gr aﬁEﬁ#subéemFutg sabstltuted

or fused, hé?@?%%Q@??%“mq‘”)dﬁﬁ ff%ul ar het eroaromatic, ring system 20V is

1.or when AlE is an unsubstituted, substituted or fused het erocyclic ring

t 4E;
Lranmy gg@%&e ik h %e%%'ée w%é%gﬁrﬁef&@ﬁ& 1?@'9&&8%@@;&6%3&?2@ s
cyclic groupHiaviong 2fP|h%‘M'E‘4‘etabd ﬁ ‘%Hﬁbozna@tc@ﬁ’ﬁo“r% in ‘t’f“‘F"'rf& pf eHerG(elds)z or

- enbodi nent , SR&CH:la Ferids"aie unaubeiisted bedudstitutediDg tihdly bechsabstitutaedt suttttueaar omatic
ring sy&f ghﬁg VE is chromium Very particular preference'is given to Al5
bei ng an un tituted or substituted, e. g. alkyl-substituted quinolyl or
pyrldyl bound in position 8 or 2, e.g. 8-quinolyl, 8- (2-nethylquinolyl),

(2,3, 4- trWﬁ@ﬁr@ﬁéréﬂé’n'&Qidéh}uncﬁjnél?cy&oﬂsr@ad%n?l nb@@am Eéélnqkblb\m)ﬂoyia Jong ¥mbei ng O

'i‘ﬁ? - qui nol JFES SR AP b PRSA Cy e TR T ORS CReCRTY F Y THEEHTSES de,
1-'( 8- qui nol gl p-CheinsByr (OpIA) - ROMASARR CY ¢l dpBrRhAI %!nlytblcﬂgnroé Criraet( Chem). (1995

- dichlorife, 500 175-185,
. 1-(8-quinolyl)-3-tert-butyl-5-methyl cycl opent adi enyl chromi un(111)

_dlchlorlde 1-(8-quinolyl)-2,3,4,5- tetranethylcyclopentadlenylchronlun(R))
di chl ori de, THe fh&salpumpiekas) mtpettrcalar Mydhrrommdmyiptehesomrtma(dutanr)eddt Ehh‘(phalmhﬁner

, 1- ( 8- qui nol Myl r)e!aéms ﬂbé'a%BFoBFQté’ﬁﬁ(e a‘ ée)lts CL;I ézme‘t)ar bﬂ&lde; \A(ltﬁ'tl%qugf?d éﬂ c)n e.d. using
methods anatogous to the examples in DE-A-19710615). :

20° | . |
Further suitable catalysts D) include metallocenes having ‘ét'leést- one ligand which is formed from
a cyclobe—ntadienyl or heterocyclopentadienyl and a fused-on heterocycle, with the heterocycles

- preferably being aromatic and containing nitrogen and/er sulfur. Such compounds are described, ,

for example, in WO 88/22486, These are in. particular dimethylsilanediyl(2-methyi-4-phenylinde-

25 ny_l)(2,5—dimethyI~N-phényl-4—azapentaiene)zirconium dichioride, dimethylsilanediylbis(2-methyl-4-
phenyl-4-hydroazulenyl)zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-phenyi-4-hydroazu-
ienyi)zirc'oniu.rﬁ dichloride, bis(2,5-dimethyl-N-phenyi-4-azapentalene)zirconium dichloride or
(indenyl)(2,5-dimethyl-N-phenyi-4-azapentalene)zirconium dichloride.

30 Further suitable catalysts D) are systems in which a metallocene compound is combined with, for
exampie, an inorganic oxide which has been treated with zirconium alkoxide and subsequently
chiorinated, for examplé by means of carben tetrachloride. The preparation of shch systems is
‘described, for exarnple, in WO 01/41320. ' | '

35  Other suitable cafélysts D) include imidochromiurm compounds in which chromium bears at least
one imido group as structural feature. These compounds and their breparation are described, for
example, in WO 01/09148. - '

Further suitable components D} include fransition metal complexes with a tridentate macrocyclic

40  ligapd, in particular substitutéd and unsubstituted 1,3,5-triazacyciohexanes and 1,4,7-trlaza-



35 2-met hylindenyl chrom un(!111) dichloride,

1- (8-quinolyl)-2-isopropylindenyl chromun(ill) di chl ori de,

1- ( 8- qui nol MPE%L et hyl i ndenyl chroni-un(111) dichl ori de,
1-(8-quinolyl)-2-tert-butylindenyl chrom up(ll.l) di chl ori de,

1- (8- qui nol yl ) benzi ndenyl chrom un(I11). di €hl ori de,

1- (8- qui nol yl ) - 2- met hyl benzi ndenyl - chrom un(i (1) dichloride,

1- (8- (2-met hyl qui nol yl')) - 2-met hyl - 4- met hyl cycl opent adi enyl chromi un(ill)

di chl ori de, cyciononanes ln the case of this type of catalyst, greference is likewise glven to chromlum o

i Chi or | o, AP0 8 STl 571 62 P ANV BPOI g -PHEBHPRe | 1)

di chl ori de, ctireBm(t@shiveitidry 1,8 Giti{elhyi)-) )315Huma9ﬂc!ohu@®é’]9hrdmlurrcthcl'(bmietrﬂ BI5¥)

di chl ori de, ( )
di chl ori de, tr%m(@ 5 %H%&%%%g%@r? r-%qtrg?ﬁs)g%r Qn"d@%&g%@? helr%or?ﬁ!%El 111)
di chl ori e, C&C'Oﬁﬂsxaozmrewm tHenigTiee W‘ﬂ 1,555 @f%y%yI)ﬁd%S tfﬁW%H?WWFW'W

di chl ori de, trithibe( 2- met hyl qui nol yl ))-2-tert-butylindenyl chromiun(l11)

di chl oride, 1- (8-(2-nethyl quinolyl))benzindenyl chrom un(I11) dichloride or
1-(8-(2-methyl quinolyl))-2-nmethyl 7 5 benzi ndenyl chrom un(l11) dichloride.

Fur t her nor e FUS\ sigfablocatiiesteBbweder qrreplarernFionm mprlebepieresevingt ghstane figand
conmpounds |sﬁmpbﬁﬁugguyadx@( CH=CH or 1, 2-phenyl ene and AlE is NR19E2, and
conmpounds in which RI5E i's CH2. C(CH3)2 or Si(CH3)2 and AlE is
unsubstituted or substituted 8-quinolyl_.r unsubstituted or substituted 2 10

pyridyl, The preparati @ of such fuméti'pnal cycl opentadi enyl i gands has
been known for a | efig ti-ne. Various hetic routes to these conpl exing
|{_gands are describedj~for. exarTﬁIe ‘Enders et al. in Chem Bar.

(f1996) , 129, 459- 463 P. Jutg“gn ¢ Sieneling in J. Ognet. Chem
(1995), 15 500, l?L?S 185. The et al, | exes, in particular the chrom um
conpl exgg, can be obtaRrfied in a sﬁ‘rpleﬁmnner by reacting the approprl ate
‘nmetal salts, e.g. netal chlorides, with the Iigand anion (e.g. using .
met hods anal ogous to thel exanpl es in DgnyA-19710615). 20 Further sui'table :
~catal ysts D) include et aI | ocenes. having at |east one |ligand which is.formed.
from--a cycl opent adi enyfi" or heterocycl nt adi enyl and a fused-on , ‘
~heterocycle, with tRkpe‘_let erocycles prefer ably bei ng ar ic and containing
nitrogen and/ or sulfu Such conpoun descri bed r exarrpl e, in WO
08/ 22486y These are |,PrEpart| cul ar di®rethyl si-l aneley?f hyR%%- phenyi i nde
" 25 nyl) (2, 5-di met hyFR&phenyl - 4R1&z pertail ene) zi r coni ur ,
~ di net'hylsi | anedi yl bi st et hy! - nyI 4- hydr ggZul e rcopi*tim
dichloride, dinethylsillanediyl bIRS(Z- 5| - 4- phenyl R
-l enyl ) zirconium di chl or{ de, ¥e! :
bi s(2, 5-di met hyl - N- phengf - 4- azapent al*ere) Ell rcomRUm d| chI ori de ®2r5F _
(i ndenyl ) (2, 5-di met hyl - N- phenyl - 4- azapent al ene) zi rconi um di chl oride. 30 :
‘Furt her 25ui t abl e cat-al ysts D) are systeﬁ% in which a nmetall ocene conpound is
‘({anl ned with, for e le, an morga*yp oxi de which has been treated with
Zi:r coni um al koxi de an Subsequent | y l"'ori nated, for exarrpl e by neans of
carbon tetrachloride. The preparation of such systens is

‘where the transition metal is sejected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo,

~ W, Fe, Co, Ni, Pd, Pt and the elements of the rare earth metals. Preference is given to
30 compounds having nickel, iron, cobalt or palladium as céntral metal. -

EF is an element of group 15 of the Periodic Table of the Elements, preférably N or P, with
particular preference being given to N, The two or three atoms E' in a molecule can be identical
or different, '
3%
' rThe radicals R'F to stF which may be identical or different wnthm a hgand systern XV to XX, are
as follows:

R and R¥ are each, independently of ene another, hydrocarbon radicals or substituted
40 : hydrocarbon radicals, preferably hydrocarben radicais in which the carbon atom



described, for exanple, in WD 01/41920. 35 Ot her suitable catalysts D)
include im q—?f%pf??m um conpounds in which chrom um bears at |east one imdo
group as str feature. These conpounds and their preparation are
descri bed, for exanple, in WO 01/09148. E%thhe'r- sui t abl e conponents D)

i ncl ude transi tion netal conplexes with a tridentate macrocyclic 40 |igand,
in particular substituted and unsubstituted 1,3,5-triazacycl ohexanes and
1,4,7-triaza LU6079 42- cyclononanes. In the case of this type of catalyst,
preference is |ikewaggcet e diomshEd I Hond ©aphe v@scarinef@is ed catal yst's of
this type are [1,3,5-tri(nmethyl)-1,3,5-triazacycl ohexane]- chrom um,
trichloride, l[1 3, 5 tri(ethyl)-1,3,5-triazacycl ohexane] chrom um tri chl orlde
[1,3,5- tri (F?ocanyila . dre Ba@), tnﬂema@ykzlomm]erchymeum hydrocarbon radical or a .

trichloride, [1,3,5- Etﬁt!sﬁtg@g(ﬁ Mbéargon:'}aécgtl Mh@?eaR%aWﬁqF%@%@Pﬁ]ﬂfé’lé&ﬁ}n‘r’mmg :
trichloride and [1 enz -triazacyci ohexane]chrom um

; .
trichl orPde. Furt herSE?J”? 'E‘zi% DEéf’gim9r§?’§teE5)at°§Tsema fR§Preselinpl e, transition

netal conplexes with at least one ligand. of the formulae XV to XIX, 10 R F

N R ARG e Rl St gt sl R L BRRIGT TN

\E.F 20F 24F RI7F BRrwegpnpdcRlr | - ReF H 1 911E EResF 25 R eF

10 REF and R™" are each, independently of one another, hydrogen, a hydrocarbon radical or a

substituted hydrocarbon radical,
where R* and R* or R¥ and R¥ may together also form a ring system,

15 R - are each, independently of one another, .hydrogen,' a hydrocarbon radical or a
-~ substituted hydrocarbon radical, where two R may together also form a ring

system, .

R and R™" are each, independently of one another, hydrocarbon radicals or substituted

' 20 : ~ hydrocarbon radicals,

5.

R"™, R, R and R™" are each, independently of one another, fydrogen, a hydrocarbon
radlcal or a substituted hydrocarbon radical, where two or more geminal or vicinal -
radicals R”A Rm " and R may together form a ring system,

R'F and R' are each, independently of one another, hydrogen, a hydrocarbon radical or a

substituted hydrocarbon radical,

R'™ and R are each, independently of one another, hydrogen, a hydrocarbon radical ora

3 substituted hydrocarbon radical,

R' and R*" are each, independently of one ancther, C,-Cag-alkenyl, Co-Cao-aryl, alkylaryl having
~ from 1 to 10 carbon atoms in the alkyl part and 5-20 carbon af_oms in the ary! par,
where the organic radicals R** and R® may also be substituted by halogens,

R?. R* are each, independently of one another, hydrogen, Cy-Cag-alkyl, Co-Cag-alkenyl,
Ce-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the aiky! part and
6-20 carbon atoms in the aryl part or SiR* 5, where the organic radicals R*"-R*f

may also be substituted by halogens and two vicinal radicals RZQF R** may aiso be

40 joined to form a five- or six-membered ring and



~ - XVil XM 1l XI X where the transition netal is selected fromanong the
elenents Ti, Zr, H, Sc, V. Nb, Ta, Cr, Mo, W Fe, Co, Ni, Pd, ‘Pt and the
el enents of LAY are earth netals. Preference is gi ven to 30 conpounds
havi ng' ni ckel, iron, cobalt or palladiun1§f central netal. EF i's an el enent
of group 15 of the Periodic Table of the enent s, preferably Nor P, with
particul ar preference being given to N. The two or three-atons EF in a

nol ecul e can be identical or different. 35 The radicals RF to R25F, which
may be identical or different within a ligand system XV to XIX, are as’
follows: RIE,and R4F are each, inde enden%i‘ie of one_anot her, hydrocarbon
radi cal s or Rsubstl tﬁ@@ﬁCM@dﬁWS‘@%{ B 9 gQYCEOQeﬁr%T%%ﬂéwych?ﬁra%@F bon.
radi cal s in which tbgCganbonlatanynhblDfEn 48 10adit@e ettknstiothe tkyiqlag ren6-28F | S

bound to at Ieast tun,garhon,alonp oR2k ANY-FER Rrengaslh d BRSREMIEY. Of

one anot her, hydrogen, SR Fadi cal " or ‘a ydrocar bon

radi cal , 5Wnere R 2FOodidnes fﬁb@[@t her may also forma ring 5 systemin which -

one or nore heteroatons may be" present R6F and RBF are each, |ndependently

of one anot her, hydracarha adi c subst, .t c rbon adlc s,

T e e R A e iRy = R b e aRn e 5!

hydrocarbon radi calamgr a substltuted hydr ocar bon radi cal, where RG6F and R5F
‘R8F :and R9F nmay t oget her also forma ring system 15 R7F are each,

|ndependently of one anot her, dro a_hydrocarbon radical or a

substltJPedyhydrocdﬁﬁﬁwuﬁﬁﬂﬁ%ﬁp ggﬂanB ‘F may together also forma ring

system R70F and Rt4F are each, independently of one another, hydrocarbon

Rad' cal s Orpéﬂéc?fé%&tx%gfﬁ‘{‘ranﬁ egél%ﬁ} Q&@ aFé’ﬂ‘tﬁ e%ehla§|n ?échcJ i, » )J?ELEtajs%Entﬂa?F' 13F

|F, R are eac epen one dr ogen
hydr ocar bonmetkaiK caMaipipg &Q@Hbéftth‘% ferraga ﬁ?’ér%&%iﬂlﬁbﬁ e"ﬁ&?ﬂ%ﬁlg“’e(}\}?é?@“"le\m or nore
gem nal or asdntHigxas of Niatkdalgs RIt A, R12A, R12A° and R13A may together form a
ring system 25 15f I'F Rand R7 are each, independently of one another,

hydr ogen a hydrocarbon radical or a substi t ut ed hydr ocar bon radi cal ,
di(2,6-di-i- propy|phenyl) -2,3- dimethyldiazabutadienepalladium dichloride, di(di-- propylphenyl)-z 3.

_ d:methyldiazabutad.enemckel dichloride, di(2,6-di-i-propyiphenyl)dimethyldiazabutadiene-
' _c_hmethylpalladtum, d;(2,S-dl-l-propyiphenyl)-z,3-d|methyldlazabutadlenedtmethy!nlckel, di(2,6-
: dimethylphenyl}-2,3-dimethyldiazabutadienepalladium dichloride, di(2,6-dimethylphenyl)-2,3-
20 dimethyldiazabutadienenickel dichloride, di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadiene-
dimethylpalladium, di(2,6¢dimethyiphenyi)-2,3—dimethy!diazabutadienedimethylnickel, di(2-methyl-
'phehyi)-Z,3—dimethyldiazabutadienep'allladium dichioride, di(2—methylphen'yl)-2,3-di'methy§diaza-
butadienenicke! dichloride, di(2-methylphenyl)-2, 3-dimethyldiazabutadisnedimethylpalladium,
- di(2-methyiphenyl)~2,3-dimethyldiazabutadienedimethylhicke], dipﬁeny?l—?.,3-dimethyidiazabuta-
- 25 dienepalladium dichloride, dipHenyi—Z,3-dirhethyldiazabl__ltadienenicke[ dichloride, diphenyl-2,3-
 dimethyldiazabutadienedimethylpalladium, diphenyl-2,3-dimethyldiazabutadienedimethyinickel,
di(2,B-dimethylphenyl)azanaphthenepailédium dichloride, di(2,B-dimethylpheny!)azahaphthene-_
nickel dichloride, di(2,6-dimethylphenyl)azanaphthenedimethylpaliadium, di(2,6-dimethyiphenyl)-
- azanaphthenedimethylnickel, 1,1’-bipyridylpaliadium dichloride, 1,1'-bipyridylnickel dichloride,
' 30 1,1’-bipyridyl(dimethyl)palladium, 1,‘1’—bipyridyl(dimethyl)nickel. -

‘Particularly useful compounds (XIX) also include those which are described in J. Am. Chem. Soc.
120, p. 4048 ff. (1998), J. Chem. Soc., Commun. 1898, 849, and WO 58/27124, Ef is preferably .
nitrogen and R'™" and R*F in (XIX) are preferably phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-
35  methylpheny], 2,3;, 2,4~ 2 5- or 2,6-dimethyiphenyl, -dichlorophenyl or -dibromopheny!, 2-chioro-
_6-methylphenyl, 2,3,4-, 2,3,5-, 2,36 2,4,5- 24,6-o0r 3,4,5-trimeth5}!phenyl, in particufar 2,3- or
2, 8-dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or -dibromophenyl and 2,4,8-trimethyl-
phenyl. At the same time, RF and R* are preferably hydro'gen, methyt, ethyl, n-propyl, isopropyl,
n-butyl, tert-bufyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl, 'm'particular hydrogen or
40 methyl. R*" and R™ are preferably hydrogen and R™" is preferably hydrogen, methyl, ethyl or



R16F and R17F are each, independently of one another, hydrogen, a
hydr 6carbon radi cal or a 30 substituted hydrocarbon radical, RL9F and R25F

~are each, irl_rajé%gndently of one anot her, C2-C20-al kenyl, C6- C20- aryl,

al kyl aryl. having from1 to 10 carbon ato in the al kyI part and 6-20
carbon atons in the aryl part,, where the organic radicals RL6F and R25F
may al so be substituted by hal ogens, 35 R20F R24F are each, independently of
one anot her, hydrogen, Cl1-C al kY1, C2-C20-al kenyl, zo- Cb6-C20-aryl,

alt kyl aryl t E%Hérﬂfg irf FeRIELIAr rwaroéQn GREBRACAE gn& tb'&oﬂhﬂ@xe@'oﬂﬁ% n@aa{dg xemhtrﬁhgo car bon
atons i-n

" also be subgrtaf’st'%f‘é’ge?%it/%rc:rglo(?@ahg pfﬁﬁmg(/\%e Pla'&‘*‘r"fﬂlpg%mag‘i?g? %‘VWﬁl@%&E ngg almgg |

be 40 | oi nedidrebisddiacthylptenyioningiron diehtdvide, &cb-didaetyipa ndindbidgD ¥, 8- trifethyRBEFyl-ar e
each, i ndep%ﬁ%%i&’ch@nd @}Q&H | Fldméﬁ@ﬁ 919@'9—6 n%tﬁﬁ%gnﬂm [’Dl‘l ﬁlggga §|6L%?—ny|

C6- C20-aryl or al havi n carbon atons’in

t
and 6- 205" caPHUN AP ﬁﬁmﬁ@pwnvwsnr%@cwﬁe A PR B i N

joi ned to fehenyimihé)irer didhidie I, 6cpyrBmbaiERtoxaidaigydebis( S-Msapropliphanyliching)hen corrpl ex ’

~of the for mch or(c?&%&d%%t@&rﬂ%ﬁ@ig(gved Mgtﬁ)h;gg ﬁq“l(%ﬂ f!{dléhior%de,lfé]gxac}eq n!:ilﬁe-

i nt eger from Fanst ¢l on
conpl exes aPé( &%gl@eml\?hmlmée)c@?ﬁ dNNOF'EF@dZérdlapﬁ’fy|a§'d€@hf§(r259h'0rm%mt“v@h@ﬂ-

‘contai ni ng tnhlﬁl@)ﬂﬂ)‘é]t @lf:hi&rhi@ i@E:l%étﬁp)(rmla|S(E’@fcﬁlécﬁ‘akﬂpﬁlbhéwﬂﬁlﬁé)8cﬁ‘t§éﬁ GlcBlofdey €N to‘

dii mne 10co

i (2. 6 d0° T TR BRop B e AU o B Ul R PP oI PRI e,

di (di-i-pr opgdepia@rﬁydl&GFﬁqrﬁwhmVWBmhL@bmf@mmd%d| eneni ckel dichloride,

d;(2 6-di-i- propyl phenyl ) di net hyl di azabut adi ene- di net hyl pal | adi um
i.(2,6-di-i-prop hen 2, 3-di et hyl di azabut adi enpedi met hyl ni ckel 2, 6-
Gt hyl pheRYTPRONBEE PHBd i GFagab bt Lot G EUaY Tl s (HAEH s cormplbxes o

di' (2, 6- di mebdyiepdred) ydr exén@e, 20mdiuhstihgd aivagbbtittad saingaidaiyeds ahd phineryiaddnes,

G20 deer I RE TS GG AR S R e R B

di (2- net hyl avmsawpwqe@efafqawétsr\n hama%“@m bapareldne a%ﬁa BerapRaioand. dhe,

- di (2- net hyl pheRyinionZr Sedinsehbyl ghioazen dustadsenadatiets 0oji chl ori de,

di (2- met hyl phenyl') - 2, 3- di net hyl di azabut adi enedi net hyl pal | adi um
di (2- net hyl g?enyl ) - 2, 3-di net hyl di azabut adi enedi net hyl ni ckel ,
di phenyl - rtﬂ'ﬁh@mm@ﬁ staiieeacatdysth Rinegideltzegr wiice navsl Rifeintade, or tridentate

“di phenybg 2 %e@'tlﬁ@?'ﬁb(dsdln%&bﬁgtaﬁ@ %ﬁ@fﬁn‘?ﬂf@'an diheludtibilR linikHdRH 8NYrhing ofamide

1l ene

G ey 2 % %”ﬁ%&wna?eagﬁfﬂﬁﬁéﬁ? @Bl exeridine

Such combmat:ons of components A) and D} enable, for example blmodal products to be pre-
o ‘pared or comonomers to be generated in situ. Preference is given to usmg at least one mono-
25 cyclopentadlenyl complex A) in the presence of at least one catalyst D) customary for the poly-
merlzahon of olefins and if desired, one or more activating oompounds C). Herg, dependmg on
:the catalyst combinations A) and D), one more activating compounds C) may be advantageous.
The polymerization catalysts D) can likewise be supported and can be osed simultaneousty orin
, any order with the complex A) of the present invention. For example, the monocyclopentadieny!
30. complex A) and the po[ymerization catalysts D) can be appliéd together to @ support B) or diffe-
rent supports B) it is also possible to use mixtures of various catalysts as component D). The
molar ratic of monocyclopentadienyl complex A) to polymerization catalyst D) is usually in the
range from 1:100 tc 100:14, preferably from 1:10 to 20:1 and panticularly preferably from 1.1 to

10:1.
35 _ _
' The catalyst system may further comprise, as additional component E), a metal compound of the
formula (XX),
MER™) o (R*) s (R™),6 (XX)

40



di (2, 6-di net hyl phenyl.) azanapht henepal | adi um di chl ori de,
di (2, 6-di net h- {ﬁéhhenyl ) azanapht hene- ni ckel dichloride,
di (2, 6-di matLhy enyl ) azanapht henedi net hyl pal I adi um di (2, 6- di met hyl phenyl ) -
azanapht henedi net hyl ni ckel, 1,1'-bipyridykgpal | adi um di chl oride, .
1,1"-bipyri dyl ni ckel dichl ori de, 30 1, 1'-Dbipyridyl (di nethyl)palladi um
1, 1' - bi pyridyl (di.nethyl)nickel. Particularly useful compounds (X X) al so
i ncl ude those which are described in J. Am Chem Soc. 120, p. 4049 if.
(1998), J. Ghem Soc., Commun. 1998, 849, and WD 98/.27124. EF is preferably
nitrogen and R19F and R25F in (Xl X) are preferably phenyl, napht hyl ,
-bi-phenyl, anthranyl., o-, m, 35 net hyl phenyl, 2,3-, 2, 4- - or
2, 6-di met hyMSheny! , istdiNenKdieo Maebsi Stdfa, b@!PbrWﬁ%r@?‘lfum A, é’PEtH'Um zing, in
6- net hyl phenyl, 2, 3p£rt:cula2L3N5 K, My, Bo®n, alitnikun®orzn2, 4, 6- or
3, 4, 5-tr%rret hyI phenyl ~in particular 2.3- or 2, 6- d| nmet hyl phenyl ,
-di i sopropyl henyl -dlchlorophenyl or -dlbronDphenyI and 2,4, 6- trlnethyl
phenyl . At Rhe saneiSthy¢ngenRB1 BncMRR BFCarasylalyfag amryalweaamgewng fre‘nhyd;jo
ethyl, n-propyl, iseprePdbms m%ebéw‘ﬂéyﬂaart oMo Yh caBsPHBY b thdar)
n- heptyl, .n- octyl benzyl or phenyl, in particular hydrogen or 40 rret hyl .
R21F and R23F are preferably hydrogen and R22F is preferably hydrogen,
met hyl, et hF® o REUBE 28ctiSydraghie ytlogeri, IT:{Bay-dlityt; Wi s-drylaliogen, arfsliefl eraiee is
gi ven tOI conpl exes Qéchtlpwgﬁn4 frcgﬁﬁ]goszc?ﬁa?%ow:attﬁnst E'fﬁe aﬁk&ﬁ’gé&atl Lugcpf Jﬁ?é‘?c!?ﬁ)c!: onco or
Ni, in partlcular cul ar erence Is give 6-d
pyr| di nebi s( 2, 4- di n@?'ﬁ?f”ﬁ%ﬁ’y‘l’?ﬁ’f%é’f AkeRY "ﬂ‘i"&ﬁoﬁ'ﬁéof CB'Cﬂs'afY
6-di acetyl pyri di nebi s(2, 4, 6-trimethyl phenyl - inmine)iron dichloride,
2(6 di acet y[lepyrl din ]holng)q %§ net hyl phenyl i mine)iron dichloride, 2,6-di
5~ acet yl pyri di nebi s? I sopropyl phenyl i mi ne)iron dichloride, :
2.6-di acet yl pyri di neb| s- (2, 6-di chl-oro- phenylinine)iron dichloride,
2, 6- pyritdi nggli car boxal dehydebi s( 2, 6-di‘i sopropyl phenylim ne)iron dichlori de
2, 6-di.acetyl pyridi nebi s(2, 4-di met hyl phenyl i m ne)cobal t dichloride, .
2, 6-di acetyIprrl di ne- bi's(2,4,6-trinethyl phenyl i m ne) cobal t dichl oride,
2, 6-di.acet y$ panldltdl nablrﬁgzmdtmhoﬁto 26wrhfethhyvrphehyﬁ +1 |mrre@)>edldmtbtthedda@htmfl de,
2, 6-di acetyl pyridi n,@bl s(2,6-diisopropyl phenylimn ne)cobalt dichloride, 10
2, 6-di acet yl pyri di nebi s(2, 6-dichl or ophenyl i m ne) cobal t di chl oride, and
2, 6-py(di nedi car boxal de- hydebi s(2, 6-di i sopropyl phenylinine)cobalt -
d| chl or 2de. wheré memomh@mob&)denc@MﬁnanMeﬁwmmpamganbelmmsblemaleymnsre@»f The .
| i gands of ared, for exanple, from substituted
or unsubstl\%aﬂge %@@@gﬁﬁ?dgﬂﬁ%@’gﬁ%{%g@gn mary amines, 15 in particular
- substituted or unsubstituted arylamnes. Transition -metal conplexes with pi
lbl gandz haVArﬁ(g*ngh’@m@ﬂél dmfpeudmetoeﬂhea;trmma (XX, ﬁrrb&reﬁbe ﬁﬁ&b@fﬁt?dsﬁﬁn exanpl e theI
"~ bor at abenzepe |i r t he phosphol yl anion, can al so
‘be used as%\g t al :gﬂ?‘am agrEa %Eé?‘o#l)”p%fmn Qa | ;
those WRPcHR' ave‘S§n-§®rﬁt‘F@fte or tridentate 20 chelating Iigands. In such
'|(I gands, - for exanpl e, an ether function is Ilnked to an am ne or .am de
£nct i on or de.is r tic s ine. Such
‘conbi nat i ons?saar=t %H% E?H%%P‘%%SFJ”EHH“%)"?@’%S‘H ¥ ﬁ%ﬂ@'”%?ﬁ%@&l Moroduct s

to be pre- n- butyihthlum methylmagnesium chloride, methylmagnesnum bromide ethvlmagnesium chioride,

§26

, ethyimagnesmm bromide, butylmagnesium chlonde dimethylmagnesium, diethylmagnesium, -
30 dibutyimagnesium, n-butyl-n-octylmagnesium, n-butyl-n-heptyimagnesium, in particular n-butyl-
-octyimagnes:um tri-n-hexylaluminum, triisobutylaluminum, tri-n-butylalurminum, triethyl-
aluminum, dimethylaluminum chloride, dimethylaluminum fluoride, methylaluminum dlchlorsde
methylaluminum sesquichioride, diethylaluminum chlioride and trimethylaluminum and mixtures
thereof, The partial hydrolysis preducts of aluminum alkyls with alcchols cah also be used.
s T | _ .
When a metal éompound E)is used, it is preferably present in the catalyst system in such an
“amount that the molar ratio of M® from formula (XX} to transition metal from monocyclopenta-
dieny! compound A) is from 2 000:1 to 0.1:1, preferabty from 800:1 {o 0.2:1 and particularly
. preferably from 100:1 to 1:1. '
40 '

Xes suitable as catal ysts D) include -



pared or conononers to be generated in situ. Preference is given to using at
| east one 25 cycl opentadi enyl conplex A) in the presence of at |east
one cat al ystu‘%f?%ustomary for the poly nmerization of olefins and if desired,
one or nore activating conpounds C). Here,,depending on . ° the cat al yst
conbi nations A) and D), one nore activati ng conpounds C) may be
advant'ageous. The pol ynerization catalysts D) can |ikew se be supported ‘and
can be. used sinultaneously or in any order with the conplex A) of the

pL esenlt | Vel tllr_eﬁd’ataﬂ%aﬁﬁﬂh mgemnbtemgm@mytﬁér@mwd@ceﬁyé) &%ec:femm:@exxé\) and
the pol ymerization. cat to or
diffe- rent gjusﬁpoaiy %g)%re%ﬁom gégfeg rg%osug Pe" 801111@2%21”?&%? E‘E PE)er"g(%ﬁ?'l ie
catal ysts agaypirolieistusB) as qnetitugnd pleer cataatst @)’Stﬁ’n ‘rothe pyighajaetion ad cepelyimedzampl ex

A) to pol ymggj 51654@9@ 1&@5@3 y&gsbl@)par&ummhéwé Bat&lbt@solﬁ%@%nd(tf:%uq-arqypo to
100: 1, prefera rom !% rly pref eralﬁ]from 1 to
10: 1. 35 Thé’c%véi‘%/ﬂ%?EFD%%%FHFWEHYFW@P B ?r§8mp H&HF'P%H e @ESbnent
E), a netal solmnpmmd‘acmé adtibxgting Eanpauhds CMa)ich ASideRE)o O (ifR2€s1t TrGm (aRB &ty ating XX)

40 LU60O79 4 b My, Ca, Sr, Ba, boron, alum num
gallium in &r?ﬁtﬁcmré%%l_lhghe%talﬂétnséﬁ%art|cuI ar L|, Na, K, My, boron,

~al um num or Zn 5 R1G is hydrogen, Cl-d o-al kyl, C5-Cl5-aryl, alky(aryi or
aryl al kyl eaerprema:\éitrmgca&dmmhehe ol he pﬁa%éthl@rﬁveﬂﬁdﬂmﬁ‘efie&n&é”l@ galarkwhmmabmzi@rw from..

6 to 20 r he _.ar, are e
hal ogen, ﬁja Pe toonéatl Eg? COT%“@EA Oar' CQPEW @fgﬂﬁby éisffo P %”r""é’ﬁ”o%%gs &fo each
: haV| ng f romCllemloa| Zf@'CMrltﬁoﬁovateoYmndlﬂﬂ thlfi@ camt@yrrentsamtrcraactmaroﬂmsmﬁtre SUeP20

rbon  at ORGfdch tHR&rdRF lehrcadﬂaeCéul bporPforok@ 1), met&@ngonéam adldlend cd?ﬁponent C)
- Cl5-aryl ers from

0o 3 i ¢ HreREBERs PR ‘{heceemegwawﬁa? o Wﬁd%rc@mﬁa #OTRiG, - 20
wher e t he cengitanensimBEjanesustyar in pemikediatm tod)t After therrpipiaitpr@ess stepsi the ablilo

' possi bl &5t 0cafsie \ms}%d“'\ﬁl@nssu%ble gk g%tm&@és anﬁﬁelang%mgac fya@chBbdtul a (XX) .
~Anong the netal conmpounds of formul a preference is given to those

in which Mis - lithium magne5| urn boron or alumnumand 25 Ric is.
C1- G20- al kyln.a preferred embodiment the manocyclopentadienyl compiex A) is brought into contact with the

‘activating compound C) in a suitable solvent, usually giving a soluble reaction product, an adduct
oramixture. The preparation obtained in ihls way is then brought into contact with the support B),
20  which may have been pretreated, and the solvent is completely or partly removed. This preferabiy
- givesa solid in the form of a free-flowing powder. Examples of the industrial implementation of the
. above process are described in WO 96/00243, WO 98/40419 or WO (501052?7. A further
preferred embodiment comprises firstly epplying the cation-forming compound C) to the support
B) and subsequently bringing this supp-orted cation-forming compound into contact with the

25  monocyclopentadienyl complex A).

The component 1) can likewise be reacted in éhy order with the components A} and, if desired,
B), C) and E). Preference is given to bringing D) firstly into contact with component C) and then
 dealing with the components A) and B) and any further C) as described above. In aoother '
3G preferred embodiment, a catalyst solid is prepared from the components A), B) and C) as -
described above and this is brought into contact with the component E) during, at the beginning of
or shortly before the polymerization. Preferenoe is given to E) firstly being breught into contact
with the a-olefin to be potym’eriied and the cafalyst solid oomprisiog the components A), B) and
.C) as described above subseguently being added. '
35 '
The monocyclapentadienyl complex A) can be brought into contact with the component(s) C) and/
or D) either before or after being brought inte contact with the olefins to be polyroerized. Preacti-
vation using one or more compoenents C) prior to mixing with the olefin and further addition of the
same or different components C) and/or D) after the mixture has been brought into contact with
40  the olefinis also possible. Preactivation is generally carried out at 10-10C°C, preferably 20-8G°C.



C Particularly preferred netal conpounds of the fornmula (XX) are
methyllithiuy hyllithium n-butyllithium nethyl magnesi um chl ori de,
nmet hyl nagnesLlrU@Pr? rom de, ethyl nagnesi um chloride, ethylmagnesi um brom de,
but yl magnesi um chl oride, di met hyl magnesi ugy di et hyl magnesi um 30 :

di but yl magnesi um' n- butyl - n- octyl magnesi um n-butyl - n- heptyl magnesi um in
particular n-butyl n-octyl magnesi um tri-n-hexyl al um num :
triisobutylalumnum tri-n-butylalumnum triethyl- alumnum -

di met hyl al unjiguies sdrkekitsiane @tﬂg&t ﬂbﬁeﬁ‘i mrgnynw@ ﬁdep@yméiﬁed Wmdilylleiﬂ'lsufﬁﬁeﬁtﬁfﬁly

di chl ori de, maum s num c
trimethyl al lﬂ”ﬁ‘?aﬁﬁzpn%&a%dg i Xt a? g p iﬁar %‘en%‘ﬁr prg%a)’% a?n%ﬁ% FP%LIW‘&%EPSE@&U& s of
al um num al kgtaystgelictner @@h@lﬁ@i laél'n‘- @F@@%@WS@@H 38 ﬁWﬁerﬁUaOﬁ@ﬁ%{Si sdegerdriel E)

Is used, it trﬁeS r@do@yﬂr%ﬁf”é%b(to%&%%? pélgﬂnérﬁé‘d@rﬁ&@ﬁ%hal@%ﬁh@@n@@ﬁ&h‘@@ @p anmunt
that the_rol Mfromformula (XX) to transition metal from .

‘monocycl 8perit aoood‘?r‘éfﬁVP'V@BWﬁoth%Qﬁ) is from2 000:1 to 0.1:1, preferably from
800:1 to 0.2:1 and particularly preferably from100:1 to 1:1. 40 LU6079 47

In general , he @ngeaé é’njé]l a%ﬁ'uhtdoftag%yﬁ efé’r“;llgl? ri%ze?ﬁ“%&r@%m;{({& @Ji%gﬂ gh'é‘d B)

of theforrrula eren romthe

conmpounds EfFY{RSRAr PW”Y‘W@%V'@S‘&‘&?@W & MeHifyingecompapent 8 EnEHItE g7 2 ptaplg E§tas -
consti ]'Euelnt ca{qpcmnaamoalagsatwas()bsb.erfﬁnfﬁéradﬁé&smhwmﬁmﬁ@bd &HRr Bk pfe@@r@hmmezal-_ d -
tion o e en t cat st soli
does notﬁ)coc?ta?st sgstemsl' £ 05 ?a\;a(% ogaé i’ve&a ps;%na}n%tg coqw%oun%%flglus%a[ Srgalrg temto-
further conprlio®8to1 PPOa‘dmemF@h*V f(QIﬂﬂﬁéO %%11 aI yst solid, one or nore activating
c ounds C) which are identical to or different from any activating :

d t t | t th t.a t t
CRPOUNGS O LSS E0 o T SRRl RO B B SRS DSl ot e
one of the esnepielydnitise pYlyraamidaton oCy-oeing he hydrpgrobdns Bavingyteptine debfegtondn or by

nmeans ofsza SQIH&%@rﬁcﬁzlom'é%%ddg'ﬂmchon%hzegg}éﬁfh:@éw umaﬂﬂét@rgcd?ﬁpohm SEHROREIM;S, Wi th
reactive grougs of the support surface. T order 1in which the su&gort

conponent B rt%@”‘@ﬁﬁﬁ%‘ﬁ&% ohFCreii@" E’ﬁVaWWﬁBHe‘cﬁf eXefnPle ZRIatss PRy Fles o -
i mmat eri al . aéfﬂenamtanmn@rmsars&)‘oranﬂmﬂé vioy acdiate dtefectneanid gpendenhiojar ofefitine

another of sifihh@NROUSAYy s, bONRLATLERE, FOGIY pRlercli it B und i v/ dual

process steps e 1nert so vents such
as al i phat i Bavhed Cofet T-aikanpa o BaigiR §neal fz-Gropr¥fears B46h arBOenmRRPeiehe .
monocycIzopembazdn@mﬂen@@émlr@xeré) 1-hEptBieQ t@biend, Nidec&Rntl 8&hchddtd)-Cl Pealk@Rbi vati ng .

oroheerd Qe aE S ERLE 2R oo AL B OSRRRATRR L
t hen br ought.5ihatagiepe at héectatiete qrh@yigmm@m @or@pun@@uvmscﬂiyrwr Meksditutsden

pret reat ed, stpagk, ﬁtm%l&pdo\éga]te td &Iﬁ%ﬁé fb@lrds &K/arlﬂﬁé hloxérﬁ@ rpﬂ?éf@fénceﬂﬁg.\senné eferably
: Igln\éﬁzt ?I ’ZF' é%%’ﬁ@%?%{?ﬁ%ﬂ"e qlef?wﬁgﬁacted From\%e ggon.ﬁn conStstlng %&%e propene ‘Pbutene
E 25 1~pentene 1-hexene, 1-heptene, 1-octene and 1-decene.

e Suitable olefins also include ones in which the double bond is part.of & cyclic structure which can
have one or more ring systems. Examples are cyclopentene, cyclohexene, norbornene,
_tetracyclododecene and methylnorbornene and dienes such as 5-ethylidene-2-norbornene,

| 30 norbornadiene or ethyinorbornadiene.

Mixtures of two or more olefins can also be polymerized. in contrast to some known iron and
cobalt complexes, the monocyclopentadienyl bomplexes of the present invention display a good
polymerization activity even in ihe case of higher a-olefins, so that their suitability for
35 copolymerization deserves part;cular emph351s in partlcular the monocyclopentad|enyl

complexes of the present invention can be used for the polymertzat;on or copolymerization of

. ethene or propene. As comonomers in the polymerization of ethene, preference is given fo using
.C3-Cg-a-olefins or norbornene, in particular 1-butene, 1-pentene, 1-hexene and/or 1-octene.
Preference is given to uéing monomer mixtures containing at least 50 mol% of ethene. Preferred

40 -comoncmers in the polymerization of propylene are ethene and/or butene.



above process are described in WO 96/ 00243, WD 98/40419 or WD 00/ 05277. A

further preferred enbodi ment conprises firstly applying the cation- form ng

conmpound Q) “8%%%he support B) and subsequently bringing this supported '

cation-form ng conpound into contact w th,the 25 nonocycl opent adi enyl

conpl ex A). The conponent D) can |ikew se be reacted in any order with the

conponents A) and, if desired, B), C and E).. Preference is given to

bringing D) firstly into contact with conponent C) and then dealing with

_ g ge co ][rpone gh@ %}Qmeﬂama)ca@ﬂ@c@red dutdl rntdl&rb\alﬁl)naaﬁerdﬁﬁm{ grtse@beabr@waw thk QadfiRkler
preferred e st, sol i ar.e

A), B) and '”ésS”p‘%EggE?‘FbegH @\?CL‘%EO%?""P’ sty bR EG g tPOIYHFBZai%” il etrm?mnttcﬁnt he

conponent E)De garriechept bach\ftlt*ﬁeorl@@@ﬂ!rﬁw eantifousip in asleor Moke Srskertiightfressure

pol yneri zat b&%eﬁ%@n%&@@s@s rStuSd NGBl @r g)tocflév'é§tsttr&ﬁdré&sQJs%b@Béns'oHt 0 contact
wth the a-olefin to be nmeri zed and the catal st solid conprisin the

conponents RyPCeSEFS: Sferd 9@? p e@&?@?ﬁﬁﬁ@ag%%%e f&%@é&aéﬁmﬁsmfﬁ@” BRRIEE:

“The nonocycl opent adi enyl conplex A) can be brought into contact with the

conponent ( S %hec%]olw&?tro% arje))us%li!gf Q%frecp&]ct af f?ogp rGB‘:&I éﬁ“’c Qﬁdeﬁ] ?reggu%é% rfrorln %tﬂo or

contact with I'ns tr- va usi ng one
- nore conponéfP&baryt @P*FYUIES‘@@CW%P?I@ fW"’[WfW%‘FSePﬁefFF%d‘T%@ﬁﬁe}h%ﬁiﬂ\?? on of

- the sane oad»dhffagwuepiesﬁ@érmmmbera@e raRigls adr ca)w@‘mfhetph@mmlzstrwse;sb@s} been
br ought |nt contact 0SS e. Preactivation is

genoral 1§ cEeERLe e rsterudendl e 6P RO MG RE ForE T so

possi bl e f owhitthereatally gartiedsyus elemessiites of fyom bo@fetodrtt@pcblalymmert@eer fogim 000 to

o opyl ene. aos ?‘r?“%“ép"'rﬂeﬂ%“ (Shretdnde ¢ Lanea, A0 Lindanby o, Rinceihy ene o
| Z us

T he: act USSP ESE MBS E PR RBET 1o B E BAPYLE 2HiCh B Apgktiar o ¢ e

pr epoI yIMer i 228ttb 6B0°Cotnnfpne@se pf Ipeipraseure peymaizeipniprodessegsutampsgraiure whieh is ange

from1:Qs1 1%95t§féw &egorgeg’belg%%eegoﬂgrlub(g rernegaaéhreloftu% Hﬂl)%%prs gEHérElf}%@F‘?ﬁée a smal |

J: ~anount of an olefin,”™ preferably a ol efin, vi nyl cy clohexane
styrene -or W'F%floﬁﬁfoﬁﬁsx?? ﬁrfr‘lpéfff?ré'i’re cargied GHha ff‘&'/’? ?Rgmé%oﬂ’@f‘?fa 'Vaf'r?”‘am Pstatic
or a suitabiz@ tnett cagosifpodpedsiaLpdynasizationgke polynadrkzaibans ixeagddedd ast naaldr tive
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R i i D e R R ST
~000: 1, pr ef WIFEISPAPORS: BTAISE 15 hedngpomers tTasel/at: é(rr%@*wwgﬁwerawerwes Bieesent .
o nvent i op ageReSl hak rsng‘eqron{Jzetdﬂﬂlsymrernumtpréyaureﬁs g,zalneifanm t@lﬂnge&ﬁ:ﬁemoal ly for

boego® ymer@f?%% e iR B o e s SRR R e AR PRI o o ot e

conpounds speiimesizatiae Fal i@ garied Subbatawisang. glen stEingweataciaess, of conliwglsle egrin _
nmet hacryl i Ctu@@r'egctorfs Orfrefgr)égim l&pﬁr‘éé&&@ﬁ%ﬂmu@?ﬁr@ﬁ?&nﬂ RlRen wem@@fﬁlt@ﬂ’ﬁllﬁﬂsl e or
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pé eferres as gérefailmsaraeceodt effear 3®ic 125°C.

‘Ameng the abovernentioned polymerization processes, particular preference is given to gas-
phase polrymerization, in particular in gas—phase fluidized-bed reactors, solution polymerization
and suspension polymerization, in particuiar in loop reactors and stirred tank reactors. The gas-
30 phase polymerization can also-be carried out in the condensed or supercondensed phase, in
which part of the circulaiing gas is cooled to below the dew point and is recirculated as a two-
phase mixiure to the reactor. It is also possible to use a mullizone reactor in which fwo
- polymerization zenes are linked to one another and the polymer is passed alternately through
~ these two'zones a number of times. The two zones can also have different polymerization
35 conditions. Such a reactor is described, for example, in WO 97/04015. The different or identical
" polymerization processes can also, if desired, be connected in series so as to form a
polymerization cascade, for example in the Hostalen process. A paraliel reactor arrangement
using two or more identical or different processes is also possible. Furthermore, molar rass
regulators, for example hydrogen, or cusiomary additives such as antistatics can also be used in
40 the polymerizations. |



branched C2-Ci 2-1-al kenes, in particular |inear C2-Clo-I-al kenes such as

et hene, propene, 20 11-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
1-decene or WBAAREThed C2- C10-1-al kenes such as 4-nethyl - 1- pent ene,

conj ugat ed and unconj ugat ed di enes such as_1, 3-but adi ene, 1, 5-'hexadi ene or
1, 7-oct adi ene or vinyl aromati c conpounds sfich as styrene or substituted.
styrene. It is also possible to polynerize m xtures of various a-ol efins.
Preference is given to polynerizing at |east one olefin selected fromthe
group consi {
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more ring syskeaBzatifxaiplyean 88 @seY G fenliesfehess yohEiRgsRNAthe® bor nene,
tetracycl ododecene and net hyl nor bor nene and di enes such as

5- et hyl i dene- 2- nor bor nene, 30 norbornadi ene or ethyl norbornadi ene. M xtures
of two of noihe pisicessionthe peasertlinventse giovsprsimerseef olefins tedatrreastedt Gederme known

iron and cohaldercgR @u@gd hdB® tH@B@&M&ioﬁBEﬁﬂ& a&éwm%%em&%&ﬁ pbthe
pr esent |nvent|on 'S

| a nmeri zat | gn_ac even in th case .

Dt “hi gher | = POVBRTHRLOT 28 S RN S HPRBTATE JoBETs 38 ey Ry o
deserves pan$membambanﬁhasﬂsmmﬂmopambenmﬁmndbymepmmmasyclopentadlenyl
conpl exes of the present invention can be used for the polynerlzatlon or
copol yneri zation of ethene or propene. As conononers in the p merization
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given to usipg.npnoner nixtures containing at |east 50 mol % of ethene.

eferred 40 corononers in the polynerization of propylene are ethene and/ or
butane LU6079 49 The polynerization can be carried out in a known manner
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to 3 houps. The advantageous pressure and tenperature ranges for carrying
" out the polgnerizatlons usual |y 10 depend on the pol ynerization method. In
t he case of Spressure pol yneri'zation processes, which are usually .
~carrijed outTtaatdq@sie;qgmmam@fdeferrﬁmcmna&ﬁ;rdamcaflwiﬂﬂeobjaas_ in particular from?2
000 to 3 500 bar, high pol ymeri zati on tenperatures are generally al so set.
Advant ageous tenperature ranges for these hlgh pressure pol ynmeri zation

processes afi $aBmngER of §ie3pwT, mash disiipytiops pagt the meam vars MaoMearmicvv/Mnderiyed cése
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% 1 ml/min, temperature: 140°C, calibration usin_g PE standards.

Abbreviations in the table below:
30 cat catalyst ‘
t(poly)  poiymerization time
' .polymer amount of polymer formed
M,y wéight average molar mass
Mw - number average molar mass
35 density polymer"density 7
prod. productivity of the catalyst in g of polymer obtained per mfraoi of catalys‘t (chromium
complex) used per h_r.;:ur
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pol ymeri zati on processes are preferably carried out at from50 to 180C,
preferably f%%%y70 to 120C. In the case of suspension polynerization, the
pol yneri zat i S usual ly carried out in a suspension nedium preferably an
inert hydrocarbon such as isobutane or a mixture of hydrocarbons, or else
in the nononmers thenselves. The polynerization tenperatures are 20 generally -
inthe range from-20 to 115C, and the pressure is general ly in the range
from1l to 100 bar. The solids content of the suspension is generally in the
range frontkgah@580@6 The polynerlzatlon can be carried out batchw se, e.g.
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present Jdonvent l(rﬁml-ﬁu m\@rpQHymerss(b;oef 28). efins to be prepared. The term
"pol ynmerization” as used here in.the description of the present i nvention
enconpasses both polynmerization and oligonerization, i. oligoners and -~ .

- pol yners havnirepaspian ofrtis@egridvimethindprytcramige qtqh@ﬁti%tbout 56 to 10 000 000"
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fiber s &3d wantapiedds:100°C. 80.5 ml of a 15% strength n~butyll|thtum solution in hexane (0. 1288 mol) S
d . werg then slov_\(ty added dropwise, After. the addition was complete, the reaction mixture was

possi bl e, 40 use a mltl zan harc?e%c’it Pled WIth%b%]eécﬁQ g]etO?CM a”'gn'%tsﬁese

“stirred at -100°C for a further 45 minutes. The mixture was subsequently allowed to warm to room
temperature. After stirring for a further 2 hours, the solution was cooled to -80°C and 48 g .
(0.1288 rhol) of chromium trichloride tris(tetrahydrofuran) were added while stirring. The mixture

30 was allowed to warm slowly to room temperature and was subsequently stirred for a further
10 hours at room temperature. The.reaction mixture was then refluxed for 20 minutes and
subsequently cooled to room temperature, The solid which had precipitated was filtered off and
washea with hot tetrahydrofuran The solid was subsequently washed with diethyl ether and dried
under reduced pressure. This gave 24.9 g of (1-(2-pyridylimethyl)indenyl)chromium dichloride
35 (59%). - | ' |

-Example 2

2.1. Preparation of [2-(1H-inden-3-yl)-1-methylethyljpyridine

A solution of 7.25 g (0,046 mol) of 2-bromopyridine in 20 ml of diethyl ether was cooled {o -50°C
40 and a mixture of 28.7 ml of n;butyllithium {1.6M in hexane, 0.048 mol} and 70 ml of diethyl ether



The catal yst systenms of the present invention give a very high productivity
in the polymerization of 15 olefins, offer advantages in the work-up of the
pol yners af t€#5%he pol ymerization and lead to significantly fewer problens
in respect of catalyst residues in the polymer. The polyners prepared using
the catal yst systemof .the present inventi'on are particularly useful for-
applications. which require a high productivity. In addition, the catalyst
systens of the present invention display a very good activity even at a
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m of n-butyllithium(1.6Min he rey 0.3 nol) were subsequently added whil e
5 stirring.. The m xture was aII HO warmto .roomtenperature whi |l e
stirring- and a sol ution of 39. , 3rm|) of 1-indanone in 35 nl of
t@trahydrof uran was then adds dver_a period of 25 minutes while stirring.
The m xture was then stirred #qQr a,clf(arther 1.5 hours and hydrolyzed with
600 m  ofs dilute hydrochloric ap 8, the organic phase was separated off and
t he .aqueous phase was extracted opce with diethyl ether. The aqueous phase
was then-neutralized with aqueo 0 ammoni a solution and extracted 3 tines"

~with 150 n Aearbod dis4qf0.0td0haf @10 1 Hlik@&n@-gRNnethPBRGIRSridine in 20 mlof
tetrahydrofuran was cooled fo -100°C. 1.72 ml of a 15% sirength n-butyilithium solution in hexane

(0.0027 mol) were slowly added dropwise. After the addition was complete, the reaction mixture .
20 was stirred at -100°C for a further 30 minutes. The mixture was subsequently allowed to warm to-
_ room temperature. After stirring for & furfher 1 hour, the solution was cooled to -60°C and 1.1 g
~(0.0029 moi) of chromium trichloride tris(tetrahydrofuran) were added while stirring. The mixture -
was allowed to warm slowly to room temperature and was subsequently stirred at room
-temper'ature for a further 10 hours. The reaction mixture was then refluxed for 20 minutes and
25  subsequentily cooled to room temperature. The solid which had precipitated was filtered off,
washed with diethyl ether and dried under reduced ‘pressure. This gave 0.3 g of (3;(2-pyriayl-1- :

methylethyl)indenyt)chromium dichioride (37%).

, Example 3
30 3.1 Preparation of 2-1sopropy1pyrldme
A solution of 15.4 mi (0.17 mol) of 2-ethylpyridine in 100 mi of tetrahydrofuran was cooled fo
-20°C and 125 ml of n-butytlithium (1.6M in hexane, 0.2 mol) were subsequently added while
stirring. The mixture was allowed to come to room temperature, stirred for another one hour and
subseguenily cooled back down to -20°C. A solution of 18 mi (0.25 mcl) of methyl iodide in 20 ml
35 of tetrahydrofuraﬁ was then added at such a rate that the temperature remained at -20°C. The
mixturéj was allowed to warm to room temperature, siirred for a fur{her 14 hours and hydrolyzed
with 60 ml of water. The organic phase was separated off and the aqueous phase was exiracted
 three fimes with 50 ml each time of diethyl ether. The organic phases were combined, dried over
magnesium sulfate, the magnesium suifate was ﬁltefed off and the solvent was distilled off. The
40



wer e conbi ned and the solvent was distilled off. The

1-(2-pyridlgg@nethyl) 1-indanol obtained in this way was di ssol ved using
500 M of 1 8t ength by wei ght hydrochloric acid and heated for .3 hours
on a waterbath. The reaction m xture was £ ol ed, washed wi.th ether and the -
aqueous phase was neutralized with aqueolUs amoni a sol ution. The ,
neutralized aqueous phase was 15 extracted 3 tinmes with 150 nl each tine of
chl orof ormand t he conbi ned organi ¢ phases were dried over magnesium
sulfate. Af tedabREMBIRGSE WEY %4 biglisy fad dae@eotohl trﬁggéteqbfaagté”sem%@l vent was
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~pressure. - Thisnggpve 24.9 g of (1-(2- pyri dyI'rret hyl ) rndenyl ) chrom um
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é was then neutralized with aqueous ammonia solution ‘and extracted three times with 30 ml each '
time of methylens chloride. The organic phases were combined, dried over magnesium sulfate,
the magnesium suifate was filtered off and the solvent was distilled off. Recrystallization of the
30 residue obtarned in this way from hexane gave 1.9 g (34%) of [2-(1H- inden- -3-yl}{phenyl}- '

methyllpyridine.

4.2, Preparation of (3-(2- pyﬂdyi ~1-phenyimethyl)indenyl)chromium dichloride .
‘A solution of 4.63 9 {0.016 maol) of [2-(1H-inden-3-yi}(phenyl)methyllpyridine in 60 ml ef

35  tetrahydrefuran was cooled to -100°C. 11 mi of @ 15% strength n-butyliithium solution in hexane
(0.018 mol) were slowly added dropwise. After the addition was complete the reaction mixture
was stirred at -100°C for a further one hour. The mixture was subsequently aflowed to warmto
room temperature. After stirring for a further one hour, the solution was cooled to -60°C and
6.15 g (0.016 mol} of chromium trichioride tris(tetrahydrofuran) was added while stirring. The,

40  mixture was allowed to warm slowly to room temperature and was subsequently stirred for



phases were conbi ned, dried over magnesium sul fate, the magnesium sulfate
‘was fil tereq_Hgéﬁg and the solvent was distilled off. This gave 0.54 g (5%
of [2-(1 H 3-yl)-1-nethylethyl]pyridine. 10 2.2, Preparation of
(3-(2-pyridyl-I-methyl ethyl)indenyi)chrontymdichlori de \ CrCIZ 15 A .
solution of 0.54 g (0.0023 nol) of [2-(1 S
H i nden-3-yl)-1-nmethyl ethyl]pyridine in 20 m of tetrahydrofuran was cool ed .
to -100C. 1.72 m of a.15%strength n-butyllithiumsolution in hexane
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~hours an@ hygdredyapet t.rwstvhm@@ nmeaéhfth@Jf%fethleéil%roﬂﬂ%Pgaﬁlchhﬁs:%@ wéfeesooﬁmaa at ed
- off and the a%ueous%{% ase xtract ed TJit ? %A%CC each {%Jre
- diethyl et h&87ed YRGSV @%9@?%””&8 "é?f HP? 82t br 50'%?&'{;\“{%%‘?'?}

sul fate, theff Thgressienbisiotd attds wapwéd distiteceat 9811D0°QNd ot & hs@avehiB5 YES%) of .
distilled off«.Ihe. 3 residue obtained in this way was distilled
at 81-84C 60f(t,2)1rr9 4 Ae?lteln avgl%nesio 88 g (53% of 2-isopropylpyridine. 3.2.° -
Preparation of 2-[1-(1 Hinden-3-yl)- 1 met hyl et hyl j pyridine-5 A solution of
10.8 g (0. ngmbbarﬂfoan2-{310(?!Horméhmyi)Lﬁmaaylmrpeé%nmpymfnet et rahydr of uran was

| S\g?'eeguf)ge ué%ﬁo%?'a gg 8? \/\,@?’516 2057 B4 Wletny A4 DR b A In5oN& XA any ohrar ™! )
qwas cooled to -20°C and 35 mi of n-butylfithium (15 w.-% in hexane, 0.0556 mol) were -

‘subsequently added while stirring. The mixture was allowed to come to room temperature and
. was stirred for 2 further cne hour. A solution of 7.33 g of 1-indahone in 8 m! of tetrahydrofuran N
25 was then added at such a rate that the temperature remained at 25°C. The mixture was stirred for
a further 3 hb_urs and hydrolyzed with 150 ml of diiute hydrochloric acid. The organic phase'was

‘'separated off, the aqueous phase was extracted once with ethyt acetate, the aqueous phase was
. subsequently neutralized with aqueous ammonia solution and was extracted three times with
80 mi each time of dichloromethane. The organic phase§ were combined, dried over magnesium
30' sulfate, the magnesium sulfate was filtered 'off and the solvent was distilled off. The crude product
o {about 10g) was purified by column chromatography using a mixture of hexane:CH,Cl,=1:1 for the
separation from étarting 2-(1-methyl-4-pentenyl)pyridine. Then, a mixture of hexane:CH,Cly=1:2'
was used.This gave 4.81 g (31%) of 2-{1-(1H-inden-3-yl}-1-methyl-4-pentenyl]pyridine.

35+ 5.3. Preparation of {3-(2-pyridyl-1-rnethyl—4-pentenyl)indenyl)chromium dichloride
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stirring. The m xture was allowed to.conme to roomtenperature and was
stirred for a further one hour. A solution of 15.84 .8 (0.12 nol) of
1-i ndanone %2 ml of tetrahydrofuran was then added at such a rate that
the tenperature remained at.25C. The mixtyre was stirred for a further 12
hours. 10 and hydrol yzed with 200 m of dil ute hydrochloric acid.: The
organi ¢ phase was separated off, the aqueous phase was extracted once vmth
di et hyl ether, the aqueous phase was subsequently neutralized with aqueous
_ ammoni a sol ution and was extracted three times with 100 m each time of
chl oroform The organi c phases were conbi ned, dried over magnesium sul fate,
- the .magnesium sulfate was filtered off and the solvent was distilled off.
- Thi's gave 16s8uipn(©74.89 g ¢F.0 74 ino() bf H{t-ntlenrdennﬁal)a—ryét)uyt Y-meetehyllpeidinglid pYymi ofi ne.
~Exanple 4 4 ) 1 negijae A
tegrahsygtroﬁp%'\@%écggle?to 1$ﬁ g) ‘Hitnp eclnt'S"‘} éfe)tétph%ﬂélh’?#m%&dglnphﬁh ?&ln@

m xt ure of enz n>1/r| dine’in et her
was cool®d €@18¥Fgee) \Qtfeaﬁwtvﬂd?ﬁ drgpwise: BlieryIe 249RPLINRT 2oremate. rthqfé%etlﬁ@m'@rm

mol ) were swhsstiguest-fooe @WQduNH@I’hﬁOLS'tTHermlﬂgne waf Bebsat ddntly ﬁlo%@toahdrmw@oitho

" cone to room r |rre uently
cooled to tgﬁé rgﬁe thﬁtsf%'ﬂg of @ 51 r@ ?’E%&g lo?r%?fw%?po%}éfirtlog%gocn% b,s&q;b of .
di et hyl et @y éqas) @fmbsvgqu@mchiyrl@dtﬁ@tretmdt@rﬁa‘mwﬁt@dﬁewmm@mﬂ@rﬁbemﬂwe The

hm xture vvaswﬂé Ehsl@mctomrm Wakmd @ofnqgﬂa)éram@%ﬁ@wg @Jbséjﬂ ﬁttyeéa‘rréd)ét réorik %éHin%lr 3 5
ours an r.o te or, 1 i
nhich nad o Taies b bk Tnf o au S PreRR R e B ste e w0 ed

of f and t heetagaeddizdphasesduasd mesaumzﬁed'yttaumaeomﬁcmha eyt oftiedtoadreathahhend
- aqueous  phaggyidaferdBe, BE WS [38biog el Yideth RELSRSATETD Aori@h YichiORieaseh).
thract ed- thrzyel tl?@s W|2 ﬁ 3§a(mp§§d§4:h tine of m)slt hy zHrTe chiori deee\l

organi ¢ phases were conbined, dried over magnesiumsul fate, the magne5| um
sul f at e wasCdratativeekaafpfe \and t he sol vent was distilled off.

| Tegré“ L | '52@% b{}rza twet §94ﬁe§ﬁahfith?icﬁé?$ﬁ% t)B&Qnr)r)ec'ﬂhoFﬁrﬁdNéﬁtXJJe Fé%é:%@%ygéve
Prepar at i oﬁ“‘ﬂlﬁ‘:’d(oé 2019338y | - 1- phenyl met hyl )i ndenyl ) chr omi um di chl oride A"
solution of 4.63 g (0.016 nol) of [2-(1.Hinden-3-yi)(phenyl)nethyljpyridine
.in 60 m of ﬁ%eh t,“rahydrofuran was cooled to -100C. 11 m of a 15% strength
n- but yl li t hi mosol Ution in hexane (0.016 nol) were slowy added .dropw se.
After the dtptimerieaiomneass caorns et & 40thendeearsen B nifxrueek flaplagroyddd witigoatact- 100C
for at f o t hl@érm@rﬂ@teﬂ\@t}(‘rﬁer wtttwefrawsta% Q‘le%@ rSdhAS Er‘iHJﬁ&tlrhéﬁc riel m@gptoelnatt@ambtr@
room-t enper er stirrin r one ution was
cooled to gB‘ Oa{W SEENEH) ?j’“(“@“ @%é“ ?%f‘ %ﬁb‘?ﬁiﬁﬂd?‘f O&ﬁO@P'?’B‘éﬂhe amount
tris(tetrahydbettirab} 1wétheadorepriadhedmplextin 250 migf toklees artDtheimtue wasaestedl|th owed
to warm sl de/orf]é)wgtg%g{hterrperature and was subsequently stirred for LUG079
54 anot her ours at roomtenperature. The reaction m xture was then

refluxed for 20 m nutes and subsequently cooled to roomtenperature. The
sol i d wi clshbagbgroreditpiit@beds stmserk] 3 hesteekent fvere placed in the fiask (only in the case of -

the copolymerisations) and ethylene was subsequently passed through the flask at.a flow rate of

about 20-40 I/h at atrmospheric pressure. The remaining amount of hexene (as indicated in table 1
.for the copolymerisations) was introduced via a dropping funnel over a period of 15 minutes. After
the time indicated in table 1 under a constant ethylene flow, the polymerization was stdpped by -

30 addition of methanolic HCI solution (16 mi of concentrated hydrochloric acid in 50 ml of methanol}.
250 ml of methano! were subsequently added and the resulting white polymer was filtered off, '
washed with methanol and dried at 75°C.
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Y(poly)
[min]

12
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15
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allowed to warmto room t enperature,
hydrolyzed wi-th 50 ml of water. The -
d the aqueous phase was 15 extracted three
hyl ether. The organic phases were
| f at e,
of .
gave 8.95 g (75% of
\rat i on of
'ntenyl]pyrldlne A sol ution of 8. 95 ¢

‘The residue obtained in this way was
- 2-(1-nethyl -4-pe ne

tenyi)pyridine in 50 m of tetrahydrofuran

butyllithium (15 w.-% in hexane, 0.0556

e stirring. The mxture was allowed to
stirred for. a further one hour. A solution
tetrahydrofuran 25 was then added at such
ed at 25C. The mixture was stirred for a
h 150 m of dilute hydrochloric acid. The

t he aqueous phasé was extracted once with = -
vas subsequently neutralized with aqueous
three tines with 80 m each tine.of ‘
's wer e conbi ned, dried over nmgnesium, 30
filtered-off and t he. sol vent was

{(about 10g) was purified: by colum -

hexane: CH2CI 2=1:1 for the
ridine. Then, a mixture of-
gave 4.81 g.(31 % .of 2-[1-(1

separation from

Ipyridine. 35 5.3. Preparation of

|ndenyl)chron1un1d|chlorlde (ONE CrCIZ

Amount of cat.
. [mg]

7.7

9.6
6.9

‘9.8

Catalyst
from Ex.

C1

Table 1: Polymerization results. - |
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the nagne5|un1sulfate was filtered .



A solution of 4.81 g (0.01747 nol) of 2:-[1-(1 : .
H-inden-3-yl)-1-nmethyl -4-pentenyl ]pyridine in 60 m of tetrahydrofuran was
cooled to -186€7°11.5 m of a 15%strength n-butyl|ithium solution in hexane
5 (0.01834 nol) were slowy added dropw s After the addition was conpl ete,
the reaction mxture was stirred at -1008 for a further 1 hour, The m xture
was subsequently allowed to warmto room tenperature. After Stirring for a
further 2 hour, the solution was cooled to -60C and 7.07 g (0.0189 nol) of
-chronlun1trqghhgﬁgggntrls(tetrahydrofuran) were added while stirring. The
m xture was_ allowed to warmslowWy to room ter%oe% %ture and was subsequently
stirred. at r@5APTRRDULEMRE { MRS Ugesn BepgyPREA Wigae anfa the 5pp FVHF ﬁ”had
preci pi t at edf wiagerd dnti drregerefds devaibblabonk fdn thdicethlgk of exbinple Sdmthgdr ared minder
[egueed PrEBUIE) TR SR Al Lold R8s Tt o SER7B LA 4raNe
(3-(2- pyFi dﬁhﬂeﬂ%ﬂ@w CQPDI’J@ﬁt @Ygﬁvyﬁh@ééﬁweceﬁfwﬂmmvd@f@nlyaﬁﬁm (a9 .
Conparative exanple 1 15

5-T(2-Pyridyl)nethyl]-1, 2,3, 4- tetranethylcycIopentadlenylchron1un1d|chlor|de
was prepared by the nethod of WD 01/92346. Pol ynerization Polynerization
was carried out at 40C under.argon in.a 1 | four-neck flask provided with
contact 20 thernnneter,_stirrér with Teflon bl ade, heating mantle and gas
~inlet tube. The appropriate amount of MAO (10% strength sol-ution in toluene,
Cr: Al = 1:500) was added to a solution of ‘the anobunt- indicated in table 1
of the approprlate conplex in 250 ml of tol uene and the ni xture was heat ed
to. 40C on a waterbath. 25 Shortly before introduction of ethylene, 3 m of
héxene were placed in the flask (only in the case of the. copolynerisations)
antd et hyl ene was subsequently passed through the flask at a flow rate of
about  20-40 I/h at atnospheric pressure. The remai ning anount of hexene (as
indicated in table 1 -for the copol ynerisations) was introduced via a
droppi ng ‘funnel over a peri.od of 15 minutes. After the tine indicated in
table 1 under a constant ethylene flow, the polynerization was stopped by 30
“addition of nethanolic HCl solution (15 m -of concentrated hydrochloric acid
in.50 nm of nethanol).. 250 nl of methanol were subsequently added and the =~
'resultlng white polyner was filtered off, washed with nmethanol and .dried at
70C.. 35 40 LUB079 56 rn co OL. 5 C_N ONr _ 3[ONCOC ‘
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We claim:

1. A monocyclopentadieny! complex which comprises the structural feature of the formula
(Cp{—Z-A}nM (1}, where the variables have the following meanings:

Cp is a cyclopentadienyl system of formula (Il}):
1A
R \ R
tA -
E" — _2a
/ E
s g ) (I
\ E3A
TN QA
E4A
] R
R4A

where the variables have the following meanings:
E'™E* are each carbon or not more than one E' to E** is phosphorus,

R'™.R* are each, independently of one another, hydrogen, C4-Cag-alkyl, Co-Caqo-
alkenyl, Cg-Cyp-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part, SiR®;, where the
organic radicals R'*-R* may also be substituted by halogens and two
vicinal radicals R"-R* may also be joined to form a five- or
six-membered ring, with 1, 2 or 3 substituents R**-R** each being a
-Z-A group and

R% are each, independently of one another, hydrogen, C-Cag-alkyl, C5-Cq-
alkenyl, C¢-Cop-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alky! part and 6-20 carbon atoms in the aryl part and two geminal
radicals R* may also be joined to form a five- or six-membered ring,

Z is a bridge between A and Cp of the formula,

- NCCC C co ON

) NUS_ NUCOO



mME EONX a nl WEvVv ~-nnU HmOc Uw 40 LU079 57 Polynerisation
The conpl ex of exanple 1 was used in the polynerisation of ethylene and in

t he copol ynerisation of ethylene and 1-hexene as descri bed above for the
conpl ex of exanple 5 (using 3 and 9 ml  ¥%exene). The et hyl ene honopol yner
obt ai ned had a nol ecul ar wei ght Mv of 354078 g/ nol. The 5 ethyl ene- hexene
copol yner however had a nol ecul ar wei ght Mv of only 283910 g/npl. 10 15 20
25 30 35 40 58 V\éhcl aim 1 A nonocycl opent adi enyl conpl ex which
conprises the struct Uf'5I° feature of the fornula (Cp)(-Z-AmM (1), where the
vari abl es have the fd'l onianesnbandapgadentyofioge anather| copheneasliceny| syst em of
formula (11): RLA R2A EIA E2A5A _/~ (11) R EI3A\ E' RBA R4A where

the variables have ”-f-'gaf ol ] 8% -%iknPe b —%ﬁ(enyl Cs-Cyo-aryl, alkylaryl having from 1 to

10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part
or SiR*®;, where the organic radical R'® may also be substituted by
halogens and R'® and A may also be joined to form a five- or
six-membered ring,

R% is hydrogen, C-Cao-alky!, C,-Cyp-alkenyl, Cs-Coo-aryl, alkylaryl having
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the
aryl part or SiR*™;, where the organic radical R?® may also be
substituted by halogens and R*® and A may also be joined to form a
five- or six-membered ring,

R* are each, independently of one another, hydrogen, C4-Cyp-alkyl, C;-Coy-
alkenyl, Cs-Cag-aryl or alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part and two radicals R*®
may also be joined to form a five- or six-membered ring,

A has the formula (ll1):

2C

Ro

1C 2G
Rp\ E10/ =N Esg__.

P )
|
M e
N RSC

where

3C

E'.E*® are each carbon or nitrogen,

R'®-R* are each, independently of one another, hydrogen, C;-Cyo-alkyl, Co-Cao-
alkenyl, C¢-Cag-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part or SiR°C;, where the
organic radicals R'°-R*® may also be substituted by halogens or
nitrogen or further C;-Cag-alky! groups, C:-Cag-alkenyl groups, Cs-Cop-
ary! groups, alkylaryl groups having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part or SiR*%; and two
vicinal radicals R'®-R* or R'® and Z may also be joined to form a five-

or six-membered ring,



E' A- ESA are each carbon or not nore than one E A to E5A i s phosphorus,

R A- R5A are each, independently of one another, hydrogen, G -alkyl, -alk 1,
C-CY z za- alkenyl, C6-C20-aryl, alkylaryl having from1l to 10 carbon
atonms in the alkyl part and 6-20 carbonsatons in the aryl part, Si R6A3,
where the organic radicals RIA-RS5A may al so be substituted by hal ogens and
two vicinal radicals R A-R5A may al so be joined to forma five- or

si x-menbered ring, with 1, 2 or 3 substituents R A-R5A each being a -Z-A
group and R6A are each, independently of one another, hydrogen,

Cl- Czo-al kyl , C2- CZO-RESI k erayd eacGOndependenti qf oag &noltrer,\hydrogen, BgCloratk, C-Ca- 10

carbon atoms in the al kyl J@pji @, 8ryAd akAEHGRVAL RER 118 18 BSbcH dtbmPRite and
two gem nal radicals R6A r’nﬁ&\ al so@% dto forma five- or siXx-Jenbered
PR RZ N 59

e’ joined’to, _
ring, Zis a bridge betwee 2§ rapppatpgs [hiheary! Rritang e radicaipiy
where L1B are each, i ndepemdgraidoybedinedriefoanafiteior sic-anembaredringand con, RIB is
C2- C20- al kyl, C2-C20-al kenyl, C6-C20-aryl, alkylaryl having from1 to 10
carbon atons in the alkyl part and 620 carbon atons in.the aryl part or
Si R3B3, where the ordani c raWEe) E REB ifAYosanadd ! Whghk i-FutieerrB3M  hal ogens
and R B and A may also be joined to forma five- or six-nmenbered ring, R2B
i s hydrogen, Cl-&£20- - - - - S I ar. V4 ng
from1l to 10 carbon g% éﬁls?tﬁl %@ﬁ%‘?{ﬁﬂ@?ﬂ%@ %Oqg'ﬁgé&f%xlggrlﬁﬁﬁ%g %ﬁréh s{gﬁe :}l’he
aryl part or Si R3B3, “@Radiemtheomygamalydensd) anditungsBnged al so be substituted
by hal ogens and R2B and A may al so be joined to forma five- or
si x-nmenbered ring, R31§1a{§r3each, i ndependent|ly of one anot her, hydrogen,
Cl- C20- al kyl , - C20-" al'’kenyl , C6-C2o0-aryl or alkylaryl having from1l to 10
carbon atons in the alkyl part and 6-20 carbon atons in the aryl part and

two radi cals R3B\ mBRty@bpeatadrRn}l 0bmeek dsidifédh laint ¥ RavirithSlokmiBdpsred ring, A

has the forml a (Q-l\)'mknkk (V1), where the variables have the following meanings:

Cp is a cyclopentadienyl system of formula {11}:

E

\ ()
E

where the variables have the following meanings:
E'AE* are each carbon or not more than one E'* to E** is phosphorus,

R™.R® are each, independently of one another, hydrogen, C;-Cao-alkyl, Co-Cao-
alkenyl, C¢-Cag-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part, SiR®;, where the
organic radicals R"-R* may also be substituted by halogens and two
vicinal radicals R'*-R** may also be joined to form a five- or
six-membered ring, with 1, 2 or 3 substituents R'*-R* each being a
-Z-A group and

R are each, independently of one another, hydrogen, C;-Cxg-alkyl, C-C o
alkenyl, Cg-Cog-aryl, alkylaryl having from 1 to 10 carbon atoms in the



2C iCRomE, EE 3 C3C Rp | (IIl) N~ R4AC p where Elc-E4c are each
carbon or nitrogen, RLC-R4c are each, independently of one anot her,

hydr ogen, Cl-C2o0-al kyl, C2-C20- al kenyl, C6-C20-aryl, al kylaryl having from
1 to 10 carbon atons in the alkyl part @&hd 6-20 carbon atons in the aryl
part or SiR5C3, where the organic radicals Rlc-R4C may al so be substituted
by hal ogens or nitrogen or further Cl-C2o0-al kyl groups, C2-C20-al kenyl

groups, C6-C20- aryl groups | Kyl oups having frgm1 to 10 carbon
atons in the alkyl part aﬁ&yl‘gﬁagéngé%%%[:%q%%s I“K'I"et%é' p&ﬁ?P&B‘Qrgcem&aFSi R5C3
and two vicinal radicals RdSaRRY mey RsChaitedtofoy afiwootsix-nenbrsed ing. f or m a
five- or six-nmenbered ring, 60 R5C are each, independently of one another,
hydr ogen, Cl-C2q; al kyl - C20 al kenyl -C20-aryl or al kylaryl having from
1 to 10 carbon ons'?ﬂb%ﬁﬁg%HFQQFfﬁépP°§$ﬁ%%P§6 carbon atons in the aryl
part and two radicals RSC nmay also be joined to forma five- or

si x-nmenbered ring and p h§50 when EwC-E4c is nitrogen and is | when Etc-E4c
is carbon, Mis a netal §elected fromthe group consisting of titaniumin

t he oxidation state 3,__y&hadi um chrom um nolybdenum and tungsten and m
isl,2o0r3. 2. A nnnocyclowentadienyl complex as clained in claim1 having the
formula (Cp)- (-Z-A) mWXkpe¥l), where the variables have the follow ng

meani ngs: Cp is a cyclopentadi enyl systemof formula (11): RLA R2A E1A E2n
R5A-E/I \ 3A E4A R3A

where
L' are each, independently of one another, carbon or silicon,

R'® s C,-Cyp-alkyl, C,-Cao-alkenyl, Cs-Cao-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part
or SiR*,, where the organic radical R'® may also be substituted by
halogens and R'® and A may also be joined to form a five- or
six-membered ring,

R%* is hydrogen, C4-Cyp-alkyl, C»-Cap-alkenyl, Cg-Cap-aryl, alkylaryl having
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbeon atoms in the
aryl part or SiR*%;, where the organic radical R® may also be substituted
by halogens and R? and A may also be joined to form a five- or
six-membered ring,

R*®  are each, independently of one another, hydrogen, Cs-Cy-alkyl, Co-Cao-
alkenyl, Ce-Caop-aryl or alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the ary} part and two radicals R®
may also be joined to form a five- or six-membered ring,

A has the formula (I11):

2C

R

R‘IC 2G -
o~ g% ES £e-R

I
-3 o
N RSC

where
1C 4C [
E™“-E™ are each carbon or nitrogen,



RAA where the variabl es have the foll ow ng neani ngs: E1A-ES5A are each carbon
or not nore than one El1Ato ESA is phosphorus, R1A-R5A are each,

i ndependently of one another, hydrogen, Cl-C2o-alkyl, C2-C20- al kenyl,

C6- C20-aryl, alkylaryl having from1l to 8D carbon atons in the alkyl part
and 6-20 carbon atons in the aryl part, Si R6A3, where the organic radicals
Rl A- R5A may al so be substituted by hal ogens and two vicinal radicals

R1A- R5A may al so be joined to forma five- or six-nenbered ring, with 1, 2
or 3 substituents R1A-R5A each being a -Z-A group and R 6A are each,

i ndependent |y of one RIAB{here edehdndrgendeniyiol ormansttiey:| hydrogerC2oC oyt y-Cro-

C6- C20-aryl, alkylaryl haVIdn@nﬁrczmz;arypaumarg%h fréth @510 EhrBionRutdids in ek Y !
part and 6- 20 carbon at ons cal s R6A

sf A
may al so be joined to form yqu é‘"%%%?%’?@%%l"éﬁﬁ?ryw&”"z iPSJ qlﬁ“?@@e
between A and Cp of the forongsni radidRBR'f-RE may dRbe amhﬂmaed_byym:gensaach

i ndependent |y of one anot heg g,%q,gm] pé LikGi¥ Rch ] &g,,
C2- C20- al kenyl , C6-C20-aryl, mg | v az\c}lan?% UP 2oa y@ on atom; in

the al kyl part and 6-20 cara%ﬁmﬁ soﬁ’ﬁy?%' g(qy@sgg\wg fIE?QHm 18133@0%585‘5 inA&r e t he
organi c radical R B may al skylpartsod 820 tarberdatixyis inltied arglepraﬂ 0aBiR*RaRd arnd A may

al so be joined to forma fi, % ¢
Cl- C2o0- ajl kyl, C2-C2o-al keny?(:ﬁ]alcgggIJ S(S)harr\;m{mg Eﬁt{ ary?alﬁaw jr?'in%d fg,fnP% to 10

carbon atons in the al kyl Faft” meAwesd S0.car bon atoms in the aryl part or
Si R 383, where the organic radical R2B may al so be substituted by hal ogens

and R2B and A may al be | - | X- R3B
are each, i ndependen'fFf3 ; of agén%%gdéﬁgﬂeﬂﬁo dar hé/gnr?th%%fy%ﬂéena k aﬁ%zbtg%
al kenyl , C6-C20-aryl or al i@jeapydsGediiejalyiam reving fram 1d‘aﬂ%@ﬁi Qftaseres inthet he

al kyl part and 6-20 carbon a&ymmmmsizbear%ryétorﬁarntth@M| daW@nd &b redtss RBB  may

al so be joined to forma f'nya% also be?ollr%%d o for m a ve- or sncc’-membered ring and

p is 0 when E'¢-E* is nitrogen and is 1 when E'®-E*C is carbon,

M is a metal selected from the group consisting of titanium in the oxidation state 3,
vanadium, chromium, molybdenum and tungsten,

m is1,20r3,

X are each, independently of one another, fluorine, chlorine, bromine, icdine,
hydrogen, Cy-Cyg-alkyl, C;-Cg-alkenyl, Cs-Cog-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR'R?, OR', SR',
SO4R', OC(O)R', CN, SCN, p-diketonate, CO, BF,, PFg or a bulky

noncoordinating anion,

R'-R? are each, independently of one another, hydrogen, C;-Cyc-alkyl, Co-Cap-alkenyl,
Cs-Cyg-aryl, alkylaryl having from 1 to 10 carbon atoms in the alky! part and
6-20 carbon atoms in the aryl part or SiR®;, where the organic radicals R'-R? may
also be substituted by halogens and two radicals R'-R? may also be joined to
form a five- or six-membered ring,

R? are each, independently of one ancther, hydrogen, C,-Cyp-alkyl, C,-Cag-alkenyl,
Ce-Cop-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part and two radicals R® may also be joined to form
a five- or six-membered ring and



A has the formula (I1l1): 2C is R1lc, E2 3, RBCP | C(lIl) NR4ACP
where E' c-E40 are each carbon or nitrogen, 62 R C R4c are each,

i ndependently of one anot her, hydrogen, Cl-C20-al kyl, C2-C20 al kenyl,

C6- C20-aryl, alkylaryl having from1l to 89 carbon atons in the alkyl part
and 6-20 carbon atons in the aryl part or Si R5C3, where the organic

radi cal s Rlc-R4C may al so be substituted by hal ogens or nitrogen or further
Cl- C20- al kyl groups, C2-C20-al kenyl groups, C6-C26- aryl groups, alkylaryl
groups having from1l to 10 carbon atonms in the alkyl part and 6-20 carbon
atons in the aryW parit 16 0S.R5C3 and two vicinal radicals RIC-R4C or RIC
and Z may al so be joined to forma five- or six-nmenbered ring, R5C are each,

i ndependent] y of, one anot her., drggen,  Cl- C20-al kyl - C20- al kenyl ,

B o0 aryi% o -t ROTesTePerzdiend PR o St e S s bR PROTERAe af kyl par
and 6-20 car bon ctlopestadienylisgstem ¢b tquather witidZ tAtes teedooadlas(Bsc  may al so be
joined to forma five- or six-nenbered ring and p is 0 when E GE4C is
nitrogen and is 1 when E C-E4lg1AiS carbon, Mis a netal selected fromthe

group consisting of titaniumTn\the oxi ion state 3, vanadium chrom um
nol ybdenum and tungsten, misl, ger3, X-are each, independently of one

anot her, fluorine, chlorine, bronin€Eiodine, hydrogen, Cl-Cl16-alkyl,

C2- Clo- al kenyl , ©6-C2Q-ar J_aIE having 1-10 cafl¥pn atoms in the

al kyl part and 6-20 carborf-ato A aryl part, NRIR2, OR, SRl, SO3R,
OC(ORL, CN, SCN, (3-diketonate, €8~ BF4R3 PFfi or a bul ky noncoordi nating
anion, R1-R2 are each, independem!|y of one another, hydrogen, Cl-C20-al kyl,
C2- C26- al kenyl, C6-C20-aryl, R“ﬁyl aryl having from1 to 10 carbon atonms in
the al kyl part and 6-20 carbon atons in the aryl part or SiR33, where the
or gani ¢ r adi Ca|vg1e|:@_tbmarﬁﬁlgs have the following meanings:

E'AE% are each carbon or not more than one E' to E* is phosphorus,

RIAR* are each, independently of one another, hydrogen, C;-Cap-alky!, Co-Coo-
alkenyl, Cg-Cgp-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 8-20 carbon atoms in the aryl part, SiR®*;, where the
organic radicals R"-R* may also be substituted by halogens and two
vicinal radicals R"*-R** may also be joined to form a five- or
six-membered ring,

R are each, independently of one another, hydrogen, C-Cyp-alkyl, C5-Cxpo-
alkenyl, Cs-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part and two geminal radicals

R®* may also be joined to form a five- or six-membered ring,

A has the formula (l11):

Il
P3 o
N R4C

where
1C 4% .
E™-E™ are each carbon or nitrogen,



al so be substituted by hal ogens and two radicals RL-R2 may al so be joined to
forma five- or six-nenbered ring, R3 are each, independently of one

anot her, hydrogen, Cl-C2o-al kyl, C2-C20-al kenyl, C6-C20-aryl, alkyl aryl
having from1l to 10 carbon atons in the & kyl part and 6-20 carbon atons in
the aryl part and two radicals R3 may also be joined to form a five- or

si x-nmenbered ring and 63 Kk is 1, 2, or 3. 3. A nonocycl opentadi enyl conpl ex

as clainmed in any of qtakis to . j cvcl opent adj.enyl tem Cp
Cogether with -2 A hde The H5sH) 'ﬁdee%ﬁ%?aﬁ%stheé%ﬁﬁ%& Bl G 7 7.
E5 ~ E4A R3A R4A wher e t h@lkghiiGiffedvhalpdaryl havindirend hMintP sasoniatags:in ke A- ESA
areheaphdcar bgn olr no]E mor%myhﬁr]taamazﬁgﬁb&roata’aéc\:initﬁcezé}kalq;;éﬁfafsmé‘is, wcrga’(r)e%alél@ arfa
each, independently of one another en - - - - al kenyl
C6- C20-aryl, al kyl aryl haviorwﬂjm?crr%({rﬁafk%‘o'k%%vaarl%’(l)br? Saﬁ%*ﬁéefrw r{aﬁc’éensarkyl part
and 6-20 carbon atons in t mdrogenyer furthet C-GioRENIrouns r2cCot-Allsenybgreinsi Gs-¢-adi cal s
R A-RAA may al so be substi taifi 8upy aRAAPGPADs Aflhgl i 1 161 101 Bbon bRMHs Gthe
R A-R4A may al so be joi ned 0 fﬁrnbg |v§- ar S|t@nelnbﬁreg. kd ngﬁ R6A are
each, independently of one ®SHdPPHERY ORY GFBYEHOTEL-RSYYHRY PR 39H0 al kenyl |
CB-C20-aryl, alkylaryl havivitipafradiealdRER*10r RS pinba may elve bé jeinehé fom &fte- par t
and 6-20 carbon atons in tRegRmembBRktingnd two gem nal radicals R6A nmay
al so be joined to forma five- or six-nenbered ring, A has the formula
(111): 2c 1C| 1c. E2 3c~ Ric EP (I11) N 11 R4c

R are each, independently of one ancother, hydrogen, C-Cyg-alkyl, C3-Cao-

alkenyl, Ce-Cao-aryl or alkylaryl having from 1 to 10 carbon atoms in the
alky! part and 6-20 carbon atoms in the ary!l part and two radicals R*®
may also be joined to form a five- or six-membered ring and

p is 0 when E'°-E*C is nitrogen and is 1 when E'%-E*C is carbon,
Z is a bridge between A and Cp of the formula,
1B
'
1B
_II__
2B
R
where

L'® are each, independently of one another, carbon or silicon,

R'™®  is C,-Cyo-alkyl, C,-Cyo-alkenyl, Cg-Coo-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part
or SiR*;, where the organic radical R'® may also be substituted by
halogens and R'® and A may also be joined to form a five- or
six-membered ring,

R?® s hydrogen, Ci-Cag-alkyl, Co-Cap-alkenyl, Co-Cap-aryl, alkylaryl having
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the
aryl part or SiR*;, where the organic radical R®® may also be substituted
by halogens and R?® and A may also be joined to form a five- or
six-membered ring,



p where Elc-E4c are each carbon or nitrogen, 64 Rlc-R4C are each,

i ndependently of one anot her, hydrogen, C, -C2o0-alkyl, C2-C20 al kenyl,

C6- C20-aryl, alkylaryl having from1l to 10 carbon atons in the alkyl part
and 6-20 carbon atons in the aryl part o065Si R5C3, where the organic

radi cals RIC-R4c may al so be substituted by hal ogens or nitrogen or further
Cl- C20- al kyl groups, C2-C20-al kenyl groups C6- C20- aryl groups, alkyl aryl
groups having from1 tg 10 carbon atons rt 20 carbon
atoms in the aryl part or % '"g?ﬂfn?%y °f\ﬂ”8|aﬁ%we’%8f°€8"§ﬁzta'ﬁﬁcczézﬂ"“m c
and Z may al so be joined takenpl fh-Gzofary er-alkylarys havingdiotret tod Orcambgn aBd€irethee each,

i ndependent |y of one anot hgg, ndWAHi@ARI barton afefR P& ¥y pdrdan4ls raﬂ’cgleﬂw
C6- C20-aryl or alkylaryl haV| fromqltoiﬁ(% 10. car bon atom; in the al kyI part

and 6-20 carbon atoms in t'ﬁ@’ %}r%ﬁa? @ &fE & ShmeeRTReredso: may al so be
joined to forma five- or six-nmenbered ring and p is 0 when E c-E4c is
nitrogen and is 4 (oA Ry b SmGiaY nied. and Cp of
the formula, R 1 nI§ ??,gl:;e - %3 mﬁereodlﬁlns‘edéplgﬁyegfc‘:?nkéjgﬁesg %Eﬁt"leﬁsof one
anot her, carbon G °§1 licon, RIBis C2-C20-al kyl, C2-C20-alkenyl,

C6-CZO-aryI al kyl aryl haV| ng from1l to 10 carbon atons in the aI kyl part
and 6-20 cay bon " i ¢ radi cal
R1B may al so be '@{?gﬁ%ﬁ ﬁeﬁ%ﬁgﬁyl%ﬁmﬁ%{gﬁgﬂcﬁr@dﬁh%@ﬁgf cla‘é\ﬁse{%zf@ﬁ rgﬁl g joined to
forma five- or C8{GeHyenbered ring, R2B i s hydrogen, Ci- 020 aI kyI

C2- C20- al kenyl C6- C20-aryl, alkylaryl having from1l to 10 car bon atons in
t he al kyl to 1 he part or Si R3B3, where the
organic ra caI %@%&%@%P@ fil 0%9”%3“?” %Dmpﬁ'SM%al ogens and R2B and A may
al so be joi ned to forma five- or six- rrerrbered ring, 65

A) at least one monocyclopentadienyl complex as claimed in any of claims 1 to 5,

B) optionally an organic or inorganic support,

C) oplionally one or more activating compounds,

D) optionaily one or more catalysts suitable for olefin polymerization and

E) optionally one or more metal compounds containing a metal of group 1, 2 or 13 of

the Periodic Table.
7. A prepolymerized catalyst system comprising a catalyst system as claimed in claim 6 and
one or more linear C,-Cio-1-alkenes polymerized onto it in a mass ratio of from 1:0.1 to

1:1 000, based on the catalyst system.

8. The use of a catalyst system as claimed in claim & or 7 for the polymerization or

copolymerization of olefins.

9. A process for preparing polyolefins by polymerization or copolymerization of olefins in the
presence of a catalyst system as claimed in claim 6 or 7.

10. A process for preparing cyclopentadienyl system anions of the formuta (V11),



R3B are each, independently of one another, hydrogen, Cl-C20-al kyl, C2-C20
al kenyl , C6-C2o0-aryl or alkylaryl having from1l to 10 carbon atons in the
al kyl part and 6-20 carbon atons in the aryl part and two radicals R3B may
also be joined to forma five- or six-neébered ring. 4. A
nmonocycl opent adi enyl conplex as clained in any of clains 1 to 3, wherein L'B
is carbon. 5. A nonocycl opentadi enyl conplex as clainmed in any of clains 1
to 4, wherein Zis CH(Cog®-. 6. A catalyst systemfor olefin
pol ymeri zati on conprising ) at |g¥ét one nonocycl opent adi enyl conpl ex as
clainmed in any of clgfhs 1 o B) optionally an organic or inorganic
support, C) optionallly one/or Wbre activating c ounds, D) optionally one
or nore catal ystg—suCtabl€ @ ) efin polyneriz Iion and E) optionally one
or nore netal conpounds conLaht Rg nmetal of group 1, 2 or 13 of the
Periodic Table. 7. ARf)Br epol yieri ze®R cat al yst system conprising a catal yst
systemas clained in claim@aand one or nore |inear C2-Cl0-1-al kenes
pol ynmeri zed onto it in a s ratio of from1:0.1 to 1:1 000, based on the
cat al yst syst emwhgre théearladles baveahefallalinghesmingé:em as clained in claim6 or 7
for the polynerization or copolynerization of olefins. 9. A process for
preparing polyol efins by polynerization or copolynerization of olefins in
the presence ofRaRcagiepeh. indorandentyof eneanaeer hyiredeni tr@o-gkyl7CrGaalk®vpr ocess
1;?(2);\ er lelpa'rb\ [ ggocx(/\c/: ?;Jmt@gih@nikylérylj'faﬁ% ﬁdSl‘hOlﬂc$103cfar|$dh%tclfn€§iﬁlhﬂe@ll(vl\ﬁha|rt)3nd6|6 RIA
a A : [ A Var ave. t he; QWi ng
meani ngs: R A-R4A ar ea'ég%ﬁ@%iaﬁogg '%ﬁ‘&é‘ﬁyt Pairt,%???ar@e?ﬂtg? ﬁrg?'?'c %E?'Bg*eﬁ'?‘k may
Cl- C20-al kyl, C2- C2o-aokerpybstituteddhydripgensyand tvg iginahradicals &/1-RG Maoaisolbet o 10
carbon atons in the ghiks toRmta fBCorBixdkniafdaeingat ons in the aryl part,
Si R6A3 where the organic radicals R A-R4AA may al so be substituted by
hal ogens and two vicinal radicals R A-R4A nay also be joined to forma
five- or six- nerﬂ?éredarq: ieapg, independently of one ancther, hydrogen, C4-Cyg-alkyl, C,-Cyo-alkenyl,

Cs-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and

6-20 carbon atoms in the aryl part and two geminal radicals R** may also be
joined to form a five- or six-membered ring,

A has the formula (Ill):

P ()
| Lic
/l'\N/,E4\RSC

where
1C —4C .
E™-E are each carbon or hitrogen,

R'-R* are each, independently of one another, hydrogen, C;-Cyg-alkyl, C,-Cag-
alkenyl, Cg-Cog-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part or SiR°®;, where the
organic radicais R'®-R*® may also be substituted by halagens or
nitrogen or further C,-Cyg-alkyl groups, C,-Cy-alkenyl groups, Ce-Cag-
aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part or SiR%; and two
vicinal radicals R'®-R* or R'® and Z may also be joined to form a five-
or six-membered ring,



R6A are each, independently of one another, hydrogen, Cl-C2o0-alkyl,
C2- C20- al kenyl, ©C6-C20-aryl, al kylaryl having from1l to 10 carbon atons in
the al kyl part and 6-20 carbon atons in the aryl part and two gem nal
radicals R6A may al so be joined to fornfa five- or six-nenbered ring, A has
the formula (111): 2c 1CRic, E3c. Rc "A1 P (I'll) NRoc p where
Elc- E4c are each carbon or nitrogen, RLC-RAC are each, independently of one
anot her, hydrogen, Cl-C2o-al kyl, C2-C20- al kenyl, C6-C20-aryl, alkyl aryl
having from1 to 10 carbon atons in the alkyl part and 6-20 carbon atons in
the aryl part or Si RRS3, wase eachhadepgndpatii of opganather.dyiogeRECCxeafkyh Cebabe
Sczubsét2 :) t ult Ed b?/ hal Ogens or amany[rmea@rorfamylbﬂmav@afr%q t@HKEérbﬂ’l’é?tHlﬁ&ngthe .
al kenyl groups, r rou a cf om
to 10 carbon atons in the Cﬁiy ﬁat%gpt 0GR °%a‘§85¥ ﬁ%%rﬁl P%{‘@,l}g%“}’%agﬁﬂgﬁrw par t
or SiR5C3 and two vicinal m@cﬁlwatlesotﬁd@madlve Rr ex-mechbreguing amdso be j oi ned
to forma five- or six-nenbered ring, 67 R5C are each, independently of one

anot her, hydrogen, Cl-C2o-al | kenyl , C6- tyl or al kylaryl
having from1 to 10 darbon '%Sﬁ’hé Hg;zlsth‘énzilr ”dﬂfapf"h%%?}‘gc%- 26°%ré‘?"bon atoms in
the aryl part and two radicals R5¢c may also be joined to forma five- or
Si x-menbered i ngsand,Pehd, ﬂdé‘ﬂéﬁ&bnﬁw{ Gfoﬁé%nétﬁerﬁﬂyﬁfo@gr?'ﬂ: ﬁ}o-dky? Cz-d’z‘élﬁﬂenﬁ c- EAc

is carbon, R4B are each, i nde g one_anoft her, éi
Cl- C20-al kyl , C2- C20-Sakee)f: 2 V@é‘ dody HPW to 19 gaphopyAems;ig er?df‘yfﬁ’&b'trﬁ”ﬂ to 10
carbon atons in the aﬂkq/d:arq:rmratomndthe&rﬂearcw&@ﬁ, ahewrhd srgarieradicalé Rf5andy or

Si R3B3, where the orgay) |ca 1 @%ﬁ%dt@c} ié?n pﬂf“gﬁ"&g%%@ﬁ n{g{ogens

and two gem nal or viclna oi ne five-
or six-menmbered ring %G"?@Bfﬁwfyﬁtﬁs'xrmﬁ!‘éﬁéﬂﬁ’d@ﬁﬁw of one anot her
hydr ogen, Cl-C2o0-al kyl, C2-C2o0-al kenyl, C6-C20-aryl or alkyl aryl havi ng

Lo Lt 10, T gl Mo Bhin W B0 2L AR LB,
Cs-Cyo-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and

6-20 carbon atoms in the aryl part and two radicals R*® may also be joined to

form a five- or six-membered ring,

which comprises the step a) or &), where,

in step a), an A” anion is reacted with a fulvene of the formuia (Vllla)
1A
R2A

_ (Villa)

or,
in step &"), an organometallic compound R**MEX5, where
M® is a metal of group 1 or 2 of the Periodic Table of the Elements,

X8 is halogen, C,~Cg—alkyl, alkoxy having from 1 to 20 carbon atoms in the alky!
radical and/or from 6 to 20 carbon atoms in the aryl radical, or R*® and

R is hydrogen, C4-Cy-alkyl, C»-Cap-alkenyl, Ce-Cyp-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or SiR*;,
where the organic radical R® may also be substituted by halogens and R*® and A
may also be joined to form a five- or six-membered ring,

b is 0 when M® is a metal of group 1 of the Periodic Table of the Elements and is 1
when M? is a metal of group 2 of the Periodic Tahle of the Elements,



forma five- or six-nenbered ring, which conprises the step a) or a'),
where, in step a), an K anion is reacted with a fulvene of the fornula
(Villa) RIAR'" R4B (Villa) R4B R3P RAA or, in step a'), an

organonetal | i c compound R4ABVBXBb where MB8is a netal of group 1 or 2 of the
Periodic Table of the Elenents, XB is hal ogen, Cl-Clo-al kyl, al koxy havi ng
froml to 20 carbon atons in the alkyl radical and/or from®6 to 20 carbon
atons in the aryl radical, or R2B and R2B i s hydrogen, Cl-C2o0-alkyl,

C2- C20- al kenyl , C6-C20-aryl, alkylaryl having from1l to 10 carbon atons in
the al kyl part aadeasteg@ith afiieane af beforinua (\fidb)aryl part or Si R3B3, where the
organi c radical R2B may al so be substituted by hal ogens and R2B and A nay
al so be joined to formpg'ive- or_ six-nenbered ring, b is 0 when MBis a
metal of group 1 of the Reriodi cr¥'able of the Elenents and is 1 when MBis
a netal of group_2 of therReriedic Table of the Elenents, 68 is reacted
with a ful vene oR<the fop (M1I1b): RLA %g\ﬂllb) A RBAR4A 11. A
process for preparing——eycl operit adi ene systens (H )t he formula (Vila) R1A\
RzA R2B E6E7A A-CE/ (Vi ANRZB E6A R 3A R 4A where the variabl es have
the fol | owi ng nedni ngs: R

11. A process for preparing cyclopentadiene systems of the formula (Vlla)

1A
R\ R2A

BA 4

2B
E---...__ETA

A__é . (Vila)
8A
| N\ o N 3A

2B E
R } R

R4
where the variables have the following meanings:

E**-E'® are each carbon, where in each case four adjacent E**-E'® form a conjugated

diene system and the remaining E**-E"*

additionally bears a hydrogen atom,
R'"-R* are each, independently of one another, hydrogen, C;-Cyg-alky!, C,-Cyg-alkenyl,
Cs-Cyp-aryl, atkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part, SiR*;, where the organic radicals R"-R*
may also be substituted by halogens and two vicinal radicals R'-R** may also be
joined to form a five- or six-membered ring,

R*  are each, independently of one another, hydrogen, Cq-Cyg-alkyl, C,-Cao-alkeny,
Cs-Cyc-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part and two geminal radicals R* may also be
joined to form a five- or six-membered ring,

A has the formula (111):
2C
Ffp
1C
20 3c
Rp\ E10/ ES E3c/ Rp

I
PS )
N R;C



E6A-E1 OA are each carbon, where in each case four adjacent E6A-E1lIA forma
conjugated diene systemand the remaining E6A-EL1A additionally bears a
hydrogen atom R1A-R4A are each, independently of one another, hydrogen,
Cl- C20- al kyl , Cz-C26-al kenyl, C6-C20-aryl® al kyl aryl having from1 to 10
carbon atons in the alkyl part and 6-20 carbon atons in the aryl part,

Si R6A3, where the organic radicals RIA-R4AA may al so be substituted by

hal ogens and two vicinal radicals RLA-R4A may also be joined to forma
five- or six-nmenbered ring, R6A are each, independently of one another,

hydr ogen, Cl1-C2o0-al kyl, CZ-CZo-al kenyl, C6-CZo-aryl, alkylaryl having from
1 to 10 carbon atons in the alkyl part and 6-20 carbon atons in the aryl
part and two gem nal radicals R6A may also be joined to forma five- or

si x- menbered ring, A‘ﬁ?geéicthe formula (111): 2C 1C Rp,EC., EEC- RP | ¢
(111) N ~RaC P 69 vihéfFe' RreeghCator ogriftdgetar bon or nitrogen, R c-Roc are

each, independently of one another, hydrogen, Cl-C2o-alkyl, CZ-C20- al kenyl,
C6- C20-aryl, al kylaryl ing from1l t 0 carbon ato in the alkyl part
and 6-20 carbon at oms'&i 'E‘a?/haégﬁ?%?r '"B%PFFQ%‘EIV ‘§i°ﬂ%e%0?“wg%g?%&r 6?@'3’“%’020'

radi cal s R c-Roc nmay al so bakesyb&d-Ch-atykadlkiparyhaiviog&os 1de 10 carberogems iothef ur t her

Cl- C20- al kyl groups, C2- Czoéu@yll ﬁ%ldsgio%fb‘én a%‘s@tﬂéa@fﬁémﬂ%ﬂ#p?whé}éhw aryl
groups having from1l to 10 carbon atong I.4& the al ktél ,Eart and’ 6-20 car bon
atons in the aryl part or STEHIadeRE FwE PREiRPe subsiteise By ralogemmet or R ¢
and Z may al so be joi ned t mitfagemoefufthier €,-Carallyl gtoupsn®eC gadikenyhgroudss Cq-85€ each,

i ndependent |y of one anot hey WEBG%%%Q%W{%&?%%%\Q@OM 1 186 &fn aﬂjn{gqg?ﬁ%,

C6- C20-aryl or al kylaryl hav “bon atons I n.the yl part
and 6-20 carbon atoms in t HkvhPaF angd£r30 caman iRas e 8l REFESIR repd M 0™ be
joined to forma five- or siicinareaies &f-RT BgRERA @ niay dliowsgondd t6 fold € fives

nitrogen and is 1 when E c- . , R2B are each, independently of one
anot her, hydrogen, Cl-C2o- a%%&%"ﬁ%?%?@-&al kenyl ,

R*¢ are each, independently of one another, hydrogen, C4-Cag-alkyl, C5-Cap-
alkenyl, Cs-Coo-aryl or alkylaryl having from 1 to 10 carbon atoms in the
atkyl part and 6-20 carbon atoms in the aryl part and two radicals R*®
may also be joined to form a five- or six-membered ring and

p is 0 when E'C-E“C is nitrogen and is 1 when E'¢-E*C is carbon,

R®  are each, independently of one another, hydrogen, C4-Cyg-alkyl, C,-Cae-alkenyl,
Ce-Cog-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part or SiR*,, where the organic radicals R?® may
also be substituted by halogens and R* and A may also be joined to form a five-
or six-membered ring,

R*®  are each, independently of one another, hydrogen, C;-Cas-alkyl, C»-Cap-alkenyl,
Cs-Cyp-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the ary! part and two radicals R*® may also be joined to
farm a five- or six-membered ring,

which comprises the following step:
a*) reaction of an A-CR*R?®" anion with a cyclopentenone system of the formula (IX)



C6- C20-aryl, alkylaryl having from1l to 10 carbon atons in the al kyl part
and 6-20 carbon atons in the aryl part or Si R3B3, where the organic
radicals R2B may al so be substituted by hal ogens and R2B and A nay al so be
joined to forma five- or six-nenbered rithg, R3B are each, independently of
one anot her, hydrogen, G -C2o0-al kyl, C2-C20-al kenyl, C6-C20-aryl or
al kyl aryl having from1l to 10 carbon atons in the al kyl part and 6-20
carbon atons in the aryl p#t and two radicals R3B nay al so be joined to
forma five- or six-nenbered ring,R%hich conprises the follow ng step: a")
reacti on of an A- CR2BR2B- i v th a cycl opentenone systemof the fornula
(IX) 70 RRA RZA O (1X)

o (1X)

R4A



