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Abstract

Metallacyclic metallocene complexes of titanium, zirconium and hafnium can be prepared by hydrogen elimination processes of suitable
substituents such asphenylalkyl orw-alkenyl at the aromatic ligands. In some cases, the intermediates containing agostic hydride ligands can
be isolated and characterized. The synthesized metallacyclic metallocene complexes can be activated with methyl aluminoxane (MAO) an
are then able to polymerize 1-olefins catalytically. The advantages of such catalysts are their high thermal stability and their potential of self-
immobilization combining the advantages of homogeneous and heterogeneous catalysis and their high activities. In some cases these cataly
show activities that are three to four times higher than the activities of the parent dichloride complexes. The fact that these catalysts ao not contal
any halides and that they remain in the produced polymer makes them very friendly to the environment when they are thermally decomposec
© 2005 Elsevier B.V. All rights reserved.

Keywords: Metallacyclic metallocene; MAO; Ligand

1. Introduction In most cases the catalyst precursors are applied as the dichlo-
ride species. In the activation step, for instance in the reaction
In the past 20 years metallocene complexes have estabwith methyl aluminoxane (MAO), they are transferred into
lished as versatile catalysts in olefin polymerizatjipa20]. the catalytically active metallocene methyl cations.
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catalysis process. In this respect the halide ligands are counter In a similar mannetr-olefin complexes can be transferred
productive because they do not disappear in the activationinto metallacycles upon protonati@0].

process but are incorporated in the cocatalyst. One approacl
to avoid halide components in the catalyst is the application Q
of the corresponding metallocene dialkyl or dicarbyl com- \ .
plexes. However, these complexes can decompose easily & Zr\ +HCl Zr\

elevated temperatures and the yield in the synthesis is n01®/ PMej - PMe; ©/ Cl

always satisfying. Therefore, another approach looked very

attractive: the application of metallacyclic metallocene com-  The reaction of metallocene dichloride complexes with
plexes. Th|s type of complex prov_ldes the_essentlal_ metal alkyl substituents containing terminal indenyl groups and
carbon sigma bond for the catalytic olefin insertion in the butyl lithium results in the formation of a “double metal-

polymerization process. lacycle” that has been characterized by an X-ray structure

[41].
2. Known metallacyclic metallocene complexes O O
Metallacyclic metallocene complexes are accessible from (V) Q . (,7 Q
metallocene synthons and suitable components. For instanci ZiCly % Zr(Bu)
[21-30} O R 1)
Ph
" O
CpaMMes +2 PhC=CPh ——> oM 21-30 )
P2 (5] PhC=CPh pentane - [ - ]
Ph - butane
Ph - butene
M =Ti, Zr, Hf

The unsaturated parent titanium metallacycleTig4H4
[31,32] is more temperature labile than the unsaturated ()

phenyl derivative. The saturated titanacyclopentane decom- CE O —
poses at even lower temperatuj&3,34] The corresponding % ’O ’O

zirconium derivative can be prepared from trimethylphos- (&

phane stabilized precursd3b,36}
Another approach to metallacycles is the reaction of in situ

CpaZr(PMes),

+1CMT3 generated zirconocene and butadigt#®-45] The research
R\ ) group of G. Erker has explored this chemistry to perfection.
= +RlCc=CR? | . +C,H, oz
CpyZr’ WCPQZF(PM%)CZIM W P2 r@ [szzr] + N - szzrg
The metallacyclic product can react with substrates like
R =alkyl, aryl RCN to give larger ring systenj46,47]
A very versatile starting compound is the ethylene com- \ R
plex CpZr(CoHs)PMe; [35—38]that can be used as a syn- /N
thon for the synthesis of a variety of metallacyd@9]: szz"@ + RCEN_ oz | RCEN_ cpyzr
\ OH N R \N A\
ozl + @: & o
P2 AN OH >¥

R
y PMes - ol R = CMes, CH,Ph
- PMe; \RMea Boron and aluminum reagents give similar products

+RC=CR

o [48-50]
CpZZr\/tL - PMe; CpaZr @ Another broad and comprehensive approach to metalla-
0] \o o cyclic metallocene complexes has been elaborated by Rosen-
R thal and co-workergs1-63]in the past decade. In most cases
é/R a highly reactive metallocene complex of titanium or zirco-
CpoZr nium with a bis(trimethylsilyl)acetylene ligand is the starting

complex providing the metallocene synthon. In the following
R =H.Me typical examples are presented:
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‘Bu
Cp>Ti(Me;SiC=CSiMes)
. ~
+ > CpoTie—|| 51
‘ l -Me;SiC=CSiMe; =
Bu—C=C—C=C—'Bu
Bu
R R
, / VA
Cp'yZr —_— Cp 2Zr'=—]| (56]
\ —
\
R
R =Ph R=Ph
R = SiMe; SiMe; R= SiMe;
R! d
| Me;Si0,C
C PN N
cpaTi” N \
AN CpyZr—0O
C TiCp, Vo Ph
N\ - O—ZrCp, Ph
? /] =
R2 o=C_ C CpCp Tl\
N& Dcosive; 0Cs
R'=R*='Bu /
R! = SiMe3, R? = 'Bu MesSi Cp” = CsMes
[51] [52] [53]

\

Ph Ph >:L
CpyZr.
= p2 \O 0

Cp,Ti TiCps /
I oo d./
7xC
Ph Ph j/:{ P
Me';SI SiMe3
[57] [58]
) Me
'Bu\ 'Bu H
— O/AI\ o ZTCP*Z
Zr/N\ / Me C/ e
/
\\) B = \ 0 Me
Cp 2Zr O\\ /
AL
H gy "By
Me
[60] [63]

An approach to cationic metallacyclic metallocene com-
plexes has been demonstrated with the following reaction

[64]: _‘ .
G\ Obviously the strong Lewis acid B§Es)3 abstracts a
+ B(CgFs)s Ir methyl anion from the metal and the in situ generated frag-

@ Me

/ -

@Z\M o X@ [MeB(CeFs)s) ment [(GH3'Buz)2ZrMe]* is stabilized via an intramolecu-
€

lar CH-activation step to give the cationic metallacycle and
methane.
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3. Synthesis and characterization of metallacyclic During this reaction a zirconocene dibutyl comp|ég] is
metallocene complexes formed as an intermediate. The unsubstituted parent complex
has been characterizggi’]. In the next step the dibutyl com-
ansa Metallocene dihalide complexes and ansa dihalideplex eliminatesi-butane vigd-hydrogen transfgd68,69]and
half-sandwich complexes are not considered as metallacyclica butene complex is formed. Then an ortho-metallation pro-
complexes. Since these complexes do not contain a metal careess takes place yielding the final metallacyclic metallocene
bon sigma bond they cannot be applied as catalysts withoutbutyl complex. In some cases the butene complex precursor
activation. Therefore, it was our intention to find a general with an agostic hydrogen can be isolated and characterized
route for the synthesis of metallacyclic metallocene com- [70]. Such a coordination mode, the phenyl substituent being
plexes that already have at least one metal carbon sigma bondixed at the metal via an agostic hydrogen in the ortho posi-
and no halide ligands. tion, has also been observed by Green and co-wo{kéis
Catalysts with short spacera£1, 2) produce only met-
allacycles, spacers with three carbon atoms lead to butene
An excellent approach is the reaction @fphenylalkyl complexes and spacers with four or five carbon atoms give
substituted zirconocene dichloride complexes with two mostly dinuclear complexes wifP—bonded phenyl ligands
equivalents ofn-butyl lithium leading to cyclometallation  [72]. This concept can be expanded to a whole variety of
[65]. metallocene dichloride complexes witharyl substituents.
Some representative metallacycles are given belowW8ée

e Wc N

(a) w-Aryl groups at the substituent

Z -2 LiCl

e
1‘\
I

Z

Qo T |oLay
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D ot e,
SN W T

1(n=1) 4 (R=Me)
2(n=2) 3 5(R=F)

C@a

12 13 143,[‘) (I'I:l)
15a,b (n=2)

o | Q>f©&
7 +2 n.-BuLl - 7t
\Cl -2 LiCl - n-butane
-78°C
toluene
6

\J

17a,b (n=1) 19.b
18a,b (n=2) b 20a,b
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a free orbital of zirconium is favored. The thermal stability of

AN
S : A .
the butene complexes in solution is amazjé4] and obvi-
@\ O (9\ ously the consequence of such a strong interaction. A similar
7 7t situation is known from CgZr(PMez)(butene)75]. For this
K ‘1 type of reaction, spacers with hetero atoms like silicon can
also be successfully applied.
b) Reactions withw-alkenyl functions
21a,b ] . . .
: _ 22a,b Metallocene complexes with-alkenyl substituents in the
The length of the Chispacer units connecting thearyl ligand framework can form metallacyclic compounds via an
groups and the cyclopentadieny ligand decides the pattern ofintramolecular hydrozirconation procef&6-81] or by an
the product$73].
Cl 2 n-BuLi -n-BuH
7w~ -2 LiCl
~N

n

/
&0

SWANSWeS:

23(n=1)
24 (n=2)

gWc il

|

25(n=3)

Xa 5)

@ n not fully identified
n mixture of products,

presumably
dinuclear complexes
(see [73]).

The reason for the formation of three different types of oxidative addition reaction of an in situ formed zirconocene
products seems to depend on the extent of overlap of the[82]. A broad access to metallacyclic metallocene complexes
w-electrons of the phenyl ring and the hybride orbitals of zir- is the reaction ofv-alkenyl substituted metallocene dichlo-
conium[74]. In the case of a C3-spacer, the interaction of an ride complexes and two equivalentsmebutyl lithium. For
agostic hydrogen in the ortho position of the phenyl group and instance:
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= >
2 n-BuLi /_ﬁ
ZrCl, -2 LiCl 7r -n-BuH

—
N AN
26

26a

cOLEN

27
=
“ o)
ZCl, +2n-Buli Zr/
1. -n-BuH N
% 2.2 LiCl i
n N ! N
28 (n=2) -
29 (n=3) 28b-30b
30(n=4)
l— 1-butene
@@W
a4
cOoRlilc &
ol “
n 28¢-30c
31(n=2)
32(n=3)

isomerisation

\O\

n-1

33 (=4
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The course of the reaction is very similar in the case of Such displacement reactions of 1-butene from the coordina-
thew-phenyl derivatives. The zirconium derivatives are reac- tion sphere of zirconium by various donors (e.g. ethylene,
tive enough for the complex reaction cascade. The titanium alkynes, trimethylphosphine) have been described a number
compounds are very labile. The corresponding hafnoceneof times for unsubstituted zirconocene complefg84].
complexes are not reactive enough and the reaction stops The proposed metallocene intermedi@&sand29c¢ with

after the first sequend83,84] C2 and C3 spacers react with the formation of a Cs symmet-
_ — rical zirconacyclopentane structure to the metallacy8les
@\/ . @\/ and32.
2 n-BuLi . . .
HECl, _2 LiCl H‘/_ﬁ In contrast to metallacycl@6c, with its bridge from

K the metallacyclopentane structure to thdigand on theB-
@/\ @/\ carbon to zirconium, the metallacycld$-33 have bridges
N on thea-carbon atom. It can be assumed that the differing
In the case of the zirconium derivative the dibutyl com- bridge positions are due to steric requirements, in partic-
plexes are stable at lower temperatured@°C) for several ular to avoid excessive ring strain. Unbridged metallacy-
minutes and can be characterized by NMR spectroscopy. Alsoclopentane complexes, for example ZpCsHsMe,, with

the unsubstituted parent metallocene complex is accessiblgheir non-existent steric effects, always form mixtures of iso-

for characterizatiof67]. mers with branching methyl groups in theandB-positions
The decisive reaction step in the formation of a metal- [36,39]
lacycle is probably & +2+2 g¢cloaddition[85,86] lead- With the proposed metallocene intermedi3fie having a

ing to a zirconacyclopentane moiety. With bis(allylcyclo- C4 spacer, an isomerization of the terminal double bond in
pentadienyl)zirconium dichloride the zirconacyclopentane hex-5-enyl groups to hex-4-enyl groups with the formation of
structure is most likely formed by the integration of the 1- the proposed0d seems to occur prior to the reaction of the
butene ligand into the ring structure. Obviously because of zirconacyclopentane structure to the metallacyddeThis
the close proximity of the allyl group to the second cyclopen- type of double bond isomerization is facilitated in the coor-
tadienyl ligand, the reaction does not stop at this stage but itdination sphere of transition metals and found in a number of
seems to proceed with a CH-activation reaction in which a reactions catalyzed by transition metgg]. The isomeriza-
hydrogen atom of the allyl group is transferred to a methylene tion presumably proceeds via theallyl hydride mechanism,
group in ana-position to the central metal. The metallacy- involving a metal-induced intramolecular 1,3-hydrogen shift
cle 26 is obtained in quantitative yield; its structure could be [88,89]
confirmed by one and two dimensional NMR spectroscopy.  Because of the proposed isomerization, the zirconacy-
Only one stereo isomer is formed in this multi-step reaction clopentane structure of metallacyc® has two methyl
despite the presence of several centers of asymmetry. groups in positions 3 and 4 of the zirconacyclopentane struc-
In the reaction of the bis(alkenylcyclopentadienyl)- ture. An analogous structure was shown in a substituted
zirconium dichloride complexe27-29 having a longer titanocene complex, prepared by reduction of the associated
spacer unit between the double bond and the cyclopentadi-titanium dichloride complex with magnesium in tetrahydro-
enyl ligand (C2—C4), the metastalié-butenen?-alkenyl- furan[90].
zirconium moiety 27b—29b) is most likely formed in an Besides the symmetrical bis(cyclopentadienyl)zirconium
analogous manner 26. dichloride complexes, other complexes of the type (alkenyl-
However, presumably for steric reasons, the reactions of cyclopentadienyl)(indenyl)zirconium  dichloride  were
the metallocene complexes with C2—-C4 spacers then seenreacted with two equivalents ofi-butyl lithium. The
to proceed through a 1-butene elimination and the double (alkenylcyclopentadienyl)(indenyl)zirconium dichloride
bond of the alkenyl group on the second cyclopentadienyl lig- complexes 34-37 with mixed substituents and C1-C4
and coordinates to the now free coordination 28e{30c). spacers were prepared in a known fashion by reacting the
This coordination of the alkenyl group with elimination of respective alkenylcyclopentadienyl lithium derivatives with
1-butene can also be interpreted as a displacement reactionindenyl zirconium trichloride in diethyl eth¢81].



=
n
C 7iCly

34(n=1)35(n=2)
36(n=3)37(n=4)

~

RN
o

39(n=2)

)
Zr
Co

34b - 37b

+2 n-BuLi
—_

1. -n-BuH
2. -2 LiCl

)l’l

Zr

&5

40a (n =3)
40 %

Co

When the metallocene dichloride complexdds37 with
mixed substituents are treated with two equivalents of n-
butyl lithium, the reaction is likely to proceed in the for-
mation of a metastablg?2-1-butener?-alkenyl zirconium
moiety 34b—37b), as with the symmetrical bis(alkenylcyclo-
pentadienyl)zirconium dichlorideX6 and28-30.

Since the secongl-ligand has no alkenyl group, in contrast
to the bis(alkenylcyclo-pentadienyl)zirconium dichloride
complexes28-30 with C2 and C4 spacers, no displace-

o
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ll—]

Zr

41 (n=4)

2

.
Zr,

40b (n=3)
60%

As with metallacycle27, the metallacycl&8 (both C3-
alkenyl groups) is bridged from the metallacyclopentane
structure to them-ligand on thep-carbon atom to zirco-
nium. The metallacycle39—41 (C4—-C6-alkenyl precursor)
have, as do their symmetrical metallacyclic analdys33,
the bridges at the-carbon atoms.

As with metallacycle33, in intermediate36b an isomer-
ization of the terminal double bond (pent-4-enyl group) to

ment of 1-butene by the alkenyl group can occur. Further- a pent-3-enyl group and thus the formation of metallacycle
more, because of the missing second allyl group, the reactiond0b seem to occur to the extent of 60%, prior to the formation
of (allylcyclopentadienyl)(indenyl)zirconium dichlorida4) of the zirconacyclopentane structure. The structural isomer
with n-butyl lithium does not go further in comparison with  40a, where no double bond formation occurs, is formed to
bis(allylcyclopentadienyl)zirconium dichloride2€) where the extent of 40%.

a hydrogen atom is probably transferred in a CH activa-  In intermediate37b, presumably because of the different
tion reaction to the zirconacyclopentane structure. Therefore,steric situation, the proposed isomerization of the terminal
most likely, in the (allylcyclopentadienyl)(indenyl)zirconium  double bond (hex-5-enyl) to form the zirconacyclopentane

dichloride 34) with mixed substituents, a completely differ-

ent metallacyclic structure as compared with the symmetri-

cal bis(alkenylcyclopentadienyl)zirconium dichlorid®) is
obtained.

structure 41) proceeds with 100%.

The reaction methods are very versatile to synthesize var-
ious types of the unbridged and bridged metallocene com-
plexes, symmetrical or asymmetrical: for instaf@#]:
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Qo -
n n |
+2 EiLi / %

z — >

r
2 LiCl — -EtH N
-78°C Z
X X X
n n

£2n=1)
43 (n=2)
44 (n=3)
45(n=4)

. I_n orderto find outwhether or not the in situ from_the butyl mediate into the metallacyclic structure in all investigated
lithium reagent generated butene can participate in the reac-

. o ) ) cases.
tIOI’]., other lithium organyls were applied and/qrdlfferentfree When the reaction of symmetric éalkenyl substituted
olefins or ac_etylgnes were addgd to the reacting Componemsmetallocene dichloride complexes and alkyl lithium is per-

.S.ymmetrlc, bisalkenyl substituted metgllocene complexes formed in the presence of free olefins or acetylenes, no
eliminate the generated alkene except in the case of a C

q all leis f db loadditi ]1ncorporation of the free olefin into the metallacyclic struc-
spacer and a metallacycle Is formed Dy a cycloaddilion réac-y,, .o coylq be observed. However, alkynes are incorporated
tion of the two alkenyl substituents.

via a cycloaddition reaction.

®\ \ — Zr>//\ — @?|
cOe! B L)

F isomerisation

F
47(n=2)

48 (n=23)
46 (n=1) 49 (n=14)

In a different manner asymmetric, mono alkenyl substi-
tuted metallocene complexes incorporate the olefin inter-
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\ *;
Zr
/\{@/
+ 2- butyne
Z IS —
_al B - 1-butene
7r Fon-buld 7r—| 4
~ -2 LiCl
Cl
-n-BuH
= A = ) =
43 50 (1:1)

+ 1-hexene

+ l-octene " 4";)‘:1)’“6
- 2-butene -1-butene 1-butene

51 (7:3)
In the reaction of the symmetric bisalkenyl substi-
tuted metallocene complexel and 43 with two equiv-
alents ofn-butyl lithium no additional alkene is incorpo-
rated. Added alkynes change the reaction pathway. Th

intermediate butene complex eliminates 1-butene and
incorporates 2-butyne and 4-octyne to give the unsat-
euUrated metallacyclesS0a,b and Slab as isomeric
mixtures.

\ #*
Zr
+ 1-hexene + 2-butyne : :E i;

VN—butene -1 —buteV

Pz

53 (1:1)

+ 1-octene

- 1-buteng + 4-octyne
/ \L—butene

g s
%)Z

55(8:2)
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In a similar manner the indenyl derivative 1 reacts with In this manner, the catalyst is immobilized and further
2-butyne and 4-octyne to give the metallacyc38a,b and ethylene insertion occurs by heterogeneous catalysis. During
55a,b as isomeric mixtures. the polymerization, the metallacycle opens due to a chain ter-

In addition to56b, a 2-butyne comple%6a is formed in mination reaction. Further formation of polymer results from
this reaction:

cl +2 n-BuLi
Zr/ +2- butyne 21
N 2 LiCl
% Cl -n-BuH %
- n-butene

34 6a

We consider56a as an intermediate in this reac-
tion sequence. It is stable because of steric and elec-
tronic reasons. A very similar metallocene complex with a
bis(trimethylsilyl)ethyne ligand has been obtained by reduc-
tion of the parent metallocene dichloride with magnesium
[59].

heterogeneously catalyzed olefin insertions into the cationic
metallocene mono alkyl complex.

As an alternative, a different metallocene cation can be
discussed as potential catalyst: the butyl ligand is still coor-
dinated to the metal, the metallacyle has opened and the ortho
position of the terminal phenyl group and MAO form an
anion.

We do not favor this possibility because the Zr-phenyl
bond is thermodynomically a much stronger bond than the
Zr-butyl bond and therefore harder to break. Another argu-
ment is the fact that the colored activated metallacycles can
undergo “self-immobilization” reactiong 6] with ethylene
in toluene solution to give colored prepolymerized hetero-
geneous catalysts. Such a behavior is not known from the
reaction of “conventional” metallocene catalysts and MAO.

The activities of metallacycleb-3 significantly increase
aspect is the fact that these catalysts do not contain any 4 g y

s the length of the spacer chain increases. The three met-
halides and as a consequence the polymers so produce
allacycles produce polyethylenes with molecular weights in
cannot release any hydrogen halides upon thermal decom-

position or combustion. Such resins are very friendly to the a narrow range (290-350kg/mol). The DSC data for these
environment resins are given iffable 1

4. Application as catalysts for olefin polymerization

All synthesized metallacyclic metallocene complexes can
be activated with MAO and then be applied as catalysts
for olefin polymerization. A comparison with the parent
metallocene dichloride complexg&0,73,92,93khows that
they have a higher activity in most cases and they are
self-immobilizing in solution[77]. Another very important

O/j@\ / :'\ / : \
[MAO-Bu] ©/ [MAO-Bul ®/ [MAO-Bu|

Bu = butyl

@ = insoluble polymer

After activation of the metallacycle with MAO, the ring
expands during polymerization through repeated ethylene The activities of the mixed substituted metallocene dichlo-
insertion into the metal carbon sigma bond of the metalla- ride complexe®c—12¢ and of the corresponding metallacy-
cycle. Finally, an insoluble polymer is formed that is directly cles9-11 increase as the chain length of thephenylalkyl
attached to one-ligand of the active catalyst cation. group increasefF3].
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Table 1

Overview of the polymerization experimefind polymer analytic results
Complex  Activity® MyC DSC

(catalyst (kgPE/gZrh)  (kgmol2)

precursor) Tm (°C)  AHm(Agh)
1 790.4 360 133.1 188
2 1810.7 290 142.2 212
3 5577.0 350 137.2 138
4 1231.6 330 135.7 148
5 1040.0 510 136.4 154
6 1413.7 520 124.8 170
8 164.5 650 142.0 132
9 2850.0 450 141.1 145
10 2460.0 610 134.0 156
11 4560.0 450 136.1 153
13 100.7 590 138.9 137
14a,b 1325.0 770 139.6 138
19a,b 1509.0 360 138.2 143
20a,b 131.6 500 136.0 154
21a,b 2222.9 620 135.3 149
22a,b 878.0 580 131.4 148

a8 Tp =60°C; solvent: 500 ml pentane; 10 bar ethylene pressure.
b [M]/[Al] = 1:3000.
¢ Intrinsic viscosity.

activity

[ke PTg 7r * h|
o 5577
metallocene dichloride complex

3000 -

A B metallacycle B
a000 3534

28 850
3000 2888 2 -
1811 1881 1800
2000 1506
232
1000 90
0 I
3¢ ¢ 10c llc
1 2 9 10 11

A comparison of the activities of metallacycles3/MAO
shows an analogous behavidable 2.

Table 2
DSC daté for polyethylenes obtained from the homogeneous polymerisa-
tions with1-3/MAO

Metallocene complex Tm (°C) AHpm (J/mol) o (%)
1 133.1 188 64.9
2 142.2 212 73.2
3 137.7 138 47.6

@ The values are taken from the second heating course of the DSC.

In the case of the dimethylallyl substituted metallocene
dichloride complexe87¢ and58c and the corresponding met-
allacycles$s8 and57 and the trimethylsilyl substituted analogs
59¢ and60c and59 and 60, the metallacycles show higher
activities in catalytic ethylene polymerization reactions than
the parent dichloride complex§a2].

6000 1 activity [kg PE/g Zr * h] 5571

5000 4 B M, [kg/mol|

4000

3000

o 1811

el S 290 350

@C@@?@

©“©

U AN W e s Weg
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57c 57 s8¢ 58
g)/ g,/
S QOn s
@\u U P ®/>S'\
/s €l
7.r\ 2T Z{ \Z
r
cl / NN -
~Si =8
59¢ 59 60c 60

activity
|ke PE/g Zr * h)

3000
2890 metallocene dichloride complex
2500 - B metallacycle
2000 1852 1791
1500 - 520
981
1000
612
500
70 74
0
57c¢ 57 58¢c 58 59¢ 59 60c

The reason for this behavior could be that the former
chloro ligands from the metallocene complexes are sub-
stituents on the MAO cages after the activation J@4. The metallocene dichloride complexes produce consider-
As Lewis bases they are able to block the coordination sitesably higher molecular weights than the metallacyclic coun-
of the Lewis acidic metal and thus they reduce the activities terparts. This is indicative for an easier chain termination
of the catalysts. Another argument for the higher activites of reaction presumably b§-hydrogen elimination in the case
the metallacycles could be the rigid structure of the metalla- of the metallacycles.
cycles. Finally the “ring slippage” phenomenon, the bonding
change fromn® to n! in the series Cp, Ind, Flu, meets the

expectations in terms of higher activitif5]. 5. Conclusion
The molecular weight&f}, of the polyethylenes produced

show a different trend: A variety of metallacyclic metallocene complexes is
T —_— T — accessible by a simple synthetic route: metallocene dichlo-
M, [ke/mol] B menliscstle ride complexes with aryl or terminal alkenyl substituents
- 3 react with two equivalents of butyl lithium to give the cor-
W o responding metallacycles via CH activation reactions. Met-
o [ 5 allacyclic metallocene complexes in combination with MAO
6 29 i have proven as excellent olefin polymerisation catalysts. In
i 238 a most cases they are superior to the parent metallocene dichlo-
24 - ride complexes because they do not contain any halide com-
50 ponents that could be counter productive for the activities of
100 such catalysts. In addition, these catalysts are very friendly

04 to the environment. Since they remain in the generated poly-

0 [— || olefin resin they do not produce any halogen containing

57¢ 57 s8¢ 58 59¢ 59 60c 60 products upon thermal degradation.
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