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Abstract

A series of 21 dissymmetric dinuclear ansa zirconocene complexes and their ligand precursors have been synthesized and
characterized. After activation with methylalumoxane (MAO), these catalysts polymerize ethylene with different productivities
and polydispersities in homogeneous and heterogeneous media. The tendencies of these series are shown.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction 2. Results and discussion

Specially designed mononuclear metallocene com- 2.1. Synthesis of the dichlorosilane and
plexes have proven to be excellent single-site catalyststetrachlorodisilane precursors
for the polymerization of ethylengl—5]. The result-
ing polyolefins can be produced with a very high cata-  The dichlorosilanes and tetrachlorodisilares9
lyst productivity and the polymer has a typical narrow were synthesized according $&themes 1-3
molecular weight distribution. This fact can be disad-  The hexenyl derivativ® was formed by a catalytic
vantageous in industrial processing. Catalyst mixtures hydrosilation reactiorfil4,15]
were used to obtain broader molecular weight distri-  The resultingw-alkenyl substituted methyldichlo-
butions but sometimes with the negative side-effect of rosilane derivatives were treated with an alkyl (i.e.
a loss of productivity. It was the intention to design methyl, ethyl or isopropyl) derivative of dichlorosilane
dissymmetric dinuclear metallocene complexes with in a catalytic hydrosilation reaction.
the potential of dual-site catalysts in order to solve this
problem. The known dinuclear metallocene complexes 2 2. Synthesis of the ligand precursors
do not unify two different catalytic centef6—13].

The tetrachlorodisilane derivatives were treated
"+ Corresponding author. Tek+49-921-552555: with _four equivalents of sodium cyclopenta}dl_en|Qe.
fax: +49-921-552157. The ligand precursors were formed by salt elimination
E-mail addresshelmut.alt@uni-bayreuth.de (H.G. Alt). reactions according t6cheme 4 [16—-20]
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Scheme 1. Synthesis af-alkenyl substituted methyldichlorosilane derivatives by Grignard reactions.
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Scheme 2. Synthesis of-hexenyl methyldichlorosilane5) by a hydrosilation reaction.

The indenyl and fluorenyl derivative®$-40 were 2.4. 13C NMR spectra o#2 and 47
prepared in the same mann&cheme h

The ligand precursors of the mononuclear deriva-  The J modulated®C NMR spectrum of the sym-
tivesL 1-L 3 were synthesized by a similar salt elimi- metrical complex42 shows four resonance signals

nation reaction$cheme & at§ = 1293 and 113.8 ppm for the tertiary carbon
atoms of the cyclopentadienyl rings and one reso-
2.3. Preparation of the complexes nance signal a8 = 1081 ppm for the correspond-

ing quaternary carbon atoms, as well as signals at
The dinuclearansazirconocene complexe4l-54 8 = 16.7 and 15.5 ppm for the (Chis bridge and at

were prepared according fcheme 7 [21,22] 8 = —7.0ppm for the silicon-bound methyl groups
The indenyl and fluorenyl complexé&®b—61 were (Scheme 11
synthesized in an analogous manrfectfieme B The3C NMR spectrum o#7 shows resonance sig-
The complexefRR1-R3 were synthesized for com- nals at§ = 1293, 128.7, 128.6, 128.0, 115.1, 114.8,
parison purposesScheme 9[17,20] and 113.7 ppm for the aromatic CH groups of the
[H,PtClg] R
g>s./ Me - R\S]<Cl 276 cn M ‘s(Cl
-
s HCl Ct \@n/\/ cl
R = methyl R = ethyl R =iso-propyl

6 (n=0) 11 (m=0) 16 (n=0)
7 (n=1) 12 (m=1) 17 (m=1)
8 (n=2) 13 (n=2) 18 (n=3)
9 (n=3) 14 (m=3) 19 (n=4)
10 (n=4) 15 (n=4)

Scheme 3. Formation of the tetrachlorodisilane derivaté«t® by hydrosilation reaction§l4,15]
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Cl_ Me R _al ©—‘ et - 4 NaCl

R = methyl R =ethyl R =iso-propyl
20 (n=0) 25 (n=0) 30 n=0)
21 (n=1) 26 (n=1) 31 (n=1)
22 (n=2) 27 (n=2) 32 (n=3)
23 (n=3) 28 (n=3) 33 (n=4)
24 (n=4) 29 (n=4)

Scheme 4. Synthesis of the cyclopentadienyl substituted ligand prec@@e3

R =ethyl R =iso-propyl R =iso-propyl

34 n=4) 35 (n=0) 38 (n=0)
36 (n=1) 39 (n=1)
37 (n=4) 40 (=4

Scheme 5. Indenyl and fluorenyl ligand precursg4s40.

L1 L2 L3

Scheme 6. Reference ligand precursbfisL 3.
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@\ Me R /@ + 4Buli + 27rCly @\ Me R /@
Si’\®,\/5' > > ClZr Sl\e,\/s ZrCl,
T D o e 0O

R = methyl R = ethyl R = iso-propyl
41 (n=0) 46 (n=0) 51 (n=0)
42 @=1) 47 @=1 52 (n=1)
43 (n=2) 48 (n=2) 53 (n=3)
44 (n=3) 49 (n=3) 54 (n=4)
45 (n=4) 50 (n=4)

Scheme 7. Synthesis of tlemsazirconocene complexe$l-54 with cyclopentadienyl ligands.

AN 7/ AN
ClLZr Si Si 7:Cl, ClLZr Si Si ZrCl,
R =ethyl R = iso-propyl R =iso-propyl
5 (m=4) 56 (n=0) 59 (n=0)
57 (n=1) 60 (n=1)
58 (n=4) 61 (n=4)

Scheme 8. Fluorenyl and indenyl substitutatsazirconocene complexesb—61.

cyclopentadienyl rings. The quaternary carbon atoms the ethyl substituent occur & = 6.7 ppm (ChH)
appear ab = 1080 and 107.5ppm. The resonance and 1.7 ppm (CH). The highest field signal at
signals for the propylidene bridge are observed at § = —6.9 ppm is assigned to the methyl substituent
§ = 169, 15.7, and at 11.2ppm, and those for (Scheme 1L

N @ al N @ «l N ‘ .l
_—Si AN _Sil —Si r
i ? cl i ? cl : cl

R1 R2 R3

Scheme 9. Reference catalyst precur$®isR3.
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Scheme 1013C NMR spectrum of42 (S = CDCl).

2.5. Polymerization results

The dinuclear complexe4l-61 and the reference
compoundsR1-R3 were activated with methylalu-
moxane (MAQ) in toluene solution. The homogeneous
catalyst solution was used for ethylene polymeriza-
tion. For the heterogeneous polymerization, the acti-
vated catalyst solutions were treated with silica gel
(1g SiG/umol(Zr)). Then the solid and dried cata-
lyst was used for polymerization. The polymerization
results are given iffable 1

The most surprising result is that in almost all

Scheme 13jives an overview. This result is in contrast
to previous observatior[5,17,21,22] This behavior
could be due to the fact that polar oxygen atoms on
the surface of silica can no longer interact with the
catalytic metal center and reduce the catalyst’'s activ-
ity. It is even likely that the dinuclear complexes form
more efficiently cationic species on the surface of sil-
ica than in homogeneous solution. Due to the fact that
the MAO counteranion does also occupy a large area
close to the catalytic centers of the activated com-
plexes, the polymerization may be hindered sterically.
Another tendency is obvious fro®cheme 12The

cases the catalyst productivity in the heterogeneouslonger the spacer between the two catalyst centers the

run is higher than under homogeneous conditions.

higher the productivity. A bigger spacer means less

[
ppm 120 100 80

60

Scheme 1113C NMR spectrum of47 (S= CDClg).
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Table 1

Polymerization data of the catalyst precursdis6l, of the ref-
erence catalyst precursoRsl-R3 in homogeneous and heteroge-
neous ethylene polymerization

Complex  Activity (g(PE)/g(Zr)h)  Activity (g(PE)/g(Zr)h)
(homogeneous (heterogeneous
conditions) conditions)

41 122.200 109.000

42 104.400 158.000

43 120.000 180.000

44 133.100 187.700

45 134.400 201.000

46 42.200 60.800

47 50.300 75.300

48 76.400 162.000

49 82.600 165.200

50 142.500 188.600

51 48.000 66.000

52 64.400 72.200

53 80.000 79.100

54 89.900 98.500

55 172.200 313.000

56 126.000 144.800

57 126.100 151.000

58 201.700 321.000

59 152.000 239.500

60 161.300 260.000

61 184.000 295.600

R1 109.000 102.000

R2 250.000 190.000

R3 320.000 260.000

sterical stress in the molecule or in the catalyst ion pair
with MAO. Scheme 13hows this effect explicitly.

The series of complexe46-50 with methyl and
ethyl silyl groups shows the growing spacer length

[kg(PE)/g(Z)h]
250 -

200
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and the comparison with the supported catalysts and
the reference. While in homogeneous polymerizations,
only the counterions have to arrange sterically, the
situation in the supported catalyst can be different. The
distance between the cation and the anion in the ion
pair of the catalyst could be increased because of the
interaction with the support. The consequence would
be a higher activity of the catalyst (Sg3]).

An increase in activity can also be observed when
the cyclopentadienyl ligand is substituted with an in-
denyl or fluorenyl group §cheme 1} This fact is
known from former result§l,4,15,17,22]

Besides increasing activity because of a larger lig-
and sphereScheme 14shows another detail: The
single-site catalysts show generally higher activities
under homogeneous conditions, while the supported
dinuclear catalysts range on the same level as the sup-
ported mononuclear catalysts.

The impacts on the catalyst's behavior are obvi-
ously greater in case of dinuclear catalysts because the
number of parameters that can influence the polymer-
ization kinetics is higher in the case of mononuclear
complexes.

The molecular weight distributions of the polyethy-
lenes produced with the dinuclear catalysts indicate
bimodal resins. The dissymmetric catalyd®MAO
and 50/MAQO clearly show two different molecular
weights Schemes 15 and 16

The fact that also the symmetric catalydfM AO
can produce a bimodal resirs¢heme 1Y leads to
the conclusion that the MAO counteranion induces
the necessary dissymmetry of the active sites in the
activation process.

O homogeneous
@ heterogeneous

150 -

100 ~

50

0_
41 42 43 44 45 46 47

48 49 50 51 52 53 54

Scheme 12. Comparison of the catalyst productivities of cyclopentadienyl substituted catihzE AO.



H.G. Alt, R. Ernst/Journal of Molecular Catalysis A: Chemical 195 (2003) 11-27 17

200 - [kg(PE)/g(Zr)h] homogeneous
180 E heterogeneous
160
140
120
100
80

60 -

40

20

0 -

46 47 48 49 50 R1

Scheme 13. Catalyst productivities 46-50/M AO with methyl and ethyl silyl groups.
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Scheme 14. Comparison of catalyst productivities of dinuclear with mononuclear catalysts.

3. Experimental Commercially available indene was distilled and
stored at—28°C. Cyclopentadiene was freshly dis-

All experimental work was routinely carried out tilled from the dimer. Methylalumoxane (30% in

using Schlenk technique. Dried and purified argon toluene)was supplied by Witco Company, Bergkamen.

was used as inert gas. Toluene, pentane, diethyl All the other starting materials were commercially

ether and tetrahydrofuran were purified by distilla- available and were used without further purification.

tion over Na/K alloy. Ether was additionally distilled

over lithium aluminum hydride. Methylene chloride 3 1. NMR spectroscopy

was dried with Call. Deuterated solvents such as

chloroform-d and benzenegwere dried over mole- The spectrometer Bruker ARX 250 was avail-

cular sieves (300 ppm), degassed and stored underable for the recording of the NMR spectra. The

inert gas atmosphere. organometallic compounds were prepared under inert
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Scheme 15. Bimodal molecular weight distribution of polyethylene produced4¥iti AO as catalyst.
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Scheme 16. Bimodal molecular weight distribution of polyethylene produced50it AO as catalyst.
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Scheme 17. Bimodal molecular weight distribution of polyethylene produced44iti AO as catalyst.

gas atmosphere (argon). The spectra were recorded agjas chromatograph in combination with a VARIAN
25°C. The chemical shifts in thtH NMR spectra are MAT 312 mass spectrometer.

referred to the residual proton signal of the solvent

(8 = 7.24 ppm for chloroform§ = 7.15ppm for ben- 3.4, Preparation of»-bromo-1-alkenes by

zene) and in th&3C NMR spectra to the solvent signal  glimination reaction

(6 = 77.0 ppm for chloroform-g, § = 1280 ppm for

benzene-g). Tetramethylsilaned( = 0.0 ppm) was An amount of 440 mmol of,w-dibromoalkane was

used as external calibration f6¥Si NMR spectra. heated to 200C and 240 mmol of hexamethylphos-
phoric acid triamide (HMPT) was added slowly. The

3.2. GC/MS spectroscopy resulting -bromo-1-alkene was distilled off the re-

action mixture and purified by another distillation at
GC/MS spectra were performed with a HP5971A normal pressure. Yields: 40-60%.
mass detector in combination with a HP5890 gas chro-
matograph. Helium was applied as carrier gas, a 12m 3 5. preparation of the alkyl ow-alkenyl substituted

J&W fused silica column (DB 1, film 0.28m) was  dichlorosilane derivatived—4 by Grignard reaction
used. The measuring program was: 3min atC0

(starting phase); 20C/min (heating phase); variable  An amount of 6.1 g (250 mmol) of magnesium sus-
time at 210°C (final phase). pended in 100ml of diethyl ether was placed in a

three-necked flask with dropping funnel and reflux
3.3. Mass spectroscopy cooling system at 6C. The magnesium was activated

by addition of 0.1g 4. An amount of 240 mmol of
The mass spectra were recorded with a VARIAN an alkyl, aryl oro-alkenyl bromide in 100 ml of ether
MAT CH?7 instrument, GC/MS with a VARIAN 3700 was added slowly during 1h. After addition of the



20

bromide, the mixture was stirred for another hour at
room temperature.
An amount of 70ml (450 mmol) of a trichlorosi-

H.G. Alt, R. Ernst/Journal of Molecular Catalysis A: Chemical 195 (2003) 11-27

Na,SOy/SiO, and the solvent was removed in vacuo.
Yields: 60-70%.

lane derivative in 100 ml of diethyl ether was placed 3 9. preparation of tetrachlorodisilane derivatives
in a Schlenk vessel. The Grignard product was added g_19 py hydrosilation reaction

slowly to this mixture at—78°C within 1h and
brought to room temperature within 3h. The solvent
and the excess trichlorosilane were distilled off the

mixture. The residue was suspended in pentane, fil-

tered over NgSO, and the crude product was distilled.
Yields: 50-80%. The products were characterized by
NMR spectroscopyTable 2.

3.6. Preparation of
5-hexen-1-yl-methyl-dichlorosilan&)(by
hydrosilation reaction

An amount of 150 mmol of 1,5-hexadiene was dis-
solved in 5ml of pentane and treated with 30-50 mg
hexachloroplatinic acid hydrate. An amount of
50 mmol of dichloromethylsilane was added and the
mixture was stirred for 40h. After filtration over
NaxSO4, the solvent and the excess 1,5-hexadiene
were removed in vacuo. The crude product was dis-
tilled in vacuo. Yield: 80%.

3.7. Preparation of ligand precursakt1

An amount of 4.5g (51.1 mmol) of sodium cy-
clopentadienide in 50ml of tetrahydrofurane was
placed in a Schlenk vessel. An amount of 4.32¢g
(25.6 mmol) of dichlorodimethylsilane was added and
the mixture was stirred for 15h at room temperature.

An amount of 19.4 mmol of am-alkenyl-dichloro-
methylsilane derivative and 19.4 mmol of an alkyl sub-
stituted dichlorosilane derivative was dissolved in 5ml
of pentane. An amount of 30-50 mg of hexachloropla-
tinic acid was added. The mixture was stirred for 40 h
at room temperature, then filtered overJS&y and
the solvent was removed in vacuo. The products were
white, crystalline solids or slightly yellow highly vis-
cous oils. Yields: 90-95%. The products were charac-
terized by NMR spectroscopyldble 9 and GS/MS
(Table 3.

3.10. Preparation of the cyclopentadienyl substituted
ligand precursors20-33

An amount of 6 mmol of 1, h,n-tetrachloro-1-alkyl-
1n-disila-alkane in 100ml of diethyl ether was
placed in a Schlenk vessel and 2.1g (24 mmol) of
cyclopentadienyl sodium (dissolved in 10 ml of THF)
was added. The mixture was stirred for 6 h at room
temperature. The solvent was removed in vacuo,
the residue was suspended in diethyl ether and fil-
tered over NaSQu/SiO,. The solvent was removed
in vacuo again. Yields: 90-95%. The products were
characterized by NMR spectroscopyable 2 and
GC/MS (Table 3.

The solvent was removed in vacuo and the residue 3 11, preparation of the indenyl and fluorenyl
was suspended in diethyl ether. The suspension wasgypstituted ligand precursod4—40

filtered over NaSQy/SiO, and the solvent was re-
moved in vacuo. Yield: 80%.

3.8. Preparation of indenyl or fluorenyl substituted
ligand precursorsL.2-L3

An amount of 52 mmol of indenyl lithium or flu-
orenyl lithium in 100 ml of diethyl ether was placed
in a Schlenk vessel. An amount of 26 mmol of
dimethyldichlorosilane dissolved in 10 ml of diethyl

An amount of 24 mmol fluorenyl lithium/indenyl
lithium was dissolved in 100 ml of diethyl ether at
room temperature and 6 mmol of a 1,1,3,3-tetrachloro-
1-alkyl-1,3-disila-butane dissolved in 10 ml of diethyl
ether was added. The reaction mixture was stirred
for 4 h, then filtered over N&Oy/SiO, and the sol-
vent was removed in vacuo. The crude product was
dissolved in pentane and crystallized-s28°C. The
products were slightly yellow powders (fluorenyl

ether was added and the mixture was stirred for 8 h at derivatives) or yellow, very viscous liquids (indenyl
room temperature. The suspension was filtered over derivatives. Yields: 80-90%. The products were
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Table 2
NMR data of compound4-44
Compound 'H NMR 13C NMR 295 NMR
1 n.d. n.d. n.d.
2 5.87-5.58 (m, 1H, vinyl-CH), 5.11-5.05 129.6 (vinyl-CH), 118.9 (vinyl-CH), 28.1
(m, 2H, vinyl-CH,), 2.12-2.05 (d, 2H, 28.4 (Ch, allyl substituent), 4.4
allyl-CHy), 0.76 (s, 3H, Si—Ck) (Si-CHg)
3 5.79-5.68 (m, 1H, vinyl-CH), 5.09-4.92 138.9 (vinyl-CH), 114.5 (vinyl-CH), 32.8
(m, 2H, vinyl-CH), 2.11-2.07, 33.9, 21.7 (CH, butenyl substituent),
1.35-0.89 (m, 4H, butenyl-G}), 0.45 5.0 (Si-CH)
(s, 3H, Si-CH)
4 5.67-5.54 (m, 1H, vinyl-CH), 4.89-4.77 139.3 (vinyl-CH), 115.8 (vinyl-CHj), 33.0
(m, 2H, vinyl-CH), 2.08-1.92, 36.4, 29.1, 22.0 (CH pentenyl
1.47-1.40, 0.97-0.91 (m, 6H, substituent), 5.4 (Si-C§)
pentenyl-CH), 0.57 (s, 3H, Si-Ch)
5 n.d. n.d. 32.7
6 1.29 (s, 4H, bridge), 0.89 (s, 6H, Si-gH  13.3 (CH, bridge), 4.6 (Si—Ch) 33.1
7 1.87-1.79, 1.35-1.28 (m, 6H, bridge),  24.6, 16.2 (CH, bridge), 5.4 (Si-Ck)  31.8
0.86 (s, 6H, Si-CH)
8 1.74-1.12 (m, 8H, bridge), 0.81 (s, 6H, 29.0, 22.5 (CH, bridge), 5.3 (Si-CH)  33.0
Si—CHg)
9 1.64-1.54, 1.22-1.15 (m, 10H, bridge), 35.1, 29.5, 22.1 (Ch} bridge), 5.3 33.0
0.84 (s, 3H, Si-Ch) (Si-CHg)
10 1.56-1.45, 1.19-1.12 (m, 12H, bridge), 31.9, 22.3, 21.6 (CHl bridge), 5.3 33.1
0.80 (s, 6H, Si-CH) (Si-CHg)
11 1.26-1.22 (m, 4H, bridge), 1.19-1.13  13.7, 12.7 (CH, bridge), 11.8 34.9 (Et=Si), 33.0 (Me-Si)
(m, 5H, Et-CH, Et-CHp), 0.85 (Et=CHp), 6.1 (Et-CH), 4.0 (Si-Ch)
(s, 3H, Si-CH)
12 1.86-1.75, 1.37-1.23 (m, 6H, bridge),  24.6, 22.8, 16.1 (CHl bridge), 12.7 33.7 (Et-Si), 31.8 (Me-Si)
1.17-1.13 (m, 5H, Et-Ci} Et-CHp), (Et—CHp), 6.2 (Et-CH), 5.7 (Si-CH)
0.82 (s, 3H, Si-CH)
13 1.68-1.54, 1.37-1.04 (m, 8H, bridge),  n.d. 34.6 (Et=Si), 32.8 (Me-Si)
1.19-1.06 (m, 5H, Et-CH} Et-CHp),
0.79 (s, 3H, Si-CH)
14 1.72-1.55, 1.38-0.99 (m, 10H, bridge), n.d. 33.9 (Et-Si), 33.0 (Me-Si)
1.23-0.97 (m, 5H, Et-CtJ Et—CHp),
0.57 (s, 3H, Si-CH)
15 1.57-1.40, 1.18-1.10 (m, 12H, bridge), 32.0, 31.9, 22.3, 22.2, 21.6, 19.9 (gH 35.1 (Et-Si), 33.1 (Me-Si)
1.15-1.11 (m, 5H, Et-C¥} Et-CHp), bridge), 12.7 (Et-Ch), 5.9 (Et-CHj),
0.80 (s, 3H, Si-CH) 4.6 (Si-Ch)
16 1.49-1.33 (m, 1HPr—CH), 1.21-1.17 19.0 {Pr—CH), 16.9 {Pr-CHs), 13.2, 35.9 (Pr-Si), 33.0 (Me-Si)
(m, 4H, bridge), 1.15-1.10 (m, 6H, 9.8 (CH,, bridge), 4.9 (Si—-CH
iPr—CHs), 0.80 (s, 3H, Si—-Ck)
17 1.84-1.69 (m, 1H!Pr—CH), 1.33-1.06 24.4, 20.9, 16.4 (CH bridge), 18.5 34.5 {Pr-Si), 32.1 (Me-Si)
(m, 6H, bridge), 1.16-1.11 (m, 6H, (fPr—CH), 15.9 {Pr-CHp), 5.2 (Si—-CH)
IPr-Ch), 0.77 (s, 3H, Si—Ck)
18 1.72-1.40, 1.18-1.05 (m, 10H, bridge), 35.2, 22.5, 22.1, 21.5, 18.1 (GH 35.5 (Pr=Si), 33.0 (Me-Si)
1.62-1.46 (m, 1HPr—CH), 1.18-1.08 bridge), 18.9 (Pr—CH), 16.4 {Pr-CHp),
(m, 6H, ' Pr—CHg), 0.79 (s, 3H, Si-Ch) 5.8 (Si—-Ch)
19 2.19-2.06 (m, 1HIPr—CH), 1.72-1.40,  32.0, 31.9, 22.2, 22.1, 21.5, 18.2 (gH 35.9 {Pr-Si), 33.0 (Me-Si)
1.21-1.09 (m, 12H, bridge), 1.18-1.13  bridge), 18.5 {Pr—CH), 16.8 {Pr-CHs),
(m, 6H, Pr—CHg), 0.77 (s, 3H, Si-Ck) 5.4 (Si-CH)
20 6.89-6.36 (m, 16H, ar H, Cp), 3.06-1.98 141.9, 138.7, 133.3, 130.4 (CH, ar, 5.8, -4.9

(m, 8H, al H, Cp), 1.51-0.22 (m, 4H,
bridge), 0.02,—0.26 (s, 6H, Si—CH)

Cp), 129.4, 122.5 (g Cp), 45.6 (CH,
al, Cp), 19.8, 18.4 (Ch bridge),—6.8,
—7.1 (Si-CH)
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Compound  H NMR 13C NMR 298i NMR
21 6.56-6.45 (m, 16H, ar H, Cp), 2.99-2.94 143.4, 138.2, 132.7, 132.6, 132.3, 6.0, 5.0
(m, 8H, al H, Cp), 0.58-0.26 (m, 6H,  130.6, 130.4, 129.6 (CH, ar, Cp), 45.9,
bridge), —0.24, —0.01, —0.28 (s, 6H, 437, 43.1 (CH, al, Cp), 26.3, 6.3, 6.6,
Si-Chb) 6.3, 6.1 (CH, bridge),—6.9, 7.3,
~7.4 (Si-CH)
22 6.93-6.43 (m, 16H, ar H, Cp), 2.96-1.99 142.0, 140.1, 133.3, 130.4 (CH, ar, 6.0, 4.9

(m, 8H, al H, Cp), 1.51-0.22 (m, 8H, Cp), 129.1 (G, Cp), 44.9 (CH, al,
bridge), —0.06, —0.32 (s, 6H, Si—CH Cp), 26.5, 22.9, 19.8, 18.4 (GH
bridge), —5.9, —6.5 (Si-Ch)
23 6.82-6.43 (m, 16H, ar H, Cp), 3.00-2.94 143.0, 138.1, 138.0, 132.7, 132.6, 41,-7.4
(m, 8H, al H, Cp), 1.21-1.14, 0.58-0.07 130.7, 130.5, 130.0 (CH, Cp), 120.9,
(m, 10H, bridge),—0.03,—0.27 (s, 6H, 120.7 (G, Cp), 51.0, 49.6 (CH, al,
Si-CHs) Cp), 45.9 (CH, al, Cp), 37.2, 29.5,
23.7, 22.9, 22.8, 14.6, 13.0 (GH
bridge), —6.7, —6.9 (Si-CH)
24 6.79-6.34 (m, 16H, ar H, Cp), 3.17-2.94 144.1, 138.4, 136.9, 132.2, 132.0, 4.2,-6.2
(m, 8H, al H, Cp), 1.21-1.14, 0.58-0.07 130.9, 130.3, 129.7 (CH, Cp), 122.0,
(m, 12H, bridge),—0.03, —0.27 (s, 6H, 120.4 (G, Cp), 50.2, 46.9 (CH, al,
Si-CHg) Cp), 43.9 (CH, al, Cp), 36.2, 30.9,
26.7, 24.9, 22.8, 14.4, 13.5 (GH
bridge), —6.9, —7.2 (Si-CH)

25 6.91-6.50, 5.54-5.19 (m, 16H, ar H, 141.2, 140.0, 138.0 (£ Cp), 133.4, 5.8 (Et-Si), 4.9 (Me-Si}>-4.5
Cp), 3.39-2.65 (m, 8H, al H, Cp), 133.1, 132.2, 131.0, 129.2, 128.0 (CH,
1.98-0.45,—0.07-0.30 (m, 12H, bridge, ar, Cp), 49.6, 48.3 (CH, al, Cp), 46.8
Et substituent, Si-Ck) (CHy, al, Cp), 27.0, 15.2 (CH
bridge), 18.5 (CH, Et), 14.0 (CH, Et),
—6.2 (Si-Ch)
26 6.75-6.12, 5.42-4.99 (m, 16H, ar H, 139.9, 138.4, 138.0 (£ Cp), 133.0, 6.0 (Et-Si), 5.2 (Me-Si}-4.6
Cp), 3.66-3.02 (m, 8H, al H, Cp), 132.1, 132.0, 131.4, 130.2, 130.0 (CH,
1.69-0.50, 0.11-0.23 (m, 14H, bridge, Et ar, Cp), 50.7, 50.3 (CH, al, Cp), 47.2
substituent, Si—Ck) (CHy, al, Cp), 27.6, 18.8, 16.3 (CH
bridge), 17.5 (CH, Et), 13.2 (CH, Et),
—6.7 (Si-Ch)
27 6.81-6.64, 5.53-5.08 (m, 16H, ar H, Cp), n.d. 5.7 (Et-Si), 4.6 (Me-Si}-5.0

3.50-2.91 (m, 8H, al H, Cp), 1.67-0.13
(m, 16H, bridge, Et substituent, Si-GH

28 6.66-6.23, 5.64-5.35 (m, 16H, ar H, 138.3, 137.2, 137.0 (£ Cp), 133.9, 5.4 (Et-Si), 4.3 (Me-Si)}-4.7
Cp), 3.71-3.09 (m, 8H, al H, Cp), 132.8, 132.0, 131.1, 130.7, 129.7 (CH,
1.77-0.53, 0.21-0.30 (m, 18H, bridge, Et ar, Cp), 51.0, 50.4 (CH, al, Cp), 46.0
substituent, Si-Ck) (CHg, al, Cp), 27.6, 23.1, 17.4, 13.3

(CHy, bridge), 18.2 (CH, Et), 12.9
(CHo, Et), —5.9 (Si—-CH)

29 6.89-6.53, 5.44-5.29 (m, 16H, ar H, 139.6, 138.3 (§, Cp), 134.2, 133.6, 4.6 (Et-Si), 3.6 (Me-Si}-7.6
Cp), 3.56-2.84 (m, 8H, al H, Cp), 133.2, 132.4, 131.2, 130.6 (CH, ar,
2.07-0.33, 0.01-0.03;:0.25 to 0.30 (m, Cp), 49.4 (CH, al, Cp), 46.1 (CH al,
20H, bridge, Et substituent, Si-GH Cp), 27.6, 25.3, 18.3, 16.8, 13.7 (gH
bridge), 16.9 (CH, Et), 13.2 (CH, Et),
—6.6 (Si-Ch)
30 6.75-6.40 (m, 16H, ar H, Cp), 3.79-3.42 140.0, 139.5, 138.2 ({7 Cp), 133.4, 6.3 (Pr-Si) 4.8 (Me-Si)-5.8
(m, 8H, al H, Cp), 1.26-0.90 (m, 10H,  133.0, 132.8, 132.5, 132.0, 130.7, 129.8
bridge, ' Pr—CH), 0.72-0.50 (m, 1H, (CH, ar, Cp), 51.1, 49.7 (CH, al, Cp),
"Pr—CH), —0.18 (s, 3H, Si-CH) 45.9 (Ch, al, Cp), 25.7, 15.1 (CH

bridge), 17.6, 17.5 (Ck 'Pr), 15.0
(CH, 'Pr), —5.8 (Si—-CH)
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31 6.87-6.39 (m, 16H, ar H, Cp), 3.70-3.28 139.9, 138.9, 138.7 (§ Cp), 133.2, 6.2 (Pr-Si) 4.4 (Me-Si)
(m, 8H, al H, Cp), 1.46-1.01 (m, 12H,  132.9, 132.8, 131.0, 130.9, 130.8 (CH,
bridge, 'Pr—-CH;), 0.67-0.51 (m, 1H, ar, Cp), 50.8, 50.6 (CH, al, Cp), 47.0
iPr—CH),—0.21 (s, 3H, Si-Ch) (CHg, al, Cp), 27.6, 18.8, 16.3 (GH
bridge), 17.5, 17.4 (CK 'Pr), 14.2
(CH, 'Pr), —6.5 (Si-CH)
32 6.98-6.58 (m, 16H, ar H, Cp), 3.70-3.28 142.0, 140.9, 139.8 (§ Cp), 133.7, 5.9 (Pr-Si) 4.7 (Me-Si)-5.8
(m, 8H, al H, Cp), 1.69-0.87 (m, 16H,  133.0, 132.3, 131.0, 130.5, 130.2 (CH,
bridge, 'Pr—CH;), 0.62—0.41 (m, 1H, ar, Cp), 50.1, 48.9 (CH, al, Cp), 46.4
iPr—CH), —0.18 (s, 3H, Si-Ch) (CHg, al, Cp), 28.3, 26.0, 23.6, 18.8,
15.2 (CHp, bridge), 17.6, 17.5 (Ck}
'Pr), 13.8 (CH,'Pr), —6.3 (Si-CH)
33 6.81-6.29 (m, 16H, ar H, Cp), 3.73-3.41 140.0, 139.4, 138.0 ({ Cp), 135.2, 6.2 (Pr-Si) 4.8 (Me-Si)
(m, 8H, al H, Cp), 2.16-1.97, 1.46-0.87 134.7, 133.2, 131.9, 130.1, 129.8 (CH,
(m, 18H, bridge/Pr—CH), 0.64—0.49 ar, Cp), 51.0, 50.1 (CH, al, Cp), 46.3
(m, 1H,'Pr—CH),—0.19 (s, 3H, Si-Ck)  (CHp, al, Cp), 29.8, 28.4, 27.6, 18.5,
16.1, 13.2 (CH, bridge), 17.4, 17.3
(CHs, 'Pr), 14.2 (CH, Pr), —6.7
(Si-CH)
34 7.43-7.10, 6.71-6.22 (m, 24H, ar H, Ind), 143.6, 143.5, 138.2, 138.0 CInd), 5.3 (Et-Si), 4.9 (Me-Si)-5.8
3.92-3.02 (m, 8H, al H, Ind), 2.19-2.13, 133.2, 133.1, 132.9, 130.0, 128.4,
1.59-0.13 (m, 15H, bridge, Et-GM 128.3, 128.2, 128.0, 126.9, 126.7,
—0.11-0.53 (m, 5H, Et—C}} Si-CHg) 126.4, 126.1 (CH, ar, Ind), 46.4, 46.1,
44.0 (CH, al, Ind), 33.6, 33.5, 30.9,
24.6, 15.0, 13.5 (CHl bridge), 8.3
(CHg, Et substituent), 5.2 (CH Et
substituent),—6.7 (Si—-CH)
35 7.76-7.29, 6.82-6.56 (M, 24H, ar H, Ind), 144.8, 144.5, 144.0 ( Ind), 134.6, 6.5 (Pr-Si) 5.0 (Me-Si)}-6.1
4.02-3.42 (m, 8H, al H, Ind), 2.19-2.13, 134.2, 133.1, 132.3, 131.0, 130.0,
1.59-0.13 (m, 10H, bridgdPr—Ch), 127.3, 126.8, 125.7, 124.5, 123.1,
0.14-0.42 (m, 4H!Pr—CH, Si-CH) 121.3, 119.8 (CH, Ind), 47.1, 46.0, 44.1
(CH, al, Ind), 40.0 (CH, al, Ind), 35.2,
32.9, 26.3, 10.9 (CHi bridge), 18.1,
17.4, 17.0, 16.0, 11.1 (GH CH, 'Pr
substituent),—4.9, —6.0 (Si—CH)
36 7.73-6.72 (m, 24H, ar H, Ind), 3.98-3.32 145.1, 144.3, 144.0 (£ Ind), 135.7, 4.1 (Pr-Si) 1.8 (Me-Si)}-7.2
(m, 8H, al H, Ind), 2.31-2.02, 1.62-0.83, 134.2, 133.3, 131.2, 126.3, 125.8,
0.47-0.10 (m, 15H, bridgéPr—CH), 125.1, 124.0, 123.0, 122.1, 121.0, 119.4
—0.11 to 0.35 (m, 4HIPr—CH, Si-CH)  (CH, Ind), 47.6, 44.3, 43.6 (CH, al,
Ind), 39.5 (CH, al, Ind), 35.1, 32.9,
26.0, 9.9, 8.6 (CH, bridge), 18.0, 17.0,
15.6, 14.1 (CH, CH, 'Pr substituent),
—5.1, —6.3 (Si-Ch)
37 7.90-7.37, 6.99-6.62 (m, 24H, ar H, 145.0, 144.9, 144.4 (£ Ind), 135.3, 4.3 (Pr-si) 4.8 (Me-Si}-5.8

Ind), 3.88-3.42 (m, 8H, al H, Ind),
2.31-2.02, 1.42-0.63, 0.47-0.21 (m,
18H, bridge,'Pr—CH), —0.12 to 0.31
(M, 4H, "Pr—CH, Si—CH)

134.5, 134.2, 133.3, 132.2, 131.1,
129.7, 126.3, 125.8, 125.2, 124.6,
124.0, 123.1, 121.0, 120.1 (CH, Ind),
47.3,45.2, 44.5, 44.1 (CH, al, Ind), 39.8
(CHg, al, Ind), 35.2, 35.1, 33.1, 32.9,
32.8, 26.4, 26.2, 9.9, 8.6 (GHbridge),
18.0, 17.3, 17.1, 15.9, 14.3 (GHCH,
'Pr substituent)~5.7, —5.9 (Si—ChHb)
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38 7.38-6.41 (M, 32H, ar H, Flu), 4.53, 145.7, 141.2, 140.8 ({ Flu), 134.4, 3.3 (Pr-Si) 1.8 (Me-Si)-7.8
4.39 (s, 4H, al H, Flu), 1.99-1.75 (m,  128.6, 127.7, 126.2, 125.9, 125.8,
6H, 'Pr—CHg), 0.79-0.27 (m, 5H, bridge, 125.2, 124.2, 124.0 (CH, ar, Flu), 40.8,
iPr—CH),—0.23, —-0.38 (s, 3H, Si-Ch) 39.7 (CH, al H, Flu), 28.4, 14.7 (CH
bridge), 17.4, 17.3, 9.9 (CH CH, 'Pr
substituent),—5.2, —7.1 (Si-CH)
39 7.47-6.69 (M, 32H, ar H, Flu), 4.31, 144.9, 144.1, 140.8 (§ Flu), 134.4, 2.3 (Pr-Si)—0.5 (Me-Si)—7.9
4.19 (s, 4H, al H, Flu), 2.11-1.82 (m, 131.8, 128.4, 127.3, 126.7, 126.0,
6H, iPr—CI—b), 0.81-0.20 (m, 7H, bridge, 124.8, 124.52, 124.2, 123.8 (CH, ar,
iPr-CH), —0.09, —0.27 (s, 3H, Si-Ch)  Flu), 41.0, 39.3 (CH, al H, Flu), 28.4,
21.6, 13.5 (CH, bridge), 17.6, 17.5,
10.1 (CHs, CH, 'Pr substituent)~5.2,
—7.1 (Si-Ch)
40 7.59-6.72 (M, 32H, ar H, Flu), 4.47, n.d. 2.3 (Pr-Si)—0.4 (Me-Si)—8.8
4.30 (s, 4H, al H, Flu), 2.06-1.75 (m,
6H, 'Pr—CHg), 1.89-1.34, 0.83-0.31 (m,
13H, bridge,/Pr—CH), —0.03, —0.18 (s,
3H, Si-CH)
4 6.78-6.66, 5.62-5.50 (m, 16H, ar H, 129.0, 127.8, 114.7, 113.9 (CH, Cp), -11.4
Cp), 1.24-1.09, 0.79-0.64 (m, 4H, 108.2 (G, Cp), 12.0 (CH, bridge),
bridge), 0.30 (s, 6H, Ch) —7.0 (Si-Ch)
42 6.80-5.79 (M, 16H, Cp), 2.11-1.37 (m, 129.3, 128.0, 115.1, 114.1 (CH, Cp),  —12.9
6H, bridge), 0.72 (s, 6H, Si—-CHi 108.1 (G, Cp), 16.7, 15.5 (CH
bridge), —7.0 (Si—-Ch)
43 7.12-5.87 (m, 16H, Cp), 1.93-1.20 (m, 129.2, 128.0, 114.9, 113.8 (CH, Cp), -12.2
8H, bridge), 0.74 (s, 6H, Si—C} 108.4 (G, Cp), 22.7, 11.1 (CH
bridge), —7.1 (Si-CH)
44 6.87-6.84, 5.67-5.61 (m, 16H, Cp), 129.0, 127.4, 114.8, 113.8 (CH, Cp), —-12.8
1.51-0.83 (m, 10H, bridge), 0.26 (s, 6H, 108.4 (G, Cp), 36.8, 22.8, 10.9 (CH
Si—CH) bridge), —7.5 (Si-CH)
45 6.97-6.79, 6.19-5.88 (m, 16H, Cp), 129.6, 127.6, 115.2, 114.1 (CH, Cp), -12.2
1.72-0.98 (m, 12H, bridge), 0.71 (s, 6H, 108.2 (G, Cp), 35.7, 34.8, 24.6, 22.7,
Si—CHs) 11.1, 10.2 (CH, bridge),—6.9 (Si-CH)
46 7.20-5.96 (m, 16H, Cp), 1.37-0.68 (m, 129.5, 128.1, 117.8, 116.7 (CH, Cp), —10.8 (Et-Si),—11.3 (Me-Si)
9H, Et substituent, bridge), 0.10 (s, 3H, 108.2, 107.3 (g, Cp), 11.0, 9.7 (CH,
Si—-CHg) bridge), 6.2 (CH, Et substituent), 1.1
(CHg, Et substituent)—6.9 (Si—Ch)
47 7.03-6.87, 6.09-5.87 (m, 16H, Cp), 129.3, 128.7, 128.6, 128.0, 115.1, 114.8, —12.9 (Et-Si),—13.0 (Me-Si)
2.07-0.61 (m, 11H, bridge, Et 113.7 (CH, Cp), 108.0, 107.5 {(CCp),
substituent), 0.75 (s, 3H, Si-GH 16.9, 15.7, 11.2 (CHl bridge), 6.7
(CHg, Et substituent), 1.7 (CH Et
substituent)—6.9 (s, 3H, Si-Ch)
48 7.01-6.89, 6.07-5.90 (m, 16H, Cp), 128.9, 128.7, 128.0, 117.8, 117.3, 116.7 —11.0 (Et-Si),—12.2 (Me-Si)
1.89-0.57 (m, 13H, bridge, Et (CH, Cp), 108.5, 108.0 (& Cp), 26.9,
substituent), 0.71 (s, 3H, Si-GH 11.1, 9.4 (CH, bridge), 6.2 (CH, Et
substituent), 1.8 (Ch| Et substituent),
—7.3 (Si-Ch)
49 6.94-6.69, 5.95-5.80 (m, 16H, Cp), 129.1, 128.5, 128.1, 114.9, 114.1, 113.9 —10.9 (Et-Si)-11.4 (Me-Si)
1.49-0.52 (m, 15H, Et substituent, (CH, Cp), 37.1, 22.7, 12.0, 9.3, 6.6
bridge), 0.48 (s, 3H, Si-C4) (CHg, bridge), 6.3 (CH, Et substituent),
1.7 (CH, Et substituent);-6.7 (Si-CH)
50 6.93-6.67, 6.12-5.88 (m, 16H, Cp), n.d. —11.1 (Et-Si);-11.6 (Me-Si)

2.95-2.41, 2.07-1.68, 1.13-0.61 (m,

17H, bridge, Et substituent), 0.23 (s, 3H,

Si—CHg)
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51 6.86-6.71, 5.85-5.43 (m, 16H, Cp), 129.4, 216.5, 119.8, 119.0 (CH, Cp),  —9.8(Pr-Si)—10.9 (Me-Si)
1.74-1.30, 0.92-0.79 (m, 11H, bridge, 125.1, 123.0 (g, Cp), 26.5, 25.6 (Chi
'Pr substituent), 0.11 (s, 3H, Si-GH bridge), 20.0 (CH, 'Pr substituent), 16.5
(CH, 'Pr substituent)—6.4 (Si-CH)
52 6.98-6.80, 5.67-5.49 (m, 16H, Cp), n.d. —9.9 (Pr-Si)—11.1 (Me-Si)
1.98-1.38, 0.79-0.39 (m, 13H, bridge,
"Pr substituent), 0.09 (s, 3H, Si-GH
53 6.96-6.87, 5.76-5.68 (m, 16H, Cp), 129.4, 216.5, 119.8, 119.0 (CH, Cp),  —9.7 (Pr=Si)—11.0 (Me-Si)
1.82-0.79 (m, 17H, bridgéPr 125.1, 123.0 (§, Cp), 26.5, 25.6 (Chi
substituent), 0.35 (s, 3H, Si-GH bridge), 20.0 (CH, 'Pr substituent), 16.5
(CH, 'Pr substituent)—6.4 (Si—Ch)
54 6.76-5.28 (m, 16H, Cp), 2.08-0.41 129.1, 128.0, 115.0, 114.0 (CH, Cp),  —10.0 (Pr-Si)—12.0 (Me-Si)
(m, 19H, bridge, Pr substituent), 0.17 35.9, 30.0, 26.9, 22.7, 11.1, 10.5 (gH
(s, 3H, Si—CH) bridge), 18.0, 16.8 (Ck 'Pr substituent),
21.9 (CH,'Pr substituent)~7.1 (Si-CH)
55 7.71-6.60, 6.10-6.06, 5.80-5.77 (m, 144.8, 144.4, 142.6, 140.9 ¢CInd), —11.6 (Et-Si),—12.4 (Me-Si)
24H, Ind), 2.10-0.53 (m, 20H, bridge, Et 129.8, 129.5, 128.6, 128.4, 128.1,
substituent, Si-Ck) 127.5, 126.4, 126.3, 125.7, 125.4,
124.1, 119.4, 104.0 (CH, Ind), 33.6,
27.2, 26.6, 24.4, 10.7, 8.9 (GH
bridge), 14.1 (CH, Et substituent), 1.6
(CHy, Et substituent)—6.3 (Si-CH)
56 7.69-7.13, 6.48-6.42, 6.18-6.10 (m, n.d. —10.3 (Pr=Si)—12.9 (Me-Si)
24H, Ind), 1.56-0.81 (m, 11H, bridge,
'Pr substituent), 0.09 (s, 3H, Si-GH
57 7.76-6.90 (m, 24H, Ind) 2.09-1.89, 144.4, 144.0, 139.8 (£ Ind), 127.4, -9.8 (Pr—Si)—lO.S (Me-Si)
1.81-0.46 (m, 13H, bridgéPr 127.2, 126.0, 125.5, 123.5, 123.1,
substituent),—0.25 (s, 3H, Si-Ch) 122.3, 122.0, 120.8, 120.5, 120.0 (CH,
Ind), 26.8, 10.1, 9.8 (Ck] bridge),
18.3 (Ch, 'Pr substituent), 13.8 (CH,
"Pr substituent)—6.1 (Si—CH)
58 7-91-6.87, 6.39-6.33, 6.20-6.15 (m, 140.7, 140.4, 139.9 (€ Ind), 132.0, —10.7 {Pr=Si)—12.1 (Me-Si)
24H, Ind), 2.15-0.64 (m, 19HPr 130.8, 127.5, 126.8, 126.2, 126.0,
substituent, bridge), 0.37 (s, 3H, Si-gH 125.4, 125.0, 124.7, 123.4, 122.3,
121.0, 104.2 (CH, Ind), 36.4, 33.7,
29.7, 27.0, 26.6, 25.4, 14.6, 9.2, 8.6
(CHjy, bridge), 18.3, 15.1, 13.8 (GH
CH, 'Pr substituent)—7.0 (Si-CH)
59 7.90-7.76, 7.39-7.06 (m, 32H, Flu), 147.6, 147.1, 141.5 (£ Flu), 126.1, -10.2 (Pr) —12.8 (Me-Si)
1.32-0.91 (m, 6H5Pr—CI—h), 0.46-0.37 125.8, 125.6, 125.1, 124.2, 120.1 (CH,
(m, 1H,"Pr—CH), —0.36 (s, 3H, Si-Ck)  Flu), 27.5, 26.4 (Ch, bridge), 17.9,
17.8 (Ch, 'Pr substituent), 10.9 (CH,
"Pr substituent)—7.9 (Si—Ch)
60 7.88-7.64, 7.34-7.01 (m, 32H, Flu), n.d. —10.8 {Pr-Si)—12.4 (Me-Si)
2.27-1.96, 1.41-0.96 (m, 12H, bridge,
"Pr-CH), 0.46-0.37 (m, 1H Pr—CH),
—0.14 (s, 3H, Si-CH)
61 7.86-6.79 (m, 32H, Flu), 1.65-0.22 (m, 146.4, 145.6, 141.3 (§ Flu), 130.0, —11.0 {Pr-Si)—12.9 (Me-Si)

19H, bridge,'Pr substituent)~0.37 (s,
3H, Si—CH)

128.5, 126.5, 126.0, 124.7, 124.0,
123.4, 121.6, 121.2, 120.7, 120.2,
119.8, 119.4, 117.9 (CH, Flu), 33.7,
33.3, 27.2, 26.5, 11.7, 10.8 (GH
bridge), 18.3 (CH, 'Pr substituent), 8.3
(CH, 'Pr substituent)—7.2 (Si-CH)

n.d.: not determined.
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Table 3
GC/MS data of the ligand precursors

Compound m/z  Compound mz Compound mz
number number number
6 256 25 389 44 737
7 270 26 403 45 751
8 284 27 417 46 709
9 298 28 431 47 723
10 312 29 445 48 737
11 270 30 403 49 751
12 284 31 417 50 765
13 298 32 445 51 723
14 312 33 459 52 737
15 326 34 nd. 53 765
16 284 35 nd. 54 779
17 298 36 nd. 55 765
18 326 37 nd. 56 n.d.
19 340 38 nd. 57 n.d.
20 375 39 nd. 58 n.d.
21 389 40 nd. 59 n.d.
22 403 41 695 60 n.d.
23 417 42 709 61 n.d.
24 431 43 723

n.d.: not determined due to decomposition.

characterized by NMR spectroscopyable 2 and
GC/MS (Table 3.

3.12. Preparation of the dinuclear metallocene
complexest1-61

3.12.1. General procedure

An amount of 5mmol of the ligand precursor was
dissolved in 400 ml of diethyl ether and 12.5ml of a
butyl lithium solution (1.6 M in hexane; 20 mmol) was
added at room temperature. The reaction mixture was
stirred for 8 h. Subsequently, the solution was cooled
to —78°C, an equimolar amount of Zrglas added
and then the suspension was brought to room tem-
perature slowly within 6 h and was stirred for another
6 h. The solvent was removed in vacuo, the residue
was suspended in methylene chloride and the suspe
sion was filtered over N&Qy. The solvent was re-

moved in vacuo to almost dryness, pentane was added

until precipitation started and the crude product was
crystallized at—28 or —78°C. Yields: 40-80%. The
complexes were characterized by NMR spectroscopy
(Table 2 and GC/MS Table 3.

The synthesis of the reference comples-R3
was performed in the same manner. The stoichiometry

n_
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of the addition of butyl lithium and zirconium tetra-
chloride is corresponding to the acid protons of the
mononuclear ligand precursors.

3.13. Polymerization reactions

An amount of 20—25 mg of the corresponding com-
plex was dissolved in 50 ml of toluene. A volume of
the solution containing 1-2 mg of the complex was ac-
tivated with MAO (30% in toluene; Al:Ze= 2500:1).

For heterogeneous polymerization reactions, silica
gel was added (1 g Siumol(Zr)) to this solution and
stirred for 3 min. Both for homogeneous and hetero-
geneous polymerizations, the catalyst suspension was
charged to 250 ml of pentane and transferred to a 11
Bichi laboratory autoclave and thermostated &t@®0
An ethylene pressure of 10 bar was applied to the re-
actor and the catalyst was polymerized for 30 min at
60+ 3°C. The obtained polymer was dried in air for
at least 60 h. The polymerization results and the phys-
ical data of the polymers are presentedable 1
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