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Abstract

The synthesis and characterization of 1- and 2-triisopropylsiloxy substituted bis(indenyl) zirconocenes is reported. The
molecular structures of rac-[ethylenebis(2-(triisopropylsiloxy)-1-indenyl)]zirconium dichloride (6) and rac-[ethylenebis(2-(triiso-
propylsiloxy)-4,5,6,7-tetrahydro-1-indenyl)]zirconium dichloride (8) have been determined and reveal that complex (6) crystallizes
in the indenyl-forward (P) conformation while (8) adopts the indenyl-backward (Y) conformation. © 1998 Elsevier Science S.A.
All rights reserved.
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1. Introduction

Ansa-metallocenes are well established catalyst pre-
cursors for olefin polymerization [1] and have been
exploited as stereoselective catalysts or reagents for a
wide variety of other reactions [2]. The catalyst perfor-
mance is determined by the ligand substitution patterns
and has been optimized for isospecific propylene poly-
merization to dimethylsilylene bridged 2,2%-dimethyl-
4,4%-diaryl-substituted [3] and 2,2%-dimethyl-benzo-fused
bis(indenyl) ansa-zirconocenes [4]. Although the first
hetero-atom functionalized group IV metallocene, 1,1%-
bis(N,N-dimethylamino)titanocene dichloride, was re-
ported as early as 1984 ([5]a) only recently a new
interest in related complexes has emerged as to alter the
properties of metallocenes [5–9].

This paper, describing the synthesis and characteriza-
tion of triisopropylsiloxy-functionalized bis(indenyl)
zirconocenes, is a continuation of our recent studies on
hetero atom substituted metallocenes ([5]b, e [7]).

2. Results and discussion

Synthesis of the metallocenes is illustrated in Scheme
1. Reaction of triisopropylchlorosilane with 2- or 1-in-
danone in the presence of DBU yields 2-(triisopropyl-
siloxy)indene (1), respectively 3-(triisopropylsiloxy)-
indene (2) as pale yellow oils in fairly good yields. The
subsequent introduction of the ethylene bridge proceeds
via a standard procedure ([7]a). For bis(2-(triisopropyl-
siloxy)-1-indenyl)ethane (3) a diastereomerically pure
crystalline solid was obtained, while bis(3-(triisopropyl-
siloxy)-1-indenyl)ethane (4) was obtained as an oil
(1:1 diastereomeric mixture), which could not be crys-
tallized.

Treatment of ZrCl4 with two equivalents of Li-1 in
THF yielded, after work-up and crystallization, bis[2-
(triisopropylsiloxy)indenyl]zirconium dichloride (5) as
yellow crystals in 42% yield. The 1H and 13C-NMR
spectra of 5 at room temperature were consistent with
molecular C2v symmetry.

When the dianion of 3 was added to a solution of
ZrCl4 in THF only the racemic diastereomer was
formed, as determined by 1H-NMR (vide infra). For
the less sterically congested 2-tert-butyldimethylsiloxy
analogue a rac :meso ratio of :14:1 was obtained
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Scheme 1.

([7]a). The increased steric bulk at the 2-position
apparently inhibits meso formation. Pure bright yellow
crystalline rac-[ethylenebis(2-(triisopropylsiloxy)-1-
indenyl)]zirconium dichloride (6) was obtained, after
work-up and crystallization from toluene, in 28% over-
all yield. Hydrogenation of 6 gave rac-[ethylenebis(2-

(triisopropylsiloxy)-4,5,6,7-tetrahydro-1-indenyl)]zirco-
nium dichloride (8) as light green crystals. The 1H-
NMR spectra of 6 and 8 are consistent with C2 symme-
try. The chemical shifts of the b-H protons (6.03 (6)
and 5.75 ppm (8)) are shielded considerably compared
to those of rac-Et(Ind)2ZrCl2 (6.58 ppm) ([10]d) and
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Fig. 1. Molecular structure of S,S-6 (ORTEP view, ellipsoids at 20% probability level).

rac-Et(IndH4)2ZrCl2 (6.32 ppm) ([10]a, b) and are com-
parable to those reported for the 2-tert-butyldimethyl-
siloxy- and 2-thexyldimethylsiloxy analogues ([7]a, c).

Ethylene-bridged metallocenes, depending on the lig-
and substitution pattern, metal substituent or even crys-
tallization conditions, adopt a range of conformations
in the solid state ([2]b[7,10,11]). The molecular struc-
tures of 6 (Fig. 1) and 8 (Fig. 2) have been determined
and reveal that 6 crystallizes in the indenyl forward (P)
conformation. The previously reported 2-siloxy substi-
tuted ethylenebis(indenyl) and bis(tetrahydroindenyl)
metallocenes adopt the indenyl backward (Y) confor-
mation as observed here for 8 ([7]a–c). Comparison of
intramolecular distances and angles (Tables 1 and 2)
shows that the relevant geometric features of 6 and 8
are very similar and well within the range observed for
other crystallographically determined structures of
racemic ethylene-bridged bis(indenyl) and bis(tetrahy-
droindenyl) zirconocenes ([5]b[7,10]). The C–O bond
lengths for 6 and 8 are typical for siloxy substituted
group IV metallocenes ([7]a–e). The cyclopentadienyl-
oxygen moieties are essentially planar, deviation from
planarity being B0.03 Å. Intramolecular repulsions
determine, to a certain extent, the conformation of
ansa-metallocenes in the solid state [11], but a combina-
tion of steric and electronic effects must account for the
observations made here. It appears, that the preferred
conformation in these complexes is indenyl backward,
with the chlorine and oxygen atoms in closer contact.
For example for rac-[ethylenebis(1-(tert-butyldimethyl-
siloxy)-4,5,6,7-tetrahydro-3-indenyl)]zirconium dichlo-
ride the chlorine-oxygen distance is 3.16 Å ([7]d)

and for bis[2-(tert-butyldimethylsiloxy)-4,7-dimethylin-
denyl]zirconium dichloride a value of 3.14 Å was found
([7]e), which both are within the sum of their van der
Waals radii (3.20 Å). Nitrogen-chlorine close contacts
(sum of the van der Waals radii 3.30 Å), have been
reported for the non-bridged metallocenes 1,1%-bis(N,N-
dimethylamino)titanocene dichloride (Cl–N=3.14 Å)
([5]a) and bis(2-N,N-dimethylaminoindenyl)zirconium
dichloride (Cl–N=3.20 Å) ([5]b). A comparison of
intramolecular bond distances relevant to steric repul-
sions (Table 3) indicates that, by adopting the P con-
formation, complex 8 could relieve steric hindrance
between C(8)–C(30), C(28)–C(10) and at the same time
increase the Cl–O distances. This would, however, in-
troduce minor additional steric interference between the
chlorine atoms and methylene groups of the hydro-
genated six-membered rings. The conformations of 6
and 8 seem to be determined by a delicate balance of
factors and further studies will be necessary to clarify
this matter [12].

Reaction of the dilithium salt of 4 with ZrCl4 in THF
gave a 5:1 mixture of rac- (7a) and meso- (7b)
[ethylenebis (1- triisopropylsiloxy) -3 - indenyl] zirconium
dichlorides, as determined by 1H-NMR. Purification
was accomplished by a simple washing step with Et2O,
to give the racemic diastereomer 7a in 44% yield.
Hydrogenation of 7a gave rac-[ethylenebis(1-(triiso-
propylsiloxy)-4,5,6,7-tetrahydro-3-indenyl)]zirconium
dichloride (9) as light green needles. Accordingly the
chemical shifts of the a-H protons (5.63 (7a) and
5.01 ppm (9)) are now shielded compared to those of
rac-Et(Ind)2ZrCl2 (6.20 ppm) ([10]d) and rac-
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Fig. 2. Molecular structure of S,S-8 (ORTEP view, ellipsoids at 20% probability level). Only one orientation of disordered isopropyl groups is
shown.

Et(IndH4)2ZrCl2 (5.61 ppm) ([10] a, b) and are equal to
those observed for the 1-tert-butyldimethylsiloxy con-
geners ([7]d). The assignment of the stereochemistry
was made by comparison of the 1H- and 13C-NMR
spectra with those of 1-tert-butyldimethylsiloxy ana-
logues whose stereochemistries were unambigiously de-
termined by single-crystal X-ray diffraction ([7]d). The
a-H resonances of meso-1-siloxy and b-H resonances
of meso-2-siloxy substituted ethylene bridged metal-
locenes consistently appear at slightly lower field in the
1H-NMR spectra compared to their racemic analogues
and are a convenient tool for the determination of
diastereomeric purity. Furthermore, the colors of 7a
and 7b are remarkably different; the racemic complex is
orange while the meso diastereomer is dark red, as
observed for the 1-tert-butyldimethylsiloxy analogues
([7]d). Although 7a and 9 could be crystallized from a
variety of solvents at different temperatures, crystals
suitable for a molecular structure determination were
not obtained. The introduction of the bulky triiso-

propylsiloxy-groups at the more open 1-position of the
indenyl ligands seems to be a major perturbation to the
molecules’ self-recognition.

The polymerization behavior of the new catalyst
percursors is currently under investigation.

3. Experimental

All operations were carried out in an argon atmo-
sphere using standard Schlenk techniques. Solvents
were dried and distilled under argon prior to use. The
1H- and 13C-NMR spectra were recorded in CDCl3 or
CD2Cl2 solutions using a JEOL JNM-LA400 NMR
spectrometer and are referenced against the 1H and 13C
solvent resonances. Direct inlet ionization mass spectra

Table 2
Selected intramolecular distances (Å) and angles (°) for 8

2.431(2)Zr–Cl(1) Cl–Zr–Cl 94.3(6)
2.432(2)Zr–Cl(2) C(2)–O(1)–Si(1) 129.5(4)

C(22)–O(2)–Si(2)1.365(7) 131.0(4)C(2)–O(1)
C(22)–O(2) Cp–Cpb1.357(7) 57.79

O(2)–Si(2) 1.666(4)1.670(4)O(1)–Si(1)
2.228Zr–Cen(1)a Cen(1)–Zr–Cen(2)a 125.07
2.229Zr–Cen(2)a

a Cen(1) and Cen(2) denote the centroids of the five-membered
portions of the indene rings, with lowest and highest crystallographic
numbering, respectively.
b Angle between the cyclopentadienyl planes.

Table 1
Selected intramolecular distances (Å) and angles (°) for 6

Zr�Cl 2.414(2) Cl�Zr�Cl 94.3(6)
C(2)�O�Si1.366(6)C(2)�O 129.2(2)

O�Si 57.69Cp�Cpb1.686(3)
125.54Zr�Cena Cen�Zr�Cen2.237

a Cen denotes the centroid of the five-membered portion of the indene
rings.
b Angle between the cyclopentadienyl planes.
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Table 3
Comparison of intramolecular distances (Å) for 6 and 8

6 8

3.53Cl(1)�O(1)Cl�O 4.06
Cl(2)�O(2) 3.72

3.29 Cl(2)�C(5)Cl�C(5) 3.30
Cl(1)�C(25) 3.34
Cl(2)�C(8) 4.16Cl�C(8) 3.58
Cl(1)�C(28) 3.97
C(8)�C(30) 3.424.51C(8)�C(10)*
C(28)�C(10) 3.45

Table 5
Atomic coordinates and equivalent isotropic displacement coefficients
(Å2) for 6

Atom zx y Beq

1
2Zr 2.13(2)1

40.19462(6)
Cl 4.97(5)0.30790(8)0.0081(1)0.46712(5)

0.65642(4)Si 3.13(5)0.4717(1) 0.28727(8)
O 3.2(1)0.2647(2)0.4325(3)0.5958(1)

0.3380(3)0.4299(4) 2.7(2)0.5461(1)C(1)
0.3653(4) 0.3192(3)C(2) 0.5821(1) 2.6(1)
0.2235(4) 0.3623(3)C(3) 0.5998(1) 2.9(2)

0.4184(2)0.2043(5) 3.1(2)0.5794(1)C(4)
C(5) 0.4815(3)0.0891(6)0.5874(2) 4.2(2)
C(6) 0.5618(2) 0.1057(6) 0.5258(3) 5.0(2)

0.5091(3)C(7) 0.5276(2) 0.2290(6) 4.7(2)
0.4480(3) 3.8(2)C(8) 0.3398(5)0.5184(2)

2.9(2)0.5453(1)C(9) 0.4014(2)0.3312(5)
0.5180(2) 0.5806(5)C(10) 0.3070(3) 3.9(2)

4.2(2)0.4081(3)0.4237(5)C(11) 0.7083(2)
6.5(3)C(12) 0.4816(3)0.7014(2) 0.4954(7)
6.9(3)0.7642(2) 0.4299(4)C(13) 0.4570(7)
5.2(2)0.6757(6)0.6521(2) 0.2557(4)C(14)
8.3(3)0.2351(4)C(15) 0.7265(7)0.6935(2)
7.7(3)0.6513(2) 0.7855(6) 0.3230(5)C(16)

0.6659(2) 4.7(2)C(17) 0.3508(6) 0.2085(3)
0.6707(2) 0.1813(7) 0.2314(4)C(18) 6.9(3)

8.1(3)0.3783(8)C(19) 0.1067(4)0.6237(2)

Beq= (8p2/3)SiSjUijai*aj*ai ·aj.

(EIMS) were obtained on a Varian-8000 mass spec-
trometer. Triisopropylchlorosilane, 1-indanone, 2-in-
danone, 1,2-dibromoethane, n-BuLi (Acros Chimica)
and zirconium tetrachloride (Aldrich) were used with-
out further purification.

3.1. Synthesis of 1–9

3.1.1. 2-(Triisopropylsiloxy)indene (1)
A solution of triisopropylchlorosilane (50.65 g, 262.7

mmol) and 2-indanone (33.70 g, 255.0 mmol) in ben-
zene (400 ml) was treated dropwise with a solution of
DBU (40.34 g, 265.0 mmol) in benzene (100 ml) at
room temperature and stirred overnight. The suspen-

Table 4
Crystallographic data for 6 and 8

86

Empirical formula C38H56O2Si2Cl2Zr C38H64O2Si2Cl2Zr
Formula weight 771.22763.16

0.20×0.20×0.20Crystal dimensions 0.20×0.25×0.20
(mm)

291 293T (K)
Crystal system MonoclinicMonoclinic

C2/c (c15)Space group P21/n (c14)
Unit cell dimen-

sion
a (Å) 30.253(8) 8.822(5)

22.614(9)b (Å) 8.803(10)
17.540(6)c (Å) 20.861

b (°) 123.34(2) 98.11(5)
Z 4 4

3903(4)V (Å3) 4120(3)
Dc (g cm−3) 1.2431.299

v−2uScan type v−2u

4.0° (in v)Scan rate (° min− 8.0 (in v)
1)

Scan width (1.47+0.30 tan u)° (1.15+0.30 tan u)°
2umax (°) 50.0 50.0

3768Total reflections 7775
Refinement Full-matrix least-Full-matrix least-

squares on Fmethod squares on F2

3688 [R(int)=0.015] 7268 [R(int)=0.0556]Unique reflections
R=3.9; Rw=3.6Final R indices R=6.2; Rw=15.5

[I\ns(I)] (%) (n=3) (n=2)
(Dr)max/(Dr)min 0.53/−0.58 0.46/−0.42

sion was washed with 5% HCl (3×200 ml) and the
organic phase dried over anhydrous Na2SO4. Evapora-
tion gave a brown oil which was fractionated under
reduced pressure to give 1 (55.17 g, 191.2 mmol, 75%)
as a pale yellow oil (bp 110–112°C/0.01 mbar). 1H-
NMR (CDCl3, d): 7.25–7.22 (m, 1H), 7.19–7.14 (m,
1H), 7.11–7.09 (m, 1H), 7.00 (m, 1H), 5.76 (m, 1H),
3.32 (m, 2H), 1.34–1.23 (m, 3H), 1.12 (d, 3J=7.1 Hz,
18H). 13C-NMR(CDCl3, d): 162.92, 145.42, 136.60,
126.45, 123.05, 122.27, 118.84, 106.39, 39.58, 17.86,
12.46.

3.1.2. 3-(Triisopropylsiloxy)indene (2)
To a solution of triisopropylchlorosilane (32.22 g,

167.1 mmol) and 1-indanone (20.09 g, 152.0 mmol) in
benzene (800 ml) was added dropwise DBU (20.02 g,
131.5 mmol). The reaction mixture was stirred
overnight, diluted with Et2O (400 ml), washed with
water (2×500 ml) and dried over anhydrous Na2SO4.
Evaporation of the solvents and distillation under re-
duced pressure gave 2 (30.80 g, 106.7 mmol, 70%) as a
yellow oil (bp 114–117°C/0.3 mbar). 1H-NMR (CDCl3,
d): 7.44–7.42 (m, 1H), 7.39–7.37 (m, 1H), 7.32–7.27
(m, 1H), 7.23–7.19 (m, 1H), 5.40 (t, 3J=2.4 Hz, 1H),
3.26 (m, 3J=2.4 Hz, 4J=0.5 Hz, 2H), 1.38–1.27 (m,
3H), 1.14 (d, 3J=7.2 Hz, 18H). 13C-NMR (CDCl3, d):
153.85, 142.67, 142.01, 125.96, 125.01, 123.68, 118.23,
105.18, 33.87, 17.98, 12.54.
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3.1.3. Bis(2-(triisopropylsiloxy)-1-indenyl)ethane (3)
To a solution of 1 (28.85 g, 100.0 mmol) in THF (150

ml) was added dropwise n-butyllithium (40 ml of 2.5 M
in hexanes, 100.0 mmol) at −15°C. The reaction mix-
ture was stirred at ambient temperature for 2 h. To this
green solution was added dropwise 1,2-dibromoethane
(9.02 g, 48.0 mmol) in THF (30 ml) at −78°C, and the
reaction mixture was stirred at room temperature for 12
h. The mixture was poured into water (80 ml) and the
organic phase separated and dried over anhydrous

Na2SO4. Evaporation of the solvents and crystallization
from Et2O at −15°C gave 3 (12.34 g, 20.5 mmol, 43%)
as white crystals. Recrystallization from Et2O gave
diastereomerically pure 3 which was used for character-
ization. EIMS (calc/found): m/e 602.3972/602.3975.
Mp: 88–89°C. 1H-NMR (CDCl3, d): 7.19–7.05 (m,
6H), 6.96 (m, 2H), 5.67 (s, 2H), 3.20 (m, 2H), 1.97–1.91
(m, AA%, 2H), 1.63–1.57 (m, BB%, 2H), 1.31–1.21 (m,
6H), 1.10 (d, 3J=7.3Hz, 18H), 1.08 (d, 3J=7.3Hz,
18H). 13C-NMR(CDCl3, d): 165.14, 144.55, 140.58,
126.45, 122.60, 122.27, 118.63, 104.73, 49.27; 24.43,
18.00, 17.97, 12.44.

3.1.4. Bis(3-(triisopropylsiloxy)-1-indenyl)ethane (4)
To a solution of 2 (28.85 g, 100.0 mmol) in THF (200

ml) at −40°C was added dropwise n-BuLi (40.4 ml of
a 2.5 M solution in hexanes, 101.0 mmol), and the
reaction mixture was stirred 1 h at room temperature.
The resulting solution was cooled to −80°C and
treated dropwise with a solution of 1,2-dibromoethane
(9.39 g, 50.0 mmol) in THF (100 ml). The reaction
mixture was gradually warmed to room temperature,
stirred overnight and washed with saturated ammo-
nium chloride solution (300 ml). The organic phase was
dried over anhydrous Na2SO4. Solvents were evapo-
rated and the remaining red oil was dried in vacuo,
yielding fairly pure 4 (29.92 g, 49.6 mmol, 99%) as a 1:1
mixture of two diastereomers. 1H-NMR (CDCl3, d):
7.46–7.12 (m, 16H), 5.36 (d, 3J=2.3 Hz, 2H), 5.35 (d,
3J=2.3 Hz, 2H), 3.41–3.31 (m, 4H), 2.10–1.93 (m,
AA%, 2H), 1.81–1.76 (m, AA%, 2H), 1.66–1.58 (m, BB%,
2H), 1.46–1.24 (m, BB%, 2H; m, 12H), 1.14 (d, 3J=6.9
Hz, 18H), 1.13 (d, 3J=7.3 Hz, 36H), 1.12 (d, 3J=7.3
Hz, 18H). 13C-NMR (CDCl3, d): 153.37, 153.30,
146.61, 146.53, 141.63, 141.61, 126.23 (2×C), 125.25,
125.22, 122.57, 122.52, 118.26 (2×C), 110.20, 109.87,
45.45, 45.39, 29.77, 29.37, 17.99 (2×C), 12.53 (2×C).

3.1.5. Bis[2-(triisopropylsiloxy)indenyl]zirconium
dichloride (5)

To a solution of 1 (4.50 g, 15.6 mmol) in THF (50
ml) was added dropwise n-butyllithium (6.3 ml of 2.5
M in hexanes, 15.7 mmol) at −15°C. The reaction
mixture was stirred at ambient temperature for 2 h and
then added dropwise to a solution of ZrCl4 (1.81 g, 7.8
mmol) in THF (50 ml) at room temperature and stirred
for 3 h. The solvents were evaporated and the residue
extracted with CH2Cl2 (80 ml) and filtered through
Celite to remove lithium chloride. Evaporation left a
orange solid which was crystallized from Et2O at −
15°C to yield 5 (2.38 g, 3.23 mmol, 42%) as a bright
yellow microcrystalline powder. 1H-NMR (CD2Cl2, d):
7.54–7.49 (m, AA%, 4H), 7.21–7.17 (m, BB%, 4H),
5.51(s, 4H), 1.29–1.15 (m, 6H), 1.10 (d, 3J=7.0 Hz,
36H). 13C-NMR(CD2Cl2, d): 158.66, 125.58, 125.23,
122.54, 94.89, 17.92, 12.83. In the mass spectrum of 5,

Table 6
Atomic coordinates (×104) and equivalent isotropic displacement
coefficients (Å2)for 8

zAtom x y Ueq

43(1)Zr −1681(1) −1960(1) −8750(1)
−8537(1)Cl(1) −2133(3) −2997(1) 81(1)

−1617(1) −8623(1) 80(1)Cl(2) −4234(2)
59(1)−10167(1)−3312(1)796(2)Si(1)

Si(2) −7725(1)18(1) 55(1)−1367(2)
52(1)O(1) 483(4) −2778(2) −9648(2)

−546(2) −8201(2) 53(1)O(2) −1044(5)
45(2)−1712(3) −9615(3)−74(6)C(1)

2314(3)−514(6) −9731(3)C(2) 48(2)
−2345(3) −9906(3) 57(2)C(3) −2133(7)

55(2)−9942(3)−1758(3)C(4) −2697(7)
−1547(4) −10205(4) 76(2)C(5) −4301(8)
−864(5) −10125(5) 108(3)C(6) −4410(10)

108(3)−533(4)−3069(11) −10264(5)C(7)
−704(3)−1624(9) −9807(3)C(8) 67(2)

−9756(3)C(9) −1438(7) 49(2)−1369(3)
50(2)−9415(3)−1480(3)C(10) 1496(7)

−3065(4) −10999(4) 91(3)C(11) 47(11)
−2525(5) −11196(5) 146(5)C(12) 790(15)
−3538(5) −11529(5) 148(5)55(14)C(13)

98(3)−191(11) −4026(4) −9968(5)C(14)
−10170(2)C(15A) −1920(2) −3942(17) 199(18)

−4364(15) 132(15)−9322(12)C(16A) 180(6)
−10104(14)−3324(17) 103(13)2959(18)C(17A)
−10499(19)C(18A) 3450(5) −3852(14) 135(17)

111(9)−9430(11)−3224(14)C(19A) 3850(3)
−1379(3) −8321(3) 44(1)C(21) 664(7)
−1104(3) −8056(3) 44(2)C(22) −547(7)
−1503(3) −7630(3) 55(2)−1117(7)C(23)

53(2)−212(7) −2022(3) −7596(3)C(24)
−2536(3) −7137(4) 73(2)C(25) −199(10)

143(5)−7118(6)−2873(5)C(26) 1246(15)
−7635(6)C(27) 2007(14) −2916(5) 138(5)
−8090(4)C(28) 2126(7) −2405(3) 65(2)

−1954(3) −8034(3) 46(1)C(29) 856(7)
−1114(3) 55(2)−8797(3)1601(7)C(30)

−370(2) 671(7) −8077(8) 63(5)C(31A)
−8808(9)C(32A) −900(4) 733(13) 111(10)

627(10) −7970(14) 127(9)C(33A) 1390(2)
93(9)−93(12) −6848(8)−710(3)C(34A)

448(15)−880(4) −6416(16)C(35A) 138(13)
−394(11) −6739(13) 119(10)C(36A) 830(3)

109(9)−7882(14)179(7)C(37A) −3504(16)
810(8) −7847(15) 151(11)C(38A) −4030(2)

−277(10) −7519(15) 115(10)C(39A) −4320(3)

Ueq=1/3SiSjUijai*aj*ai ·aj×103.
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parent ions of the composition C36H54Si2O2ZrCl2+ were
observed in the appropriate isotope ratios at m/e 734–
742. The base peak corresponds to C18H28OSi+(2-(i-
Pr3)SiOInd+) at m/e 288.

3.1.6. rac-[Ethylenebis(2-(triisopropylsiloxy)-1-indenyl)]
zirconium dichloride (6)

To a solution of 3 (5.80 g, 9.6 mmol) in THF (80 ml)
was added dropwise n-butyllithium (7.7 ml of 2.5 M in
hexanes, 19.2 mmol) at −15°C. The reaction mixture
was stirred at ambient temperature for 2 h and then
added dropwise to a solution of ZrCl4 (2.24 g, 9.6
mmol) in THF (50 ml) at room temperature and stirred
for 3 h. The solvents were evaporated and the residue
extracted with CH2Cl2 (140 ml) and filtered through
Celite to remove lithium chloride. Evaporation left a
yellow solid which was crystallized from toluene at
−30°C to yield 6 (2.10 g, 2.7 mmol, 28%) as bright
yellow crystals. 1H-NMR (CDCl3, d): 7.63–7.59 (m,
2H), 7.35–7.27 (m, 4H), 7.04 (m, 2H), 6.03 (d, 4J=0.8
Hz, 2H), 4.00–3.89 (m, AA%, 2H), 3.66–3.55 (m, BB%,
2H), 1.30–1.16 (m, 6H), 1.12 (d, 3J=7.4 Hz, 18H),
1.02 (d, 3J=7.4 Hz, 18H). 13C-NMR(CDCl3, d):
150.47, 125.81, 125.00, 124.67, 124.02, 122.64, 116.99,
107.44, 98.85, 26.12, 17.76, 17.73, 12.49. In the mass
spectrum of 6, parent ions of the composition
C38H56Si2O2ZrCl2+ were observed in the appropriate
isotope ratios at m/e 760–768.

3.1.7. rac- (7a) and meso- (7b)
[Ethylenebis(1-triisopropylsiloxy)-3-indenyl)]zirconium
dichloride

To a solution of crude 4 (6.00 g, 9.9 mmol) in THF
(70 ml) at −60°C was added dropwise n-BuLi (8.0 ml
of a 2.5 M solution in hexanes, 20.0 mmol), and the
reaction mixture was stirred for 6 h at room tempera-
ture. The resulting dark red solution was added drop-
wise to a solution of ZrCl4 (2.32 g, 9.9 mmol) in THF
(60 ml) at room temperature and stirred overnight. The
solvents were evaporated and the residue extracted with
CH2Cl2 (140 ml) and filtered through Celite to remove
lithium chloride. Evaporation of the solvent left a
bright orange solid which was shown to be a 5/1
mixture of 7a/7b by 1H-NMR. The solid was washed
with Et2O (2×150 ml) to yield fairly pure 7a (3.35 g,
4.4 mmol, 44%). Crystallization of this powder from
toluene gives analytically pure 7a as orange crystals.
The combined Et2O extracts were evaporated and the
residue was taken up in boiling hexane (150 m). Filtra-
tion through a short path of Celite, concentration and
cooling to −15°C gave 7b (0.48 g, 0.6 mmol, 6%), as a
dark red crystalline solid. 7a: 1H-NMR (CD2Cl2, d):
7.36–7.32 (m, 4H), 7.11–7.07 (m, 2H), 6.99–6.94 (m,
2H), 5.63 (s, 2H), 3.74–3.64 (m, AA%, 2H), 3.44–3.34
(m, BB%, 2H), 1.27–1.15 (m, 6H), 1.07 (d, 3J=7.4 Hz,

18H), 1.00 (d, 3J=7.4 Hz, 18H). 13C-NMR (CD2Cl2,
d): 146.06, 126.52, 124.90, 122.54, 122.10, 121.93,
117.50, 110.94, 100.33, 28.51, 17.91, 12.94. 7b:1H-NMR
(CDCl3, d):7.39–7.35 (m, 4H), 7.03–6.93 (m, 4H), 5.68
(s, 2H), 4.00–3.89 (m, AA%, 2H), 3.47–3.37 (m, BB%,
2H), 1.31–1.18 (m, 6H), 1.12 (d, 3J=7.3 Hz, 18H),
1.04 (d, 3J=7.3 Hz, 18H). 13C-NMR (CDCl3, d):
144.33, 126.54, 124.45, 122.63, 121.66, 121.45, 118.21,
109.50, 102.29, 29.66, 17.88, 17.84, 12.61. In the mass
spectra of 7a and 7b, which are almost superimposable,
parent ions of the composition C38H56Si2O2ZrCl2+ were
observed in the appropriate isotope ratios at m/e 760–
768.

3.1.8. rac-[Ethylenebis(2-(triisopropylsiloxy)-
4,5,6,7-tetrahydro-1-indenyl)]zirconium dichloride (8)

A mixture of 6 (699 mg, 0.9 mmol) and PtO2 (5 mg)
in CH2Cl2 (50 ml) was hydrogenated at 70 bar in a
stirred reactor for 16 h. The light green suspension was
filtered through Celite and the solvent evaporated. The
residue was dissolved in hexane (20 ml) and cooled to
−15°C to provide 8 (460 mg, 0.6 mmol, 67%) as light
green crystals. Concentration of the mother liquor and
cooling yielded a second crop (52 mg, total yield 73%).
1H-NMR (CDCl3, d):5.75 (s, 2H), 3.42–3.31 (m, AA%,
2H), 3.06–2.94 (m, 2H), 2.84–2.66 (m, 2H; m, BB%,
2H), 2.50–2.33 (m, 4H), 1.96–1.72 (m, 4H), 1.62–1.38
(m, 4H), 1.24–0.96 (m, 6H), 1.09 (d, 3J=7.0 Hz, 18 H),
1.01 (d, 3J=7.2 Hz, 18 H). 13C-NMR (CDCl3, d):
143.32, 127.87, 117.41, 114.90, 107.10, 24.95, 24.05,
22.45, 22.08, 22.00, 17.72, 17.70, 12.46. In the mass
spectrum of 8, parent ions of the composition
C38H64Si2O2ZrCl2+ were observed in the appropriate
isotope ratios at m/e 768–776.

3.1.9. rac-[Ethylenebis(1-triisopropylsiloxy)-
4,5,6,7-tetrahydro-3-indenyl)]zirconium dichloride (9)

A mixture of 7a (600 mg, 0.9 mmol) and PtO2 (5 mg)
in CH2Cl2 (50 ml) was hydrogenated at 70 bar in a
stirred reactor for 16 h. The light green suspension was
filtered through Celite and the solvent evaporated. The
residue was dissolved in hexane (20 ml) and cooled to
−15°C to give 9 (460 mg, 0.6 mmol, 67%) as light
green needles. 1H-NMR (CDCl3, d): 5.01 (s, 2H), 3.08–
2.98 (m, AA%, 2H), 2.87–2.74 (m, BB%, 2H), 2.75–2.67
(m, 2H), 2.48–2.29 (m, 6H), 1.96–1.91 (m, 4H), 1.48–
1.30 (m, 4H), 1.22–1.14 (m, 6H), 1.03 (d, 3J=7.2 Hz,
18H), 1.07 (d, 3J=7.2 Hz, 18H). 13C-NMR (CDCl3,
d):151.19, 121.28, 121.11, 115.76, 95.29, 27.19, 23.10,
21.82, 21.61, 20.56, 17.54, 17.51, 12.35. In the mass
spectrum of 9, parent ions of the composition
C38H64Si2O2ZrCl2+ were observed in the appropriate
isotope ratios at m/e 768–776. The base peak corre-
sponds to C35H57Si2O2ZrCl2+(M+-C3H7) at m/e 725–
733.
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3.2. Molecular structure determinations

Single crystals of 6 and 8 were obtained as described
in the experimental part. The data sets were collected
on a Rigaku AFC5S diffractometer using Mo–Ka radi-
ation. The intensities were corrected for Lorentz and
polarization effects. Experimental correction was car-
ried out (C-scan). The structures were solved by direct
methods and refined by least-square techniques. Heavy
atoms were refined with anisotropic and hydrogen
atoms with isotropic displacement parameters except
hydrogens of the isopropyl groups, which were included
in calculated positions with fixed displacement parame-
ters (1.2× that of the host atom. For 8 two isopropyl
groups of Si(1) and all three of Si(2) were disordered
and were refined isotropically in two different positions,
A and B. Refinements were performed using
SHELXS97 [13]. Figures were plotted on ORTEP II
[14]. The crystallographic data and atomic coordinates
for 6 and 8 are collected in Tables 4–6. The atomic
coordinates from 8B and ORTEP top- and side-views
from 6 and 8 can be obtained from the authors upon
request.
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