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Abstract

The synthesis and characterization of three siloxy-substituted zirconocene complexes rac- and meso-ethylenebis[1-(tert-
butyldimethylsiloxy)indenyl]zirconium dichlorides (3a,3b) and rac-ethylenebis[1-(tert-butyldimethylsiloxy)-4,5,6,7-tetrahydroin-
denyl]zirconium dichloride (4) are reported. The molecular structures of 3b and 4 have been determined and reveal that 3b
crystallizes in a chiral staggered meso-conformation, whereas 4 adopts the expected C2 symmetric bent metallocene structure with
indenyl-forward conformation of the ligand backbone. In both complexes 3b and 4 the intramolecular oxygen-chlorine distances
(3.15–3.30 Å) are close to the sum of their van der Waals radii (3.20 Å). © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Modification of chiral ansa-metallocene catalysts [1]
with Lewis-basic functionalities is desirable in order to
stabilize the cationic active sites essential for a-olefin
coordination and chain propagation reaction. Until
recently, direct hetero atom substitution of group IV
metallocene complexes has, however, remained rare.
The preparation of bis(dimethylaminocyclopentadi-
enyl)titanocene was reported in 1984 [2]. Bis(2-
aminoindenyl)zirconocene analogues have been
prepared recently by several groups [3]. Disiloxane
bridged bis(cyclopentadienyl) [4] and bis(indenyl) [5]
zirconocenes, as well as pyridine bridged zirconocenes
and hafnocenes [6] have been described. The presence

of N–Zr interaction in the latter complexes has been
reported to favor the formation of zirconocene cations
[6].

In our earlier studies [7], we have shown that chiral
2-siloxy-substituted bis(indenyl) ansa-metallocenes
form, in combination with MAO or other activators,
highly active catalyst systems for homo- and copoly-
merization of a-olefins. A systematic variation of sub-
stitution patterns of these and other metallocenes is
needed for delineation of spatial requirements and op-
timization of electronic properties for the catalytic ap-
plications. Therefore, we have also prepared some
1-siloxy-substituted analogues of the previously re-
ported complexes, and describe here the synthesis and
characterization of rac-(3a) and meso-(3b)
[ethylenebis(1-(tert-butyldimethylsiloxy)-3-indenyl)]zir-
conium dichlorides, rac-[ethylenebis(1-(tert-butyldi-
methylsiloxy) - 4,5,6,7 - tetrahydro - 3 - indenyl)]zirconium
dichloride (4), and the molecular structures of 3b and
4.
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Scheme 1.

2. Results and discussion

As shown in Scheme 1, the reaction of 1-indanone
with tert-butyldimethylchlorosilane and DBU in ben-
zene gave 3-(tert-butyldimethylsiloxy)indene (1) in 92%
yield. Deprotonation of 1 with n-BuLi and subsequent
reaction of the lithium salt with dibromoethane in THF
gave diastereomeric bis(3-(tert-butyldimethyl-
siloxy)indenyl)ethane (2) in 63% yield. Reaction of 2-
Li2 with ZrCl4 in THF gave, after Et2O extraction and
crystallization, 3 · 2THF in 22% yield. The product is
formed in a rac :meso ratio of 5:1, as determined by 1H
NMR. Samples of the pure racemic diastereomer 3a
were obtained by careful recrystallization from toluene.
Extraction of the evaporated mother liquor and Et2O
insolubles with CH2Cl2 gave, after concentration and
crystallization, a small amount of the pure meso
diastereomer 3b, that was further purified by recrystal-
lization from toluene. As shown in Scheme 2, catalytic
hydrogenation of a 9:1 mixture of 3a and 3b, obtained
by recrystallization of the original mixture, gave a

similar ratio of the corresponding tetrahydroindenyl
complexes in 84% yield. The pure racemic diastereomer
4 was obtained by careful recrystallization from hexane.

The 1H and 13C NMR spectra of 3a and 4 are
consistent with the expected C2 symmetry. The Ha-pro-
tons of the five-membered rings show single resonances
in 1H NMR at 5.60 ppm (3a) and 4.96 ppm (4),
respectively. The chemical shifts are shielded consider-
ably compared to those of rac-Et(Ind)2ZrCl2 (6.20
ppm) [8] and rac-Et(IndH4)2ZrCl2 (5.61 ppm) [9]. The
meso-diastereomer 3b gives a highly symmetric 1H
NMR spectrum indicating rapid conformational inter-
conversion. Shielding of the Ha-resonance (5.72 ppm),
compared to the corresponding value for meso-
Et(Ind)2ZrCl2 (6.55 ppm) [8], indicates increased elec-
tron density in the five-membered ring.

The stereochemistries of 3b and 4 were confirmed by
X-ray structure determination. Despite several at-
tempts, crystals suitable for X-ray analysis could not be
obtained from 3a. The molecular structures of 3b and 4
are displayed in Figs. 1 and 2, respectively, with se-
lected bond lengths and angles in Tables 1 and 2. A
comparison of selected bonding parameters for seven
different siloxy-substituted bis(indenyl) and bis(tetrahy-
droindenyl) ansa-zirconocenes is shown in Table 3.

3b crystallizes in a chiral staggered conformation as
observed previously for other ethylene-bridged meso-
bis(indenyl) and bis(tetrahydroindenyl) ansa-zir-
conocenes [3]d, [8,10,11]. The R,S stereoisomer, shown
in Fig. 1, has a l conformation of the Zr–C(1)–C(10)–
C(11)–C(12) metallacycle. The two Zr–Cl bonds are
not related by symmetry, and their local environments
and hence the two coordination sites are dissimilar. TheScheme 2.
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Fig. 1. Molecular structure of 3b. Thermal ellipsoids are drawn at
20% probability level.

Table 1
Selected bond distances (Å) and angles (°) for 3ba,b

Intramolecular distances
Zr–Cl(2) 2.435(3)Zr–Cl(1) 2.426(3)

2.444(10) Zr–C(12)Zr–C(1) 2.465(9)
Zr–C(13) 2.530(10)2.499(9)Zr–C(2)

2.622(11) Zr–C(14)Zr–C(3) 2.627(10)
Zr–C(15) 2.632(11)Zr–C(4) 2.661(11)

2.583(10) Zr–C(20)Zr–C(9) 2.525(11)
1.341(12) C(14)–O(2)C(3)–O(1) 1.341(12)

Zr–Cen(2) 2.249Zr–Cen(1) 2.255

Intramolecular angles
126.4Cl(1)–Zr–Cl(2) Cen(1)–Zr–Cen(2)96.19(11)

Cp(1)–Cp(2)b 64.6(4)

a Cen(1) and Cen(2) refer to the centroids of the C5 rings with the
lowest and highest crystallographic numbering, respectively.
b Angle between the cyclopentadienyl planes.

droindenyl) group IV ansa-metallocene dichlorides
[3]a, [7]d, [8,9,11,12]. The Zr–Centroid distance
[2.2384(4) Å], Centroid–Zr–Centroid angle
[126.43(2)°] and Cl–Zr–Cl angle [98.73(6)°] of 4 devi-
ate slightly from those of the 2-substituted analogue,
rac-Et[2-(t-BuMe2SiO)IndH4)]2ZrCl2, [Zr–Cen, 2.2307
Å; Cen–Zr–Cen, 125.24°; Cl–Zr–Cl, 98.16(6)°] [7]b.
The trend in the Zr–C bond lengths of 4 [Zr–C(3),
Zr–C(4)\Zr–C(9)\Zr–C(2), Zr–C(1); see Fig. 2 for
numbering scheme] is similar to that observed by
Ewen for rac-Et(3-MeInd)2ZrCl2 [12]. The correspond-
ing bond lengths of rac-Et[2-(t-
BuMe2SiO)IndH4)]2ZrCl2 [7]b show considerably less
variation ranging from 2.502(4)–2.581(4) Å [for 4:
Zr–C=2.465(3)–2.633(3) Å]. In 4, the angle between
the cyclopentadienyl planes (63.59°) is larger than
those observed for the 2-siloxy-substituted complexes
(57.7–61.0°) [7] and is, in fact, larger than the values

indenyl ligands take more space around the Zr atom
than in racemic ethylenebis(indenyl) and ethylenebis(-
tetrahydroindenyl) zirconium dichlorides [3]a, [7–
9,11,12], as shown by the large angle between the Cp
planes [64.6(4)°] and decreased Cl–Zr–Cl angle
[96.19(11)°]. The hC–O bond lengths of 3b [1.341(12)
Å] are slightly shorter than those of the racemic
siloxy-substituted complexes [1.355(3)–1.376(4) Å].

Complex 4 adopts the characteristic bent metal-
locene structure with crystallographically imposed C2

symmetry. The stereoisomer shown in Fig. 2 has an
R,R configuration of the bridgehead carbon atoms and
a d conformation of the Zr–C(1)–C(10)–C(10)*–
C(1)* metallacycle. 4 crystallizes in the indenyl-for-
ward conformation [8], as observed previously for
several ethylene-bridged bis(indenyl) and bis(tetrahy- Table 2

Selected bond distances (Å) and angles (°) for 4a,b

Intramolecular distances
C(1)–C(2) 1.419(4)Zr–Cl 2.4146(9)
C(2)–C(3) 1.415(4)Zr–C(1) 2.465(3)

2.477(3)Zr–C(2) C(3)–C(4) 1.406(4)
Zr–C(3) 2.633(3) C(4)–C(9) 1.433(4)
Zr–C(4) 2.612(3) C(9)–C(1) 1.413(4)

2.519(3)Zr–C(9) C(1)–C(10) 1.513(4)
2.2384(4)1.675(2) Zr–CenSi–O

1.361(3)C(3)–O

Intramolecular angles
Cl–Zr–Cl* 98.73(6) C(3)–O–Si 126.5(2)

126.43(2) 104.0(1)Cen–Zr–Cen* O–Si–C(13)
63.59Cp–Cp*c

a Symmetry transformations used to generate equivalent atoms: *,
−x, y, 1/2−z.
b Cen refers to the centroids of the C5 rings and * denotes an atom or
centroid related by the crystallographic twofold axis.
c Angle between the cyclopentadienyl planes.

Fig. 2. Molecular structure of 4. Thermal ellipsoids are drawn at 20%
probability level.
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observed for racemic silylene-bridged ansa-bis(in-
denyl)zirconium dichlorides (61.4–61.9°) [13]. This
parameter is of particular importance in polymerization
catalysis, as the corresponding increase in the coordina-
tion-gap aperture [14] generally improves the accessibil-
ity of the reaction center, and thus enhances the
polymerization activity [13].

The oxygen-chlorine distance of 4 [3.161(4) Å] is
shorter than the sum of their relevant van der Waals
radii (3.20 Å). For 3b the corresponding distances range
from 3.15 to 3.30 Å with the former value affected by
some conformational disorder. In both complexes the
cyclopentadienyl-oxygen planes are, however, essen-
tially planar. For 4, distortion of the oxygen atom from
the Cp-plane is approximately 0.018 Å. Intuitively, one
could expect a stronger deviation caused by repulsion
between the two electronegative atoms. Similar hetero-
atom-chlorine close contacts were observed for the
unbridged dimethylamino-functionalized bis(cyclopen-
tadienyl) [2] and bis(indenyl) [3]a metallocene dichlo-
rides. The 2-siloxy-substituted complexes (see Table 3)
appear to favor the indenyl-backward conformation in
their solid state structures [7], which places the oxygen-
chlorine atoms in a closer contact than in the corre-
sponding indenyl-forward conformations. Electron
overlap from the oxygen atom to the aromatic five-
membered ring or the empty orbitals of the neighboring
Si or Zr could result in a sufficient electron deficiency
that allows or enhances these short intramolecular
distances.

The detailed olefin homo- and copolymerization be-
havior of the new complexes is currently under investi-
gation. Preliminary results show high ethylene
polymerization activities at low [Al]:[Zr] ratios for both
MAO-activated metallocenes 3a and 4. In polymeriza-
tion of propylene, 3a/MAO gives only atactic
polypropylene with very low activity, whereas 4/MAO
appears to be practically inactive.

3. Experimental section

3.1. General comments

All operations with the organometallic reagents were
carried out in an argon atmosphere 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 or JEOL JNM-A500 NMR spec-
trometer and referenced against tetramethylsilane or the
residual protons of the deuterated solvents (CHCl3=
7.24 ppm, CDHCl2=5.36 ppm). Direct inlet ionization
mass spectra (EIMS) were obtained on a Varian-8000
mass spectrometer.

3.2. 3-(Tert-butyldimethylsiloxy)indene (1)

To a solution of tert-butyldimethylchlorosilane
(125.7 g, 834 mmol) and 1-indanone (100.2 g, 758
mmol) in benzene (800 ml) at 0°C was added dropwise
DBU (150.0 g, 985 mmol). The reaction mixture was
stirred overnight at room temperature, diluted with
Et2O (400 ml), washed with water (2×500 ml) and
dried over sodium sulfate. Evaporation of the solvents
and distillation under reduced pressure gave 171.64 g
(92%) of 1 as a yellow oil (b.p. 110–112°C/0.02 mbar).

1H NMR (CDCl3, d): 7.40–7.35 (m, 2H); 7.30–7.26
(m, 1H); 7.21–7.17 (m, 1H); 5.39 (t, 3J=2.4 Hz, 1H);
3.24 (d, 3J=2.4 Hz, 2H); 1.02 (s, 9H); 0.24 (s, 6H). 13C
NMR (CDCl3, d): 153.72; 142.67; 141.90; 125.97;
125.06; 123.71; 118.12; 105.76; 33.88; 25.72; 18.21; −
4.72.

3.3. Bis(3-(tert-butyldimethylsiloxy)-1-indenyl)ethane
(2)

To a solution of 1 (49.28 g, 200.0 mmol) in THF
(200 ml) at −30°C was added dropwise n-BuLi (80.8
ml of a 2.5 M solution in hexane, 202.0 mmol), and
the reaction mixture was stirred overnight at room
temperature. The resulting solution was cooled to −
80°C and treated dropwise with a solution of dibro-
moethane (18.79 g, 100.0 mmol) in THF (100 ml). The
reaction mixture was gradually warmed to room tem-
perature, stirred overnight and washed with saturated
ammonium chloride solution (300 ml). The organic
phase was dried over sodium sulfate. Solvents were
evaporated and the remaining oil was dissolved in
pentane (200 ml). Concentration and cooling to −
30°C gave 27.12 g (52%) of 2 as an-off white powder
and 3:2 mixture of two diastereomers. Further concen-
tration and cooling gave the second crop 5.43 g (11%)
as an off-yellow powder enriched in the minor
diastereomer. Total yield: 63%. EIMS (calcd/found):
m/e 518.3036/518.3044.

1H NMR (CDCl3, d): 7.34–7.18 (m, 8+8H, maj.+
min. diast.); 5.38 (d, 3J=2.2 Hz, 2H, maj. diast.); 5.37
(d, 3J=2.3 Hz, 2H, min. diast.); 3.40–3.35 (m, 2+
2H, maj.+min. diast.); 2.07–1.98 (m, AA%, 2H, maj.
diast.); 1.84–1.79 (m, AA%, 2H, min. diast.); 1.65–1.60
(m, BB%, 2H, min. diast.); 1.45–1.36 (m, BB%, 2H, maj.
diast.); 1.02 (s, 18H, min. diast.); 1.01 (s, 18H, maj.
diast.); 0.25 (s, 6H, min. diast.); 0.23 (s, 6H, maj.
diast.); 0.23 (s, 6+6H, maj.+min. diast.). 13C NMR
(CDCl3, d, maj. diast.): 153.24; 146.61; 141.52; 126.27;
125.32; 122.61; 118.18; 110.79; 45.53; 29.84; 25.73;
18.25; −4.67; −4.74. 13C NMR (CDCl3, d, min.
diast.): 153.19; 146.64; 141.56; 126.27; 125.31; 122.66;
118.18; 110.91; 45.48; 29.44; 25.73; 18.25; −4.65; −
4.72.
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3.4. Rac- and meso-[ethylenebis(1-(tert-butyldimethyl-
siloxy)-3-indenyl)]zirconium dichlorides (3a,3b)

To a solution of 2 (12.8 g, 24.7 mmol) in THF (70
ml) at −40°C was added dropwise n-BuLi (19.9 ml of
a 2.5 M solution in hexane, 49.7 mmol), and the
reaction mixture was stirred for 4 h at room tempera-
ture. The resulting dark red solution was added drop-
wise to a suspension of ZrCl4 (5.76 g, 24.7 mmol) in
THF (80 ml) at −60°C. The reaction mixture was
gradually warmed to room temperature and stirred
overnight. Evaporation of the solvents left a bright
orange solid that was extracted with CH2Cl2 (150 ml)
and filtrated through Celite to remove lithium chloride.
The solvent was evaporated and the crude product was
extracted with Et2O (250 ml) and filtrated through
Celite. Concentration and cooling to −30°C gave 4.09
g (20.1%) of 3 · 2THF as a 5:1 mixture of the rac- (3a)
and meso- (3b) diastereomers as a bright orange pow-
der. Further concentration and cooling gave the second
crop 0.56 g (1.7%) of pure 3a · 2THF. Samples of the
pure racemic diastereomer, free of THF, were obtained
as bright orange microcrystalline solids by careful re-
crystallization of the 3a/3b · 2THF mixture from
toluene. The collected mother liquors from the crystal-
lizations were evaporated to dryness. Extraction of the
Et2O insolubles and the evaporated mother liquors
with CH2Cl2 (200 ml) and the subsequent filtration
through celite, concentration and cooling to −30°C
gave 0.70 g (3.7%) of 3b · CH2Cl2. Recrystallization
from toluene gave pure 3b as a dark orange/red micro-
crystalline solid. The EIMS mass spectra of both
diastereomers show parent ions of composition
C32H44Si2O2ZrCl2+ at m/e=676–684 in the appropri-
ate isotope ratios.

3a: 1H NMR (CD2Cl2, d): 7.39–7.34 (m, 4H); 7.14–
7.10 (m, 2H); 7.04–7.00 (m, 2H); 5.60 (s, 2H); 3.77–
3.67 (m, AA%, 2H); 3.49–3.39 (m, BB%, 2H); 0.97 (s,
18H); 0.21 (s, 6H); 0.19 (s, 6H). 13C NMR (CD2Cl2,
d): 145.88; 126.55; 124.88; 122.48; 122.02; 121.38;
117.48; 111.09; 99.50; 28.69; 25.79; 18.65; −3.51; −
4.32.

3b: 1H NMR (CD2Cl2, d): 7.45–7.43 (m, 2H); 7.36–
7.34 (m, 2H); 7.04–7.01 (m, 2H); 6.98–6.94 (m, 2H);
5.72 (s, 2H); 4.01–3.93 (m, AA%, 2H); 3.51–3.43 (m,
BB%, 2H); 1.02 (s, 18H); 0.32 (s, 6H); 0.23 (s, 6H). 13C
NMR (CD2Cl2, d): 144.36; 126.71; 124.72; 122.59;
122.31; 121.84; 118.65; 110.84; 102.47; 30.10; 25.83;
18.71; −3.56; −4.31.

3.5. Rac-[ethylenebis(1-(tert-butyldimethylsiloxy)-
4,5,6,7-tetrahydro-3-indenyl)]zirconium dichloride (4)

A 9:1 mixture of 3a and 3b (1.52 g, 2.24 mmol) and
PtO2 (20 mg) in CH2Cl2 (150 ml) was hydrogenated at

Table 4
Crystal data and structure refinement for 3b and 4

Empirical formula C32H44Cl2O2Si2Z C16H26ClOSiZr1/2

r

679.00fw 687.06
293Temp (K) 293
0.20×0.15Cryst size (mm) 0.18×0.22×0.34

×0.10
Orange, prismCryst appearence Yellow, plate

MonoclinicMonoclinicCryst system
Space group C2/cP121/c1

a=13.231(4)Unit cell dimens (Å) a=27.810(2)
b=19.898(10) b=12.219(3)
c=14.370(5) c=11.348(2)

b=113.74(1)°b=115.08(2)°
3426(2) 3530(1)V(Å3)

8.004.00Z
d(calc) (g/cm3) 1.2931.316

5.73 5.50m(MoKa) (cm−1)
1416.00 1448.00F(000)
0.0875R(int) 0.013

Measured reflcns 3346.004701.00
Unique reflcns 3273.004476.00

2514.00Observed reflcns [I\
3.00s(I)]

Max and min transm coeffi- 1.00 and 0.941.00 and 0.93
cients

Goodness-of-fit indicator 0.989 2.11
R=0.069, R=0.033, wR=Final R indices

0.033wR=0.144
Max and min Dr(e Å−3) 0.560 and − 0.73 and −0.40

0.521

70 bar in a stirred reactor for 16 h. The light green
suspension was filtrated through celite. Evaporation of
the solvent left a light green solid that was dried in
vacuo and dissolved in hexane (80 ml). Concentration
and cooling to −30°C gave 1.28 g (84%) of a 9:1
mixture of 4 and its meso-diastereomer as a light green
microcrystalline solid. Samples of pure 4 were obtained
by careful recrystallization from the same solvent. In
the EIMS mass spectrum of 4, parent ions of composi-
tion C32H52Si2O2ZrCl2+ were observed at m/e=684–
692 in the appropriate isotope ratios. The base peak at
m/e=627–635 corresponds to M+-t-Bu.

1H NMR (CDCl3, d): 4.96 (s, 2H); 3.09–2.99 (m,
AA%, 2H); 2.89–2.79 (m, BB%, 2H); 2.71–2.64 (m, 2H);
2.47–2.29 (m, 6H); 1.99–1.84 (m, 4H); 1.56–1.35 (m,
4H); 0.94 (s, 18H); 0.22 (s, 6H); 0.15 (s, 6H). 13C NMR
(CDCl3, d): 151.00; 121.61; 121.18; 116.04; 94.68;
27.66; 25.74; 23.47; 22.05; 21.89; 20.52; 18.33; −3.33;
−4.20.

3.6. X-ray structure determination

Crystallographic data and parameters for 3b and 4
are presented in Table 4. The data sets were collected
on a Rigaku AFC5S diffractometer using Mo Ka radi-



R. Leino et al. / Journal of Organometallic Chemistry 558 (1998) 181–188 187

ation at 293 K. The intensities were corrected for
Lorentz and polarization effects. The experimental ab-
sorption correction was carried out (c-scan). The
structure of 3b was solved by direct methods and
refined by least squares techniques to the R value of
0.069 (wR=0.144). One siloxy group of 3b is disor-
dered having two different orientations. Heavy atoms
were refined with anisotropic displacement parameters.
Hydrogen atoms were included in calculated positions
with fixed displacement parameters (1.2× that of the
host atom). Hydrogen atoms of the disordered siloxy

Table 6
Atomic coordinates and B(eq) for 4

y zx B(eq)Atom

Zr 0.00 2.49(2)1/40.26172(3)
0.07087(4)Cl 5.84(5)0.39040(8) 0.3481(1)

0.17469(9)0.24989(8)0.16078(3)Si 3.72(4)
0.09881(7)O 3.25(8)0.2947(2) 0.1247(2)

C(1) 0.1297(3)0.0032(1) 0.0959(2) 2.6(1)
2.8(1)0.0550(1)C(2) 0.1821(3)0.1387(2)

C(3) 0.0560(1) 2.7(1)0.2341(2) 0.1125(3)
C(4) 0.0046(1) 0.2573(2) 0.0246(2) 2.5(1)
C(5) −0.0143(1) 0.3450(3) −0.0760(3) 3.2(1)

0.3050(3)−0.0627(1) 4.5(2)C(6) −0.1907(3)
−0.1034(1) 0.2561(3)C(7) −0.1511(4) 4.8(2)

C(8) −0.0845(1) 0.1578(3) −0.0616(3) 3.4(1)
0.1699(2)C(9) 0.0338(3)−0.0281(1) 2.4(1)

−0.0121(1) −0.0092(2)C(10) 0.1763(3) 3.1(1)
6.7(2)0.0667(4)0.1368(3)C(11) 0.1622(1)

0.1861(2) 0.2015(4)C(12) 0.3446(4) 8.3(2)
0.1981(1)C(13) 0.3721(3) 0.1603(3) 3.9(1)

0.2062(5)0.3440(4)0.2565(1)C(14) 7.4(2)
0.0208(4)C(15) 0.4082(4) 8.4(3)0.1781(2)

0.1910(2)C(16) 0.4663(4) 0.2396(5) 9.1(3)

B(eq) is defined as (8p2/3)SiSjUija*i a*j aiaj.

Table 5
Atomic coordinates (×104) and equivalent isotropic displacement
parameters (Å2 ×103) for 3b

xAtom y U(eq)z

296(1)Zr 1094(1) 33(1)2160(1)
154(2)3185(2)−499(3)Cl(1) 56(1)

449(3) 1572(2)Cl(2) −327(2) 49(1)
Si(1A) −3122(5) 3127(3) 1100(5) 50(2)
Si(1B) −3691(11) 2814(8) 641(8) 59(6)

2014(3) 4374(2)Si(2) 1804(2) 43(1)
−2479(6) 2641(4)O(1) 589(5) 52(2)

2123(6) 3573(3)O(2) 1532(6) 42(2)
C(1) −319(9) 1481(6) 2175(8) 39(3)
C(2) −900(8) 2110(6) 2051(7) 36(3)

−1719(9) 2156(6)C(3) 1020(8) 42(3)
36(3)−1669(9) 502(8)C(4) 1550(6)

−2351(9) 1311(7)C(5) −521(8) 47(3)
C(6) −2181(12) 684(7) −770(10) 60(4)
C(7) −1326(11) 273(6) −59(10) 56(4)

−644(10) 478(5)C(8) 886(8) 40(3)
−817(9) 1125(6)C(9) 1223(9) 40(3)

582(9) 1220(6)C(10) 3183(7) 45(3)
C(11) 1462(10) 1778(5) 3679(8) 44(3)
C(12) 1737(8) 2123(6) 2880(7) 33(3)

1587(8) 2830(6)C(13) 2637(7) 35(3)
1903(8)2017(9) 35(3)2972(5)C(14)
1693(8)2446(9) 39(3)2366(5)C(15)

48(3)1094(8)2239(6)C(16) 3054(9)
1617(6) 1086(8) 51(3)C(17) 3423(10)

C(18) 61(4)1643(10)1080(6)3228(10)
2228(8)1187(6) 45(3)2652(10)C(19)
2285(9)2271(9) 39(3)1839(5)C(20)

−3487(13) 2593(7)C(21) 1995(8) 87(5)
C(22A) −2187(16) 3857(8) 1729(16) 76(7)
C(22B) 110(2)1210(3)4070(3)−3000(4)

−80(8)3353(7) 58(6)−4435(9)C(23A)
−3970(16) 3731(9)C(23B) 303(14) 64(15)
−4065(12) 3765(9)C(24) −808(11) 104(6)

262(13)−5143(13) 113(6)3836(8)C(25)
−5037(12) 2670(9)C(26) −527(11) 140(8)

C(27) 790(10) 4506(6) 2109(10) 65(4)
1784(11) 4819(6)C(28) 612(8) 68(4)
3326(10) 4631(6)C(29) 2924(9) 54(3)

C(30) 3453(13) 4260(8) 3917(9) 102(6)
4473(7)4335(12) 96(5)C(31) 2703(11)

106(6)3116(10)5378(7)C(32) 3338(14)

U(eq) is defined as one third of the trace of the orthogonalized Uij

tensor.

group were not included. The structure of 4 was
solved by direct methods and refined by least squares
techniques to the R value of 0.033 (wR=0.033).
Heavy atoms were refined with anisotropic displace-
ment parameters. Hydrogen atoms were included in
calculated positions with fixed displacement parame-
ters (1.2× that of the host atom) except those of the
cyclopentadienyl ring and ethylene bridge, which were
found from the Fourier map and were refined isotropi-
cally. Refinements were performed using SHELXS93 [15]
(3b) and TEXSAN [16] (4) software. Figures were plot-
ted on ORTEPII [17]. The atomic coordinates of 3b and
4 are collected in Tables 5 and 6. Additional data
including complete listings of crystal data and struc-
ture refinement, positional and thermal parameters
and intramolecular distances and angles, and ORTEP

views of 3b and 4 are recorded as supplementary ma-
terial and can be obtained from the authors upon
request.
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