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Abstract: The reaction of
[CpZrCl3(thf)2] with methyl 4,6-O-
benzylidene-b-d-glucopyranoside (b-
MeBGH2, 1) in the presence of Et3N
results in the formation of the zirconate
complex [Et3NH][(CpZrCl)2(m-Cl){m-
(b-MeBG)}2] (2). X-ray structure analy-
ses were performed from the ligand
precursor b-MeBGH2 1 as well as from
2. Compound 1 crystallizes in the mono-
clinic chiral space group P21. The mol-
ecules show a flat arrangement including
the benzylidene protecting group, and
are packed in columns. The columns are

held together in pairs by the formation
of hydrogen bonds between the hydroxy
functions in positions 2 and 3. Com-
pound 2 crystallizes in the orthorhombic
space group P212121. The b-MeBG li-
gands are chelating the Zr atoms
through the oxygen atoms in positions 2
and 3 of the glucopyranosidato ligand
revealing a 1-zircona-2,5-dioxolane moi-
ety each; the oxygen atom in position 3

is linked to both of the Zr atoms.
Additionally one chloro ligand is bridg-
ing the two Zr centers. Two terminally
bound chloro ligands stick out from the
two Zr atoms into a chiral U-shaped
cavity constructed by the two b-MeBG
ligands. The cavity incorporates the
tertiary ammonium cation [Et3NH]� ,
which is bound to one of the terminal
chloro ligands through a hydrogen bond.
The inclusion of the [Et3NH]� cation in
the U-shaped cavity, even in solution, is
demonstrated by NMR spectroscopic
data.

Keywords: carbohydrates ´ supra-
molecular chemistry ´ zirconium

Introduction

Low molecular building blocks based on sugars as alcoholato
ligands in classical coordination compounds have been
studied more extensively in the last two decades.[1] Nonethe-
less the corresponding compounds containing organometallic
moieties are still very rare.[2] This is a surprizing fact, since in
the area of enantioselective catalysis using organometallic
complexes a great deal of effort has been put into the
syntheses of a plethora of chiral ligands; however, by far most
of them are not derived from saccharides although just these
carbohydrates seem to be very suitable starting materials
because of their diverse stereo information.[3] Indeed, some
catalytic reactions of organometallic complexes of late
transition metals with sugar derived bisphosphinito ligands
reveal very high enantiomeric excess for example the hydro-
cyanation of vinyl arenes[4] or the asymmetric hydrogenation

of the derivatives of N-acyl dehydroamino acids[5] which was
applied for the industrial synthesis of l-dopa until 1990.[6]

First of all, our interest in this research topic is focussed on
the coordination capability of positions 2 and 3 of pyranose
sugars in organometallic complexes of early transition metals
as Ti[7] and Zr. As a next step the application of these
organometallic complexes in catalytic C,C coupling reactions
is intended.

The chelation of a metal ion with the oxygen atoms in
positions 2 and 3 of a pyranose ligand forms a 1-metalla-2,5-
dioxolane ring. The stability of the ring will depend strongly
on the dihedral angle of the chelating unit O2-C2-C3-O3,
which flexibility is limited by the anellated pyranose ring. The
emerging ring strain upon changing this dihedral angle may be
the reason, why the formation of a 1-titana-2,5-dioxolane
structure fails in the reaction of CpTiCl3 with a glucopyrano-
side which was protected in position 1, 4, and 6. Without
exception the glucopyranoside forms a diolato bridge be-
tween two Ti complex moieties.[7, 8] Presumably, the dihedral
angle O2-C2-C3-O3 of the glucopyranoside ligand, wherein
the oxygen atoms are in a bisequatorial trans position, is too
large to chelate a small TiIV ion. Only very few examples of a
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1-titana-2,5-dioxolane entity are known to date, which are
structurally characterized.[9] One example is a titanocene
derivative wherein the Ti atom is additionally coordinated to
a pinacolato ligand. The dihedral O-C-C-O angle was
determined to 47.38 only,[9b] which is about 208 smaller than
the corresponding angle O2-C2-C3-O3 in methyl 4,6-O-
benzylidene-a-d-glucopyranoside calculated by molecular
modelling.[10] However, in the Ti complexes known, which
indeed contain a 1-titana-2,5-dioxolane ring, the oxygen
bearing carbon atoms of the dioxolane ring are not a part of
an anellated ring system. Hence, the formation of a smaller
O-C-C-O dihedral angle is possible without considerable
strain. Since the ion radius of ZrIV is found to be distinctly
larger than for TiIV,[11] we suggested that the 1-zircona-2,5-
dioxolane ring could be obtained by the O2,O3 chelation of a
glucopyranoside ligand in organozirconium moieties.

Results and Discussion

Synthesis : Methyl 4,6-O-benzylidene-b-d-glucopyranoside
(b-MeBGH2 , 1) was used as precursor for the bidentate 2,3-
diolato ligand, which is easily prepared from the correspond-
ing b-methyl glucopyranoside.[12] The reaction of b-MeBGH2

1 with [CpZrCl3(thf)2] in the presence of NEt3 yielded the
water sensitive triethylammonium zirconate 2 (Scheme 1) as a

Scheme 1. Synthesis of [Et3NH][(CpZrCl)2(m-Cl){m-(b-MeBG)}2] (2).

dinuclear complex with two glucopyranoside units acting as
2,3-diolato ligands. The yield and purity of the product 2
depend extremely on the preparation of CpZrCl3 and care-
fully following the reaction procedure. Slight modifications in
the adding of the reagents lead to unidentified mixtures of
products. The dinuclear zirconate complex 2 was fully
characterized by means of elemental analysis, NMR spectros-
copy, and X-ray structure determination.

Stuctural analysis : In order to get a better understanding of
the influence of the structural peculiarities in 2,3-diolato
glucopyranoside ligands a comparison of the structural data of
the ligand precursor 1 was necessary. Since structural data for
1 were not yet available in the literature, a crystal structure
determination of 1 has been performed. Compound 1
precipitates in pin-shaped, colorless crystals with the mono-
clinic chiral space group P21 containing two molecules in the
unit cell (see Table 1). As expected, the 4,6-O-benzylidene
protecting group induces a bisequatorial anellation of the two
six-membered rings (Figure 1).[12c] Consecutively, the two

Figure 1. Molecular structure of b-MeBGH2 (1) (ellipsoids at the 30%
level).

Table 1. Crystallographic Data of b-MeBGH2 (1) and [Et3NH]-
[(CpZrCl)2(m-Cl){m-(b-MeBG)}2] (2).

1 2

formula C14H18O6 C44H58Cl3NO12Zr2

Mw 282.28 1084.71
T [K] 173(2) 173(2)
l [pm] 154.178 71.073
Crystal system monoclinic orthorhombic
space group P21 P212121

a [pm] 865.6(2) 1423.0(3)
b [pm] 458.90(10) 1434.1(3)
c [pm] 1710.5(3) 2335.3(5)
b [8] 95.32(3)
V [�106 pm3] 676.5(2) 4765.(17)
Z 2 4
1calcd [Mg mÿ3] 1.386 1.512
m [mmÿ1] 0.915 0.665
F (000) 300 2230
crystal size [mm3] 0.3� 0.1� 0.1 0.3� 0.3� 0.2
scan range [8] 2.59 ± 72.46 1.67 ± 28.29
index range ÿ 10� h� 10 ÿ 18� h� 14

ÿ 5� k� 5 ÿ 19� k� 14
� 21� l� 21 ÿ 31� l� 29

reflections measured 3086 31518
reflections unique 2614 11709
Rint 0.0566 0.0205
parameters 184 631
reflections I> 4s(I) 2569 11079
GoF[a] 1.049 1.061
R1/wR2 (I> 2s(I))[b] 0.107/0.2775 0.0204/0.0432
R1/wR2 (all data)[b] 0.1214/0.3492 0.0235/0.0445
resd. min/max. [eÿ�ÿ3] ÿ 0.514/0.531 ÿ 0.328/0.242

[a] GoF (goodness of fit)�
���������������������������������P

w�F 2
0 ÿ F 2
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hydroxyl groups in positions 2 and 3 gain a trans-bisequatorial
conformation. The phenyl substituent is coplanar with the two
six-membered rings. The flat arrangements of the glucopy-
ranoside 1 enables a column-like stacking of the single
molecules (Figure 2). Two columns are apparently held
together by bridging hydrogen atoms between position 2 of
one glucopyranoside column and position 3 of the second
column. The bond lengths and angles (see Tables 2 and 3) in
the solid state structure of 1 are as expected for organic
compounds.

The structural data, which determine the chelating capa-
bility of the oxygen atoms O2 and O3, are the dihedral angle
O2-C2-C3-O3, the O2-C2-C3 and O3-C3-C2 bond angles and
the corresponding OÿC and CÿC bond lengths. The exper-
imentally obtained dihedral angle is 64.28 and confirms the
theoretical value of 66.38 calculated for the corresponding a-
d-glucopyranoside derivative by means of molecular model-
ling.[10] Additionally, the measured and calculated nonbonding
O2ÿO3 distances of 290.0 and 286 pm, respectively, are in
good accordance to each other.

The Zr complex 2 crystallizes in the orthorhombic space
group P212121 (Table 1) with four formula units. The most eye-
catching overall structural feature of 2 is the U-shaped cavity.
The wings of the cavity are formed by the benzylidene
protected glucopyranoside moieties, which are held together
by a Cp2Zr2Cl3 building block. Thus, the cavity provides a
width of 1 nm which is suitable to include the Et3NH� cation
(Figure 3). The CpZr2Cl3O4 core is best described as a
distorted face sharing bioctahedral comprising a Zr2O2Cl
bicycle of two four-membered rings and two anellated ZrC2O2

five-membered rings (Figure 4).
The oxygen atoms in position 3 of the glucopyranosidato

ligands are bridging the two Zr atoms, whereas the oxygen
atoms in position 2 and two chloro ligands Cl1 and Cl2 which
stick into the cavity, are bound terminally. The ZrÿO and

Figure 3. Molecular structure of [Et3NH][(CpZrCl)2(m-Cl){m-(b-MeBG)}2]
(2) in the crystal (the disordered b-MeBG ligand, which is calculated to
19.6 %, is omitted (see Figure 9); the hydrogen atoms are omitted for
clarity except the nitrogen-bound hydrogen, ellipsoids at the 30% level).

Figure 4. Schakal[27] presentation of the Cp2Zr2Cl3O4 core of the zirconate
complex 2 illustrating the face-sharing bioctahedral arrangement.

Table 2. Selected interatomic distances in b-MeBGH2 (1) and
[Et3NH][(CpZrCl)2(m-Cl){m-(b-MeBG)}2] (2).

1 2

C1ÿC2 151.9(6) C21ÿC22 152.8(2) Zr1ÿO22 202.41(12)
C2ÿC3 152.6(7) C22ÿC23 152.9(2) Zr1ÿO43 213.7(5)
C3ÿC4 150.6(6) C23ÿC24 151.2(2) Zr1ÿO23 226.76(11)
C4ÿC5 152.1(6) C24ÿC25 153.5(2) Zr2ÿO42 203.9(7)
C5ÿC6 151.5(7) C25ÿC26 151.8(2) Zr2ÿO23 212.71(11)
C7ÿC8 149.7(7) C27ÿC28 151.3(2) Zr2ÿO43 225.2(7)
O1ÿC1 139.4(6) C21ÿO21 139.4(2) Zr1ÿCl1 255.68(6)
O1ÿC14 142.8(7) O21ÿC34 143.1(2) Zr1ÿCl3 263.63(6)
O2ÿC2 141.7(5) O22ÿC22 141.0(2) Zr2ÿCl2 249.97(7)
O3ÿC3 142.6(5) O23ÿC23 142.2(2) Zr2ÿCl3 271.24(7)
O5ÿC1 143.3(6) O25ÿC21 144.3(2) Zr1 ´ ´ ´ Zr2 337.41(6)
O5ÿC5 142.0(6) O25ÿC25 142.8(2) N ´ ´ ´ Cl1 323.3(2)
O4ÿC4 143.8(5) O24ÿC24 143.2(2) N ´ ´ ´ H� 89(2)
O2 ´ ´ ´ O3 290.0(5) O22 ´ ´ ´ O23 262.2(2) Cl1 ´ ´ ´ H� 246(2)
O2 ´ ´ ´ O3'[a] 267.6(5) Cl2 ´ ´ ´ H� 344(3)
O2 ´ ´ ´ O3''[a] 280.2(5)

[a] O3' and O3'' denote the oxygen atoms O3 of the two facing b-MeBGH2

molecules in the opposite b-MeBGH2 column.

Table 3. Selected angles [8] in b-MeBGH2 1 and [Et3NH][(CpZrCl)2(m-
Cl){m-(b-MeBG)}2] (2).

1 2

C1-O1-C14 113.8(5) C21-O21-C34 113.59(15)
O1-C1-C2 106.6(4) O21-C21-C22 109.26(14)
O1-C1-O5 107.3(4) O21-C21-O25 106.77(13)
O2-C2-C1 110.3(4) O22-C22-C21 111.92(14)
O2-C2-C3 109.7(4) O22-C22-C23 106.96(14)
O3-C3-C2 111.8(4) O23-C23-C22 106.27(12)
O3-C3-C4 112.1(4) O33-C23-C24 120.18(14)
O2-C2-C3-O3[a] 64.2 O22-C22-C23-O24[a] 51.9

[a] Dihedral angle.

Figure 2. Stacking of the molecules of b-MeBGH2 (1) in the single crystal
(along b).
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ZrÿCl bond lengths are comparable to those recently
published for CpZr complexes containing ZrÿCl and ZrÿO
bonds.[13±17]

The structure of the (CpZrCl)2(m-Cl) entity of 2 very much
resembles the corresponding unit in [Et3NH][(h5-Cp*ZrCl)2-
(m-Cl)(m-3,5-Me2-dpbd-1:2kO 1,2kO 2)2] (3) (3,5-Me2dpbdH2�
1,4-bis(3,5-dimethylphenyl)butan-2,3-diol).[18] The most remark-
able difference is observed for the dihedral angles of the coor-
dinating vicinal dioxo functions which are almost 08 in 3 due to the
free rotation between C2ÿC3 of the butane backbone, whereas
in 2 the dihedral angle O2-C2-C3-O3 amounts to 51.98 and
53.38 caused by the anellated, riged glucopyranose ring.

The complexes 2 and 3 illustrate an interesting ZrÿCl bond
alternation. In 2 the terminal ZrÿCl bonds are distinctly
different from each other: Zr1ÿCl1 255.68(6) versus Zr2ÿCl2
249.97(7) pm. A comparable asymmetry in the (CpZrClO2)2-
(m-Cl) core is found for 3, and is assumed as a result of the
hydrogen bond to the counterion [Et3NH]� which we were
able to analyze by means of the structure determination of 2.

The position of the nitrogen-bound hydrogen atom in the
[Et3NH]� cation was calculated from residual electron density,
and was refined without restriction. The resulting distances
between the hydrogen and the nitrogen atom and chlorine
atom Cl1 are 89(2) pm and 246(2) pm, respectively. It is
noteworthy that the NHCl triple in 2 is not linear arranged but
encloses an angle of 145(2)8. The nonbonding distance
between N and Cl1 amounts to 323.3(2) pm, and is slightly
longer than the corresponding NÿCl distance in [Et3NH]Cl
(310.7 pm).[19] The elongation of the N ´ ´ ´ Cl1 distance in 2
compared with free [Et3NH]Cl may be explained by the
interaction of the proton with the Zr-bound chloro ligand in 2,
whereas in [Et3NH]Cl the hydrogen bonding occurs with a
free chloride anion.

The hydrogen bond to the chloro ligand Cl1 causes a
diminution of the Zr1ÿCl1 bonding interaction resulting in a
Zr1ÿCl1 bond lengthening compared with the Zr2ÿCl2 bond.
Subsequently, the Zr1ÿCl3 bond, which is in trans position to
the Zr1ÿCl1 bond, will become shorter, as it is found in the
crystal structure of 2 (see Table 2).

The localization of the bridging hydrogen only between N
and Cl1 is corroborated by the long H� ´ ´ ´ Cl2 distance of
344(3) pm, which is about 100 pm longer than H� ´ ´ ´ Cl1
246(2) pm. The [Et3NH]� cation is slightly distorted from an
ideal trigonal pyramidal structure: the proton is somewhat
tilted towards C11 illustrated by the angle C11-N-H of
103.3(1.4)8, whereas the angle C15-N-H increases to
110.1(1.4)8 ; the anlge C13-N-H lies in between (105.1(1.4)8).

The structural data of the b-MeBG ligand in 2 very much
resemble those of the ligand precursor b-MeBGH2 (1) as
easily seen in Figure 5, which illustrates a superposition of the
b-MeBG entities of 1 and 2. The only larger structural
deviation is observed for the dihedral angle O2-C2-C3-O3
which decreases from 64.28 to 51.98 and 53.38, respectively, on
going from 1 to 2. Simultanously, the bond angles O2-C2-C3
and O3-C3-C2 change from 109.7(4) and 111.8(4) in 1 to
107.0(1) and 106.3(1) or 105.6(4) and 108.7(4), respectively, in
2. Therefore, the nonbonding distance O2 ´ ´ ´ O3 decreases
almost 30 pm from 290.0 pm in b-MeBGH2 (1) to 262.2 pm in
the b-MeBG ligand of 2.

Figure 5. Superposition of the structures of b-MeBGH2 (1) and of the non-
disordered b-MeBG ligand in 2 (hydrogen atoms are omitted for clarity).

NMR studies : The NMR spectra obtained from CD2Cl2 or
CDCl3 solutions, indicate an overall molecular symmetry
according to the point group C2 for the zirconate anion.
Interesting features of 2 in solution can be stated from the
1H NMR studies concerning the proton resonance signals of
the [Et3NH]� cation. The shift of the resonance signals
depends on the concentration of free [Et3NH]Cl : the signal of
nitrogen-bound proton of a pure sample of [Et3NH]Cl is
observed at d� 11.9, whereas the pure sample of 2 reveals the
corresponding signal at d� 7.13. In Figure 6 the NMR shift of

Figure 6. Chemical shift of the signal of the nitrogen-bound hydrogen
atom as a function of the mol fraction of [Et3NH]Cl.

the ammonium proton signal is depicted as a function of the
mol fraction of [Et3NH]Cl. To a lesser extend but also
significantly the resonance signals of the methylene and
methyl protons of the ethyl substituents are high-field shifted
with decreasing concentration of free [Et3NH]Cl (Figure 7).

The increased high-field shift of the averaged signals with
less amount of additional ammonium cation in the solution of
the zirconate complex 2 is a clear indication for the exchange
of free and zirconate bound [Et3NH]� . The high-field shift of
the ethyl proton signals upon inclusion into the zirconate
cavity is explained by the molecular structure of 2 in Figure 3.
The ethyl substituents are situated in the shielding area of the
anisotropy cone of the phenyl rings. The inclusion of the
[Et3NH]� cation in the chiral cavity of the zirconate anion is
also confirmed by variable temperature 1H NMR experiment
(Figure 8).

The spectrum at room temperature contains a well resolved
multiplet for the methylene protons; the multiplet can
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Figure 7. 1H NMR spectra of the Et region of the zirconate complex 2 with
different amounts of [Et3NH]Cl (solvent: CDCl3)

Figure 8. Variable temperature 1H NMR spectra illustrating the increasing
anisochrony of the methylene protons with decreasing temperature. The
upper insert demonstrates the experimental and calculated signal for the
CH2 group of the Et substituent (coupling constants in Hz: H1,H2� 7.27;
H1,H3� 7.33, H2,H3� 6.05, H2,H4�ÿ10.58, H3,H4� 0.50); the resolu-
tion of the experimental signal for the methylene protons is mathematically
enhanced. The lower insert shows the deconvolution of the methylene
signal at 193 K.

satisfactory be simulated only by taking into account two
different methylene protons, which resonance frequencies are
incidentally isochronic at room temperature, but couple
differently to the ammonium proton (see insert, Figure 8).
Upon lowering the temperature to 193 K the resonance
signals of the methylene protons successively turn aniso-
chronic whereas the methyl protons still show one signal. A
deconvolution of the two broad signals at d� 2.80 and 2.89
proves the 1:1 ratio of the two methylene protons. The
different intensities and line widths due to the different
coupling constants between the methylene protons and the
ammonium proton (Figure 8). The inclusion of the [Et3NH]�

in the chiral zirconate cavity prevents the inversion at the
nitrogen atom providing a diastereotopic interaction of the
methylene protons with the chiral cavity.

Conclusion

The reaction of [CpZrCl3(thf)2] in the presence of NEt3 with
the selectively protected glucopyranoside b-MeBGH2 (1),
which contains two hydroxyl functions in positions 2 and 3,
reveals the first CpZr-glucopyranosidato complex 2 as a
dinuclear zirconate. In 2 a chiral U-shaped cavity is formed
which includes the [Et3NH]� counterion in the solid state and
even in solution. A fast exchange of the [Et3NH]� cation is
observed in the presence of [Et3NH]Cl. The stability of 2 in a
supramolecular arrangement on the one side and the possi-
bility of cation exchange on the other side makes 2 a very
promising candidate for chiroselective recognition[20] for
example for protonated chiral amines, which is subject of
current work.

An important outcome of the X-ray structure analysis of 2
is the formation of a 1-zircona-2,5-dioxolane entity with an
anellated glucopyranoside, demonstrating the chelating abil-
ity of the oxygen atoms in positions 2 and 3 of the glucopy-
ranosidato ligand. However, the dihedral angle O2-C2-C3-O3
is decreasing upon coordination in 2 from 64.28 in free b-
MeBGH2 1 to 51.98 and 53.38, which may cause some strain in
the glucopyranoside ring. Considering the coordination of the
much smaller TiIV ion by the chelating vicinal dioxofunction
much stronger ring strain would be effected, thus preventing
the formation of a 1-titana-2,5-dioxolane moiety with chelat-
ing glucopyranosidato ligands. To the best of our knowledge
only one mononuclear organotitanium complex with 1-titana-
2,5-dioxolane moiety has structurally been characterized to
date.[9b] In this case the 1,1-bis(h5-cyclopentadienyl)-3,4-di-
phenyltitanadioxolane illustrates a still smaller dihedral anlge
O-C-C-O of 47.38 but extraordinary long TiÿO bond lengths
of 189.2 and 190.3 pm, respectively, whereas most of the TiÿO
bond lengths range between 175 and 180 pm.[21] The general
influence of the size of cations and the shape and flexibility of
coordinating sugar ligands on the strength of complexes has
already been shown conclusively for the interaction of polyols
with lanthanides.[22]

Experimental Section

General methods : All experiments were carried out under purified
nitrogen atmosphere. All solvents were vigorously dried and freshly
distilled under nitrogen. NMR: Bruker AM 360 and Varian Gemini
2000BB. Elemental analysis: Heraeus CHN-O-Rapid, Institut für Anorga-
nische und Angewandte Chemie, Universität Hamburg. b-MeBGH2 1[12]

and [CpZrCl3(thf)2][23] were synthesized according the literature.

Triethylammonium m-chloro-bis{chloro(h5-cyclopentadienyl)(methyl 4,6-
O-benzylidene-b-d-glucopyranosidato-1kO 2,1:2kO 3-zirconate} (2): A sol-
ution of NEt3 (1.02 mL, 7.33 mmol) in THF (20 mL) was added to
[CpZrCl3(thf)2] (595 mg, 1.47 mmol) dissolved in THF (40 mL). After
stirring at room temperature for 1 h a solution of 1 (415 mg, 1.47 mmol) in
THF (20 mL) was added dropwise. The reaction mixture was stirred for
14 h at room temperature, the precipitated [Et3NH]Cl was filtered off and
the filtrate was evaporated to dryness. The residue was washed several
times with small portions of diethyl ether and toluene until the solution was
colorless. The title compound was obtained as a light beige microcrystalline
solid (674 mg, 85%). M.p. 210 8C (decomp); 1H NMR (360 MHz, CD2Cl2,
25 8C, TMS): d� 7.8 (m, 4H, phenylmeta-H), 7.3 (m, 6H, phenylortho-H/para-H),
6.9 (s, 10H, Cp), 5.7 (s, 2H, CHbenzylidene), 4.7 (dd, 3J(H3,H2)� 10,
3J(H3,H4)� 10 Hz, 2H, H3), 4.4 (dd, 3J(H6eq,H6ax)� 11, 3J(H6eq,H5)�
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5 Hz, 2H, H6eq), 4.2 (d, 3J(H1,H2)� 8 Hz, 2H, H1), 4.0 (dd, 3J(H4,H5)�
9 Hz, 2H, H4), 3.9 (dd, 3J(H6ax,H5)� 10 Hz, 2 H, H6ax), 3.8 (dd, 2 H, H2),
3.5 (s, 6 H, OMe), 3.2 (ddd, 2H, H5), 2.9 (m, 6H, CH2(NEt3)), 1.1 (t,
3J(Hmethyl ,Hmethylene)� 7 Hz, 9H, CH3(NEt3)) ; 13C NMR (50 MHz, CD2Cl2,
25 8C, TMS): d� 130, 128, 126 (phenyl), 118 (Cp), 106 (C1), 101 (C7), 86
(C3), 85 (C2), 82 (C4), 74 (C6), 72 (C5), 60 (OMe), 47 (CH2(NEt3)), 12
(CH3(NEt3)) ; elemental analysis calcd (%) for C44H58Cl3NO12Zr2 (1081.74): C
48.85, H 5.40, N 1.29; found: C 48.69, H 5.62, N 1.54.

X-ray structure determinations : Suitable crystals for X-ray structure
analysis were obtained for 1 by slow evaporation of a concentrated CDCl3

solution of 1. The data for 1 were collected on a four circle diffractometer
with CuKa irradiation (ENRAF Nonius, CAD 4). The structure was solved
by direct methods.[24] Refinement on F 2 were carried out by full-matrix
least square techniques.[25] All non-hydrogen atoms were refined with
anisotropic thermal parameters. The hydrogen atoms were refined with a
fixed isotropic thermal parameter related by a factor of 1.2 to the value of
the equivalent isotropic thermal parameter of their carrier atoms. Weights
are optimized in the final refinement cycles (Table 1).

Suitable crystals of 2 for X-ray structure analysis were obtained from slow
diffusion of the diethyl ether to a saturated solution of 2 in a mixture of
toluene/THF (1:1). The data for 2 were collected on a four-circle
diffractometer with MoKa irradiation (Hilger&Watts, Y240). The solution
of the crystal structure was performed in accordance to 1, with the
exception of the N bound hydrogen atom. Its position was calculated from
residual electron density and was refined without restriction. The structural
analysis was hampered by a diffuse incorporation of solvent molecules such
as toluene, THF and diethyl ether in the single crystal, which induce a slight
disorder. The best structure solution was obtained by taking into account a
disorder in one of the two b-MeBG ligands to a portion of 19.6 %
(Figure 9). To the same amount a cavity of about 160� 106 pm3 can be

calculated in the unit cell;[26] this cavity is large enough to encapsulate a
solvent molecule such as diethyl ether, toluene or THF, which was proven
by a NMR sample of the same crystalline material. The cavity contains a
residual electron density, which can sufficienty refined by the assumption of
one carbon atom; the alternative assumption of a water molecule is
excluded because of the sensitivity of 2 against moisture. For more details
see Table 1.
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