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Introduction

Metallocenophanes have been the focus of intense research
for more than a decade due to their interesting chemistry
and their highly useful application in areas such as material
sciences and catalysis. For example, ansa-metallocenes de-
rived from transition metals of Groups V to VIII[1] have
been successfully employed for the generation of organome-
tallic polymers by ring-opening polymerization (ROP); poly-
ferrocenylsilane is the most prominent example.[2]

Likewise, metallocenophanes of early transition metals, in
particular constrained geometry complexes (CGC) of Group
4 metals, have attracted much interest due to their vast po-
tential as catalyst precursors for Ziegler–Natta type olefin
polymerization. Besides a very high catalytic activity of the
metallocenophanes, the facile ligand design of such com-
plexes allows precise control of the stereoselective polymeri-
zation of propene. A wealth of review articles concerning
this topic underscores the importance for academia and in-
dustry.[3]

By tailoring the ligand framework and the ansa-bridge in
particular, highly active catalysts were designed and experi-
mentally realized. Commonly R2C, R4C2, and R2Si bridges
were incorporated and studied intensively with regard to
their activity in ethylene and propylene polymerization.[3e, 4]

The introduction of an aminoboranediyl bridge into the
[1]borametallocenophanes is believed to be of some advant-
age with respect to the catalytic performance of such com-
plexes, since the small boron atom imposes high rigidity, and
therefore, has the potential to improve the stereoselectivity
of the catalyst. In addition, a three-coordinate boron atom is
to some extent Lewis acidic, a fact which is believed to en-
hance the catalytic activity of Group 4 [n]borametalloceno-
phanes (n=1, 2).[5]

We[6] and others[7] have studied the synthesis, structure,
and catalytic activity of Group 4 [1]borametallocenophanes
and their related constrained geometry complexes. These
studies have shown those complexes i) to exhibit an en-
hanced activity for the polymerization of ethylene and ii) to
produce syndiotactic polypropylenes.

Reports on [n]carba-bridged metallocenophanes showed
that the chain length of the resulting polymer is distinctly
longer when a [2]carba-bridged catalyst is utilized as op-
posed to a [1]carba-bridged catalyst.[3e] Hence, we became
interested in the question whether [2]borametalloceno-
phanes are similarly advantageous and recently we commu-
nicated the first diaminodiborane(4)diyl-bridged complexes
of the type [(Me2N)2B2ACHTUNGTRENNUNG(h5-C5H4)2MCl2] (M =Zr, Hf).[8] Pre-
liminary polymerization results for these complexes already
suggested a significantly improved polymerization perfor-
mance over the unbridged zirconocene. Consequently, we
sought to extend the scope of such complexes by varying
both the metal center and the ligand framework, and herein
we report the synthesis and characterization of a series of
[2]borametallocenophanes of Ti, Zr, and Hf with ligand sys-
tems containing cyclopentadienyl and fluorenyl rings.
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Abstract: We report a series of [2]borametallocenophanes of Ti, Zr, and Hf with
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clear NMR spectroscopy and, for selected examples, by X-ray analysis.
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Results and Discussion

Ligand precursors : In 1994 Nçth et al. described the synthe-
ses of 1,2-bis(dimethylamino)-1,2-bis(h1-indenyl)diborane(4)
and 1,2-bis(dimethylamino)-1,2-bis(h1-fluorenyl)diborane(4)
starting from 1,2-bis(dimethylamino)-1,2-dichlorodibor-
ane(4) and Li ACHTUNGTRENNUNG[C9H7] or Li ACHTUNGTRENNUNG[C13H9]. The corresponding 1,2-
bis(dimethylamino)-1,2-bis(h1-cyclopentadienyl)diborane(4)
(2), however, is not accessible by this route.[9] Based on our
successful synthesis of 2 via the monosubstituted intermedi-
ate 1, by employing the more reactive 1,2-bis(dimethylami-
no)-1,2-dibromodiborane(4),[8] we obtained 4 as the first di-
borane(4) species bearing one cyclopentadienyl (Cp) and
one fluorenyl (Flu) group as a potentially useful ligand pre-
cursor for the generation of stereoregular syndiotactic poly-
propylene (Scheme 1).[8]

Compound 2 can be obtained by reacting 1,2-bis(dimethy-
lamino)-1,2-dibromodiborane(4) with two equivalents of Na-ACHTUNGTRENNUNG[C5H5] in the presence of diethyl ether (Scheme 1). After
workup, 2 is isolated as a yellow oil in almost quantitative
yields. The NMR spectroscopic data reveal the presence of
isomers, as already observed and thoroughly studied for
amino ACHTUNGTRENNUNG[bis(cyclopentadienyl)]boranes.[10] Owing to the pres-
ence of up to three isomers, the 1H and 13C NMR spectra
are rather complex. The 11B NMR spectrum displays a
signal at d= 46.0 ppm, which is deshielded with respect to
that of the starting diborane(4).

Compound 4 can be obtained by two different routes
(Scheme 1); higher yields, though, are obtained by reacting
the 1,2-bis(dimethylamino)-1,2-dibromodiborane(4) with Li-ACHTUNGTRENNUNG[C13H9] in toluene to yield 3, which subsequently is treated
with a slight excess of Na ACHTUNGTRENNUNG[C5H5] in a 1:1 mixture of toluene
and diethyl ether. The multinuclear NMR spectra reveal
two sets of signals in a 2:1 ratio, due to the presence of the

thermodynamically favored va and vh isomers.[10] By em-
ploying proton–proton and proton–carbon correlation NMR
experiments, all signals could be assigned, and in the follow-
ing discussion the corresponding 13C NMR signals are given
in parentheses. For the main isomer the methyl groups give
rise to signals at d= 2.36, 2.40, 2.71, and 2.74 ppm (d= 40.10,
40.45, 45.39 and 45.62 ppm), the signal for the CH2 fragment
of the Cp ring is observed as multiplet at d= 2.60 ppm
(45.83 ppm) and the proton attached to the ipso-carbon of
the fluorenyl ring can be detected at d= 4.15 ppm. The cor-
responding 13C NMR signal was detected at d= 46.7 ppm as
a broad resonance, due to the quadrupolar coupling to
boron. Three multiplets at d=6.23, 6.45, and 6.55 ppm (d=

133.69, 135.95, and 138.65 ppm) were assigned in the proton
NMR spectrum to the Cp ring, and the eight protons of the
fluorenyl ring give rise to two multiplets at d= 7.80,
7.42 ppm and a complex area between d=7.2 and 7.3 ppm.
Here, the corresponding 13C NMR signals were observed at
d= 120.35, 125.53, 126.60, and 126.63 ppm; the remaining
two resonances for the quaternary carbons were found at
d= 142.33 and 149.85 ppm. Similarly, for the minor isomer
four signals in the 1H NMR spectrum were detected for the
methyl groups at d= 2.37, 2.42, 2.70, and 2.78 ppm (d=

40.04, 40.39, 40.95, and 45.07 ppm). The aliphatic protons on
the Cp and fluorenyl fragment were found at d= 2.70 and
4.16 ppm (d=43.42 and 46.7 ppm). The latter 13C NMR
signal was broadened due to the quadrupolar coupling to
boron. The olefinic protons on the Cp give rise to three mul-
tiplets at d=5.87, 6.22, and 6.28 ppm (d=131.44, 137.24,
and 137.36 ppm) and the aromatic protons of the fluorenyl
ring can be detected as a complex area ranging from d= 7.2
to 7.6 ppm. In the 13C NMR spectrum four signals correlate
to the complex area at d=120.50, 124.83, 125.35, and
125.75 ppm. Two additional signals were found and assigned
to the quaternary carbons of the fluorenyl ring at d= 142.65
and 149.25 ppm. As observed before, for both isomers only
one 11B NMR signal at d=47.40 ppm was detected.[10]

Deprotonation of the ligand precursors : Compounds 2 and 4
can be reacted in a toluene/diethyl ether mixture (1:1) at
low temperatures with various lithium organyls to yield the
deprotonated ligand species 5 and 6 (Scheme 2).

A solution of 2 in a 1:1 mixture of toluene and diethyl
ether was treated with 2.1 equivalents of Li ACHTUNGTRENNUNG[C4H9] at �80 8C
and slowly allowed to warm to room temperature, resulting
in a colorless suspension. Compound 5 can be isolated in
high yields as an amorphous and pyrophoric off-white
powder, which is soluble in THF. The NMR spectroscopic
data of 5 provide evidence for the coordination of two mole-
cules of ether per ligand. In the 1H NMR spectrum two
pseudo-triplets were observed at d=5.76 and 6.01 ppm, re-
spectively, corresponding to the protons of the cyclopenta-
dienyl rings, which exhibited an AA’BB’ spin system, and
hence, C2 symmetry in solution. The corresponding carbon
signals in the 13C NMR spectrum at d= 106.11 and
113.78 ppm are in line with this description. The signal for
the carbon atom attached to boron cannot be observed due

Scheme 1. a) 1 equiv Na ACHTUNGTRENNUNG[C5H5], toluene, RT; b) 1 equiv Li ACHTUNGTRENNUNG[C13H9], tolu-
ene, RT; c) 1.2 equiv Na ACHTUNGTRENNUNG[C5H5], toluene/diethyl ether (1:1), RT; d)
1.2 equiv Na ACHTUNGTRENNUNG[C5H5] toluene/diethyl ether (1:1); e) 1 equiv Li ACHTUNGTRENNUNG[C13H9], tolu-
ene/diethyl ether (1:1), RT.
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to the quadrupolar moment of the boron nucleus. The
methyl groups attached to nitrogen give rise to two signals
at d= 3.01 and 3.18 ppm (d= 41.15, 46.71 ppm), thus indicat-
ing hindered rotation with respect to the B�N bonds. The
7Li NMR spectrum shows a signal at d=�5.75 ppm and the
11B NMR spectrum reveals a signal at d=45.77 ppm, the
latter of which is comparable to that of 2.

In a similar reaction, a solution of 4 is treated with Li-ACHTUNGTRENNUNG[CH3] in a 1:1 mixture of toluene and diethyl ether at low
temperatures. The dilithiated species 6 can be obtained in
high yields as a pale orange pyrophoric powder. As for 5,
the NMR spectroscopic data of 6 reveal the presence of co-
ordinated diethyl ether. Owing to the different substitution
pattern of the boron atoms, four signals in the 1H NMR
spectrum for the methyl groups at d=3.01, 3.22, 3.33, and
3.34 ppm are observed, which correlate with the signals at
d= 41.25, 43.62, 45.27, and 46.00 ppm in the 13C NMR spec-
trum. The four protons of the cyclopentadienyl ring give rise
to two signals at d= 5.68 and 6.04 ppm, which together with
signals in the carbon NMR spectrum at d= 107.56 and
110.20 ppm indicate Cs symmetry in solution. Correspond-
ingly, the fluorenyl ring exhibits four signals for the eight
protons at d=6.47, 6.86, 7.55, and 7.81 ppm, respectively.
Here, the respective signals for the carbon atoms are found
at d=113.20, 118.46, 119.61, and 120.12 ppm. Further signals
in the 13C NMR spectrum at d=127.26 and 142.30 ppm are
assigned to the quaternary carbons of the fluorenyl frag-
ment. In the 7Li NMR spectrum a signal is observed at d=

�5.36 ppm, and the 11B NMR spectrum shows a signal at
d= 47.80 ppm, hence being almost identical to the signal ob-
served for 4 (d= 47.40 ppm).

Complexes of the type [(Me2N)2B2 ACHTUNGTRENNUNG(h5-C5H4)2MCl2] (M =Ti,
Zr, Hf): The lithiated ligand 5 was allowed to react with the
corresponding Group 4 metal halides, that is, [TiCl3 ACHTUNGTRENNUNG(thf)3],
[ZrCl4ACHTUNGTRENNUNG(thf)2],[8] and HfCl4,

[8] at low temperatures (Scheme 3).
The titanium complex 7 must be synthesized via a TiIII

precursor followed by oxidation to the final TiIV species due
to the redox behavior of Ti under these conditions.[11] The

NMR spectra of 7–9 are very similar, as expected, and the
corresponding data are shown in Table 1. Two signals for the
methyl groups as well as two pseudo-triplets for the cyclo-

pentadienyl rings indicate C2v symmetry in solution. Accord-
ingly, four signals are observed in the 13C NMR spectrum,
two assigned to the methyl groups and two to the aromatic
five-membered ring systems. A signal for the carbon atom
attached to boron in the 13C NMR spectrum could not be
observed due to the quadrupolar coupling with boron. The
boron signals in the 11B NMR spectrum are marginally high-
field shifted with respect to those of the ligand precursor 2.

Complexes of the type [(Me2N)2B2ACHTUNGTRENNUNG(h5-C5H4) ACHTUNGTRENNUNG(h5-C13H8)MCl2]
(M= Zr, Hf): Similar to the procedure described before, 10
and 11 are obtained by treating a suspension of 6 in a tolu-
ene/diethyl ether mixture (1:1) at �80 8C with the metal hal-
ides (Scheme 4).

As to be expected, the NMR-spectroscopic data of the
complexes are very similar, and in the 1H NMR spectrum of,
for example, 10, four signals for the methyl groups at d=

2.91, 3.09, 3.35, and 3.36 ppm (d= 40.71, 42.05, 45.16, 45.19)
can be found at room temperature. The CH groups of the

Scheme 2. Deprotonation of the ligands 2 and 4.

Scheme 3. Metal complexes of ligand 5.

Table 1. NMR spectroscopic data and yields of compounds 7–9.

Compound 1H NMRACHTUNGTRENNUNG[ppm]

11B NMRACHTUNGTRENNUNG[ppm]

13C NMRACHTUNGTRENNUNG[ppm]
Yield
[%]

7 2.97, 3.13 (Me)
6.17, 6.85 (CHCp)

43.5 40.71, 45.28 (Me)
120.78, 129.83 (CHCp)

64

8 2.99, 3.13 (Me)
6.17, 6.85 (CHCp)

42.9 40.55, 45.19 (Me)
116.69, 125.31 (CHCp)

68

9 2.98, 3.13 (Me)
5.96, 6.64 (CHCp)

42.9 40.65, 45.22 (Me)
114.95, 123.84 (CHCp)

72

Scheme 4. Metal complexes of ligand 6.
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Cp ring arise at d= 5.98 (pt) and 6.32 (pt) ppm, and the
eight hydrogen atoms of the fluorenyl ring can be detected
as multiplets at d=7.28, 7.38, 7.56, and 8.05 ppm. Even
though the corresponding carbon atoms in the fluorenyl ring
could be assigned in the 13C NMR spectrum (CHflu : d=

124.75, 124.88, 125.90, 128.44; Cq/flu : d= 127.63 ppm), the sig-
nals for the carbon atoms of the cyclopentadienyl ring are
not visible at ambient temperature, and the 11B NMR reso-
nance (d= 43.49 ppm) is somewhat shielded with respect to
that of the free ligand.

At �50 8C, however, the signals associated with the Cp
ring could be detected as four multiplets at d=5.90, 6.02,
6.21, and 6.37 ppm in the 1H NMR spectrum and corre-
sponding resonances in the 13C NMR spectrum at d= 112.45,
115.41, 119.98, and 127.10 ppm.

Dynamic behavior of bis(cyclopentadienyl) complexes in so-
lution : In 1997, Wrackmeyer, Herberhold et al. described
the diboranediyl-bridged ansa-ferrocene [(Me2N)2B2ACHTUNGTRENNUNG(h5-
C5H4)2Fe]. This [2]boraferrocenophane exhibits a dynamic
process in solution due to a motion of the cyclopentadienyl
rings, that is switching between a staggered and eclipsed
conformation (Figure 1), which becomes only apparent at

low temperatures.[12] This dynamic process was ascribed to
the common property of amino-substituted diboranes(4) to
avoid conformations in which the axes passing through the
boron pz orbitals adopt a parallel orientation.[9,12,13]

The Zr complex 8 was chosen as an representative exam-
ple to study the dynamic behavior of the bis(cyclopentadie-
nyl)complexes described here. As in the case of the afore-
mentioned ansa-ferrocene,[12] 8 exhibits, at ambient tempera-
ture, signal patterns in the 1H and 13C NMR spectra corre-
sponding to C2v symmetry, giving evidence for a dynamic
process that is fast compared to the NMR time scale. At
lower temperatures, however, a gradual line broadening in
the 1H NMR spectrum is observed, and at �60 8C the signals
for the favored staggered conformer become detectable in
the 1H and 13C NMR spectra. At room temperature, two
pseudo-triplets at d=6.17 and 6.85 ppm for the AA’BB’ spin
system were observed, which at �60 8C split into four mul-
tiplets at d=5.91, 6.17, 6.70, and 6.75 ppm for the eight Cp
protons, thus indicating a decrease of the symmetry from
C2v to Cs. Figure 2 shows the aromatic area of the proton

NMR spectrum for 8 at different temperatures. The free en-
thalpy for the dynamic process in 8 was calculated to be
DG+�

251K =52�1 kJ mol�1 thus being only slightly higher by
8 kJ mol�1 than the value reported for the ansa-ferrocene.

Constitution of the complexes in the solid state : Single crys-
tals for 7, 8, and 9[8] suitable for X-ray analyses were ob-
tained by storing concentrated toluene solutions at �30 8C.
Compound 7 crystallizes in the orthorhombic space group
Pbca, compounds 8 and 9 in the monoclinic space group
P21/n, and the respective molecules adopt C2 symmetry
(Figure 3).

The differences in the structural parameters of 7–9 are
rather small and can be attributed to the different size of
the central metals. The most notable impact imposed by the
varying covalent radii of Ti, Zr, and Hf on the overall geom-
etry is reflected by i) the tilt angle a, ranging from 48.88 (7)
to 52.08 (8) and 51.88 (9), ii) by the angle d, representing the
angle between the centroids of the aromatic rings and the
metal center, ranging from 132.48 (7), to 130.48 (8) and
130.78 (9), and iii) by the distance between the metal center
and the centroid of the aromatic rings, which is distinctly
shorter for 7 (2.070, 2.073 �) than for 8 (2.205, 2.207 �) and
9 (2.188, 2.191 �). For all three complexes the geometry of
the -B ACHTUNGTRENNUNG(NMe2)-B ACHTUNGTRENNUNG(NMe2)- bridge is unobtrusive and compara-
ble to that in other [2]borametalloarenophanes.[1d,g,i,j, 14] Se-
lected bond lengths and angles are summarized in Table 2.

It is noteworthy that all three complexes adopt the afore-
mentioned favored staggered conformation in the crystal,
thus avoiding a linear arrangement of the Cipso-B-B-Cipso

moieties as indicated by corresponding dihedral angles of
about 508.

Single crystals of 10 and 11 were obtained by storing con-
centrated toluene solutions at ambient temperature. Both
compounds crystallize in the monoclinic space group P21

and the molecules adopt C1 symmetry (Figure 4). The struc-
tural data confirm the predicted bent ansa geometry. The
distances between the centroids of the cyclopentadienyl
rings and the metal centers are similar to those observed for

Figure 1. Dynamic process of [2]borametallocenophanes.

Figure 2. 1H NMR variable-temperature experiment of 8, recorded in
CD2Cl2.
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7, 8, and 9 (10 : 2.195 �, 11: 2.173 �). However, the distan-
ces between the metals and the center of the aromatic five-
membered ring of the fluorenyl ligand are significantly in-
creased by about 0.1 � (10 : 2.294 �, 11: 2.278 �). This ob-
servation can be attributed to the fact that the fluorenyl
ligand does not exhibit a regular h5-coordination mode. The
metal–carbon distances to the carbon atoms opposite to Cipso

(10 : 2.712, 2.716 �, 11: 2.693, 2.699 �) are about 0.25 �
longer than those to the ipso-carbons themselves (10 :
2.453 �, 11: 2.438 �). A similar geometry was already de-
scribed by Lee et al. for the analogous [2]carbametalloceno-
phanes.[15]

The tilt angles a (56.58 for 10 and 56.08 for 11) as well as
the deformation angles d (132.58 for 10 and 132.98 for 11)
are only marginally greater than those of the aforemen-

tioned bis(cyclopentadienyl) species 7–9. Likewise, the over-
all geometry of the bridging diborane(4)diyl unit is compa-
rable and all pertinent structural parameters are unobtru-
sive. Selected bond lengths and angles are summarized in
Table 3.

Conclusion

[2]Borametallocenophanes of Ti, Zr, and Hf are accessible
by a convenient multistep high-yield synthesis, similar to the
synthesis of [1]borametallocenophanes. Due to the dibora-
nediyl bridge the ligand system is not as rigid as that in bor-
anediyl-bridged metallocenes, as was demonstrated by their

Figure 3. Crystal structures of compounds 7–9.

Table 2. Bond lengths [�] and angles [8] of the crystal structures of 7–9.

7 8 9

tilt angle a 48.8 52.0 51.8
torsion Cipso-B-B-Cipso 49.3 51.4 51.1
Cpc1 M-Cpc2 (d) 132.4 130.4 130.7
Cl1 M-Cl2 94.9(4) 96.9(2) 95.8(3)
C1-B1-B2 106.4(3) 108.6(2) 108.2(2)
C6-B2-B1 107.4(3) 109.6(2) 109.3(2)
M�Cl1 2.335(1) 2.461(1) 2.437(1)
M�Cl2 2.374(1) 2.452(1) 2.427(1)
M�Cpc1 2.070 2.205 2.188
M�Cpc2 2.073 2.207 2.191
B1�C1 1.589(6) 1.587(3) 1.589(4)
B2�C6 1.588(6) 1.585(3) 1.584(4)
B1�B2 1.698(6) 1.708(3) 1.707(5)
B1�N1 1.383(5) 1.385(3) 1.382(4)
B2�N2 1.383(5) 1.387(3) 1.388(4)

Figure 4. Crystal structures of compounds 10 and 11.
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constitution in solution. Studies on the effect of the lack of
rigidity, which is believed to enhance the catalytic activity,
are ongoing. Furthermore, the polymerization performance
of the presented complexes will be investigated in the near
future.

Experimental Section

All manipulations were carried out under a dry argon atmosphere with
common Schlenk techniques. Solvents were dried with a solvent purifica-
tion system (SPS) from M. Braun and stored under argon over molecular
sieves; reagents were dried and purified by standard procedures. [TiCl3-ACHTUNGTRENNUNG(thf)3)],[16] [ZrCl4 ACHTUNGTRENNUNG(thf)2],[16] 1,2-bis(dimethylamino)-1,2-dibromodibor-
ane(4)[17] were obtained according to literature procedures. Li ACHTUNGTRENNUNG[C4H9] and
Li ACHTUNGTRENNUNG[CH3] were obtained commercially and used without further purifica-
tion. NMR: Bruker Avance 500 at 500.13 MHz (1H, internal standard
TMS), 125.77 MHz (13C{1H}, APT, internal standard TMS) and
160.46 MHz (11B, BF3·OEt2 in C6D6 as external standard), Bruker DRX
300 at 116.64 MHz (7Li, external standard LiCl). Elemental analyses (C,
H, N) were obtained from a Carlo-Erba elemental analyzer, model 1160.
Mass spectra were recorded with a Thermo Finnigan Trio 1000. Experi-
mental and spectroscopic details for (Me2N)2B2 ACHTUNGTRENNUNG(h1-C5H5)2 (2) and
[(Me2N)2B2 ACHTUNGTRENNUNG(h5-C5H4)2MCl2] (M =Zr (8), Hf (9)) are published else-
where.[8]ACHTUNGTRENNUNG(Me2N)2B2 ACHTUNGTRENNUNG(h1-C5H5)Br (1): 1,2-Bis(dimethylamino)-1,2-dibromodibor-
ane(4) (1.35 g, 5.00 mmol) was added at room temperature to a suspen-
sion of Na ACHTUNGTRENNUNG[C5H5] (0.44 g, 5.00 mmol) in toluene (20 mL). After 12 h all
volatiles were removed under reduced pressure and the product was ex-
tracted with hexane (40 mL). Removing all volatiles gave 1 as yellow oil
in quantitative yields (1.27 g). NMR data reveal the presence of the two
expected isomers. Main isomer: 1H NMR (500.13 MHz, C6D6, 297 K): d=

2.15, 2.64, 2.70, 2.78 (s, 18H, CH3), 3.11 (m, 2 H, CH2 Cp), 6.56, 6.64,
6.89 ppm (m, 3 H, CH Cp); 11B NMR (160.46 MHz, C6D6, 297 K): d=

40.98 ppm; 13C{1H} NMR (125.77 MHz, C6D6, 297 K): d=40.10, 40.40,
42.67, 44.85 (CH3); 43.38 (CH2 Cp); 132.48, 136.90, 139.78 ppm (CH Cp).ACHTUNGTRENNUNG(Me2N)2B2 ACHTUNGTRENNUNG(h1-C13H9)Br (3): 1,2-Bis(dimethylamino)-1,2-dibromodibor-
ane(4) (0.74 g, 2.74 mmol) was added slowly over a few minutes at room
temperature to a suspension of Li ACHTUNGTRENNUNG[C13H9] (0.47 g, 2.74 mmol) in toluene
(20 mL). The reaction mixture was stirred for 24 h, filtered, and all vola-
tiles removed under high vacuum to give 3 as a pale yellow oil (0.78 g,
79%). 1H NMR (500.13 MHz, C6D6, 297 K): d=2.03, 2.36, 2.53, 2.56 (s,
12H, CH3), 4.19 (bs, 1 H, BCH), 7.21, 7.49, 7.70, 7.77 (m, CHFlu) 7.25–
7.35 ppm (kB, CHFlu); 11B NMR (160.46 MHz, C6D6, 297 K): d=

43.04 ppm; 13C{1H} NMR (125.77 MHz, C6D6, 297 K): 42.88, 40.42, 40.06,

45.21 (CH3); 42.49 (BCH); 120.48, 120.74, 125.52, 126.45, 126.53, 126.85
126.89, 127.25 (CHFlu); 141.97, 142.90, 148.03, 148.92 ppm (Cq).ACHTUNGTRENNUNG(Me2N)2B2 ACHTUNGTRENNUNG(h1-C5H5) ACHTUNGTRENNUNG(h1-C13H9) (4): 1,2-Bis(dimethylamino)-1,2-dibromo-
diborane(4) (0.74 g, 2.74 mmol) was added slowly over a few minutes to
a suspension of Li ACHTUNGTRENNUNG[C13H9] (0.47 g, 2.74 mmol) in toluene (20 mL). After
stirring for 20 min the insoluble material was removed by centrifugation.
The filtrate was then added to a suspension of Na ACHTUNGTRENNUNG[C5H5] (0.25 g,
2.75 mmol) in diethyl ether (20 mL). The reaction mixture was stirred for
24 h, filtered, and all volatiles were removed under high vacuum to give
4 as a pale yellow oil (0.73 g, 79%). The NMR data reveal the presence
of two isomers in a 2:1 ratio. Major isomer: 1H NMR (500.13 MHz, C6D6,
297 K): d =2.36, 2.40, 2.71, 2.74 (s, 12H, CH3), 2.60 (m, 2H, CH2 Cp), 4.15
(s, 1H, BCH), 6.23, 6.45, 6.55 (m, 3H, CH Cp), 7.2–7.6 ppm (m, 8 H,
CHFlu); 11B NMR (160.46 MHz, C6D6, 297 K): d=47.40 ppm; 13C{1H}
NMR (125.77 MHz, C6D6, 297 K): d=40.10, 40.45, 45.39, 45.62 (CH3),
45.83 (CH2 Cp), 46.7 (b, BCH), 120.35, 125.53, 126.60, 126.63 (CH Flu),
133.69, 135.95, 138.65 (CH Cp), 142.33, 149.85 ppm (Cq Flu). Minor isomer:
1H NMR (500.13 MHz, C6D6, 297 K): d= 2.37, 2.42, 2.70, 2.78 (s, 12 H,
CH3), 2.7 (m, 2H, CH2 Cp), 4.16 (s, 1H, BCH), 5.87, 6.22, 6.28 (m, 3 H,
CH Cp), 7.2–7.6 ppm (m, 8H, CH Flu); 11B NMR (160.46 MHz, C6D6,
297 K): d=47.40 ppm; 13C{1H} NMR (125.77 MHz, C6D6, 297 K): d=

40.04, 40.39, 40.95, 45.07 (CH3), 43.42 (CH2 Cp), 46.7 (b, BCH), 120.50,
124.83, 125.35, 125.75 (CH Flu), 131.44, 137.24, 137.36 (CH Cp); 142.65,
149.25 ppm (Cq Flu).

Li2 ACHTUNGTRENNUNG[(Me2N)2B2 ACHTUNGTRENNUNG(h1-C5H4)2] (5): The ligand precursor 2 (1.09 g, 4.56 mmol)
was dissolved in a 1:1 mixture of toluene and diethyl ether (30 mL) and
cooled to �80 8C. After addition of Li ACHTUNGTRENNUNG[C4H9] (5.7 mL, 1.6 m) the reaction
mixture was allowed to come to ambient temperature and was stirred for
a further 16 h. The suspension was filtered and the colorless solid washed
two times with pentane (10 mL) followed by drying under high vacuum
to give 5 as an off-white powder (1.06 g, 92%). 1H NMR (500.13 MHz,
[D8]THF, 297 K): d=3.01, 3.18 (s, 12 H, CH3), 5.76, 6.01 ppm (pt, 8H,
CH Cp); 7Li NMR (116.64 MHz, [D8]THF, 297 K): d =�5.75 ppm;
11B NMR (160.46 MHz, [D8]THF, 297 K): d= 45.77 ppm; 13C{1H} NMR
(125.77 MHz, [D8]THF, 297 K): d =41.15, 46.71 (CH3); 106.11,
113.78 ppm (CH Cp).

Li2 ACHTUNGTRENNUNG[(Me2N)2B2 ACHTUNGTRENNUNG(h1-C5H4) ACHTUNGTRENNUNG(h1-C13H8)] (6): The ligand precursor 4 (0.80 g,
2.35 mmol) was dissolved in a 1:1 mixture of toluene and diethyl ether
(30 mL) and cooled to �80 8C. After addition of Li ACHTUNGTRENNUNG[CH3] (1.1 mL, 1.6 m)
the reaction mixture was allowed to come to ambient temperatures and
was stirred for a further 16 h. The suspension was filtered and the solid
washed two times with pentane (10 mL) followed by drying under high
vacuum to give 6 as a pale orange pyrophoric powder (0.72 g, 87%).
1H NMR (500.13 MHz, [D8]THF, 297 K): d=3.01, 3.22, 3.33, 3.34 (s, 12 H,
CH3), 5.68, 6.04 (pt, 4H, CH Cp), 6.47, 6.86, 7.55, 7.81 ppm (m, 8H, CH

Flu); 7Li NMR (116.64 MHz, [D8]THF, 297 K): d=�5.36 ppm; 11B NMR
(160.46 MHz, [D8]THF, 297 K): d =47.80 ppm; 13C{1H} NMR
(125.77 MHz, [D8]THF, 297 K): d=41.25, 43.62, 45.27, 46.00 (CH3),
107.56, 110.20 (CH Cp), 113.20, 118.46, 119.61, 120.12 (CH Flu), 127.26,
142.30 ppm (Cq Flu).ACHTUNGTRENNUNG[(Me2N)2B2 ACHTUNGTRENNUNG(h5-C5H4)2TiCl2] (7): [TiCl3 ACHTUNGTRENNUNG(thf)3] (1.57 g, 4.25 mmol) was
added at �100 8C to a suspension of 5 (1.70 g, 4.25 mmol) in toluene
(40 mL). While warming to room temperature, the reaction mixture dark-
ened. After stirring for 2 h at room temperature PbCl2 (0.59 g,
2.13 mmol) was added. After 16 h the insoluble material was removed by
centrifugation, and the mother liquor was concentrated and stored at
�30 8C, which gave 7 as a dark red crystalline material (0.97 g, 64%).
1H NMR (500.13 MHz, CD2Cl2, 297 K): d=2.97, 3.13 (s, 12H, CH3), 6.17
(pt, 4 H,CHCp), 6.85 ppm (pt, 4 H, CHCp); 11B NMR (160.46 MHz, CD2Cl2,
297 K): d=43.5 ppm; 13C{1H} NMR (125.77 MHz, CD2Cl2, 297 K): d=

40.71, 45.28 (CH3), 120.78, 129.83 ppm (CHCp); MS (CI): m/z (%): 356
(100) [M+], 320 (70) [M+�HCl], 284 (70) [M+ �2HCl]; elemental anal-
ysis (%): calcd: C 47.14, H 5.65, N 7.85; found: C 47.38, H 5.91, N 7.36.ACHTUNGTRENNUNG[(Me2N)2B2 ACHTUNGTRENNUNG(h5-C5H4)ACHTUNGTRENNUNG(h5-C13H8)ZrCl2] (10): [ZrCl4 ACHTUNGTRENNUNG(thf)2] (0.74 g,
2.00 mmol) was added at �80 8C to a suspension of 6 (0.74 g, 2.00 mmol)
in toluene/diethyl ether (1:1; 30 mL). While warming to room tempera-
ture the reaction mixture turned orange. After stirring for 16 h at ambi-
ent temperature, all volatiles were removed under reduced pressure. The

Table 3. Bond lengths [�] and angles [8] of the crystal structures of 10
and 11.

10 11

tilt angle a 56.6 56.0
torsion Cipso-B-B-Cipso 47.0 46.9
Cpc-M-Fluc (d) 132.5 132.9
Cl1 M-Cl2 96.83(6) 96.28
C1-B1-B2 108.5(4) 108.7(4)
C6-B2-B1 112.0(4) 110.9(4)
M�Cl1 2.4336(16) 2.4046(11)
M�Cl2 2.24219(18) 2.4048(12)
M�Cpc1 2.195 2.173
M�Cpc2 2.294 2.278
B1�C1 1.588(8) 1.579(7)
B2�C6 1.582(7) 1.573(6)
B1�B2 1.698(8) 1.696(7)
B1�N1 1.396(7) 1.393(6)
B2�N2 1.392(7) 1.381(6)
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product was extracted with toluene (20 mL). The mother liquor was con-
centrated and stored at room temperature, which gave 10 as a yellow
crystalline material (0.78 g, 76%). 1H NMR (500.13 MHz, CD2Cl2,
223 K): d=2.85, 3.03, 3.30, 3.31 (s, 12H, CH3), 5.90, 6.02, 6.21, 6.37 (m,
4H, CH Cp), 7.24, 7.31, 7.38, 7.52, 7.58, 8.04 ppm (m, 8 H, CH Flu);
11B NMR (160.46 MHz, CD2Cl2, 223 K): d=43.6 ppm; 13C{1H} NMR
(125.77 MHz, CD2Cl2, 223 K): d= 39.66, 40.93, 44.17, 44.24 (CH3), 112.45,
115.41, 119.98, 127.10 (CHCp), 123.82, 124.30, 124.58, 124.69, 125.39,
125.58, 127.81, 128.09 (CH Flu), 125.98, 126.80, 126.90, 128.75 ppm (Cq Flu);
elemental analysis (%): calcd: C 52.83, H 4.84, N 5.60; found: C 52.64, H
4.97, N 5.34.ACHTUNGTRENNUNG[(Me2N)2B2 ACHTUNGTRENNUNG(h5-C5H4)ACHTUNGTRENNUNG(h5-C13H8)HfCl2] (11): HfCl4 (0.70 g, 2.20 mmol) was
added at �80 8C to a suspension of 7 (0.74 g, 2.00 mmol) in toluene/dieth-
yl ether (1:1; 30 mL). While warming to room temperature the reaction
mixture turned orange. After stirring for 16 h at ambient temperature, all
volatiles were removed under reduced pressure. The product was extract-
ed with toluene (20 mL). The mother liquor was concentrated and stored
at room temperature, to give 11 as a yellow crystalline material (1.05 g,
87%). 1H NMR (500.13 MHz, CD2Cl2, 223 K): d=2.83, 3.03, 3.30 (s,
12H, CH3), 5.78, 5.95, 6.12, 6.28 (m, 4 H, CH Cp), 7.12–7.24, 7.38, 7.49,
7.53, 8.10 ppm (m, 8H, CH Flu); 11B NMR (160.46 MHz, CD2Cl2, 223 K):
d=42.4 ppm; 13C{1H} NMR (125.77 MHz, CD2Cl2, 223 K): d =40.39,
41.66, 44.79, 44.86 (CH3), 110.56, 114.13, 117.99, 125.70 (CHCp), 118.83,
124.10, 124.19, 124.40, 125,03, 127.77, 127.86 (CH Flu), 125.48, 125.77,
125.89, 127.98 ppm (Cq Flu); elemental analysis (%): calcd: C 44.98, H
4.12, N 4.77; found: C 43.83, H 4.20, N 4.53.

The crystal data of 7 was collected by using a Bruker X8 Apex diffrac-
tometer with multilayer mirror monochromated MoKa radiation. The
crystal data of 8–11 were collected by using a Bruker Apex diffractome-
ter with CCD area detector and graphite-monochromated MoKa radia-
tion. Both diffractometers were equipped with CCD area detectors. The
structures were solved by using direct methods, refined with Shelx soft-
ware package (G. Sheldrick, Acta Crystallogr. Sect. A 2008, 64, 112–122)
and expanded using Fourier techniques. All non-hydrogen atoms were re-
fined anisotropically. Hydrogen atoms were assigned idealized positions
and were included in structure factor calculations.

Crystal data for 7: C14H20B2Cl2N2Ti, Mr =356.74, orange block, 0.20 �
0.19 � 0.10 mm3, orthorhombic space group Pbca, a=12.9671(4), b=

12.4285(4), c =20.3215(5) �, V=3275.05(17 �3, Z=8, 1calcd =1.447 gcm�3,
m=0.841 mm�1, F ACHTUNGTRENNUNG(000) =1472, T=100(2) K, R1 =0.0334, wR2 =0.0751,
5060 independent reflections [2q�64.128] and 190 parameters.

Crystal data for 8 : C14H20B2Cl2N2Zr, Mr =400.06, white plates, 0.38 �
0.32 � 0.17 mm3, monoclinic space group P2(1)/n, a=9.7689(15), b=

12.1977(18), c= 14.909(2) �, b =104.442(3)8, V=1720.4(4) �3, Z =4,
1calcd =1.545 gcm�3, m=0.942 mm�1, F ACHTUNGTRENNUNG(000) =808, T=173(2) K, R1 =

0.0250, wR2 = 0.0660, 3403 independent reflections [2q�52.18] and 190
parameters.

Crystal data for 10 : C22H24B2Cl2N2Zr, Mr = 500.17, yellow needle, 0.35 �
0.09 � 0.06 mm3, monoclinic space group P2(1), a =12.205(7), b=9.705(5),
c =19.294(11) �, b=102.838(10)8, V =2228(2) �3, Z=4, 1calcd =

1.491 gcm�3, m=0.744 mm�1, F ACHTUNGTRENNUNG(000) =1016, T=173(2) K, R1 =0.0514,
wR2 =0.0991, 8754 independent reflections [2q�52.268] and 524 parame-
ters.

Crystal data for 11: C22H24B2Cl2HfN2, Mr =587.44, yellow block, 0.26 �
0.12 � 0.08 mm3, monoclinic space group P2(1), a=12.1775(9), b=

9.6626(7), c =19.3330(14) �, b =102.7990(10)8, V=2218.3(3) �3, Z=4,
1calcd =1.759 gcm�3, m =4.954 mm�1, F ACHTUNGTRENNUNG(000) =1144, T=173(2) K, R1 =

0.0291, wR2 =0.0555, 10228 independent reflections [2q�56.688] and 524
parameters.

CCDC-688097 (7), CCDC-688158 (10), CCDC-688159 (8), and CCDC-
688160 (11) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif

Acknowledgement

This work was supported by the DFG and the FCI.

[1] a) M. Tamm, A. Kunst, T. Bannenberg, E. Herdtweck, P. Sirsch, C. J.
Elsevier, J. M. Ernsting, Angew. Chem. 2004, 116, 5646; Angew.
Chem. Int. Ed. 2004, 43, 5530; b) M. Tamm, A. Kunst, E. Herdt-
weck, Chem. Commun. 2005, 1729; c) M. Tamm, A. Kunst, T. Ban-
nenberg, S. Randoll, P. G. Jones, Organometallics 2007, 26, 417;
d) H. Braunschweig, M. Lutz, K. Radacki, A. Schaumloeffel, F.
Seeler, C. Unkelbach, Organometallics 2006, 25, 4433; e) C. Elschen-
broich, F. Paganelli, M. Nowotny, B. Neumueller, O. Burghaus, Z.
Anorg. Allg. Chem. 2004, 630, 1599; f) C. Elschenbroich, J. Hurley,
B. Metz, W. Massa, G. Baum, Organometallics 1990, 9, 889; g) H.
Braunschweig, M. Homberger, C. Hu, X. Zheng, E. Gullo, G. Clent-
smith, M. Lutz, Organometallics 2004, 23, 1968; h) A. Bartole-Scott,
H. Braunschweig, T. Kupfer, M. Lutz, I. Manners, T. l. Nguyen, K.
Radacki, F. Seeler, Chem. Eur. J. 2006, 12, 1266; i) H. Braunschweig,
M. Lutz, K. Radacki, Angew. Chem. 2005, 117, 5792; Angew. Chem.
Int. Ed. 2005, 44, 5647; j) H. Braunschweig, T. Kupfer, M. Lutz, K.
Radacki, J. Am. Chem. Soc. 2007, 129, 8893; k) H. Braunschweig,
G. K. B. Clentsmith, S. Hess, T. Kupfer, K. Radacki, Inorg. Chim.
Acta 2007, 360, 1274; l) H. Braunschweig, N. Buggisch, U. Englert,
M. Homberger, T. Kupfer, D. Leusser, M. Lutz, K. Radacki, J. Am.
Chem. Soc. 2007, 129, 4840; m) C. L. Lund, J. A. Schachner, J. W.
Quail, J. M�ller, J. Am. Chem. Soc. 2007, 129, 9313; n) J. M. Nelson,
A. J. Lough, I. Manners, Organometallics 1994, 13, 3703; o) J. M.
Nelson, A. J. Lough, I. Manners, Angew. Chem. 1994, 106, 1019;
Angew. Chem. Int. Ed. Engl. 1994, 33, 989; p) J. A. Schachner, S.
Tockner, C. L. Lund, J. W. Quail, M. Rehahn, J. M�ller, Organome-
tallics 2007, 26, 4658.

[2] a) I. Manners, Polym. News 1993, 18, 133; b) I. Manners, J. Inorg.
Organomet. Polym. 1993, 3, 185; c) I. Manners, Chem. Commun.
1999, 857; d) V. Bellas, M. Rehahn, Angew. Chem. 2007, 119, 5174;
Angew. Chem. Int. Ed. 2007, 46, 5082; e) D. E. Herbert, U. F. J.
Mayer, I. Manners, Angew. Chem. 2007, 119, 5152; Angew. Chem.
Int. Ed. 2007, 46, 5060.

[3] a) R. L. Halterman, Chem. Rev. 1992, 92, 965; b) H. H. Brintzinger,
D. Fischer, R. Muelhaupt, B. Rieger, R. M. Waymouth, Angew.
Chem. 1995, 107, 1255; Angew. Chem. Int. Ed. Engl. 1995, 34, 1143;
c) M. Bochmann, J. Chem. Soc. Dalton Trans. 1996, 255; d) W. Ka-
minsky, J. Chem. Soc. Dalton Trans. 1998, 1413; e) H. G. Alt, A.
Koeppl, Chem. Rev. 2000, 100, 1205; f) G. W. Coates, Chem. Rev.
2000, 100, 1223; g) L. Resconi, L. Cavallo, A. Fait, F. Piemontesi,
Chem. Rev. 2000, 100, 1253; h) G. G. Hlatky, Coord. Chem. Rev.
2000, 199, 235; i) N. E. Grimmer, N. J. Coville, S. Afr. J. Chem. 2001,
54, 118; j) H. Braunschweig, F. M. Breitling, Coord. Chem. Rev.
2006, 250, 2691.

[4] a) J. A. Ewen, L. Haspeslach, J. L. Atwood, H. Zhang, J. Am. Chem.
Soc. 1987, 109, 6544; b) J. A. Ewen, R. L. Jones, A. Razavi, J. D. Fer-
rara, J. Am. Chem. Soc. 1988, 110, 6255; c) W. A. Herrmann, J.
Rohrmann, E. Herdtweck, W. Spaleck, A. Winter, Angew. Chem.
1989, 101, 1536; Angew. Chem. Int. Ed. Engl. 1989, 28, 1511.

[5] P. J. Shapiro, Eur. J. Inorg. Chem. 2001, 321.
[6] a) H. Braunschweig, C. von Koblinski, R. Wang, Eur. J. Inorg.

Chem. 1999, 69; b) H. Braunschweig, C. von Koblinski, M. Mamuti,
U. Englert, R. Wang, Eur. J. Inorg. Chem. 1999, 1899; c) M. O. Kris-
ten, H. Braunschweig, C. Von Koblinski, Metallocene complexes suit-
able as olefin polymerization catalysts. EP 1140955, 2001; d) H.
Braunschweig, M. Kraft, K. Radacki, S. Stellwag, Eur. J. Inorg.
Chem. 2005, 2754; e) H. Braunschweig, M. Kraft, K. Radacki, S.
Stellwag, Z. Anorg. Allg. Chem. 2005, 631, 2858; f) H. Braunsch-
weig, F. M. Breitling, K. Kraft, M. Kraft, F. Seeler, S. Stellwag, K.
Radacki, Z. Anorg. Allg. Chem. 2006, 632, 269; g) H. Braunschweig,
M. Kraft, K. Radacki, S. Stellwag, Z. Naturforsch. B: Chem. Sci.
2006, 61, 509.

www.chemeurj.org � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2008, 14, 8972 – 89798978

H. Braunschweig et al.

http://dx.doi.org/10.1002/ange.200460538
http://dx.doi.org/10.1002/anie.200460538
http://dx.doi.org/10.1002/anie.200460538
http://dx.doi.org/10.1039/b417884j
http://dx.doi.org/10.1021/om060928l
http://dx.doi.org/10.1021/om060471f
http://dx.doi.org/10.1002/zaac.200400247
http://dx.doi.org/10.1002/zaac.200400247
http://dx.doi.org/10.1021/om00118a001
http://dx.doi.org/10.1021/om049872q
http://dx.doi.org/10.1002/chem.200500689
http://dx.doi.org/10.1002/ange.200500686
http://dx.doi.org/10.1002/anie.200500686
http://dx.doi.org/10.1002/anie.200500686
http://dx.doi.org/10.1021/ja0724947
http://dx.doi.org/10.1016/j.ica.2006.01.047
http://dx.doi.org/10.1016/j.ica.2006.01.047
http://dx.doi.org/10.1021/ja0692130
http://dx.doi.org/10.1021/ja0692130
http://dx.doi.org/10.1021/ja072747w
http://dx.doi.org/10.1021/om00021a050
http://dx.doi.org/10.1002/ange.19941060909
http://dx.doi.org/10.1002/anie.199409891
http://dx.doi.org/10.1021/om7004244
http://dx.doi.org/10.1021/om7004244
http://dx.doi.org/10.1007/BF00683928
http://dx.doi.org/10.1007/BF00683928
http://dx.doi.org/10.1039/a810043h
http://dx.doi.org/10.1039/a810043h
http://dx.doi.org/10.1002/ange.200604420
http://dx.doi.org/10.1002/anie.200604420
http://dx.doi.org/10.1002/ange.200604409
http://dx.doi.org/10.1002/anie.200604409
http://dx.doi.org/10.1002/anie.200604409
http://dx.doi.org/10.1021/cr00013a011
http://dx.doi.org/10.1002/ange.19951071104
http://dx.doi.org/10.1002/ange.19951071104
http://dx.doi.org/10.1002/anie.199511431
http://dx.doi.org/10.1039/dt9960000255
http://dx.doi.org/10.1039/a800056e
http://dx.doi.org/10.1021/cr9804700
http://dx.doi.org/10.1021/cr990286u
http://dx.doi.org/10.1021/cr990286u
http://dx.doi.org/10.1021/cr9804691
http://dx.doi.org/10.1016/S0010-8545(99)00136-8
http://dx.doi.org/10.1016/S0010-8545(99)00136-8
http://dx.doi.org/10.1016/j.ccr.2005.10.022
http://dx.doi.org/10.1016/j.ccr.2005.10.022
http://dx.doi.org/10.1021/ja00255a068
http://dx.doi.org/10.1021/ja00255a068
http://dx.doi.org/10.1021/ja00226a056
http://dx.doi.org/10.1002/ange.19891011112
http://dx.doi.org/10.1002/ange.19891011112
http://dx.doi.org/10.1002/anie.198915111
http://dx.doi.org/10.1002/1099-0682(200102)2001:2%3C321::AID-EJIC321%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1099-0682(199901)1999:1%3C69::AID-EJIC69%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1099-0682(199901)1999:1%3C69::AID-EJIC69%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1099-0682(199911)1999:11%3C1899::AID-EJIC1899%3E3.0.CO;2-X
http://dx.doi.org/10.1002/ejic.200500067
http://dx.doi.org/10.1002/ejic.200500067
http://dx.doi.org/10.1002/zaac.200500193
http://dx.doi.org/10.1002/zaac.200500365
www.chemeurj.org


[7] a) A. J. Ashe, III, X. Fang, J. W. Kampf, Organometallics 1999, 18,
2288; b) A. J. Ashe, III, X. Fang, A. Hokky, J. W. Kampf, Organome-
tallics 2004, 23, 2197.

[8] H. Braunschweig, M. Gross, M. Kraft, M. O. Kristen, D. Leusser, J.
Am. Chem. Soc. 2005, 127, 3282.

[9] a) R. Littger, N. Metzler, H. Nçth, M. Wagner, Chem. Ber. 1994,
127, 1901; b) R. Littger, H. Nçth, M. Thomann, M. Wagner, Angew.
Chem. 1993, 105, 275; Angew. Chem. Int. Ed. Engl. 1993, 32, 295.

[10] H. Braunschweig, C. von Koblinski, M. Neugebauer, U. Englert, X.
Zheng, J. Organomet. Chem. 2001, 619, 305.

[11] J. Okuda, T. Eberle, T. P. Spaniol, Chem. Ber. 1997, 130, 209.
[12] M. Herberhold, U. Doerfler, B. Wrackmeyer, J. Organomet. Chem.

1997, 530, 117.
[13] a) H. Fußstetter, J. C. Huffman, H. Nçth, R. Schaeffer, Z. Natur-

forsch. B: Chem. Sci. 1976, 31, 1441; b) K. Anton, H. Nçth, H. Pom-
merening, Chem. Ber. 1984, 117, 2495; c) G. Ferguson, M. Parvez,

R. P. Brint, C. M. Power, T. R. Spalding, D. R. Lloyd, J. Chem. Soc.
Dalton Trans. 1986, 2283; d) G. Linti, D. Loderer, H. Nçth, K. Pol-
born, W. Rattay, Chem. Ber. 1994, 127, 1909; e) D. Loderer, H.
Nçth, H. Pommerening, W. Rattay, H. Schick, Chem. Ber. 1994, 127,
1605.

[14] a) H. Braunschweig, T. Kupfer, K. Radacki, Angew. Chem. 2007,
119, 1655; Angew. Chem. Int. Ed. 2007, 46, 1630; b) H. Braunsch-
weig, F. Seeler, R. Sigritz, J. Organomet. Chem. 2007, 692, 2354.

[15] M. H. Lee, J. W. Park, C. S. Hong, S. I. Woo, Y. Do, J. Organomet.
Chem. 1998, 561, 37.

[16] L. E. Manzer, Inorg. Synth. 1982, 21, 135.
[17] H. Nçth, H. Schick, W. Meister, J. Organomet. Chem. 1964, 1, 401.

Received: May 20, 2008
Published online: August 11, 2008

Chem. Eur. J. 2008, 14, 8972 – 8979 � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 8979

FULL PAPER[2]Borametallocenophanes of Group 4 Metals

http://dx.doi.org/10.1021/om9901776
http://dx.doi.org/10.1021/om9901776
http://dx.doi.org/10.1021/om030557y
http://dx.doi.org/10.1021/om030557y
http://dx.doi.org/10.1021/ja042408s
http://dx.doi.org/10.1021/ja042408s
http://dx.doi.org/10.1002/cber.19941271014
http://dx.doi.org/10.1002/cber.19941271014
http://dx.doi.org/10.1002/ange.19931050221
http://dx.doi.org/10.1002/ange.19931050221
http://dx.doi.org/10.1016/S0022-328X(00)00742-7
http://dx.doi.org/10.1002/cber.19971300211
http://dx.doi.org/10.1016/S0022-328X(96)06470-4
http://dx.doi.org/10.1016/S0022-328X(96)06470-4
http://dx.doi.org/10.1002/cber.19841170720
http://dx.doi.org/10.1039/dt9860002283
http://dx.doi.org/10.1039/dt9860002283
http://dx.doi.org/10.1002/cber.19941271015
http://dx.doi.org/10.1002/cber.19941270909
http://dx.doi.org/10.1002/cber.19941270909
http://dx.doi.org/10.1002/ange.200604391
http://dx.doi.org/10.1002/ange.200604391
http://dx.doi.org/10.1002/anie.200604391
http://dx.doi.org/10.1016/j.jorganchem.2007.02.008
http://dx.doi.org/10.1016/S0022-328X(98)00548-8
http://dx.doi.org/10.1016/S0022-328X(98)00548-8
http://dx.doi.org/10.1016/S0022-328X(00)80031-5
www.chemeurj.org

