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Summary: The structure of bis(pentamethylcyclopenta-
dienyl)magnesium, Mg(C5Me5)2 (1), in the solid state has
been determined by X-ray diffraction. The experimental
results are described and discussed in comparison to
structural properties of the higher alkaline-earth me-
tallocenes MCp*2 (M ) Ca, Sr, Ba) as determined in the
gas phase or in the solid state. Structural trends of 1 in
comparison to the isoelectronic species [LiCp*2]-, BeCp*2,
and [AlCp*2]+ are also presented.

The ferrocene-like sandwich compounds of the main-
group elements have been discussed in some recent
reviews,1-4 and lately considerable progress has been
achieved in this field: e.g., with the preparation and
structural characterization of the valence isoelectronic
species, namely the anion [Cp2Li]-,5 BeCp*2,6 and the
aluminocenium cation, [AlCp*2]+.7 On the basis of this
and other recent experimental work, the bonding prop-
erties within these sandwich compounds were evaluated
in several works.8 For the results discussed in the
following, especially the trends of the neutral group II
sandwich complexes BeCp2, MgCp2, CaCp2, SrCp2,
BaCp2, and their derivatives are of interest, since some
unexpected structural data, especially for the heavier
elements, were disclosed: e.g., the tilt angles R (Figure
1, part 1) for the bent forms of MCp*2 (M ) Ca, Sr,
Ba),9-11 exhibiting nonparallel rings even in the gas
phase (Figure 1).

Herein we will restrict our discussion mainly to these
structurally more shielded and more molecular deca-
methyl derivatives. Within this group, the crystal
structures of the base-free CaCp*2 and BaCp*2

12 are
known. For SrCp*2

13 and MgCp*2 (1), crystal structures
are still missing. This comes as a surprise, at least in
the case of MgCp*2, since solid 1 is commercially
available and is used on a regular basis to implement
Cp* ligands under nonpolar solvent conditions: i.e., 1
together with MgCp2sfor which R is 180° in the gas
phase14 as well as in the solid phase15smay be consid-
ered a parent compound of main-group sandwich com-
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Figure 1. Schematic illustration of the structural param-
eters for permethylated alkaline-earth metallocenes: (1)
definition of the tilt angle, R; (2) definition of the stagger
angle, â; (3) definition of the out-of-plane angle, γ.
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plexes. Therefore, it is not surprising that 17 years ago
the gas-phase structure of 1 was determined by electron
diffraction.16 However, under the conditions applied in
these experiments (160 °C), only an average molecular
structure was obtained. Due to the expected weak bonds
which allow facile rotation and bending motions of the
Cp* ligands, a more detailed look into the structural
data is only possible with the help of a crystal structure.
For a systematic structural discussion it is therefore
absolutely necessary to fill the gap of the missing crystal
structure of 1. For us, these investigations have been a
special challenge, since about 10 years ago we described
the preparation and structure of the isoelectronic [Al-
Cp*2]+ ion,7,17 and about 3 years later we were able to
prepare an unusual compound containing two different
valence isoelectronic sandwich species [LiCpb

2]- (Cpb )
pentabenzylcyclopentadienyl) and [AlCp*2]+ in the same
crystal18 exhibiting the expected elongated distances
between the Cpb rings in the [LiCpb

2]- compound of 380
pm in comparison to 356 pm between the Cp* rings in
[AlCp*2]+. In the following, the valence isoelectronic
neutral species MgCp*2 (1) in the solid state is presented
and discussed.

Though 1 is commercially available, we prepared this
compound using the methods described by Jutzi19 and
Lappert.20 Since 1 has been well characterized in
solution, e.g. via NMR spectroscopy, we will concentrate
only on the crystal structure determination. From the
reaction mixture of MgBu2 and Cp*H in n-heptane, well-
shaped crystals are obtained which, however, have to
be handled with caution: e.g., the transparent colorless
crystals rapidly turn opaque when transferred to the
diffractometer. Therefore, the crystals were picked from
the cooled solution and rapidly fixed on the goniometer
head under a stream of cooled nitrogen. Many experi-

ments were necessary to get a suitable data set for a
proper structure determination.21

The crystals of 1 belong to the monoclinic system (P21/
c) with 11/2 molecules of 1 in the asymmetric unit: i.e.,
there are two different species of 1, for which we will
use the notation 1a and 1b in the following. The first
species, 1a (Mg2), features the magnesium atom on a
center of inversion and therefore with 1 in a staggered
conformation (â ) 36°). For the second molecule, 1b
(Mg1), all atoms are located on general positions: i.e.,
no symmetry relation exists. For this conformer 1b two
different disordered species A (80%) and B (20%) are
present. In Figure 2, the molecular structure of 1a is
shown. The average Mg-C distance is 230.5 pm, with
minimum and a maximum values of 230.0 and 230.8
pm, respectively. For the completely disordered species
of 1b the situation is more difficult to describe. A
projection along the X-Mg-X direction (X is the center
of the Cp* ring) is presented in Figure 2, exhibiting one
fixed (gray C atoms) and one disordered Cp* ring: i.e.,
the two conformers of 1b, A (80%, dark C atoms) and B
(20%, only white sticks). A closer inspection of the space-
filling model of 1b reveals differences of the surrounding
atoms for the fixed and disordered Cp* rings (A/B): i.e.,
there is less interaction for the latter, which favors the
possibility of the presence of different orientations of
Cp* ring moieties in this environment.22

For each conformer of 1b the fixed Cp* ring exhibits
Mg-C distances of 230.2 pm (minimum/maximum
229.6(2)/230.4(2) pm). The position of the fixed Cp* ring
in relation to the second Cp* ring is also evident from
Figure 2: the conformer A can be described as a nearly
staggered species (âh ) 23.6°) and the conformer B (âh )
11.9°) as between eclipsed and staggered. âh is the
average stagger angle between C-X-X′-C′ of two dif-
ferent Cp* rings (Figure 1, part 2).

The different arrangement within the two conformers
of 1 (1a and 1b (A/B)) in the same crystal casts a light
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) 9.9027(8) Å, b ) 12.7901(8) Å, c ) 23.028(2) Å, â ) 90.578(11)°, Z )
6, V ) 2916.4(4) Å3, Dcalcd ) 1.007 g cm-3, T ) 200(2) K, Mo KR
radiation, graphite monochromator, Stoe-IPDS area detector, 12 147
reflections, 4472 unique (Rint ) 0.0473), structure solution by direct
methods, refinement on F2 (2θmax ) 47.96°), H atoms calculated, 326
parameters, R1 (I > 2σ(I)) ) 0.0518, wR2 (all data) ) 0.1495, GOF
(F2) ) 0.964; computer programs SHELXS-97, SHELXL-97, Stoe IPDS-
software.

(22) For a more detailed look at the closest contacts, see the
Supporting Information.

Figure 2. Structure of MgCp*2 (1) with H atoms omitted. The two crystallographically independent conformers 1a and
1b are illustrated. In the case of 1b two different disordered species, A (80%) and B (20%), are present (cf. text).
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on the soft dynamics within 1, which can even be
influenced by the very weak lattice forces. In the series
BeCp*2, [AlCp*2]+, and MgCp*2, with increasing dis-
tances between the Cp* rings (from 331 pm through 355
pm to 394 pm),23 the differences between the energies
of the conformers (D5h, D5d) decrease. For the unsub-
stituted species differences of only 0.5 kJ mol-1 for
[AlCp2]+ and 0.1 kJ mol-1 for MgCp2 have been calcu-
lated.7 For the idealized conformers of 1 with D5d and
D5h structures we calculate an energy difference of 1.3
kJ mol-1 in comparison with 1.8 kJ mol-1 for [Al-
Cp*2]+.24

The weak interaction between the two Cp* rings in 1
is also in line with a small deviation from planarity of
the C5(CH3)5 ring moiety (γj ) 1.8° for 1a, 1.6° for the
fixed Cp* ring, and 3.0° for the disordered Cp* (A) ring
of 1b).25 γj is the average out-of-plane angle between the
methyl group and the Cp plane (Figure 1, part 3). In
[AlCp*2]+ also a slight deviation of the methyl groups
of γj ) 2° 26 from the ring plane was found, although
herein the Al-ring distance is shorter.27

Concerning the possible change of the tilt angle R
from 180° (cf. Figure 1), only the slightly larger Mg-C
distances in the conformer B point to the direction of a
possibly easier distortion of the X-M-X moiety (X being
the centers of the Cp* rings). However, the solid-state

structure of 1 described here gives no hint of a bent
minimum structure like that observed for the solid
CaCp*2

28 and BaCp*2
29 analogues. For heavier element

containing compounds such as CaCp*2,9 SrCp*2,10 and
BaCp*2

11 also in the gaseous state bent structures have
been determined and confirmed by ab initio calcula-
tions.30 Furthermore, for these compounds the greater
M-C distances together with the bent structures of the
MCp*2 molecules provide interactions with further Cp*
rings of other MCp*2 moieties in the solid state. Thus,
concerning the tilt angle R, our results for 1 (even in
the solid state) are in line with the calculated8c and
experimentally16 determined data for the isolated gas-
eous molecules.

However, this detailed look into the solid-state struc-
ture of 1 shows the expected weak interactions between
the two Cp* rings of 1 (with respect to the staggered
angle â and the out-of-plane angle γ), which can easily
be influenced by weak lattice forces. Therefore, it seems
not surprising that, for example, only the average value
of âh in 1b (A) is very close to that predicted by Burdett
for the isolated molecule, while for the other conformer
a value of âh ) 11.9° is estimated.8c However, our results
also show that the accuracy of these and many other
X-ray structure determinations (especially for Cp com-
pounds) has to be substantially improved (e.g. by
synchrotron radiation, by measurements at very low
temperatures) in order to get a more detailed insight
into the soft dynamics and possibly into the electronic
structure (via experimental electron density) of mol-
ecules such as 1.
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