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The reduction of 1,2-bis[(2,6-diisopropylphenyl)imino]-
acenaphthene (2,6-iPr2C6H3-BIAN) with metallic magnesium
or calcium in THF affords the monomeric complexes (2,6-
iPr2C6H3-BIAN)Mg(THF)3 (1) and (2,6-iPr2C6H3-BIAN)-
Ca(THF)4·(THF)1/2 (2). The crystallisation of 1 and 2 from
benzene causes the removal of one of the coordinated THF
molecules, yielding (2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)1/2

(3a) and (2,6-iPr2C6H3-BIAN)Ca(THF)3 (4). Repeated recrys-
tallisation of 1 from benzene gives (2,6-iPr2C6H3-

Introduction

The first reports on the preparation of bis(arylimi-
no)acenaphthenes (Ar-BIAN) were published in the late
sixties.[1] However, the complex chemistry of these ligands
was not explored before the early nineties, when van Asselt
and Elsevier reported in a series of papers on the synthesis
and application of Ar-BIAN complexes.[2] In the last dec-
ade, Ar-BIAN complexes of the transition metals, mainly
of the late transition metals, have been studied
extensively[3�7] due to the wide range of their applications,
for example in the catalytic hydrogenation of alkynes,[3]

C�C[4] and C�Sn[5] bond formation, and especially in ole-
fin polymerisation.[6] While metal complexes containing
radical-anionic or -dianionic ligands generated by reduction
of 2,2�-bipyridyl[8] or of diimines like 1,4-diaza-1,3-dienes
(DAD)[9] are well-known, investigations concerning Ar-
BIAN were unknown until now. However, it is to be sup-
posed that Ar-BIAN will be easily reduced forming not
only radical-monoanions or -dianions, but also radical-tri-
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BIAN)Mg(THF)2·(C6H6)2 (3b). Although the crystals of 3a
and 3b differ in colour and in their crystallographic para-
meters, their molecular dimensions are very similar. Recrys-
tallisation of 1 from pyridine produces (2,6-iPr2C6H3-
BIAN)Mg(py)3·(py)2 (5). Complexes 1−5 have been charac-
terised by elemental analysis, UV, IR and 1H NMR spectro-
scopy, as well as by single-crystal X-ray diffraction.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

anions or even -tetraanions, since these ligands can be con-
sidered as hybrids of naphthalene and diazadienes, compo-
nents which either can be reduced to radical-anions and
-dianions (Scheme 1). Thus, several metal complexes with
DAD[9f�9i] or naphthalene[10] dianions have been previously
reported. According to the reduction potentials of acenaph-
thylene (�1.63 V),[11] 1,4-di-tert-butyl-1,4-diaza-1,3-diene
(�1.82 V),[12] and naphthalene (�2.6 V),[11] the alkali met-
als lithium, sodium, or potassium, possessing reduction po-
tentials of �3.05, �2.71, or �2.92 V,[13] respectively, should
be suitable for the reduction of Ar-BIAN ligands. Actually,
we were able to synthesise and to determine the structures

Scheme 1
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of the sodium salts of the mono-, di-, tri- and tetraanions
of Ar-BIAN.[14]

In this paper, we report on the products obtained by the
reduction of 2,6-iPr2C6H3-BIAN with metallic magnesium
and calcium. In this context the successful synthesis of het-
eroleptic magnesium β-diketiminato complexes,[15] homo-
leptic alkaline-earth bis-β-diketiminates,[16] and alkaline-
earth metal complexes containing diazadiene ligands[17�19]

should be mentioned.

Results and Discussion

(2,6-iPr2C6H3-BIAN)Mg(THF)3 (1) and (2,6-iPr2C6H3-
BIAN)Ca(THF)4·(THF)1/2 (2)

The reduction of 2,6-iPr2C6H3-BIAN by activated met-
allic magnesium or calcium in THF affords the complexes
(2,6-iPr2C6H3-BIAN)Mg(THF)3 (1) and (2,6-iPr2C6H3-
BIAN)Ca(THF)4·(THF)1/2 (2), each in high yield.

The reactions require the use of an excess of the respect-
ive metal, the activation of the metal shavings or granules,
and a short reflux of the reaction mixture. The activation
of the metals can be achieved by the addition of CH2I2 or
CH3I. The presence of the diiodides in a molar amount
similar to that of the ligand causes the intermediate forma-
tion of the mixed ligand complexes (2,6-iPr2C6H3-
BIAN)MI(THF)n·(THF)x (M � Mg, Ca), which, however,
on refluxing the reaction mixtures react with the respective
metal being present in excess to give 1 or 2. In our experi-
ments, we used CH2I2 to activate the metals. The formation
of species in which the metals are coordinated to two 2,6-
iPr2C6H3-BIAN radical anions has not been observed. The
preferential formation of 1 and 2 is confirmed by the fact
that the isolated complexes do not react further with the
free ligand in THF. Nevertheless, it is to be expected that
such complexes will be formed under changed conditions
and, very recently, we successfully synthesised and charac-
terised the solvent-free homoleptic complexes (2,6-
iPr2C6H3-BIAN)2M (M � Mg, Ca).[20] Complex 2 can also
be prepared by reacting K2(2,6-iPr2C6H3-BIAN) in situ
with CaI2 in THF or by reduction of 2,6-iPr2C6H3-BIAN
with calcium naphthalenide, (C10H8)Ca(THF)2, but its syn-
thesis starting from pure calcium metal proved to be the
most convenient method for laboratory use.

At the temperature of refluxing THF, the reaction mix-
tures show a green (1) or green-brown colour (2) and the
time at which the colour of the mixtures does not become
more intense can be considered as the end of the reactions.
On cooling the mixtures below 0 °C, their colour turns to
red-brown.
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Both compounds crystallise from concentrated THF
solutions as block-like, deep-red crystals, which are highly
sensitive towards oxygen and water. In addition to the 2,6-
iPr2C6H3-BIAN ligand, THF molecules complete the coor-
dination sphere of the metal atoms. Owing to the difference
in the ionic radii of the cations, three THF molecules are
coordinated to the MgII cation in 1 and four THF mol-
ecules to the CaII cation in 2.

In the 1H NMR spectrum of 1, the methyl protons of the
four isopropyl groups give rise to two doublets centred at
δ � 1.16 and 1.03 ppm due to the restricted rotation of the
2,6-iPr2C6H3 groups and the methine protons appear as a
septet at δ � 3.85 ppm. All the aromatic protons appear as
a broad signal at δ � 4.5 to 8.0 ppm with only four peaks,
one of them showing a spin-spin coupling structure (doub-
let at δ � 6.81 ppm). The broadening of these signals may
be explained by a dynamic process in the coordination
sphere of the metal associated with an equilibrium between
complex molecules with three or two coordinated THF li-
gands (Scheme 2). The assumption of such a dynamic pro-
cess seems to be justified by the molecular structure of 1,
which shows that one of the three Mg-OTHF bonds is signif-
icantly longer than the other two (see Figure 2).

Scheme 2
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The IR spectra of the complexes 1 and 2 confirm the

dianionic character of the 2,6-iPr2C6H3-BIAN ligand. The
strongest absorptions in the IR spectrum of the free ligand
are the C�N stretching vibrations at 1671, 1652, and 1642
cm�1.[7a,7b] In the CuI complex [(2,6-iPr2C6H3-BIAN)-
CuBr]2 in which the 2,6-iPr2C6H3-BIAN ligand acts as a
neutral bidentate ligand, the corresponding absorptions are
shifted only slightly to lower wavenumbers (1669 and 1633
cm�1),[7a,7b] whereas these vibrations are totally absent in
the spectra of 1 and 2 which show the C-N stretching vi-
bration at ca. 1300 cm �1 (broad band) as the most inten-
sive absorption associated with the 2,6-iPr2C6H3-BIAN li-
gand.

(2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)n [n � 0.5 (3a),
n � 2 (3b)] and (2,6-iPr2C6H3-BIAN)Ca(THF)3 (4)

The starting point of our research on magnesium and
calcium Ar-BIAN complexes was the preparation of coord-
inatively unsaturated, highly reactive complexes. In the case
of the coordinatively saturated complexes 1 and 2, this
corresponds to the elimination of coordinated THF ligands.
Several methods are known to eliminate coordinated sol-
vent molecules from metal complexes, including the subli-
mation of the compounds in high vacuum or the distillation
of solutions of the compounds in non-coordinating media.
Since initial attempts to eliminate THF molecules from 1
or 2 by heating the complexes in vacuo up to 180 °C failed,
we used the ‘‘wet’’ method. Crude 1 and 2, dried in vacuo,
were dissolved in benzene forming green solutions which
were heated to 60�80 °C. Cooling of these solutions to am-
bient temperature resulted in the separation of khaki-col-
oured cubic crystals when starting from 1 or of red pris-
matic crystals when starting from 2. The ratio of the THF
protons to the methyl protons of the 2,6-iPr2C6H3-BIAN
ligand, estimated by integration of the respective 1H NMR
signals, indicates that both 1 and 2 lost one THF ligand in
the course of this dissolution-crystallisation procedure, thus
changing into (2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)1/2

(3a) and (2,6-iPr2C6H3-BIAN)Ca(THF)3 (4). In the case of
1, the repetition of this procedure again leads to a different
complex, the emerald-green, rhombic crystals of (2,6-
iPr2C6H3-BIAN)Mg(THF)2·(C6H6)2 (3b). Complex 3b dif-
fers from 3a only in the number of C6H6 lattice molecules.
Surprisingly, crystallisation of 3b from benzene again af-
fords crystals of different colour and shape: thin, square,
deep-brown coloured plates (3c). The NMR spectrum of 3c
is almost identical to that of 3b and indicates the presence
of two THF molecules coordinated to the magnesium. Un-
fortunately, the crystals of 3c were not suitable for X-ray
diffraction. However, based on the data of the crystal struc-
tures of 3a and 3b, one can suggest that 3c differs from 3a
and 3b only with regard to its crystal packing.

Since the molecular structures of 3a and 3b differ only
with respect to their dihedral angles between the
N(1)�Mg�N(2) and N(1)�C(1)�C(2)�N(2) planes, be-
ing, as expected, rather small in both cases, [6.7° (3a), 14.6°
(3b)], one can suggest that the different colours of their
crystals may be a result of the difference in ligand-to-metal
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charge transfer. Alternatively, the difference in colour may
be attributed to differences in the mutual arrangement of
the complex molecules and the lattice benzene molecules
and thus to differences in the kind of charge transfer be-
tween them. The question as to why 3a, 3b and 3c never
jointly crystallise in one and the same crop and what forces
determine the kind of crystal growth cannot yet be answ-
ered. The repeated crystallisation of 4 from benzene did not
cause any change in the complex.

The dissolution of 1 in hot pyridine (60 to 70 °C) results
in a replacement of the THF ligands by pyridine ligands
and formation of (2,6-iPr2C6H3-BIAN)Mg(py)3·(py)2 (5),
which separates as black prismatic crystals on cooling the
concentrated pyridine solution to ambient temperatures.

Molecular Structures of 1, 2, 3a, 3b, 4, and 5

Prior to the detailed discussion of each structure, some
general remarks on the structure of the complexes should
be made:

a) The 2,6-iPr2C6H3-BIAN molecule acts as a rigid, chel-
ating ligand. Probably due to the bulkiness of the 2,6-
iPr2C6H3 groups, the complexes crystallise from different
solvents as monomers. The metal atoms deviate to a vary-
ing degree from the 1,2-diimonoacenaphthene plane, for-
ming dihedral angles of 5.7° (1), 10.3° (2), 6.7° (3a), 14.6°
(3b), 11.1° (4), and 12.3° (5) (Figure 1). These dihedral
angles are somewhat larger than those in the magnesium
DAD complexes [RN(Ph)CC(Ph)NR]Mg(DME)2 (3.0°,
R � Ph; 5.0°, R � p-MeC6H4), but much smaller than
those in the analogous calcium complex (40.0°, R � p-
MeC6H4).[18]

b) The two-electron reduction of the diimine moiety causes
a reorganization of the bonds from Ar-N�C(R)-(R)C�N-
Ar to [(Ar)N-(R)C�C(R)-N(Ar)]2�. Thus, the dianionic
nature of the 2,6-iPr2C6H3-BIAN ligand in the complexes
1 to 5 must be apparent from a shortening of the C(1)�C(2)
bond and an elongation of the N(1)�C(1) and N(2)�C(2)
bonds compared to the respective bond lengths in metal
complexes containing the ligand in the neutral form. Actu-
ally, the C(1)�C(2) bonds in 1�5, ranging from 1.389 to
1.409 Å, are shorter than those in (2,6-iPr2C6H3-BIAN)Cu-
Cl2(AcOH) (1.500 Å)[7a] and [(2,6-iPr2C6H3-BIAN)CuBr]2
(1.517 Å),[7b] and the N(1)�C(1) and N(2)�C(2) bonds in
1�5 (1.378 to 1.402 Å) are longer than those in the above
CuCl2 (av. 1.287 Å)[7a] and CuBr complexes (1.285 Å).[7b]

c) Another general feature of the molecular structure of
complexes 1�5 is the fact that one of the solvent ligands
fits into the pocket formed by two isopropyl groups, one of
each N-phenyl moiety (Figure 1). The angles between the
diiminoacenaphthene moiety, the metal atom, and the do-
nor atom of the ligand located in this pocket range from 92
to 116°. A similar situation has been observed in the com-
plex (2,6-iPr2C6H3-BIAN)CuCl2(AcOH)[7a] in which the
acetic acid molecule occupies the vertex of a square pyra-
mid (O�Cu�N 95.4 and 94.6°) and two N and two Cl
atoms form the square plane.

The molecular structures of 1, 2, 3a, 4, and 5 are depicted
in Figures 2�6, respectively (the figure of the molecular
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Figure 1. View of the molecules 1�5 along the acenaphthylene
plane; the angles (deg) between the plane formed by the acenaph-
thene moiety, the metal, and the solvent donor atom, which is lo-
cated between two isopropyl groups of the N bonded aryls, are
given in parentheses along with the respective M�O(THF) and
M�N(pyridine) distances (Å)

structure of 3b is omitted since it is almost identical to that
of 3a). The crystal data collection and structure refinement
data for 1, 2, 3a, 3b, 4, and 5 are listed in Tables 1 and 2,
selected bond lengths and bond angles of the molecules of
these complexes are listed in Table 3 and 4. A comparison
of the main bond lengths and angles in 1�5 is given in
Figure 7.

(2,6-iPr2C6H3-BIAN)Mg(THF)3 (1): Assuming that in 1
the ligand arrangement around the Mg atom is that of a
square pyramid, the basal plane, made up by the atoms
N(1), N(2), O(2), and O(3), is strongly distorted towards a
rhombus because the Mg�O(3) bond (2.224 Å) is signifi-
cantly longer than the Mg�O(1) (2.070 Å) and the
Mg�O(2) bonds (2.084 Å) and the Mg�N(2) bond (2.105
Å) is longer than the Mg�N(1) bond (2.045 Å). Further-
more, the longer Mg�O(3) bond and the longer Mg�N(2)
bond are in opposite positions relative to the magnesium
atom. Thus, the atoms N(2) and O(3) match much better
with the axial positions of a trigonal bipyramid, the equa-
torial plane of which is formed by the atoms N(1), O(1) and
O(2) (Figure 2). The sum of the angles (359.3°) between the
Mg atom and the equatorial atoms corresponds almost ex-
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actly with the ideal value of 360°, thus indicating the ab-
sence of an umbrella-like distortion of the trigonal bipyra-
mid. Owing to the higher rigidity of the 2,6-iPr2C6H3-
BIAN ligand compared to the β-diketiminate ligand, the
bite angle N(1)�Mg�N(2) in 1 (84.8°) is smaller than
that of the β-diketiminate ligand in (2,6-
iPrC6H3NCMe)2CHMg(R)(THF) (98.8° for R � O-tBu,
92.8° for R � N-iPr2).[15e]

(2,6-iPr2C6H3-BIAN)Ca(THF)4·(THF)1/2 (2): Due to the
larger ionic radius of Ca2� compared to Mg2� (1.00 and
0.72 Å, respectively, for six-coordinate ions[22]), the calcium
atom is coordinated by four THF molecules which, along
with the bidentate 2,6-iPr2C6H3-BIAN ligand, surround the
calcium atom in a distorted octahedral fashion (Figure 3).
One of the four Ca�O(THF) bonds is longer [Ca�O(4)
2.619 Å] than the other three which are in a fairly narrow
range (2.410�2.458 Å). In contrast to the Mg�N bonds in
1, the two Ca�N bonds (2.396 and 2.382 Å) are almost of
the same length, but, as expected, longer by about 0.3 Å.
The distorted octahedron is made up by O(4) and N(1) in
the axial positions and O(1), O(2), O(3), and N(2) forming
the equatorial plane. This distortion is caused by both the
crowding around the calcium atom and the small bite angle
N(1)�Ca�N(2) (75.8°), this angle being the smallest
among complexes 1�5.

(2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)1/2 (3a) and (2,6-
iPr2C6H3-BIAN)Mg(THF)2·(C6H6)2 (3b): Despite the dif-
ferent crystallographic parameters, the different crystal
packing and the difference in the number of the lattice sol-
vent molecules, 3a and 3b exhibit almost the same molecu-
lar structure, showing a distorted tetrahedral ligand ar-
rangement around the central Mg atom. For this reason
only the structure of 3a is depicted (Figure 4) and discussed.
The two Mg�O bonds and the two Mg�N bonds do not
differ markedly in length [Mg�O(1) 2.005, Mg�O(2) 1.999
Å; Mg�N(1) 1.994, Mg�N(2) 2.004 Å]. The Mg�N bonds
are notably shorter than those in 1, and, as a consequence,
the bite angle N(1)�Mg�N(2) in 3a (90.7°) is larger than in
1 (84.8°). Although the sum of the angles N(1)�Mg�N(2),
N(1)�Mg�O(2) and N(2)�Mg�O(2) of 332.7° ap-
proaches the value of 328.5° for an ideal tetrahedral
MgN2O2 moiety, a considerable distortion of the tetra-
hedron is apparent from the bite angle (90.7°) and the angle
O(1)�Mg�O(2) (96.2°), both of which deviate significantly
from the ideal value of 109.5°.

(2,6-iPr2C6H3-BIAN)Ca(THF)3 (4): Except for the fact
that all bonds in 4 are longer than the respective bonds in
1, the molecular structures of 1 and 4 (Figure 5) are very
similar and correspond to a trigonal bipyramid. Similar to
1, the two Ca�N bonds differ in their length [Ca�N(1)
2.290 Å, Ca�N(2) 2.345 Å] and one of the Ca�O(THF)
bonds, the Ca�O(3) bond (2.445 Å), is considerably longer
than the other two, which in turn are essentially equal in
length [Ca�O(1) 2.337 Å, Ca�O(2) 2.338 Å]. Thus, O(3)
and N(2) are the apical atoms of the trigonal bipyramid
and the equatorial plane is formed by the atoms N(1), O(1),
and O(2). Also, the sum of the basal bond angles
N(1)�Ca�O(1), N(1)�Ca�O(2) and O(1)�Ca�O(2)
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Table 1. Crystal data and structure refinement details for 1, 4 and 5

Compound (BIAN)Mg(THF)3 (1) (BIAN)Ca(THF)3 (4) (BIAN)Mg(py)3 (5)

Empirical formula C48H64MgN2O3 C48H64CaN2O3 C51H55MgN5·2(C5H5N)
Molecular weight 741.32 757.09 920.51
Temperature, K 173(2) 100(2) 173(2)
Crystal system monoclinic orthorhombic monoclinic
Space group Cc (No.9) P212121 (No.19) P21/c (No.14)
Unit cell dimensions a � 22.6706(3), b � 10.8552(2) a � 11.3799(7), b � 18.6296(11) a � 20.6168(4), b � 13.1957(3)

c � 18.6094(3) Å; β � 111.038(1)° c � 20.2251(12) Å c � 19.3918(3) Å; β � 92.416(1)°
Volume, Å3 4274.39(12) 4287.8(4) 5270.91(18)
Z 4 4 4
Density (calculated), g/cm3 1.152 1.173 1.160
Absorption coefficient, mm�1 0.084 0.188 0.079
F(000) 1608 1640 1968
Crystal size, mm3 0.40 � 0.38 � 0.10 0.50 � 0.50 � 0.50 0.40 � 0.38 � 0.28
θ range for data collection, 1.92 to 25.00 2.01 to 24.00 0.99 to 25.00
deg
Index ranges �22 � h � 26, �12 � k � 12, �13 � h � 13, �21 � k � 21, �16 � h � 24, �15 � k � 15,

�22 � l � 22 �23 � l � 23 �16 � l � 23
Reflections collected 10447 29339 14996
Independent reflections 4982 [R(int) � 0.0999] 6695 [R(int) � 0.0320] 9004 [R(int) � 0.1138]
Max/min transmission 0.9924/0.7456 0.9117/0.9117 0.9655/0.5598
Data/restraints/parameters 4982/2/505 6695/38/647 9004/0/630
Goodness-of-fit on F2 1.000 1.136 1.033
Final R indices [I � 2σ(I)] R1 � 0.0641, wR2 � 0.1151 R1 � 0.0432, wR2 � 0.1078 R1 � 0.0798, wR2 � 0.1474
R indices (all data) R1 � 0.1214, wR2 � 0.1356 R1 � 0.0464, wR2 � 0.1094 R1 � 0.2300, wR2 � 0.1923
Absolute structure parameter �0.5(5) 0.03(3) �
Largest diff. peak and hole, 0.242 and �0.273 0.394 and �0.185 0.291 and �0.295
e/Å3

Table 2. Crystal data and structure refinement details for 2, 3a and 3b

Compound (BIAN)Ca(THF)4 (2) (BIAN)Mg(THF)2 (3a) (BIAN)Mg(THF)2 (3b)

Empirical formula C52H72CaN2O4·1/2(C4H8O) C44H56MgN2O2·1/2(C6H6) C44H56MgN2O2·2(C6H6)
Molecular weight 865.25 708.27 825.43
Temperature, K 173(2) 100(2) 100(2)
Crystal system monoclinic monoclinic orthorhombic
Space group P21/n (No.14) P21/n (No.14) Pbca (No.61)
Unit cell dimensions a � 13.3251(1), b � 18.7219(3) a � 11.8702(7), b � 16.7665(10) a � 18.7994(13), b � 21.1341(15)

c � 19.9719(3) Å; β � 99.857(1)° c � 20.7019(12) Å; β � 96.0960(10)° c � 24.4612(17) Å
Volume, Å3 4908.86(11) 4096.8(4) 9718.6(12)
Z 4 4 8
Density (calculated), g/cm3 1.171 1.148 1.128
Absorption coefficient, mm�1 0.175 0.083 0.079
F(000) 1880 1532 3568
Crystal size, mm3 0.56 � 0.24 � 0.20 0.10 � 0.10 � 0.10 0.40 � 0.40 � 0.20
θ range for data collection, 1.50 to 27.50 1.90 to 29.02 1.66 to 23.30
deg
Index ranges �17 � h � 17, �24 � k � 18, �10 � h � 16, �22 � k � 22, �20 � h � 20,

�25 � l � 25 �28 � l � 26 �23 � k � 23, �27 � l � 27
Reflections collected 36143 29759 62079
Independent reflections 11270 [R(int) � 0.0875] 10865 [R(int) � 0.0191] 6997 [R(int) � 0.0409]
Max/min transmission 0.9766/0.6809 0.9918/0.9918 0.9844/0.9692
Data/restraints/parameters 11270/4/578 10865/0/705 6997/6/809
Goodness-of-fit on F2 1.010 1.027 1.040
Final R indices [I � 2σ(I)] R1 � 0.0646, wR2 � 0.1357 R1 � 0.0425, wR2 � 0.1066 R1 � 0.0377, wR2 � 0.0984
R indices (all data) R1 � 0.1265, wR2 � 0.1624 R1 � 0.0548, wR2 � 0.1158 R1 � 0.0499, wR2 � 0.1109
Absolute structure parameter � � �
Largest diff. peak and hole, 0.425 and �0.453 0.448 and �0.187 0.274 and �0.196
e/Å3

(359.8°) coincides with that of 1 (359.3°) and corresponds
with the ideal value of 360°. Because of the longer Ca�N
bonds compared to the Mg�N bonds in 1, the bite angle
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N(1)�M�N(2) in 4 (M � Ca; 77.0°) is smaller than in 1
(M � Mg; 84.8°). A closer look at the structures of 1 and
4 establishes that the molecules are enantiomorphic (see
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Table 3. Selected bond lengths (Å) and angles (deg) for Mg com-
plexes 1, 3a, 3b and 5

1 3a 3b 5

Mg�N(1) 2.045(5) 1.9945(9) 1.9937(11) 2.103(4)
Mg�N(2) 2.105(5) 2.0038(9) 1.9951(12) 2.071(4)
Mg�C(1) 2.811(6) 2.6778(11) 2.6515(13) 2.828(5)
Mg�C(2) 2.817(6) 2.6900(11) 2.6520(14) 2.805(5)
Mg�L(1)[a] 2.070(4) 2.0046(9) 2.0018(10) 2.198(5)
Mg�L(2) 2.084(4) 1.9994(8) 2.0001(10) 2.212(5)
Mg�L(3) 2.224(4) 2.271(5)
N(1)�C(1) 1.401(6) 1.3965(13) 1.3933(17) 1.400(6)
N(1)�C(13) 1.408(7) 1.4166(12) 1.4192(17) 1.431(6)
N(2)�C(2) 1.378(7) 1.3893(13) 1.3945(17) 1.386(6)
N(2)�C(25) 1.419(7) 1.4170(12) 1.4125(17) 1.422(6)
C(1)�C(2) 1.389(7) 1.3976(13) 1.3916(18) 1.392(6)
N(1)�Mg�N(2) 84.77(18) 90.71(4) 91.12(5) 84.94(17)
N(1)�Mg�L(1) 105.83(18) 115.30(4) 118.72(5) 91.47(17)
N(1)�Mg�L(2) 154.17(18) 117.74(4) 117.78(5) 95.44(18)
N(1)�Mg�L(3) 90.42(17) 168.27(19)
N(2)�Mg�L(1) 102.14(18) 114.19(4) 115.61(5) 149.89(18)
N(2)�Mg�L(2) 95.95(19) 124.32(4) 115.45(5) 106.43(18)
N(2)�Mg�L(3) 164.16(18) 95.24(18)
L(1)�Mg�L(2) 99.28(17) 96.24(4) 99.45(4) 103.67(18)
L(1)�Mg�L(3) 93.69(16) 82.48(17)
L(2)�Mg�L(3) 81.89(17) 95.75(17)
C(1)�N(1)�Mg 107.9(3) 102.89(6) 101.57(8) 105.9(3)
C(13)�N(1)�Mg 130.2(3) 139.01(7) 140.86(9) 137.8(3)
C(2)�N(2)�Mg 106.0(3) 103.40(6) 101.49(8) 106.8(3)
C(25)�N(2)�Mg 134.2(4) 138.08(7) 139.82(9) 134.3(3)

[a] For 1 and 5 L(1), L(2), L(3) are O(1), O(2), O(3) and N(3), N(4),
N(5), respectively; for 3a and 3b L(1) and L(2) are O(1) and O(2).

Figure 7). One can suggest that in solutions of the com-
pounds, the structures may interconvert by splitting off and
recoordinating a THF ligand, thus forming four-coordinate
species B and B� as intermediates (Scheme 2). We propose
such a process in order to explain the broadened aryl sig-
nals in the 1H NMR spectrum of 1 (see below).

(2,6-iPr2C6H3-BIAN)Mg(py)3·(py)2 (5): The structure of
complex 5 (Figure 6) corresponds with the trigonal-bipyr-
amidal structures of the five-coordinate complexes 1 and 4
except that the axial and equatorial positions in 5 are not
as pronounced as in 1 and 4. The axial positions of N(1)
and N(5) are apparent from the angle N(1)�Mg�N(5) of
168.3°, but the distances of N(1) and N(5) to the mag-
nesium atom [Mg�N(1) 2.103 Å, Mg�N(5) 2.271 Å] do
not differ all that much from those of the other three
N�Mg distances [Mg�N(2) 2.071, Mg�N(3) 2.198 Å,
Mg�N(4) 2.212 Å]. The sum of the bond angles between
the Mg atom and N(2), N(3), and N(4) is exactly 360°, thus
indicating that the Mg atom lies perfectly in the equatorial
plane of the bipyramid. The bite angle N(1)�Mg�N(2)
(84.9°) can be considered to be equal to that in complex 1
(84.8°). A closer inspection of the crystal structure of 5
shows that one of the CH3 groups of the 2,6-iPr2C6H3-
BIAN ligand is turned towards the magnesium atom, but
keeps away from the metal by � 3 Å (Figure 8). In the case
of complex 1 this contact is less evident due to the over-
crowding around the magnesium atom arising from the
shorter Mg�O distances and the non-flat shape of the
THF ligands.
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Table 4. Selected Bond lengths (Å) and Angles (deg) for Ca com-
plexes 2 and 4

2 4

Ca�N(1) 2.396(2) 2.2901(18)
Ca�N(2) 2.382(2) 2.3454(18)
Ca�C(1) 3.118(2) 3.041(2)
Ca�C(2) 3.123(2) 3.056(2)
Ca�O(1) 2.4101(18) 2.3368(16)
Ca�O(2) 2.439(2) 2.3380(17)
Ca�O(3) 2.4578(19) 2.4449(17)
Ca�O(4) 2.6187(18)
N(1)�C(1) 1.391(3) 1.384(3)
N(1)�C(13) 1.423(3) 1.407(3)
N(2)�C(2) 1.402(3) 1.384(3)
N(2)�C(25) 1.418(3) 1.405(3)
C(1)�C(2) 1.409(3) 1.397(3)
N(1)�Ca�N(2) 75.76(7) 77.04(6)
N(1)�Ca�O(1) 91.27(7) 115.23(6)
N(1)�Ca�O(2) 91.11(7) 140.12(7)
N(1)�Ca�O(3) 117.68(7) 93.31(6)
N(1)�Ca�O(4) 163.44(7)
N(2)�Ca�O(1) 106.00(7) 102.12(6)
N(2)�Ca�O(2) 160.10(7) 98.00(7)
N(2)�Ca�O(3) 90.66(7) 166.24(6)
N(2)�Ca�O(4) 111.68(7)
O(1)�Ca�O(2) 88.91(7) 104.55(7)
O(1)�Ca�O(3) 149.70(7) 90.82(6)
O(1)�Ca�O(4) 72.60(6)
O(2)�Ca�O(3) 82.17(7) 83.03(6)
O(2)�Ca�O(4) 85.02(7)
O(3)�Ca�O(4) 77.80(6)
C(1)�N(1)�Ca 107.85(14) 109.19(13)
C(13)�N(1)�Ca 135.38(16) 129.79(13)
C(2)�N(2)�Ca 108.47(14) 107.20(13)
C(25)�N(2)�Ca 133.24(16) 133.49(14)

Figure 2. PLATON plot[21] of the molecular structure and the num-
bering scheme of 1; all hydrogens and the carbon atoms of the
THF ligands have been omitted

NMR Studies on Solutions of 1 and 5: The solution be-
haviour of the five-coordinate complexes 1 in [D8]THF and
5 in [D5]pyridine is rather different. The broadening of the
aromatic signals in the 1H NMR spectrum of 1 (see Fig-
ure 9a) can be explained by a dynamic process in the metal
coordination sphere connected with a change in the coordi-
nation number of the magnesium atom from five to four
(Scheme 2). Similar processes have been observed for THF
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Figure 3. PLATON plot[21] of the molecular structure and the num-
bering scheme of 2; all hydrogens and the carbon atoms of the
THF ligands have been omitted

Figure 4. PLATON plot[21] of the molecular structure and the num-
bering scheme of 3a; all hydrogens and the carbon atoms of the
THF ligands have been omitted

Figure 5. PLATON plot[21] of the molecular structure and the num-
bering scheme of 4; all hydrogens and the carbon atoms of the
THF ligands have been omitted

solutions of the β-diketiminato complexes (2,6-
iPrC6H3NCMe)2CHMgR (R � N-iPr2, O-tBu).[15e] The
change in the coordination number of the magnesium ef-
fects the electronic properties of the planar diiminoace-
naphthene system and explains the broadening of its proton
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Figure 6. PLATON plot[21] of the molecular structure and the num-
bering scheme of 5; all hydrogens and the carbon atoms of the py
ligands have been omitted

Figure 7. Comparison of the main bond lengths (Å) and angles
(deg) in 1�5
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Figure 8. View of 5, emphasising the tendency of one CH3 group
to interact with the Mg atom

Figure 9. 1H NMR spectra (200 MHz) of 1 in [D8]THF (a) and C6D6 (b) and of 5 in [D5]pyridine (c) and C6D6 (d)
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signals. Since the 2,6-iPr2C6H3 groups are attached in an
almost orthogonal fashion to the five-membered metallacy-
cle C2N2Mg [due to the restricted rotation around the
C(ipso)�N bond] the electronic changes at the metal do not
influence the 2,6-iPr2C6H3 groups substantially, thus caus-
ing a normal shape of the isopropyl methyl and the isopro-
pyl methine signals (two doublets and a septet, respec-
tively). On going from THF to benzene as the solvent, the
NMR spectrum of 1 does not change significantly. At this
point it should be noted that the 1H NMR spectrum of
(2,6-iPrC6H3-BIAN)Mg(THF)2·(C6H6)1/2 (3a) (Figure 9b),
containing four-coordinate magnesium, does not indicate
the formation of a three-coordinate species by splitting off
of one of the two THF ligands.

The 1H NMR spectrum of 5 in [D5]pyridine (Figure 9c)
exhibits four isopropyl methyl signals of different intensity
at δ � 1.26 (bs), 1.19 (d), 1.13 (d), and 0.86 ppm (bs), two
of which are significantly broadened. The isopropyl meth-
ine proton signal centred at δ � 3.84 ppm (spt) corresponds
to the two methyl doublets at δ � 1.19 and 1.13 ppm,
whereas the chemical shift of the methine proton signal cor-
responding to the two broadened isopropyl methyl signals is
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impossible to ascertain because of its extreme broadening.
However, in the 1H NMR spectrum of 5 in C6D6 (Fig-
ure 9d), the two methine proton signals corresponding to
the four isopropyl methyl proton signals at δ � 1.38 (bs),
1.21 (d), 1.12 (d), and 0.91 ppm (bs) can be located at δ �
3.93 (bs) and 3.59 ppm (spt). In this case, the four methyl
signals are approximately of equal intensity, whereas in the
spectrum of 5 recorded in pyridine (Figure 9c), the broad-
ened methyl signals are more intense. For comparison, in
the 1H NMR spectrum of the free 2,6-iPr2C6H3-BIAN li-
gand in [D5]pyridine three signals represent the isopropyl
protons, two doublets at δ � 1.27 (12 H) and 1.07 ppm (12
H) for the methyl protons and a septet at δ � 3.24 ppm (4
H) for the methine protons. The difference in the integrals
of the four methyl signals in the spectra of 5 in [D5]pyridine
and in C6D6 evidently indicates the presence of two differ-
ent species in both solutions. When using pyridine as the
solvent for 5, the removal of one of the three pyridine li-
gands from the magnesium atom, and thus the formation
of a four-coordinate species, as discussed in the case of
complex 1 for a THF ligand (see Scheme 2), should be con-
siderably suppressed. Furthermore, the Mg�N(py) bonds
are stronger than the Mg�O(THF) bonds due to the higher
donor strength of pyridine compared to THF (33.1 and
20.0, correspondingly vs. SbCl5).[23] Therefore, we suggest
that besides the dynamic dissociation-recoordination pro-
cess connected with a change in the coordination number
of the magnesium atom, a second process (slow on the
NMR time scale) will take place in solutions of 5 in pyri-
dine, as well as in benzene, consisting of a distortion of the
coordination sphere of the metal without a change of its
coordination number. In the case of 5, the well-known
Berry pseudorotation[24,25] of five-coordinate complexes
cannot serve as an explanation because of the constraints
imposed by the chelating ring system and the molecular
structure of 5, which is best described as a distorted trigonal
bipyramid and not as a square pyramid. We therefore sup-
pose that in solutions of 5, a distortion of the trigonal bi-
pyramid occurs, in the course of which the nitrogen atoms
N(1) and N(2) change their positions from axial to equa-
torial and vice versa (Scheme 3). A weak interaction be-
tween the Mg atom and the CH3 groups may play some
role in this process.

Conclusion

We have synthesised and characterised magnesium and
calcium complexes with the dianionic 1,2-bis[(2,6-diisopro-
pylphenyl)imino]acenaphthene ligand. The sterically de-
manding substituents at both nitrogen atoms cause the for-
mation of monomeric species. In the near future, we intend
to investigate the reactivity of these complexes towards dif-
ferent organic substrates, such as ketones, organic halides
and unsaturated organic compounds in order to find out
whether these magnesium and calcium complexes may serve
as one- and two-electron reductants. Preliminary studies
have shown that the reactions of complex 1 with Ph2C�O
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Scheme 3

or Me3SiCl afford a pinacone coupling product or a prod-
uct formed by the two-electron oxidative addition of Me3Si-
Cl to the complex, respectively.

Experimental Section

General Remarks: All manipulations were carried out under vac-
uum in Schlenk tubes. Tetrahydrofuran and benzene were distilled
from sodium/benzophenone. Pyridine was distilled and further
treated with small amounts of sodium and then condensed in vacuo
immediately prior to use. The deuterated solvents [D8]THF, C6D6,
and [D5]pyridine (Aldrich) were dried at ambient temperature over
sodium/benzophenone (THF, benzene) or sodium (pyridine) and,
just prior to use, condensed under vacuum into the NMR tubes
containing the compounds. Melting points were measured in
sealed capillaries. 1,2-Bis[(2,6-diisopropylphenyl)imino]acenaph-
thene (2,6-iPr2C6H3-BIAN) was prepared according to the pub-
lished procedure.[7a] The excess of Mg and Ca left after the prep-
aration of 1 and 2 was used without further activation by CH2I2

for the repeated synthesis of these complexes. The IR spectra were
recorded on a Specord M80 spectrometer and the UV/Vis spectra
on a Specord M80. The 1H and 13C{1H} NMR spectra were re-
corded on a Bruker DPX-200 NMR spectrometer (1H, 200 MHz;
13C, 50.32 MHz). Chemical shifts are reported in ppm relative to
the 1H and 13C{1H}- residues of the deuterated solvents.

(2,6-iPr2C6H3-BIAN)Mg(THF)3 (1): Magnesium shavings (2.4 g,
100 mmol) and CH2I2 (0.8 g, 2.98 mmol) were placed in a Schlenk-
like ampoule (ca. 100 mL volume) equipped with a Teflon stop-
cock. After evacuation of the ampoule (10�1 Torr within ca. 1 min),
THF (40 mL) was added by condensation and the mixture was
stirred for 2 h. The MgI2(THF)n formed was decanted together
with the solvent and the residual metal was washed three times
with THF (40 mL). A suspension of 2,6-iPr2C6H3-BIAN (0.5 g,
1.0 mmol) in THF (30 mL) was then added to the activated mag-
nesium metal and the mixture was refluxed. In the course of about
10 min reflux, the reaction mixture turned deep green. The solution
was then cooled to ambient temperature and decanted from the
excess of magnesium. Crude 1 (0.69 g, 93%) was obtained as a
deep-red crystalline solid on removal of the volatiles from the solu-
tion in vacuo. Recrystallisation of 1 from THF (15 mL) yielded
large block-like crystals (0.27 g, 37%) and further 1 (0.31 g, 42%)
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was obtained by concentration of the mother liquor. M.p. 176 °C
(decomp.). 1H NMR ([D8]THF, 20 °C): δ � 8.0�4.5 (br. m, 12 H,
Carom), 3.85 (spt, 4 H, CHMe2), 3.61 [m, 8 H, α-CH2(THF)], 3.58
[s, 8 H, α-CH2(THF)], 1.76 [m, 4 H, β-CH2(THF)], 1.73 [s, 4 H, β-
CH2(THF)], 1.16 [d, 3J � 8.0 Hz, 12 H, CH(CH3)2], 1.03 [d, 3J �

6.0 Hz, 12 H, CH(CH3)2]. IR (Nujol): ν̃ � 1580 s, 1410 s, 1315 vs,
1250 s, 1170 m, 1105 w, 1020 s, 910 m, 875 s, 800 m, 760 vs, 615 m
cm�1. UV/Vis (THF, 20 °C): λmax � 822, 370 nm. C48H64MgN2O3

(741.32): calcd. C 77.77, H 8.70, Mg 3.28; found C 77.02, H 8.13,
Mg 3.26.

(2,6-iPr2C6H3-BIAN)Ca(THF)4·(THF)1/2 (2): Calcium metal gran-
ules (5.5 g, 137 mmol) were activated by CH2I2 (0.8 g, 2.98 mmol)
as described for 1. The activated Ca was treated with 2,6-iPr2C6H3-
BIAN (0.5 g, 1.0 mmol) in THF (30 mL) and the mixture was
stirred under reflux for 1 h. After cooling the mixture to ambient
temperature, the solution was decanted from the excess of Ca me-
tal. Evaporation of the solvent in vacuo afforded 0.75 g (85%) of
crude 2 as deep-red crystals. Analytically pure, black coloured 2
was isolated by concentration of the decanted solution under reflux
to 15 mL and cooling of the concentrate to ambient temperature.
M.p. �160 °C (decomp.). 1H NMR ([D8]THF, 20 °C): δ � 8.0�5.0
(br. m, 12 H, Carom), 3.9 (br. m, 4 H, CHMe2), 3.63 (m, 8 H, α-
CH2(THF)], 3.60 [s, 8 H, α-CH2(THF)], 1.78 [m, 8 H, β-
CH2(THF)], 1.75 [s, 8 H, β-CH2(THF)], 1.18 [s, 24 H, CH(CH3)2].
IR (Nujol): ν̃ � 1585 s, 1405 s, 1310 vs, 1250 s, 1170 m, 1100
w, 1020 m, 1010 m, 910 m, 870 s, 800 m, 760 vs, 620 m cm�1.
C52H72CaN2O4(C4H8O)1/2 (865.25): calcd. C 74.96, H 8.85, Ca
4.63; found C 74.13, H 8.47, Ca 4.41.

(2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)1/2 (3a): Complex 1 (0.69 g,
0.93 mmol) dried in vacuo for 1 h, was dissolved in benzene
(20 mL) and the solution was heated to 70�80 °C. The volume of
the green benzene solution was than reduced to 10 mL by evapor-
ation in vacuo at 70 °C. After cooling the solution to ambient tem-
perature khaki-green crystals of 3a (0.31 g, 47%) separated within
24 h. M.p. � 260 °C. 1H NMR (C6D6, 20 °C): δ � 7.38�7.20 (m,
6 H, Carom), 7.02�6.87 (m, 4 H, Carom), 6.29 (d, 3J � 8.0 Hz, 2 H),
3.99 (spt, 4 H, CHMe2), 3.30 [s, 8 H, α-CH2(THF)], 1.41 [d, 3J �

6.0 Hz, 12 H, CH(CH3)2], 1.23 [d, 12 H, 3J � 6.0 Hz, CH(CH3)2],
1.08 [s, 4 H, β-CH2(THF)]. IR (Nujol): ν̃ � 1605 w, 1575 s, 1415
vs, 1300 vs, 1250 s, 1170 m, 1100 w, 1020 s, 910 m, 905 s, 870 s,
800 m, 760 vs, 680 s, 615 m cm�1. UV/Vis (C6H6, 20 °C): λmax �

750, 370 nm. C44H56MgN2O2(C6H6)1/2 (708.27): calcd. C 79.70, H
8.40, Mg 3.43; found C 78.61, H 7.48, Mg 3.29.

(2,6-iPr2C6H3-BIAN)Mg(THF)2·(C6H6)2 (3b): Complex 1 (0.65 g,
0.87 mmol) was heated in vacuo to 80 °C for 10 min. The solid was
then dissolved in hot benzene (20 mL) and after its dissolution the
solvent was evaporated in vacuo. The remaining solid was redis-
solved in hot benzene (20 mL), followed by evaporation of the sol-
vent. The residue was crystallised from benzene (10 mL) at ambient
temperature affording 0.25 g (34%) of 3b as thin emerald-green
crystals. M.p. ca. 180 °C (decomp.). 1H NMR (C6D6, 20 °C): δ �

7.38�7.20 (m, 6 H, Carom), 7.02�6.87 (m, 4 H, Carom), 6.29 (d,
3J � 8.0 Hz, 2 H), 3.99 (spt, 4 H, CHMe2), 3.30 [s, 8 H, α-
CH2(THF)], 1.41 [d, 3J � 6.0 Hz, 12 H, CH(CH3)2], 1.23 [d, 3J �

6.0 Hz, 12 H, CH(CH3)2], 1.08 [s, 4 H, β-CH2(THF)] ppm. IR (Nu-
jol): ν̃ � 1580 s, 1415 vs, 1300 vs, 1250 s, 1170 m, 1100 w, 1020 s,
910 m, 905 s, 870 s, 800 m, 760 vs, 680 vs, 615 m cm�1. UV/Vis
(C6H6, 20 °C): λmax � 750, 370 nm. C44H56MgN2O2(C6H6)2

(825.43): calcd. C 81.48, H 8.30, Mg 2.94; found C 81.67, H 7.88,
Mg 2.62.

(2,6-iPr2C6H3-BIAN)Ca(THF)3 (4): Crude 2 (0.7 g, 0.81 mmol) was
dried in vacuo at ambient temperature for 10 min and was then
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dissolved in hot benzene (15 mL; 60�80 °C). Cooling the benzene
solution to ambient temperature caused the precipitation of 4 as
deep red-brown crystals within 36 h (0.38 g, 63%). M.p. 178 °C
(decomp.). 1H NMR (C6D6, 20 °C): δ � 7.38�7.21 (m, 6 H, Carom),
6.99�6.88 (m, 4 H, Carom), 6.35 (d, 3J � 6.0 Hz, 2 H), 3.98 (spt, 4
H, CHMe2), 3.39 [s, 12 H, α-CH2(THF)], 1.41 [d, 3J � 6.4 Hz, 12
H, CH(CH3)2], 1.32 [d, 3J � 6.6 Hz, 12 H, CH(CH3)2], 1.17 [s, 4
H, β-CH2(THF)]. IR (Nujol): ν̃ � 1580 s, 1550 w, 1400 vs, 1320
vs, 1220 s, 1170 m, 1100 w, 1020 s, 910 s, 870 s, 850 s, 800 s, 755
vs, 680 w, 610 m cm�1. C48H64CaN2O3 (757.09): calcd. C 76.15, H
8.52, Ca 5.29; found C 75.94, H 8.13, Ca 4.89.

(2,6-iPr2C6H3-BIAN)Mg(py)3·(py)2 (5): Crude 1 (0.65 g,
0.87 mmol) was dissolved in pyridine (30 mL) and the solution was
heated to 60 °C. The brown solution formed was concentrated to
10 mL by evaporation of the solvent in vacuo. After one day, black
crystals of 5 (0.56 g, 69%) had precipitated. M.p. 171 °C (decomp).
1H NMR (C6D6, 20 °C): δ � 3.93 [s, 4 H, CH(CH3)2], 3.59 [spt,
3J � 6.0 Hz, 4 H, CH(CH3)2], 1.38 [br. s, 12 H, CH(CH3)2], 1.21
[d, 3J � 6.6 Hz, 12 H, CH(CH3)2], 1.12 [d, 3J � 6.8 Hz, 12 H,
CH(CH3)2], 0.91 [br. s, 12 H, CH(CH3)2] ppm; the signals of the
aromatic protons are broadened and covered by the pyridine reson-
ances. IR (Nujol): ν̃ � 1600 m, 1580 vs, 1485 m, 1310 vs, 1250 s,
1210 m, 1170 s, 1100 w, 1070 m, 1040 m, 990 w, 910 s, 890 w, 800
m, 750 vs, 705 vs cm�1. C51H55MgN5(C5H5N)2 (920.51): calcd. C
79.59, H 7.12, Mg 2.64; found C 78.94, H 6.82, Mg 2.63.

Single-Crystal X-ray Structure Determination of 1�5: The crystal
data and details of data collection are given in Table 1 and 2. The
data for 1, 2, 5, and 3a, 3b, 4 were collected on a SMART CCD
and a SMART APEX diffractometer, respectively (graphite-mon-
ochromated Mo-Kα radiation, ω- and ψ-scan technique, λ�

0.71073 Å). The structures were solved by direct methods using
SHELXS-97[26] and were refined on F2 using all reflections with
SHELXL-97.[27] All non-hydrogen atoms were refined aniso-
tropically and the hydrogen atoms were placed in calculated posi-
tions and assigned to an isotropic displacement parameter of 0.08
Å2. Absolute structure parameters were determined according to
the method of Flack[28] with SHELXL-97.[27] For 1, the determi-
nation of the correct absolute structure was not possible. SAD-
ABS[29] was used to perform area-detector scaling and absorption
corrections. The geometrical aspects of the structures were analysed
with the PLATON program.[21]

CCDC-206142 (1) -206143 (2) -206144 (3a) -206145 (3b) -206146
(4) and -206147 (5) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) �44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk.
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