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The molecular and crystal structures of 1,10-disubstituted
ferrocene derivative, 1,10-bis[2-[4-(4-methoxyphenoxycarbon-
yl)phenoxy]ethoxycarbonyl]ferrocene (bMAF-2) were deter-
mined by X-ray diffraction method using the single crystals.
The trans conformation (novel ‘‘Z’’ shape) in which the two sub-
stituents existed in the opposite directions was found out newly.
The structure was different from the cis conformation (‘‘U’’
shape) and the trans conformation (‘‘S’’ shape) reported already.
It may be one of the most important reasons why bMAF-2 (‘‘Z’’
shape) shows no liquid crystallinity that the ratio of the width to
length is rather large compared with those of other liquid crystal-
line homologues (‘‘U’’ shape and ‘‘S’’ shape).

Liquid crystalline compounds have a rod-like molecular
shape, basically. If a transition metal introduced into an organic
compound containing mesogenic group, it may be expected that
the molecule show not only liquid crystallinity but also interest-
ing physical properties such as electro-conductivity. In order to
introduce the transition metal, it is convenient to use ferrocene in
which an iron atom exists. However, we have some doubt wheth-
er the molecular shape is rod-like or not, because ferrocene
molecule is bulky. In our laboratory, the relation between the
molecular shape and liquid crystallinity has been examined from
a structural viewpoint.

Liquid crystalline ferrocene derivative was firstly observed
in monosubstituted one.1 After that, many different kind of
ferrocene derivatives, not only the monosubstituted derivatives
but also disubstituted ones, have been synthesized from the point
of view of liquid crystals. Disubstituted ferrocene derivatives
can be classified into three types, 1,2-, 1,3-, and 1,10-disubstitut-
ed ones, according to the position of the substituents. Structure
analyses of 1,3- and 1,10-disubstituted ferrocene derivatives have
been carried out by other workers. It has already been reported
that the molecular structures of liquid crystalline 1,3-disubstitut-
ed ferrocene derivative was ‘‘T’’ shape conformation2 and that of
1,10-disubstituted one was ‘‘S’’ shape conformation.3 But not so
many structural results have been reported hitherto.

A series of disubstituted ferrocene derivatives, 1,10-bis[!-
[4-(4-methoxyphenoxycarbonyl)phenoxy]alkoxycarbonyl]ferro-
cene (abbreviated hereafter as bMAF-n, n ¼ 2{12, where n is
the number of carbon atoms in the flexible methylene unit) were
prepared in our laboratory. The general chemical structure of
bMAF-n is shown in Figure 1. Characterization of bMAF-n
was carried out using a differential scanning calorimeter
(DSC), a polarizing optical microscope (POM), and a small-
angle X-ray diffraction system (SAXD). Nine members of the
eleven compounds showed liquid crystallinity. The liquid crys-
talline phases were identified as a nematic (n ¼ 3 and 5–12), a

smectic C (n ¼ 5{12) and a smectic F or I (n ¼ 11 and 12).4,5

In order to clarify an interrelation between the structure and
some physical properties and to discuss a mechanism of the ap-
pearance of liquid crystalline phase, we have already determined
the crystal structure of bMAF-5. The molecular structure of
bMAF-5 was the trans conformation (‘‘S’’ shape), as was expect-
ed in general.6

In addition, we have analyzed the crystal and molecular
structures of bMAF-10 (which is a homologous compound of
bMAF-5) by X-ray diffraction method, and the result was report-
ed in this journal recently.7 The molecule was assumed to be
‘‘U’’ shape conformation. The ‘‘U’’ shape conformation is some-
times found out in the 1,2-benzene derivatives.8 But as cyclopen-
tadienylrings in the ferrocene have a rotational freedom in some
degree around a molecular axis through the two rings and iron
atom, the ‘‘U’’ shape conformation of bMAF-10 is very unique
one. The ‘‘U’’ shaped molecular structure of 1,10-disubstituted
ferrocene derivative was reported by other workers already,
but water molecules were included in the crystal.9 Therefore,
the ‘‘U’’ shape conformation of bMAF-10 in liquid crystalline
1,10-disubstituted ferrocene compounds is the first time, as far
as we know.

These results obtained suggest that the conformation of
bMAF-n seems like to depend on the length of the flexible
spacer. Therefore, it is expected that bMAF-2 (which is a homo-
logue of bMAF-5 and 10) may show the ‘‘S’’ shape conforma-
tion, because the length of the flexible spacer is rather short.
In addition, it is interesting in the structure of bMAF-2, because
the compound shows no liquid crystallinity. In this study, the
crystal and molecular structures of bMAF-2 were determined
by X-ray diffraction method.

The sample, bMAF-2, was synthesized in accordance with
the method mentioned in our previous paper.4 The single crystal
of the compound was obtained from a solution with a mixed sol-
vent of dichloromethane and ethanol (1:1) by the slow evapora-
tion method. The single crystals are orange in color and plate-
like. The sample, which had the approximate dimensions of
0:65� 0:26� 0:05mm3, was mounted on the goniometor.

Figure 210 shows the molecular structure of bMAF-2. It is
considered that the conformation of 1,10-disubstituted ferrocene
derivatives, of which spacer length is shorter than that of bMAF-
5, may assume ‘‘S’’ shape conformation, mentioned above. The
molecular structure of bMAF-2 shown in Figure 2 is similar, but
not the same, to ‘‘S’’ shape conformation observed in bMAF-5.
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Figure 1. The general structure of bMAF-n.
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This compound revealed very interesting feature. As far as we
know, this unique structure of bMAF-2 was novel one. This is
the first time in 1,10-disubstituted ferrocene derivatives contain-
ing mesogenic groups. Therefore, this structure is named the ‘‘Z’’
shape conformation by present authors. The skeleton of the
methylene chain had gauche conformations at C(6)–O(1)–
C(7)–C(8) and O(1)–C(7)–C(8)–O(3). Therefore, the methylene
chain is bended to ferrocene side. In mesogenic moiety, the di-
hedral angle of two phenyl rings, (C9–C14)–(C16–C21) was
79.6�(8). This value of the angle is similar to that of monosubsti-
tuted ferrocene derivative containing propyl moiety as the flex-
ible spacer. Its value is 77.3�.12 Such rather large dihedral angles
may be regarded as one of the reason why the compound do not
show liquid crystallinity as was explained in the paper.

The molecular packing of bMAF-2 in the crystal is shown in
Figure 3. In the crystal, the molecules in a layer leaned greatly to
a axis. This packing closely resemble in that of monosubstituted
ferrocene derivative mentioned above.12 These complicated mo-
lecular packing may be another reason why these compounds are
non-liquid crystals.

The more detailed discussion of the relation between the
molecular and crystal structures and the appearance of liquid
crystallinity is now in progress.
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Figure 2. ORTEP-311 view of the molecular structure exclud-
ing hydrogen atoms in bMAF-2. Thermal ellipsoids are drawn
at 50% probability. (a) Showing the crystallographic numbering
scheme, (b) side view onto the cyclopentadienyl rings, and
(c) overview onto the cyclopentadienyl rings.
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Figure 3. The crystal structure of bMAF-2, the projection of
a–c plane.

Chemistry Letters Vol.34, No.11 (2005) 1545

Published on the web (Advance View) October 15, 2005; DOI 10.1246/cl.2005.1544


