This article was downloaded by: [University of Haifa Library]

On: 13 August 2012, At: 20:28

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Syntheses and Physical
Properties of Ferrocene
Derivatives (XVI): Crystal
Structure of a Liquid
Crystalline Ferrocene
Derivative, 5-[4-(4-
Methoxyphenoxycarbonyl)
Phenoxycarbonyl] Pentyl4-
Ferrocenylbenzoate

Naotake Nakamura # , Terumi Takahashi ? , Kenjiro
Uno # & Tomonori Hanasaki ?

& Department of Applied Chemistry, Faculty of
Science and Engineering, Ritsumeikan University,
Shiga, Japan

Version of record first published: 18 Oct 2010

To cite this article: Naotake Nakamura, Terumi Takahashi, Kenjiro Uno & Tomonori
Hanasaki (2002): Syntheses and Physical Properties of Ferrocene Derivatives

(XVI): Crystal Structure of a Liquid Crystalline Ferrocene Derivative, 5-[4-(4-
Methoxyphenoxycarbonyl) Phenoxycarbonyl] Pentyl4-Ferrocenylbenzoate, Molecular
Crystals and Liquid Crystals, 383:1, 27-35

To link to this article: http://dx.doi.org/10.1080/713738764

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/713738764

Downloaded by [University of Haifa Library] at 20:28 13 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:28 13 August 2012

Mol. Cryst. Lig. Cryst., Vol. 383, pp. 27-35 & & Fp
Copyright © 2002 Taylor & Francis
1058-725X/02 $12.00 +.00

DOI: 10.1080/10587250290120305

.TAYy
“Sron

L o
Unded ¥

SYNTHESES AND PHYSICAL PROPERTIES OF
FERROCENE DERIVATIVES (XVI): CRYSTAL
STRUCTURE OF A LIQUID CRYSTALLINE
FERROCENE DERIVATIVE,
5-[4-(4-METHOXYPHENOXYCARBONYL)
PHENOXYCARBONYL] PENTYL
4-FERROCENYLBENZOATE

Naotake Nakamura, Terumi Takahashi, Kenjiro Uno, and
Tomonori Hanasaki
Department of Applied Chemistry, Faculty of Science and
Engineering, Ritsumeikan University, Shiga, Japan

The crystal structure of a monosubstituted ferrocene derivative, 5-[4-(4-meth-
oxyphenoxycarbonyl)phenoxycarbonyljpentyl 4-ferrocenylbenzoate was deter-
mined by the X-ray diffraction method using a single crystal. The unit cell of
the crystal contained two crystallographically unequivalent molecules, A and
B. The —C5sH ;9o— chain introduced into molecules A and B as a flexible spacer
was an all-trans conformation. Both molecules were slightly bent around the
ester group located at the nearest neighbor of the ferrocenylbenzoate section, but
the shape of the molecules could be regarded as rodlike. This compound was a
nonliquid crystalline compound,; however, its structure was similar to that of
the homologues, which gave rise to smectic liquid crystalline phases.

Keywords: ferrocene, crystal structure, monosubstituted ferrocene derivative, metallomesogen,
liquid crystal

INTRODUCTION

Metallomesogens, the liquid crystalline compounds containing a transition
metal, have been of great interest in recent years, because of their electric,
magnetic, and chromatic properties. Ferrocene is one of the metallocenes,
and it shows remarkable thermal stability and aromaticity.
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In our laboratory, a series of monosubstituted ferrocene derivatives,
w-[4-(4-methoxyphenoxycarbonyl) phenoxycarbonyl]alkyl 4-ferrocenyl-
benzoate (abbreviated hereafter as MPAF-n, where n is the number of
carbon atoms in the methylene unit) were prepared. The general chemical
structure of MPAF-n is shown in Figure 1. The liquid crystallinity of MPAF'-
n was studied using a differential scanning calorimeter (DSC), a polarizing
optical microscope (POM), wide-angle and small-angle X-ray diffraction
systems (WAXD and SAXD, respectively), a dielectric dispersion mea-
surement apparatus, and so on. Some of them (MPAF-4, 6, 8,9, 10, and 11)
exhibited liquid crystallinity [1,2].

The aims of structure analysis of liquid crystalline compounds are to gain
an understanding of the interrelation between the crystal structure and
some physical properties and to discuss the mechanism of the appearance
of the liquid crystalline phase. We have already determined the crystal
structures of MPAF-1, 2, 3, 4, 6, 7, and 11. The molecular structures of
MPAF'-1 [3] and MPAF-3 [4] were sharply bent structures. Because typical
liquid crystalline compounds are rodlike, these results suggest that it is
difficult for them to show liquid crystallinity. In fact, MPAF-1 and MPAF-3
didn’t show liquid crystallinity [1]. On the other hand, the molecular
structures of MPAF-4 [5], MPAF-6 [6], and MPAF-11 [7] could be regarded as
rodlike. In fact, they have the advantage of showing liquid crystallinity, and
they give rise to liquid crystallinity[1]. The remaining MPAF-8, MPAF-9, and
MPAF-10 showed liquid crystallinity, while MPAF-5 showed nonliquid
crystallinity. But their crystal structures have not been analyzed yet.

In this paper, the crystal structure of MPAF-5 will be presented. The
results will be discussed by comparing them with those of MPAF-n, which
has already been analyzed.

EXPERIMENTAL

The sample, MPAF-5, was synthesized in accordance with the method
mentioned in our previous paper [1]. The single crystal of the compound
was obtained from a solution with a mixed solvent of ethyl acetate and
ethanol (1:4) by the slow evaporation method. The single crystals obtained
are orange in color and platelike. The sample, which had the approximate
dimensions of 0.4 x 0.4 x 0.3 mm, was mounted on the goniometer.

Fe (s} 0 (”)
|-

FIGURE 1 General structure of MPAF-n.
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All measurements were carried out by a Rigaku AFC-5R diffractometer
operated at 50kV and 200 mA. The X-ray beam was monochromatized to
Cu-Ko (A=1.64178 A) with a graphite single crystal.

The unit cell parameters were obtained from a least-squares refinement
using the setting angle of 25 reflections in the range of 19.09° <20 <
27.36°. The data were collected at 296 + 1K using the w-scan technique
to a maximum 26 value of 140.3°.

The 7403 reflections were measured, of which 6097 were unique
(Rin:=0.017). The intensities of three representative reflections were
measured after every 150 reflections. Over the course of the data collec-
tion, the standards decreased by 3.2%. A liner correction factor was applied
to the data to account for this phenomenon. The data were corrected for
Lorentz and polarization effects and for absorption (¢ scan; minimum and
maximum transmission factors were 0.851 and 0.999, respectively.)

All calculations were performed using the TEXSAN crystallographic
software package of the Molecular Structure Corporation [8]. The structure
was solved by direct methods (MULTANSS) [9] and expanded using the
Fourier technique. All nonhydrogen atoms were refined anisotropically, and
all hydrogen atoms were refined isotropically. The hydrogen atoms were
introduced at their theoretical positions and allowed to ride with the car-
bon atoms to which they are attached. The final refinement was made
by full-matrix least-squares based on 6084 observed reflections (F 2>
—3.06 (F?)). It is better to use all FZ values for the refinement, but these
values sometimes include reflections known to suffer from systematic error.
In order to omit the reflections, we used F2> —3.06(F?) as a threshold.
The refinement was concluded with final reliability factors:

R = X(F? — F?)/SF% = 0.050  for F* > —3.00(F?),

wR = [Sw(F? — F)?/zw(F2)*)"? = 0.129,

where  the  weighted scheme w = 1/[¢?(F2) + {0.07[Max(FZ,0)
+2F?2]/3}%]. In addition, R1 value using normal threshold (F? > 2.00(F%))
based on 4423 observed reflections was also calculated:

R1 =X(|F,| — |F.)/Z|F,| = 0.039 for F*> 2.00(F?).

Final data may be obtained from the Cambridge Crystallographic Data
Center, 12 Union Road, Cambridge, CB2 1EZ, UK.

RESULTS AND DISCUSSION

Data regarding collection and refinement are summarized in Table 1.
The molecular conformation with numbering for each atom is
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TABLE 1 Summarized Data Regarding Collection and Refinement

Empirical formula Cs7Hs407Fe
Formula weight 646.52
Crystal system Monoclinic
Space group P2,
Lattice parameter

a/h 8.860(3)
b/A 9.955(4)
c/A 36.092(3)
B6/° 97.01(2)
Volume/A? 3159(1)

Z value 4
D.a/gem™ 1.359
Measured reflections 7403
Independent reflections 6097
Observed reflections (F2 —3.0(F2)) 6084

R 0.050

wR 0.129
Goodness of fit (S) 1.12
Observed reflections (F2 > 2.0(F2%)) 4423

R1 0.039

presented in an ORTEPII [10] drawing in Figures 2 and 3. The two
crystallographically unequivalent molecules, A and B, exist in the unit
cell. As is shown in these figures, these molecules are slightly bent at
around C17 and C17 atoms in MPAF-5, nearly the same as MPAF-n
(already analyzed). The defined least-squares planes and dihedral
angles are given in Table 2.

Molecular Structure

The bond distances and angles are in agreement with those of usual values
observed in organic compounds within an experimental error.

In the ferrocenyl moiety, two cyclopentadienyl rings (planes 1 and 2)
run parallel to each other with dihedral angles of 0.6(6)° and 0.9(6)° for
molecules A and B, respectively. Also, the two cyclopentadienyl rings in
both molecules have an eclipsed conformation rather than a staggered one.
The eclipsed conformation of this kind has been observed in MPAF-1, 2, 4,
6, 7 and 11, except for MPAF-3 [4]. In MPAF-5, the average values of Fe-C
and C-C bond distances are 2.02(2) A and 1.39(3) A for molecule A and
2.03(2) A and 1.40(3) A for molecule B, respectively. C-C-C bond angles in
the cyclopentadienyl rings are 108(2)° for both molecules A and B. These
values were in good agreement with those of ferrocene from Dunitz et al.
[11] within an experimental error.
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FIGURE 2 ORTEPII [10] view of the molecular structure in MPAF-5 (molecule A),
(a) showing the crystallographic numbering scheme, (b) overview onto the cyclo-
pentadienyl rings, and (c¢) side view onto the cyclopentadienyl rings.

In the mesogenic group, the dihedral angles of two phenyl rings (planes
4 and 5) are calculated to be 78.5(5)° and 74.8(5)° for molecules A and B,
respectively. These values are relatively large, especially 78.5(5)° for
molecule A, which is the largest one in those of MPAF-n already analyzed.
Table 3 shows the dihedral angles obtained from our previous work on
MPAF'-n [3—7, 12]. The average dihedral angle of liquid crystalline MPAF-n
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FIGURE 3 ORTEPII [10] view of the molecular structure in MPAF-5 (molecule B),
(a) showing the crystallographic numbering scheme, (b) overview onto the cyclo-
pentadienyl rings, and (c) side view onto the cyclopentadienyl rings.

was 61.21° [5]. As is easily seen, those of rodlike nonliquid crystalline
MPAF-2 and MPAF-7 are larger than those of liquid crystalline MPAF-n.
Probably the large dihedral angle prevents an attractive interaction
between the phenyl benzoate groups in the neighboring molecules.
Therefore, these large values may be related to the disappearance of
liquid crystallinity.
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TABLE 2 Dihedral Angles Between Least-squares Planes

Least-Squares Planes

Plane No. Molecule A Molecule B

Plane 1 substituted Cp-ring substituted Cp-ring
Plane 2 unsubstituted Cp-ring unsubstituted Cp-ring
Plane 3 phenyl ring (C11 ~C16) phenyl ring (C11’ ~C16")
Plane 4 phenyl ring (C24 ~ C29) phenyl ring (C24’ ~ C29")
Plane 5 phenyl ring (C31 ~ C36) phenyl ring (C31’' ~ C36")

Dihedral angle/ °

Plane Molecule A Molecule B
Plane 1-Plane 2 0.6(6) 0.9(6)
Plane 1-Plane 3 14.0(5) 12.4(5)
Plane 4-Plane 5 78.5(5) 74.8(5)

Crystal Structure

The crystal structures placed onto the projections of the a-c plane and b-¢
plane are shown in Figures 4 and 5. The molecules are packed in an anti-
parallel fashion along the long crystallographic c-axis. That is, the mole-
cules are arranged in pairs in a head-to-head manner. The molecular
arrangement allows compact packing in the crystal structure, which is an
effective occupation of the space. As is mentioned above, the molecules are
slightly bent around the ester group located at the nearest neighbor of the
ferrocenylbenzoate section. This slight bending of the molecular structure
also contributes effectively to compact packing of the molecules in the
crystal. As a result, a layer structure was formed in the crystal. The present

TABLE 3 Dihedral Angles of Two Phenyl Functions
Introduced in Mesogenic Unit

Dihedral angle/®

MPAF-1 6.0(9)
MPAF-2 77.3(2)
MPAF-3 49.3(2)
MPAF-4 69.4(1)
MPAF-5 (A)78.5(5), (B)T4.8(5)
MPAF-6 68.7(3)
MPAF-7 (A)72.5(7), (B)T3.2(T)

MPAF-11 45.4(10)
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FIGURE 4 Crystal structure of MPAF-5, the projection of the a-c plane.

structure is somewhat similar to that of the smectic one, as is easily
understood from Figures 4 and 5.

In the crystal structures of liquid crystalline MPAF-n, carbonyl oxygen
atoms induced the dipole-dipole interactions between the neighboring
molecules. Depending on the existence of these dipole-dipole interactions,
intermolecular attractions and molecular orientation became stronger. In
contrast, MPAF-5 and other nonliquid crystalline MPAF-n do not have such
dipole-dipole interactions. Therefore, it is considered that these interac-
tions affect the appearance of liquid crystallinity.

In addition to the above discussion, one more interesting relation has to
be noted. It seems likely that a relation exists between the space group of
the crystal and the appearance of liquid crystallinity. The crystal structures

FIGURE 5 Crystal structure of MPAF-5, the projection of the b-¢ plane.



Downloaded by [University of Haifa Library] at 20:28 13 August 2012

L.C. of Ferrocene Derivatives (XVI) 35

of MPAF-1 [3], MPAF-2 [12], MPAF-3 [4], MPAF-4 [5], MPAF-6 [6], MPAF-7
[13] and MPAF-11 [7] have already been analyzed in our laboratory.
According to these results, all compounds which show liquid crystallinity
have P2,/a as the space group, while the compounds which have no liquid
crystalline phase, that is MPAF-1, MPAF-3 and MPAF-7, have different
space groups C2/c for MPAF-1 and MPAF-3, and P-1 for MPAF-7. The space
group of MPAF-5 analyzed in this study was P2;. This suggests that
MPAF-5 shows nonliquid crystallinity. In fact, MPAF-5 gave rise to non-
liquid crystallinity. This may be another important point for the appearance
of the liquid crystallinity of MPAF-n.
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