This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Kojic acid—a new fragment for the preparation of bent-core mesogens
K. Pelz?; S. Findeisen®; G. Pelzl*; S. Diele*; W. Weissflog®

* Institut fur Physikalische Chemie, Martin-Luther-Universitit Halle-Wittenberg, 06108 Halle,
Mihlpforte 1, Germany

To cite this Article Pelz, K., Findeisen, S. , Pelzl, G. , Diele, S. and Weissflog, W.(2006) 'Kojic acid—a new fragment for the
preparation of bent-core mesogens', Liquid Crystals, 33: 7, 803 — 809

To link to this Article: DOI: 10.1080/02678290600723112
URL: http://dx.doi.org/10.1080/02678290600723112

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290600723112
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 58 25 January 2011

Downl oaded At:

Liquid Crystals, Vol. 33, No. 7, July 2006, 803-809

Taylor & Francis
Taylor b Francis Group

Kojic acid—a new fragment for the preparation of bent-core
mesogens

K. PELZ, S. FINDEISEN, G. PELZL, S. DIELE and W. WEISSFLOG*
Institut fiir Physikalische Chemie, Martin-Luther-Universitdt Halle-Wittenberg, 06108 Halle, Miihlpforte 1, Germany

(Received 30 January 2006, accepted 1 March 2006 )

Kojic acid was used to synthesize bent-core mesogens. Antiferroelectric polar smectic
mesophases, an oblique and a rectangular columnar mesophase were found. The mesophases
were characterized by X-ray scattering, electro-optical measurements, polarizing microscopy
and DSC. On the base of these measurements, models of the mesophases are proposed.

1. Introduction

Over the last decade the mesophases of bent-core
compounds have attracted growing interest because of
their unusual physical properties [1, 2]. Due to their
bent molecular shape, the molecules favour a polar
packing in layers, which gives rise to the existence of a
spontaneous polarization of the layers and to ferro- and
antiferro-electric properties. In tilted smectic phases the
combination of polar order and director tilt leads to the
formation of chiral structures [3], despite the arrange-
ment involving exclusively achiral molecules. The most
common switchable, polar chiral phase of bent-core
mesogens is the SmCP phase. Predominately, this phase
has an antiferroelectric ground state (SmCP, phase)
which can be switched into ferroelectric states.
Depending on the tilt directions (synclinic, anticlinic)
these states can be racemic (this means that the
handedness of the chiral alignment changes from layer
to layer leading to a macroscopic achiral state), or
homochiral (homogeneous handedness of the chiral
alignment of successive layers in a domain).

The escape from a bulk spontaneous polarization
cannot be achieved only by an antiferroelectric structure
but also by a modulation of the layers leading to two-
dimensional structures. Such columnar phases have
been frequently observed among the phases of bent-core
compounds. There are rectangular columnar phases
(Col,), formerly called ‘B;’ phases; There are also
several examples of the oblique columnar phase, being
the high temperature phase above a SmCP phase. The
columns are represented by layer fragments, whose
polar axis is perpendicular to the lattice vectors.

*Corresponding author. Email: wolfgang.weissflog@chemie.
uni-halle.de

Usually banana-shaped mesogens are built up from
two mesogenic groups linked via a rigid group in such a
way as not to be colinear. In most cases, such rigid
central groups are aromatic one- or two-ring systems,
e.g. 1,3-phenylene or 2,7-naphthylene units; but the
insertion of other bent moieties has also been reported,
for example Pelz et al. [4] started from 4-hydroxybenzyl
alcohol as the central core. In the present paper kojic
acid was used in the preparation of bent-core mesogens
for the first time. It should be mentioned that liquid
crystalline compounds derived from kojic acid have not
been reported previously. Formally, the kojic acid unit
introduces an additional dipole moment into the central
part of the bent molecule. Furthermore, the aromatic
character of the heterocyclic 4-pyrone is reduced in
comparision with benzene. The insertion of heterocyclic
rings in bent-core mesogens has been reported only
relatively rarely [5-10].

2. Experimental
2.1. Materials

The compounds were synthesized by the esterification
of one part kojic acid with two parts of the acyl chloride
of the appropriate two-ring acid (see figure 1). The
experimental procedure is given for compound 1la
together with analytical data. The compounds la—c
and 2a—c are isomeric with each other and differ only in
the direction of the carboxylic connecting group. The
transition temperatures and enthalpies are given in
table 1.

la: 6-/4-(4-n-octyloxybenzoyloxy )benzoyloxymethyl |-
4-0x0-4H-pyran-3-yl 4-(4-n-octyloxybenzoyloxy )benzoate.
To a slurry of 4-(4-n-octyloxybenzoyloxy)benzoic acid
(0.93g, 2.5mmol) in dry dichloromethane, oxalyl
chloride (1.27 g, 10 mmol) was added and the mixture
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Figure 1. Synthesis of compound 1 (X=COO; X'=00C) and compound 2 (X=00C; X"=COO).

heated at reflux for 2h. The solvent was evaporated
under reduced pressure, dry toluene was added and the
remaining oxalyl chloride removed under vacuum
together with the solvent. The crude acid chloride
was dissolved in dry toluene and kojic acid (0.14g,
I mmol) and a catalytic amount of DMAP added at
0°C, followed by triethylamine (0.25 g, 2.5 mmol) after
3min. Stirring was continued for 10min at room
temperature and another 6h at 65°C. After cooling,
the reaction mixture was filtered and the solvent
evaporated in vacuum. The crude compound was
purified by column chromatography on silica gel 60
with CHCI;/EtOAc (9/1) as eluant, and by recrystalli-
zation from DMF/EtOH; yield 0.80 g, 91%. 'H NMR
(CDCls, 400 MHz): 0.83-0.92 (m, 6H, 2 x CH3), 1.22—
1.52 (m, 20H, 2x(CHy)s), 1.77-1.86 (m, 4H,
2x OCH,CH,), 4.03 (t, *J=6.5Hz, 4H, 2xOCH,),
5.20 (s, 2H, CH,00C), 6.64 (s, 1H, 5-H of the y-
pyrone system), 6.96 (d, *J=8.9Hz, 4H, Ar-H), 7.33
(d, *J=8.9Hz, 2H, Ar-H), 7.34 (d, *J=8.9Hz, 2H, Ar—
H), 8.05 (s, 1H, 2-H of the y-pyrone system), 8.08-8.17
(m, 6H, Ar-H), 8.23 (d, *J=8.9Hz, 2H, Ar-H). *C
NMR (CDCl;, 100 MHz): 165.32, 164.18, 164.10,
163.79, 163.74, 163.47, 155.83, 155.20, 143.98, 141.84,

135.28, 134.04, 132.37, 132.33, 132.16, 131.32, 126.76,
125.68, 125.58, 125.36, 122.20, 122.00, 120.95, 120.88,
114.41, 114.38, 68.40, 64.89, 31.82, 29.34, 29.23, 29.12,
26.02, 22.68, 14.11.

2.2. Methods

The thermal behaviour of the compounds was studied
using differential scanning calorimetry (DSC Pyris 1,
Perkin Elmer). Phase assignments were made by the
observation of textures under polarizing optical micro-
scopy (POM) (Leitz Orthoplan) and from X-ray
diffraction (XRD) patterns. XRD measurements on
non-oriented samples were performed with a Guinier
film camera (Huber Diffraktionstechnik GmbH).
Oriented samples were obtained by annealing or very
slow cooling of a drop of the isotropic liquid on a thin
glas plate. The drop was irradiated parallel to the glass
plate. The scattered radiation was detected by a two-
dimensional detector (HI-Star, Siemens AG). The
electro-optical measurements were carried out using
commercial ITO cells with a gap of 6 um (E. H. C. Co.).
The switching polarization was measured using the
triangular-wave method.

Table 1. Transition temperatures (°C) and transition enthalpies (kJ mol ") of compounds 1 and 2 taken from DSC measurements.

OCnHzn+1

Compound n X X' Transition temperatures [enthalpies]

la 8 COO 0ocC Cr 134 [35.5] Col, 146 [18.7] T

1b 12 COO 0oC Cr 137 [29.8] SmCP4 140% Col,p, 142 [20.5] 1
1c 16 COO 00oC Cr 133 [32.6] SmCP4 147 [22.3] 1T

2a 8 00C COO Cr 184 [60.5] Col 197 [21.1] 1

2b 12 0o0ocC COO Cr 172 [69.8] Col 196 [20.8] T

2c 16 00C COO Cr 172 [73.4] Col 196 [22.7] 1

#Taken from X-ray measurements.



15: 58 25 January 2011

Downl oaded At:

Bent-core LCs containing Kojic acid 805

3. Results

3.1. Texture observations and electro-optical
investigations

On slowly cooling the isotropic liquid of compound 1a,
the mesophase appears as a mosaic texture growing
dendritically from rhombohedric germs. This texture is
characterized by large domains of almost uniform
birefringence, see figure 2 («). On faster cooling, some
circular domains appear. This mesophase shows no
electro-optical switching up to E=34Vum™'.

The high temperature mesophase of compound 1b
appears clearly different from that of 1a. The mosaic-
like texture grows in spikes from circular germs. In
comparision to compound 1a the domains of compound
1b are small and their birefringence less uniform, see
figure 2 (b). Under POM there is no observable indica-
tion of the transition of the high temperature mesophase
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into the low temperature one, i.e. neither the birefin-
gence nor the textures changes.

On fast cooling of the isotropic melt of compound 1b,
the formation of the high temperature phase is
suppressed and the low temperature phase grows
directly from the isotropic liquid. It appears as a non-
birefringent texture. By turning one polarizer away
from the crossed position by a few degrees in a
clockwise direction, however, bright and dark domains
are weakly visible. Turning in an anticlockwise direc-
tion, the brightness of these domains is exchanged. Such
chiral domains have already been reported for other
bent-core compounds [11-13]. This phenomenon can be
explained by the existence of areas of opposite handed-
ness. This mesophase is switchable by applying an
electric field. The threshold voltage was found to be
about 18 Vum™'. The current response curve shows two
peaks per half-cycle of a triangular voltage, which
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Figure3. Current response curves to a triangular-wave field of the mesophases of 1b and 1c: (a) low temperature mesophase of
compound 1b (E=+18Vum !, 7=120°C); (b) compound 1c (E=+29Vum ', 7=130°C).
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indicates an antiferroelectric groundstate, see fig-
ure 3 (a).

The optical appearance of the mesophase of com-
pound 1¢ is very similar to that of the low temperature
mesophase of compound 1b. On cooling the isotropic
liquid, it also occurs as a non-birefringent texture with
homochiral domains, which are visible by decrossing
one of the polarizers, although the contrast between
domains of opposite handedness is very low. The
mesophase of compound 1c¢ is switchable by applying
an electric field. The switching process starts at a very
high threshold voltage of about 28 V um~'. The fan-like
textures of the switched states are independend of the
polarity of the applied field and are of higher
birefringence, see figure 4(b). In the absence of the
electric field it again appears as a weakly birefringent
texture, figure 4 (a). The current response of compound
1c shows two peaks per half-cycle of the triangular
voltage, indicating an antiferroelectric groundstate,
which is switched to the corresponding ferroelectric
states, (see figure 3 (b)).

On cooling the isotropic liquids of the compounds
2a—c, the mesophases appears as the texture shown in

figure 5, growing from circular domains, which suggests
columnar mesophases.

3.2.  X-ray diffraction measurements

XRD measurements were performed for the compounds
of series 1. Bragg angles, layer spacings and cell
parameters are summarized in table 2. In the case of
the homologues 2a—c, such investigations were not
possible because of the high clearing points and a
partial decomposition of the compounds.

Well oriented samples of the mesophases of com-
pound la show the scattering of a rectangular cell, i.e.
of a Col, phase, see figure 6(a). The effect of special
extinction rules is to be noted. The diffuse scattering is
located orthogonal to the 0k reflections, and therefore
the mesogenic units are parallel to the b-axis of the cell.

An oriented sample of the high temperature meso-
phase of compound 1b shows the scattering of an
oblique cell, figure 6 (b). The a*- and b*-axes include an
angle of about 85°. The direction of the outer diffuse
scattering and the a*-axis enclose an angle of about 25°.
Thus, these data imply an oblique cell, the mesogenic
units being inclined about 30° with respect to the b-axis.

(@)

Figure4. Microscopic textures of the mesophase of compound 1¢ at 7=130°C: (a) E=0Vum™ ', (b)) E=+29Vum .

(®)

1

Figure5. Textures of the mesophases: (¢) compound 2a at 186°C; () compound 2b at 180°C.
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Table2. Bragg angles, layer spacings and cell dimensions of
compounds la—c (only the Bragg angles used for the
determination of the lattice parameters are given).

Layer spacings resp.

Compound Phase 0 Indices cell dimensions/A

1a Col, 1.50 11
2.09 02 a=40.7, b=42.3
1b Colyyp, 1.05 20
1.94 02
1.15 11 a=284.1, b=45.6, y=95°
1b SmCP, 1.15 01 d=384
1c SmCP, 1.01 01 d=43.6

During the transition of the high temperature
mesophase to the low temperature mesophase of
compound 1b, the orientation of the sample is lost.
Thus it was not possible to observe a tilt angle from the
scattering diagram. The scattering pattern shows only
the first order layer reflection. Assuming a very similar
molecular structure of the mesogens in both phases, a
tilt angle of about 40° can be estimated.

For the mesophase of compound 1c¢ it was impossible
to obtain oriented or at least partially oriented samples.
Therefore no tilt angle can be taken from the scattering
pattern. As with the mesophase of compound 1b, only
the first order layer reflection occurs.

4. Discussion

This paper describes the use of kojic acid as a new
synthon for bent-core mesogens. The liquid crystalline
behaviour of compound 1a seems to be quite similar to
that of the corresponding 4-hydroxybenzylalcohol

derivative [4]. Substituting the central 4-hydroxybenzyl
alcohol fragment by kojic acid leads to slightly
increased clearing temperatures.

The XRD pattern of the mesophase of compound 1a
shows the typical scattering of a rectangular cell. The
distinct extinction rules (20=2n, 0k=2n and h+k=2n)
imply a centred cell. Using plane group symmetry, only
the group c¢2mm offers the necessary requirements to
model such a phase. This purely two-dimensional
approach however, does not take into account, that
the columns (resp. layer fragments) have a certain
polarization perpendicular to the ab-plane. From an
antiferroelectric alignment of the columns and from the
scattering patterns an arrangement using the symmetry
of the layer group pmmn can be assumed [4] (figure 7).
Thus this mesophase can be assigned as a columnar
rectangular phase (Col,) with an orthogonal arrange-
ment of the mesogenic units in the rectangular cell (‘B;’
phase). The molecular length obtained by semiempirical
calculations (using MOPAC7, AM1 hamiltonian) is in
good agreement with the findings of the X-raymeasure-
ments (Le,=b=42.3 A: Lo.=43.2 A, see figure 8).

In the case of compound 1b a columnar oblique
mesophase was found as the high temperature phase,
followed by a SmCP phase. The high temperature phase
shows the scattering of a two-dimensional oblique
mesophase, whereas the low temperature phase exhibits
only the scattering of a simple layer structure. If we
consider the polar electro-optical response, this low
temperature phase can be assigned as an antiferro-
electric SmCP (SmCP,) phase. The X-ray pattern of the
columnar phase shows the scattering of an oblique cell,
but with the appearance of special extinction rules.
Together with the assumption of an antiferroelectric

(a)

(b)

Figure 6. Small angle X-ray patterns of oriented samples of the columnar phases; lines represent the reciprocal lattice, dotted
arrows illustrate the direction to the maxima of the diffuse scattering: (¢) compound 1a at 143°C; (b) compound 1b at 140°C.
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Figure7. Model of the columnar phase of compound 1a and the symmetries of the appropriate layer group pmmn; the blue and
red rectangles symbolize single mesogenic units of opposite bent direction; the symbols of the symmetry elements are according to
there used in [14].

Figure8. Conformation of a molecule of compound 1a.

alignment of the columns, a model of this mesophase The XRD measurements on samples of compound 1¢
can be given according to the layer group plln or p112/ point to a simple layer structure, which has an
n. (see figure 9). The mesogenic units are inclined at antiferroelectric order according to the electro-optical
about 30° with respect to the b-axis. The calculated measurements. Thus, the phase can be assigned as a
length of the molecule is in good agreement with the SmCP, phase. Semiempirical calculations (MOPAC7,
findings of the X-ray measurements (Lexp=52.6A vs. AMI1 hamiltonian) give a molecular length of 60.5A.
Leac=51.8A). Using this experimental length, a tilt According to cos 0=d/L, a tilt angle of about 44° can be
angle of about 43° can be calculated for the SmCP calculated. This tilt angle gives a good explanation of
phase of compound 1b. the weak birefringence of the groundstate of the

Figure9. Model of the columnar phase of compound 1b and the symmetries of the appropriate layer group pll %
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switched texture: a tilt angle of 45° together with an
anticlinic arrangement of successive layers leads to a so-
called orthoconic structure, which is non-birefringent.
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