This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:15

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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

In Search of Smectic C Phases
at Mesogens with a Phenyl Ring

Containing Lateral Branch

C. Stiitzer * & W. Weissflog *

# Max-Planck-Gesellschaft, Arbeitsgruppe “Flussigkristalline
Systeme”, Muhlpforte 1, D-06108, Halle, Germany

Version of record first published: 04 Oct 2006

To cite this article: C. Stutzer & W. Weissflog (1997): In Search of Smectic C Phases at Mesogens
with a Phenyl Ring Containing Lateral Branch, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 293:1, 67-85

To link to this article: http://dx.doi.org/10.1080/10587259708042766

PLEASE SCROLL DOWN FOR ARTICLE

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/loi/gmcl19
http://dx.doi.org/10.1080/10587259708042766
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:15 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 293, pp. 67-85 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands under
Photocopying permitted by license only license by Gordon and Breach Science Publishers

Printed in Malaysia

In Search of Smectic C Phases
at Mesogens with a Pheny! Ring
Containing Lateral Branch

C. STUTZER and W. WEISSFLOG

Max-Planck-Gesellschaft, Arbeitsgruppe “Fliissigkristalline Systeme”,
Muhipforte 1, D-06108 Halle, Germany

(Received 4 March 1996; In final form 6 June 1996)

Generally, substituents laterally attached at calamitic molecules prevent the existence of tilted
smectic phases. However, mesogens with a bulky phenyl ring containing lateral branch are
subjected to other relationships. The following constitutional parameters should be realized to
prepare liquid crystals exhibiting smectic C* phases: the lateral aromatic ring is linked by an
odd-numbered spacer to a four-ring basic molecule bearing the chiral group. The lateral
pheny! ring should be substituted in 4-position with substituents having a suitable shape and
defined electron-withdrawing properties. Biphenyl units within the basic mesogen are of advan-
tage. Measurements of the spontaneous polarization were performed. Therefore, by the exist-
ence of one chloro or nitro substituent in ortho-position to the chiral 1-methylheptyloxy group
the values of P, are increased. However, the bulky lateral segment is of few influence on the
spontaneous polarization.

Keywords: Nonconventijonal liquid crystals; bulky branched mesogens; smectic C phases; smectic
C* phases; spontaneous polarization

1. INTRODUCTION

Thermotropic liquid crystals with a molecular shape deviating from the
rod-like or disc-like one often show an unexpected mesogenic behaviour.
Thus, the influence of lateral long-chain substituents on the mesophase
behaviour of three-ring compounds has been discussed manifold [1-4]. All
these substances prefer to form nematic phases. In homologous series the
clearing temperatures decrease with increasing length of the lateral alkyl
chains tending towards convergence temperatures.
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In contrary to former informations the existence of aromatic, cycloaliphatic
or heterocyclic rings in a lateral position of three-ring mesogens do not cause

the loss of liquid crystalline properties [5—8]. The clearing temperatures are

unexpectedly high if the lateral ring system is linked to the basic mesogen by
means of a flexible and odd numbered spacer. As proved by X-ray studies
[9-11] the lateral segments are oriented in direction of the long axes of the
basic molecules.

Mesogens with such a bulky lateral group favour an antiparallel ordering to
reach a high packing density. The lateral phenyl ring can be substituted itself in
a versatile manner. Type and position of the substituents are of influence on
the polymorphism. Unbranched groups attached in para-position initiate an
increase of the clearing temperatures. Strongly electron-withdrawing substitu-
ents, like the cyano or nitro group, preferably lead to substances with smectic A
phases. Mesogens with other groups, e.g. alkyloxy, alkyl, halogenes, at the
laterally linked aromatic ring can exhibit smectic C phases below the nematic
ones, but almost on supercooling, only [5, 6].

Because of the continuous interest in liquid crystals with smectic C
phases and Scx-phases, e.g. for ferroelectric investigations, in the present
paper we discuss the existence of tilted phases in mesogens with a bulky
lateral segment having the following structure:

Rl, R¢= OR, OR*,CN

« Dl el Qoo Do Tt 57700
. - R = QO)R, COOR, (CHy),
wo-as-ay—o-{ )8 . .oy

The new substances are characterized by a three- or four-ring basic me-
sogen with one substituted phenyl ring in a lateral position linked by a
five-numbered spacer together. Variation of the chemical constitution by
changing the length of the basic mesogen, by different substituents R*-R5,
but also by removing of one carboxylic unit by using biphenyl carboxylic
acids, will offer ways to produce compounds with enantiotropic smectic C
phases. Introduction of chiral groups within selected derivatives should
yield S *-phases.

Different constitutional parameters affect the spontaneous polarization,
for instance the number and power of dipols situated close to or at the
chiral centre [12-14]. Now, the question arises wether bulky lateral seg-
ments are of influence on the spontaneous polarization by steric hin-
drance.
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2. SYNTHESIS

The reaction path to prepare the compounds under discussion is shown
in Figure 1. After protection of the phenolic groups of gentisic acid by means
of benzyl ethers the intermediate 1 was esterificated with 2-(4-n-nonanoyl-
phenoxy)ethanol 2 to produce 3a. Deprotection realized by hydrogenolysis
yielded 24-nonanoylphenoxy)ethyl 2,5-dihydroxybenzoate 4a. The dihydroxy
derivative 4a can be esterificated regioselectively in 5-position with appropriate
benzoic acids by using DCC/DMAP [15] to give the half-esters 5. Second
acylation with substituted benzoyl chlorides produced the substances 6—8.
Using substituted 4-benzoyloxybenzoic acids (n or m=1) in the first or
second step of esterification yields the compounds having a four ring basic

1. K004 /
cydchexmnone
m'@'m + 1 Or-aee 2. NsOH/ LIOH @-tx,o—@-om,-@
CO0G;Hg 3. HQ Co0H

1+ Bo-cty-cay -0 Y- aorcytty ;%m’“ Orano -0
2

= coo-cay a0 )-cocyttyy
')
s /PdC
2 :2"—> HO oH
acetste
" moa!,-a!z-o@-qqc‘u”
4

& + gl coo coon SRR n:b-[coo ooo
. CHQ,

cwmz a0 ooy,

2+ oo “””“RQD[@@]me@w%@';‘

coocy-ay-o-{ -y,

6ok (Table T)
ok (Table I
8o-g (Figue 2)

FIGURE 1 Reaction path to prepare nonsymmetrical 2,5-disubstituted benzoic acid deriva-
tives.
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mesogen. Reaction with substituted biphenylcarboxylic acids in one step of
acylation produces substances 9, the number of connecting groups is reduc-
ed by one carboxylic unit.

n:tooo oocn‘ 2 ::’R‘ = CgH;70, C*gH,,0

- E (o]
C00cH, Cr,04)- Q0IGyHyy ma =0, 1

The reaction pathway described can be used generally to prepare unsymmet-
rically disubstituted gentisic esters. E.g., by esterification of the 4-tert.-butyl- or
4-n-hexyloxycarbonyl-phenoxyethanol, respectively, with the protected gentisic
acid 1 and further reactions as shown in Figure 1 the corresponding substances
10 and 11 have been synthesized.

%ﬁw-@m-@m@_m@]wsﬂﬂ 10: R’-ooocsuu, m=1or2
cooanano{ )RS 1: B-aQly;  m=iord

3. RESULTS AND DISCUSSION

3.1. Mesophase Behaviour

The stable smectic C phase (persistence range 19 K) of the symmetric disub-
stituted derivative 6a has been the starting point of our investigation [6].
Introduction of a chiral centre should give substances exhibiting a S.* phase
wanted. But, as shown in the Tables I and II, appropriate variations of sub-
stituents at the three-ring compounds (m = 0) result in a depression of smectic
C phases. For all the substances having a branched optically active group the
Sc* phase could not be detected.

Now, the length of the basic mesogens was increased. The corresponding
four-ring compounds 6 and 7 are isomeric one to another and differ in the
position of linking of the lateral segment. This alteration is of influence on
the molecular shape and, therefore, should affect the package of molecules in
the liquid crystalline state.

As expected, all the derivatives containing a four-ring basic compound 6, 7
(m or n=1) show the higher clearing temperatures. In the Tables I and II the
mesophase behaviour of the three-ring and four-ring compounds can be
compared one to another. Lengthening of the basic mesogens can result in a
stabilization of tilted phases. However, the effect is depending strongly on
the direction of the lateral segment. Only the chiral compounds 6 exhibit
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TABLEI

nfb-m-qm{@m]n@'%ﬂn

Transition temperatures of the compounds 6

71

coo-cay-ciy-0-{ - a0t ;
no. R? m Cr Sc/Sc* S, N/Ch Is
6a[6] CH O H 0 121 140 144 -
6b CH!0 H 1 133 165 - 193
6¢ CH0 0 111 (96 - 97)
6d CH0 1 86 117 - 159
6e c*H 0 H 0 135 - (133)
6f c*H'!0 H 1 141 145 . 186
og c*,H'!0 H 0 121 - (113 -
6h c*H' 0 H 1 118 141 - 160
6i CN H 0 111 - 153 -
6k CN H 1 120 . 179 205
C*;H, 0= C,H,C*H(CH,)CH,0
C*SH 10=C,H, ,C*H(CH,)0
TABLEII Transition temperatures of the compounds 7
c.ul,o@{owQ}chwc@w

c0o-cay- iy 0-{ - 01,
no. R? R* n Cr Sc/Sc* S, N/Ch s
7a[6] H OCH, 0 121 140 144 .
7b H OCH, 1 112 119 - 180
7e Cl  OCH. 0 108 (97 . 98)
7d Cl  OCH, 1 110 156 - 180
Te H OC*H 0  .109 - 119 124
i H OC*H 1 112 (111) - 189
g H OC*H 5 0 110 - - -1)
7h H  OC*H, 1 86 (.76) - 136
7 H CN 0 132 - 168 .
7k H CN 1 123 . 226 .

Y Liquid crystalline phase below 96°C, type of mesophase could not be determined.

enantiotropic S phases persistent enough for further measurements. Therefore,
a homologous series 8 was prepared, which is derived from 6h, see Figure 2. The
clearing points of the homologues exist in a near temperature range. Some of the

new substances have phase ranges suitable for following investigations.
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g0 oooQooc-@-OOC'@‘oczﬂml

8a-g
cooct,cn,0-¢ - corcghy,
190} Is
170}
.\./.\.__H__.
1sar s T et
9 1301 [ S o o »
> ..... "'I"""'""*\ sc "/.
1ol g ~ gt
a0t Cr
70}
W % 7 & % 10

FIGURE2 Phase transition temperatures of the homologous series 8a—g.

Substitution of one terminal position of the basic mesogen by a cyano group
results in high clearing points, but in a loss of tilted phases (6i, k and 7i, k).
Such a dominance of orthogonal phases has been described for laterally 4-
cyano- or 4-nitrobenzyl substituted esters of gentisic acid, too [11].

The phase behaviour given in the Tables I and II show that the influence of
a chloro group in R? or R on the clearing temperatures as well as on the
stability of the smectic C phase can be very different, depending on the length
of the basic molecules, the positions of the additional substituent and of the
lateral segment. To transfer the results to chiral derivatives, the compounds 71
and 7m have been synthesized. In these molecules three branches are situated
on one side of the mesogens: the 2-octyloxy group, the bulky lateral segment
and the substitutent R3. As shown in Table III, the clearing points are not
depressed by the lateral group R®, but the stability of the S.* phase is
increased. 3-Nitro-4-(1-methyl-heptyloxy)benzoates, like 7m, show a clear ten-
dency to produce glassy mesophases, as also reported by Heppke et al,
recently [8].

Biphenyl units situated in rod-like mesogens often support the existence of
smectic phases. The question arises wether the same tendency can be ob-
served for laterally branched compounds. The biphenyl derivatives 9 have a
higher mesophase stability than the corresponding four-ring compounds 6
and 7 and exhibit a changed polymorphism. Smectic phases are stabilized, see
Table IV. It is important to know that the simultaneous existence of the
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TABLEIII Threefold branched mesogens exhibiting S.* phases

%517°'©'°°°‘©'°°°'Q°°C'@'fsma’s)cs%

coocs,ci,0-{ - oG,
no. R? Cr Sc* Ch Is
7h H .86 (.76) 136
7 Cl .70 11 138
Tm NO, 26T 115 .140

9 Glass transition temperature

TABLE IV Transition behaviour of the biphenyl derivates 9

N O € D}

m
coocn,ca,0-{ - cocH;,

no. R! R? R* n m Cr Sc/Sc* S, N/Ch s
9a CgH,,0 H OCzH,, 0 1 147 194 202 204

9b CgH,,0 H OC*H,, O 1 139 163 165 168

9% CH,,0 C OC%H,, 0 1 .21 (109 - 120)

9d C*H,,0 H OCH,, 1 0 .142 152 154 .160

% C*H.,0 H OC*H,, 0 | .44 S (14 -

9 C*+H,0 H OCYH,, 1 1  .165 - a7 189

branched 1-methylheptyloxy chains at both terminal positions of the basic
mesogens prevents the formation of tilted phases, as shown at the four-ring
9e as well as the five-ring compound 9f.

In previous papers [5, 6] we have reported the effect of both the type and
the number of substituents attached at the lateral phenyl ring. The enlarge-
ment of the bulkiness of the branch by multiple substitution or the use of
polynuclear aromatics in lateral position is possible without loss of the
liquid crystalline properties. Herein, we have tested besides the nonanoyl
group two other substituents, tert.-butyl and hexyloxycarbonyl in R, with
the aspect of formation of smectic C phases. The mesophase behaviour of
the compounds 10 and 11 is listed in Table V.

Only alkyloxycarbonyl groups, but not the tert.-butyl group, are suitable
to produce tilted phases in the substance class under investigation. In our
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TABLEV The influence of the substituents R* attached at
the lateral phenyl ring on the mesophase behaviour

c,xx"o-«?-coo-@_)coo-{;?—ooc[C&}oc'-,li17

™ 10,11, m=1or2
coocn,ca,0-{ )-»$

no. .R* m Cr S+ S, Ch Is
10a  COOCH,, 1 105 (84) - 144
10b COOCH , 2 109 130 - 217
1a CCHy), ° 1 108 - - 125
11b CCH,), 2 .40 (112) - 214

opinion, the shape and the right level of electron-withdrawing properties of
these substituents attached in the para-position R® are of a great impor-
tance. However, strongly electron-accepting groups, like cyano or nitro,
prevent the formation of smectic C phases.

3.2. Molecular Structure and Spontaneous Polarization

The ferroelectric polarization was measured by the triangular wave method
[16] in 10 pum cells with indium tin oxide (ITO) electrodes coated with
polyimide (EHC, Japan). The temperature dependence of the spontaneous
polarization plotted versus T-Tg. c, of four homologues of series 8 is shown
in Figure 3a. The behaviour typically for a first order phase transition has
been often reported for Ch-S.* materials [17, 18]. The values of Ps mea-
sured 10 degrees below the transition cholesteric - smectic C* are from 20
up to 60 nC cm™2. Therefore, clearly higher polarization due to the bulky
lateral segments do not occur. Within the homologous series 8c—g the polari-
zation decreases with lengthening of the terminal alkyloxy chain R* (Fig. 3a).
For rod-like substances often the polarization is the greater if the chain
attached to the chiral centre being longer [17, 18]. The dependence of the
tilt angles, resulted from the switching measurements, from the temperature
is shown in Figure 3b.

To compare the spontaneous polarization in relation to the constitution
of the mesogens angle-independent values P, are calculated and sum-
marized in Table VI. Therefore, the influence of the chain length in the
terminal position R* is unusually great. With shortening the alkyloxy group
the spontaneous polarization increase clearly. However, the value P, for the
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a) b)
+ C6 + CB
e C8 e (C8
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7 e, <10 w c10
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50 LI
- o o e
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FIGURE 3 a) Spontaneous polarization and b) tilt angle of four derivatives of the homologous
series 8 versus T-Tgeu oy

hexyloxy derivative 8c is situated very high. This could be because of an
intercalation effect of the terminal alkyl chains within the package of me-
sogens having such nonconventional molecular shape. Unfortunately, the
homologes 8a—b having shorter alkyloxy chains could not be investigated
because of a very high crystallization tendency. The relationships under
discussion should be the aim of further investigations

Introduction of the nitro group in ortho-position to the branched alkyl-
oxy chain produces a higher spontaneous polarization, as seen in Figure 4.
The value of P,: 178.6 nCcm ™2 for compound 7m in comparison to the
unsubstituted derivative 7h (P,: 64.8 nCcm~?) is caused by increasing the
transversal dipol moment. The remarkable effect of nitro substitution ortho
to the chiral group on the spontaneous polarization has been already re-
ported by Walba et al. [19] and Zentel et al. [20]. Similar growing of the
spontaneous polarization was found for ortho-cyano substituted rod-like
derivates [21].

The chiral 1-methylheptyloxy group can be located close to the bulky lateral
segment or at the other terminal end of the basic mesogen. To check the
relationships between these different constitution and Pg two corresponding

TABLE VI Comparison of the spontaneous polarization within
the homologous series 8

no. tilt angle ®  Pg(nC/cm?) P, (nC/cm?)

N

8 6 20 61.0 1783 -
8e 8 31 36.9 71.8
8f 9 29 263 54.2
8g 10 31 24.1 46.8
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140 o °
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7m: R®°=NO, ©=31°

FIGURE 4 Effect of a nitro substituent in R* on the spontaneous polarization.

pairs of isomeric compounds were investigated. In the following the formula
of the substances (R*,R* = CgH, ,*O) under discussion are shown.

6h Th

Rl @QO—@w-@-M, q&p-@-mo-@-mo@-ooc@-a‘

coom,m,o-@- QOXCeBy7 cnom,m,o-@-qo)c.u,,

9d %

* LD 000y 00c--oce8ny %ﬁ@-QOl‘

cwoce, 0L -0ty cvoct,cm,0-{ - a0c8,

As given in Table VII the differences of P, between the isomeric compounds
6h and 7h as well as 9d and 9b are very small. The substances containing
biphenyl exhibit the higher values. Apparently, the distance of the bulky
lateral 2-(4-n-nonanoylphenoxy)ethyloxycarbonyl segment from the optical-
ly active centre has few influence on the spontaneous polarization, only.
Contrary, mesogens having the chiral branch at position R* (6h and 9d) possess
a little higher values P, in comparison to 7h and 9b. This demonstrates that

TABLE VII Camparison of the spontaneous polarization of
two isomeric pairs

no. tilt angle © Py (nC/cm?) Py (nC/cm?)
6h 3 36.9 718
7h 37 42.0 69.8
9d 245 23.5 104.6

9b 13 427 101.7
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the hindrance of the free rotation of the perpendicular dipol is not in-
fluenced by the lateral branch or in other words, the lateral group can be
regarded as an independent molecular segment with respect to the produc-
tion of P,

4. CONCLUSIONS

Lateral substitution of the middle phenyl ring of three-ring mesogens by
small or long-chain groups prevents the formation of smectic C phases. By
insertion of an aromatic ring within the lateral segment the structure-me-
sophase relationships are changed strikingly. Using an odd-numbered spacer
these mesogens with a phenyl ring containing lateral branch can exhibit layer
structures. However, the tilted smectic phases existing in laterally 4-nonanoyl-
phenoxyethoxycarbonyl substituted three-ring compounds disappear if the
basic mesogen is provided with a chiral wing group. Lengthening of the basic
mesogen by a further phenyl ring proved to be of advantage. Position and
direction of the lateral segment attached to the basic mesogen are of impor-
tance to synthesize compounds having stable S.* phases. Polar groups, like
chlorine or nitro, linked in ortho position to the optically active, terminal
chain, support the stability of smectic C* phases without depression of the
clearing points. Biphenyl units within the basic mesogens stabilize the persis-
tence range of tilted phases in comparison to the benzoyloxyphenyl frag-
ments. According to the results known yet, weakly electron-withdrawing
properties of the substituents attached at the lateral phenyl ring stimulate the
formation of S.* phases, but strong electron-accepting groups, like cyano or
nitro, support the existence of S, phases.

It should be emphasized once more that the existence of smectic C phases
in laterally branched mesogens is rare. Usually, lateral substituents depress
the tendency to form layer structures much more than the nematic phases.
According to results recently published by Tschierske et al. [22] additional
hydroxylic groups located at lateral alkyl chains are able to support the
formation of smectic A phases, but not of smectic C phases.

Measurements of the spontaneous polarization of selected compounds do
not show unusual behaviour. The values of p; have the same magnitude
independent of the direction of the lateral substituent. Therefore, the neigh-
bourhood of the chiral centre and the bulky lateral segment is not of a great
influence on the spontaneous polarization. The results support that view
therefore it is the rotational trapment of the chiral centre itself plus the
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coupling to the local dipolar environment that yields spontaneous polari-
zation, i.e., the molecular shape and molecular dipole have less importance
in determining the size of the polarization.

5. EXPERIMENTAL

The purity of the new compounds was checked by elemental analysis,
HPLC, 'H-NMR, and mass spectroscopy. 'H-NMR spectra were recorded
on the spectrometers “Unity 500” (Varian) and a “WP 200” (Bruker) using
CDCl, as solvent and tetramethylsilan as internal standard, é in ppm. Mass
spectra were recorded on an AMD 402 (70 eV) mass spectrometer (Intecta
GmbH). Optical rotation were measured using a polarimeter type “polar-
tronic-D” (Schmidt-Haensch). Calorimetric measurements were carried out
using differential scanning calorimetry (Perkin-Elmer DSC 7). The transi-
tion temperatures were determined using a polarizing microscope (Nikon
Optiphot-2) in combination with a hot stage THM 600/S and the tempera-
ture control unit TP 92.

2,5-Dibenzyloxybenzoic acid 1[23], 2-(4-subst.-phenoxy)ethanols 2 (2a
R% = C(O)C4H,,, 2b R®=COOC-H,,, 2¢ R® = C(CH,),) [24] and the sub-
stituted benzoic acids were synthesized according to well-known procedures.

5.1. 4-Subst.-phenoxyethyl 2,5-dibenzyloxybenzoates 3

25 mmol (9.05 g) 2,5-dibenzyloxybenzoic acid 1, 25 mmol of the appropriate
compound 2, 30 mmol (6.18 g} N, N'-dicyclohexylcarbodiimide and a cata-
lytic amount of dimethylaminopyridine in 100 ml dry dichloromethane were
stirred overnight. The solvent was removed and the residue was recrystal-
lized from cyclohexane. Yields 55-73%

O%OQO%@

c00-cB, 8, 0-{ -
no. |RS mp. | molecular formula | elemental analysis (%) (calcd./found)
(°C) C H

33 |C(O)CgH17 |70 | C3gH4205 (594.75) |76.73/76.55 7.12/7.08
3b__|COOCgH;3 [65 | CagHag07 (582.69) [74.19/74.24 6.58/6.62
3¢ |C(CH3); {115 |C33H3405 (510.63) [77.61/77.73 6.72/ 6.60
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3a 'H-NMR: 0.84 (t, 3H, CH,); 1.10-1.50 (m, 10H, 5 x CH,); 1.62-1.90
(m, 2H, C(O)CH,CH.,); 2.85 (t, 2H, J = 7.1 Hz, C(O)CH,); 4.26 (t, 2H,
J = 4.7 Hz, OCH,), 4.20 and 5.04 (s, 4H, OCH,); 4.61 (t, 2H, J = 4.8 Hz,
COOCH,); 6.80-7.05 (m, 2H, H-ar); 7.33-7.50 (m, 14H, H-ar); 7.9 (d,
1H, H-ar); MS: m/z 594 [M*]

5.2. 4-Subst.-phenoxyethyl 2,5-dihydroxybenzoates 4

25 mmol compound 3, 0.6 g catalyst (5% palladium on carbon), 200 ml
ethyl acetate and 20 ml acetic acid were deprotected with hydrogene in a
shaking bottle (standard pressure) until TLC analysis revealed the com-
pleteness of the reaction. The mixture was filtered off and the solvent eva-
porated. The residue was recrystallized from cyclohexane. Yields: 60—83%.

HO OH
€00-CHy-CHy 0~ )-r*
no. |R’ mp. | molecular formmla elemental analysis (%) (calcd./ found)
(°C) C H
4a C(O)XCgH17 |93 Ca4H300¢ (414.50) 1{69.53/69.32 7.30/ 7.35
4b_ |COOCgHi3 |75 CooHos07 (402.44) | 65.66/65.48 6.51/6.55
4c  [C(CH3)3 150 | C1gH200¢ (330.38) |69.07/68.93 6.71/ 6.67

4a 'H-NMR: 0.85 (t, 3H, J = 6.4 Hz, CH,); 1.24-1.52 (m, 10H, 5 x CH,);

1.55-1.58 (m, 2H, C(O)CH,CH,); 2.53 (t, 2H, J = 7.6 Hz, C(O)CH,),
426 (t, 2H, ] =4.7 Hz, OCH,), 463 (t, 2H, J =4.7 Hz, COOCH,),
6.81-6.87 (m, 2H, H-ar); 6.97 (d, 2H, H-ar); 7.11 (d, 2H, H-ar); 7.25 (d,

1H, H-ar); 10.21 (s, 1H, OH, ortho to COO); MS: m/z = 414 [M*]

5.3. 4-Subst.-phenoxyethyl 2-hydroxy-5-
(4-subst.-benzoyloxy) benzoates 5

The reaction was carried out using procedure described for the preparation
of compounds 3 starting from 25 mmol of compound 4 and 25 mmol 4-
substituted benzoic acids. Recrystallization from ethanol. Yields: 40-75%.

5a 'H-NMR: 0.82-087 (m, 6H, 2 x CH,); 1.24-1.44 (m, 20H, 10 x CH,);
1.48-1.83 (m, 4H, C(O)CH,CH,, OCH,CH,); 2.85 (t, 2H, J = 7.4 Hz,
C(O)CH,), 401 (t, 2H, J=6.5 Hz, OCH,); 434 (t, 2H, J =47 Hz,
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Rﬁ@'QO‘ Sa-S¢

coocs,cm 0L )-cocymyy
[no. [R! R |mp. |molecular formuls __|elemental analysis (%) (calcd./found)
(°C) C H CUN

Sa__|CgH17,0 H |96 C3qHsqOg  (646.82) [72.42/ 72.46 |7.79/ 7.85 |-
CgH,70 Cl |52 C39H4qClOg (681.27) [68.79/ 68.96 {7.26/ 7.43 |5.14/ 5.10
C*sH ;1O [H 80 [CagHaqOg  (604.74)|71.49/71.30 |7.34/ 7.32
C*3Hj20 [H [94 Cqq9HsnOg  (646.82)[72.42/ 72.50 |7.79/ 7.52 |
INC H |95 C372H33NO7 (543.62)[70.69/ 70.95 16.12/ 6.24 {2.58/ 2.33

222

OCH,); 4.69 (t, 2H, J = 4.6 Hz, COOCH,); 6.81-8.10 (m, 11H, H-ar);
10.55 (s, 1H, OH); MS: m/z =646 [M*]

no. R’ mp.
5 C(O)CgH,, 102 %meo@me

5¢ COOC(H,, 85 s

5h C(CH,), 104 coocr 0Lk

5f 'H-NMR: 0.82-0.87 (m, 6H, 2 x CH,); 1.23-148 (m, 20H, CH,);
1.52-1.55 (m, 4H,C(O)CH,CH,, OCH,CH,); 2.49 (t, 2H, J = 7.4 Hz,
C(O)CH,); 4.26 (t, 2H, OCH,); 434 (t, 2H, OCH,); 4.67 (t, 2H,
COOCH,); 6.79-8.29 (m, 15H, H-ar); 10.63 (s, 1H, OH, ortho to
COO); Elemental analysis (%): C,¢H;,0,, (766.93), (calcd./found) C:
72.03/72.23, H: 7.10/7.17

5.4. 4-Subst.-phenoxyethyl 2,5-bis
{4-subst.- benzoyloxy) benzoates 611

To a solution of 10 mmol of the derivative § selected, 12 mmol (1.2 g)
triethylamine in 50 ml dry toluene 10 mmol of the appropriate substituted
benzoylchloride (if necessary a solution in toluene) was given dropwise at
room temperature. The mixture was stirred overnight (exclusion of mois-
ture) and after then, heated for 2—3 hours. The solvent was evaporated in
vacuo. The residue was dissolved in dichloromethane, washed with water
and a solution of sodium hydrogene carbonate. The organic solution was
dried by means of anhydrous Na,SO,. After evaporation the residue was
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recrystallized from ethanol/toluene or amyl alcohol to give substances
6-11. Yields: 45-79%.

6a '"H-NMR: 0.82-0.88 (m, 9H, 3 x CH,); 1.24-1.49 (m, 30H, 15 x CH,);
1.60-1.84 (m, 6H, 2 x OCH,CH,, C(O)YCH,CH,); 2.48 (t, 2H, C(O)CH,);
4.00-4.06 (m, 6H, 3 x OCH,); 449 (t, 2H, COOCH,); 6.63-8.18 (m, 15H,
H-ar)

6b '"H-NMR: 0.82-0.87 (m, 9H, 3 x CH,); 1.24-1.50 (m, 30H, 15 x CH,);
1.63-1.84 (m, 6H, 2 x OCH,CH,, C(O)CH,CH,); 2.80 (t, 2H, ] = 7.4 Hz,
C(O)CH,); 4.00-4.07 (m, 6H, 3 x OCH,); 4.54 (t, 2H, J=4.6 Hz,
COOCH,); 6.73-8.22 (m, 19H, H-ar)

6c '"H-NMR: 0.81-0.87 (m, 9H, 3 x CH,); 1.19-1.49 (m, 30H, 15 x CH,);
1.75~1.90 (m, 6H, 2 x OCH,CH,, C(O)CH,CH,); 248 (t, 2H, J=17.6
Hz, C(O)CH,); 3.91-3.98 (m, 4H, 2 x OCH,); 4.10 (t, 2H, J =6.6 Hz,
OCH,); 447 (t, 2H, J =49 Hz, COOCH,); 6.61-8.20 (m, 14H, H-ar)

6d Elemental analysis (%) Cq,H,;ClO,, (1033.70), (calcd./ffound): C:
70.90/71.02; H: 7.13/7.18; Cl: 3.39/3.29 '

6e 'H-NMR: 0.84-0.98 (m, 9H, 3 x CH,); 1.01-1.04 (d, 3H, CH(CH,));
1.21-148 (m, 22H, 11xCH,); 157-191 (m, 5H, OCH,CH,,
OCH,CH(CHj,), C(O)CH,CH,); 2.86 (t, 2H, J = 7.4 Hz, C(O)CH,); 3.83
(t, 2H, OCH,); 3.89-4.04 (m, 4H, 2 x OCH,); 4.51 (t, 2H, J =4.8 Hz,
COOCH,); 6.71-8.15 (m, 15H, H-ar); Elemental analysis (%):
CsiHg O (837.14), (caled./found): C: 73.17/73.01; H: 7.71/7.63;
[¢]% = + 3.5, ¢=0.03 (CHCI,)

6f '"H-NMR: 0.82-0.99 (m, 9H, 3 x CH,); 1.01-1.04 (d, 3H, CH(CH,));
1.24-1.51 (m, 22H, 11 x CH,); 1.63-1.95 (m, 5H, OCH,CH,, OCH,
CH(CH,;), C(O)CH,CH,); 2.80 (t, 2H, J = 7.4 Hz, C(O)CH,); 3.82-4.07
(m, 6H, 3 x OCH,); 4.53 (t, 2H, J=4.7 Hz, COOCH,); 6.73-8.22 (m,
19H, H-ar)

6g 'H-NMR: 0.84-0.87 (m, 9H, 3 x CH,); 1.27-1.29 (d, 3H, CH (CH,));
1.31-1.51 (m, 28H, 14 x CH,); 1.62-1.85 (m, 6H, OCH,CH,, OCH
(CH;)CH,, C(O)CH,CH,); 2.86 (t, 2H, J = 7.4 Hz, C(O)CH,); 3.89-4.03
(m, 4H, 2 x OCH,); 442-4.53 (m, 3H, OCH(CH,), COOCH,); 6.70-8.13
(m, 15H, H-ar); Elemental analysis (%): Cs,H,40,0(879.14), (cacld./found);
C: 73.76/73.81; H: 8.03/7.93

6h 'H-NMR: 0.81-0.87 (m, 9H, 3 x CH,); 1.24-1.27 (d, 3H, CH(CH,));
1.31-1.50 (m, 28H, 14xCH,); 1.53-1.88 (m, 6H, OCH,CH,,
OCH(CH;)CH,, C(O)CH,CH,); 2.80 (t, 2H, J =74 Hz, C(O)CH,);
3.99-407 (m, 4H, 2xOCH,); 4.12-456 (m, 3H, OCH(CH,),
COOCH,); 6.71-8.24 (m, 19H, H-ar); [a]? = + 1.5; ¢ = 0.04 (CHCL,)
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6i 'H-NMR: 0.82-0.88 (m, 6H, 2 x CH,); 1.23-1.49 (m, 20H, 10 x CH,);
1.72-1.83 (m, 4H, OCH,CH,, C(O)CH,CH,); 249 (t, 2H, J=7.6 Hz,
C(O)CH,); 391-399 (m, 4H, 2xOCH,);, 448 (t, 2H, J=4.8 Hz,
COOCH,);, 6.60-8.32 (m, 15H, H-ar) Elemental analysis (%):
Cs4H;NO,, (88597), (calcd.ffound): C: 72.93/72.73; H: 6.89/6.89; N:
1.81/1.74

6k 'H-NMR: 0.81-091 (m, 6H, 2 x CH,); 1.22-1.49 (m, 20H, 10 x CH,);
1.78-1.85 (m, 4H, OCH,CH,, C(O)CH,CH,); 2.45 (t, 2H, J =7.5 Hz,
C(O)CH,); 3.94-4.07 (m, 4H, 2 x OCH,); 4.50 (t, 2H, COOCH,);
6.64-8.33 (m, 19H, H-ar)

7b "H-NMR: 0.81-091 (m, 9H, 3 x CH,); 1.23-1.50 (m, 30H, 15 x CH,);
1.76-1.81 (m, 6H, 2 x OCH,CH,, C(O)CH,CH,); 247 (t, 2H, C(O)CH,);
392-407 (m, 6H, 3x OCH,); 448 (t, 2H, J=48 Hz, COOCH,);
6.62-8.28 (m, 19H, H-ar)

7c 'H-NMR: 0.82-0.88 (m, 9H, 3 x CH,); 1.24-1.49 (m, 30H, 15 x CH,);
1.60-1.84 (m, 6H, 2 x OCH,CH,, C(O)CH,CH,); 248 (t, 2H, J =74
Hz, C(O)CH,); 3.98-4.06 (m, 6H, 3 x OCH,); 449 (t, 2H, COOCH,);
6.63-8.18 (m, 14H, H-ar); Elemental analysis (%): C,,Hq,ClO,,
(913.59), (calcd./found): C: 71.02/71.11; H: 7.62/7.81; Cl: 3.83/4.04

7d Elemental analysis (%): Cg4,H,3ClO,, (1033.70), (calcd./found): C:
70.90/71.07; H: 7.13/7.13; CI: 3.39/3.28

7e 'H-NMR: 0.85-0.96 (m, 9H, 3 x CH,); 1.01-1.02 (d, 3H, CH(CH,));
1.23-1.53 (m, 22H, 11xCH,); 156-190 (m, 5H, OCH,CH,,
OCH,CH(CH,), C(O)CH,CH,); 2.86 (t, 2H, J = 7.4 Hz, C(O)CH,); 3.81
(t, 2H, J=4.2 Hz, OCH,); 401-4.04 (m, 4H, 2 x OCH,); 4.51 (t, 2H,
J =49 Hz, COOCH,); 6.72-8.13 (m, 15H, H-ar); [a]2= +2.3; c=0.1
(CHCl,)

7f 'H-NMR: 0.82-1.03 (m, 9H, 3 x CH,); 1.25-1.27 (d, 3H, CH(CH.,));
1.30-1.50 (m, 22H, 11 xCH,); 163-191 (m, 5H, OCH,CH,,
OCH,CH(CH,), C(O)CH,CH,); 2.87 (t, 2H, J=4.7 Hz, C(O)CH,),
3.67-3.84 (m, 2H, OCH, CH(CH,)); 400-4.07 (m, 4H, 2 x OCH,); 4.52
(t,2H,J =4.7 HZ, COOCH,), 6.71-8.28 (m, 19H, H-ar)

7g 'H-NMR: 0.84-0.87 (m, 9H, 3 x CH,); 1.25-1.27 (d, 3H, CH(CH,));
1.28-149 (m, 28H, 14xCH,); 1.65-187 (m, 6H, OCH,CH,,
OCH(CH,)CH,, C(O)CH,CH,); 2.86 (t, 2H, J=74 Hz C(O)CH,),
3.99-4.06 (m, 4H, 2 x OCH,); 4.35-4.44 (m, 1H, OCH(CH,)), 4.49-4.54
(t, 2H, J=48 Hz, COOCH,); 6.74-8.13 (m, 15H, H-ar); Elemental
analysis (%): Cs,H,,0,, (879.14), (calcd./ found): C: 73.76/73.89; H:
8.03/8.01; [a]} = + L.5; ¢ =0.05 (CHCL,)
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"H-NMR: 0.82-0.88 (m, 9H, 3 x CH,); 1.24-1.28 (d, 3H, CH(CH.,));
1.29-150 (m, 28H, 14xCH,); 1.62-1.88 (m, 6H, OCH,CH,,
OCH(CH,)CH,, C(O)CH,CH,); 249 (t, 2H, J=7.6 Hz, C(O)CH,);
3.96-4.07 (m, 4H, 2xOCH,); 4.37-4.52 (m, 3H, OCH(CH,)),
COOCH,); 6.65~-8.29 (m, 19H, H-ar); [«]J% = + 2.0; ¢ = 0.01 (CHCl,)
'H-NMR: 0.82-0.87 (m, 6H, 2 x CH,); 1.25-1.49 (m, 20H, 10 x CH,);
1.65-1.84 (m, 4H, OCH,CH,, C(O)CH,CH,); 2.88 (t, 2H, ] =7.4 Hz,
C(O)CH,); 4.03-4.09 (m, 4H, 2 x OCH,); 4.53 (t, 2H, J=4.5 Hz,
COOCH,); 6.73-8.26 (m, 15H, H-ar); Elemental analysis (%):
C47Hs3NOy (775.94), (caled./found): C: 72.74/72.93; H: 6.89/7.05; N:
1.81/1.76

Elemental analysis (%): C,,H;,NO,, (896.05), (calcd./found): C:
72.37/72.26; H: 6.42/6.40; N: 1.56/146

'H-NMR: 0.84-0.89 (m, 9H, 3 x CH,); 1.25-1.26 (d, 3H, CH(CH,));
127-149 (m, 28H, 14xCH,); 1.63-184 (m, 6H, OCH,CH,,
OCH(CH,)CH,, C(O)CH,CH,); 287 (t, 2H, J=74 Hz, C(O)CH,);
4.03-4.11 (m, 4H, 2 x OCH,); 441-4.47 (m, 1H, OCH(CH,)); 4.55 (t,
2H, J=5.2 Hz, COOCH,); 6.76-8.27 (m, 18H, H-ar)

'H-NMR: 084-0.89 (m, 9H, 3xCHjy); 1.25-1.28 (d, 3H, CH(CH,));
1.31-149 (m, 28H, 14xCH,); 1.61-1.84 (m, 6H, OCH,CH,CH,,
OCH(CH;)CH,, C(O)CH,CH,); 2.87 (t, 2H, J=7.4 Hz, C(O)CH,);
4.02-4.16 (t, 4H, 2 x OCH,); 4.51-4.57 (m, 3H, OCH(CH,), COOCH,);
6.71-8.88 (m, 18H, H-ar)

Transition temperatures of the homologous series 8 in (°C):

no. z Cr Sp* Ch Is
8a 4 - 124 (- 105) - 165
8b 5 - 122 - 124 - 157
8c 6 - 116 - 124 - 163
8d 7 - 119 - 133 - 159
8e 8 - 118 - 141 - 160
8f 9 - 106 - 142 - 159
18g 10 - 107 - 142 - 161
8¢ 'H-NMR: 0.81-0.87(m, 9H, 3 x CH,); 1.24-1.27 (d, 3H, CH(CH,));

131-150 (m, 28H, 14xCH,; 153-188 (m, 6H, OCH,CH,,
OCH(CH, )CH,, C(O)CH,CH,); 279 (t, 2H, J=74 Hz, C(O)CH,);
399-407 (m, 4H, 2x OCH,); 4.12-4.56 (m, 3H, OCH(CH,),
COOCH,); 6.71-8.24 (m, 19H, H-ar); [a]3* = + 1.5; ¢ = 0.04 (CHCI,)
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"H-NMR: 0.85-0.89 (m, 9H, 3 x CH,); 1.25-1.48 (m, 30H, 15 x CH,),
1.61-1.84 (m, 6H, 2 x OCH,CH,, C(O)CH,CH,); 2.73 {t, 2H, J = 7.4
Hz, C(O)CH,); 3.98-4.05 (m, 6H, 3 x OCH,); 4.53 (t, 2H, ] =4.8 Hz
COOCH,); 6.67-8.16 (m, 19H, H-ar)

"H-NMR: 0.84-0.88 (m, 9H, 3 x CH,); 1.31-1.34 (d, 3H, J= 6.0 Hz,
CH(CH,)); 1.28-1.50 (m, 28H, 14 x CH,); 1.64-1.84 (m, 6H, OCH,CH,,
OCH(CH,)CH,, C(O)CH,CH,); 274 (t, 2H, J =74 Hz, C(O)CH,),
397-4.06 (m, 4H, 2 x OCH,); 4.36-4.42 (m, 1H, OCH(CH.,)); 4.53 (t,
2H, J = 4.6 Hz, COOCH,,); 6.67-8.17 (m, 19H, H-ar)

"H-NMR: 0.82-0.87 (m, 9H, 3 x CH,); 1.31-1.34 (d, 3H, J=6.0 Hz,
CH(CHy);, 1.24-150 (m, 28H, 14 x CH,); 1.60-1.94 (m, 6H,
OCH,CH,, OCH(CH,)CH,, C(O)CH,CH,); 243 (t, 2H, J=7.4 Hz
C(O)CH,); 3.94 (t, 2H, J=49 Hz, OCH,); 4.12 (t, 2H, J =65 Hz
OCH,); 436-445 (m, 1H, OCH(CH,)); 449 (t, 2H, J=48 Hz,

£

- COOCH,); 6.60-8.20 (m, 18H, H-ar); [¢]3?= - 1.2; c = 0.05 (CHCl,)

"H-NMR: 0.85-0.88 (m, 9H, 3 x CH,); 1.30-1.33 (d, 3H, CH(CH.));
1.34-1.53 (m, 28H, 14 x CH,); 1.62-1.82 (m, 6H, OCH,CH,, OCH(C
H,)CH,, C(O)CH,CH,); 2.87 (t, 2H, J = 7.4 Hz, C(O)CH,); 3.89-4.03
(m, 4H, 2 x OCH,,); 4.36-4.45 (m, 1H, OCH(CH,)); 4.53 (t, 2H, J = 4.7
Hz, COOCH,); 6.75-8.23 (m, 19H, H-ar)

"H-NMR: 0.83-0.87 (m, 9H, 3 x CH,); 1.28-1.31 (d, 6H, 2 x CH(CH,);
1.34-1.51 (m, 26H, 13 x CH,); 1.61-1.75 (m, 6H, 2 x OCH(CH,)CH,,
C(O)CH,CH,); 2.74 (t, 2H, ] = 7.4 Hz, C(O)CH,); 3.99 (t, 2H, ] = 4.6 Hz,
OCH,); 436-4.51 (m, 2H, 2 x OCH(CH,)); 4.53 (t, 2H, COOCH,);
6.67-8.17 (m, 19H, H-ar); [«]}* = —0.8; ¢ = 0.05 (CHCI,)

"H-NMR: 0.84-0.89 (m, 9H, 3 x CH,); 1.24-1.27 (d, 6H, 2 x CH(CH,));
1.28-1.48 (m, 26H, 13 x CH,); 1.60-1.79 (m, 6H, 2 x OCH(CH,)CH,,
C(O)CH,CH,); 2.75 (t, 2H, J=7.5 Hz, C(O)CH,); 4.02 (t, 2H, ] =438
Hz, OCH,); 4.39-4.42 (m, 2H, 2 x OCH(CH,)); 4.54 (t, 2H, J = 4.8 Hz,
COOCH,); 6.69-8.23 (m, 23H, H-ar)

Elemental analysis (%): C;,H¢0,; (867.02), (caled./found): C: 71.77/71.56;
H: 7.15/7.04

'H-NMR: 0.88-0.92 (m, 9H, 3 x CH,); 1.30-1.31 (d, 3H, CH(CH,)),
1.32-150 (m, 24H, 12xCH,);, 1.54-183 (m, 6H, OCH,CH,,
COOCH,CH,, OCH(CH,)CH,); 3.62 (t, 2H, COOCH,); 4.04 (t, 2H,
OCH,); 4.24 (t, 2H, OCH,); 4.39-4.42 (m, 1H, OCH(CH,)); 4.54 (t, 2H,
COOCH,); 6.71-8.27 (m, 23H, H-ar)

'H-NMR: 0.84-0.88 (m, 6H, 2 x CH,); 1.11-1.12 (d, 3H, CH(CH,));
1.27 (s, 9H, C(CH,),); 1.30-1.46 (m, 18H, 9 x CH,); 1.60—1.84 (m, 4H,



Downloaded by [University of California, San Diego] at 22:15 20 August 2012

LATERALLY BRANCHED MESOGENS 85

OCH,CH,, OCH(CH,)CH,); 3.97-4.07 (m, 4H, 2 x OCH,); 447-4.52
(m, 3H, OCH(CH,;), COOCH,); 6.68-8.29 (m, 19H, H-ar); Elemental
analysis (%): C,oHg,04 (759.03), (calcd./found): C: 73.52/73.47; H:
7.22/1.20; [2]% = + 1.2; ¢=0.05 (CHCl,)

11b 'H-NMR: 0.85-0.92 (m, 6H, 2 x CH,); 1.18-1.19 (d, 3H, CH(CH,));
1.21 (s, 9H, C(CH,),); 1.22-1.52 (m, 18H, 9 x CH,); 1.59-1.85 (m, 4H,
OCH,CH,, OCH(CH,)CH,); 3.91-4.07 (m, 4H, 2 x OCH,); 4.36—4.52
(m, 3H, OCH(CH,), COOCH,); 6.60-8.29 (m, 23H, H-ar)

Acknowledgements

We would like to thank Horst Kresse for helpful discussions.

References

[1] W. Weissflog and D. Demus, Mol. Cryst. Lig. Cryst., 129, 235 (1986).
[2] C.T. Imrie and L. Taylor, Lig. Crystals, 6, 1 (1989).
[3] F. Perez, P. Berdague, J. P. Bayle, H. Allouchi, D. Chasseau, M. Cotrait and E. Lafontaine,
Lig. Crystals, 19, 345 (1995).
[4] W. Weissflog, A. Wiegeleben, S. Haddawi and D. Demus, Mol. Cryst. Lig. Cryst., 281, 15
(1996).
[5] W. Weissflog and D. Demus, Lig. Crystals., 3, 275 (1988).
[6] W. Weissflog, D. Demus and S. Diele, Mol. Cryst. Lig. Cryst., 191, 9 (1990).
[71 S. Takenaka, Y. Masuda, M. Iwano, H. Morita, S. Kusabayashi, H. Sugiura and
T. Ikemoto, Mol. Cryst. Lig. Cryst., 186, 111 (1989).
[8] J. Bomelburg, G. Heppke and K. Wuthe, Proc. SPIE-Int. Soc. Opt. Eng., 2175, 10 (1994).
[9] H. Hartung, F. Hoffmann, C. Stiitzer and W. Weissflog, Lig. Crystals, 19, 839 (1995).
[10] F. Hoffmann, H. Hartung, W. Weissflog, P. G. Jones and A. Chrapkowski, Mol. Cryst.
Lig. Cryst., 281, 205 (1996).
[11] S. Diele, A. Midicke, K. Knauf, J. Neutzler, W. Weissflog and D. Demus, Lig. Crystals.,
10, 47 (1991).
[12] S. Koybayashi and S. Ishibashi, Mol. Cryst. Lig. Cryst. Lett., 7, 53 (1990).
[13] H. Taniguchi, M. Ozaki, K. Nakao, K. Yoshino, N. Yamasak and K. Satoh, Mol. Cryst.
Lig. Cryst. 167, 197 (1989).
[14] S. Koybayashi and S. Ishibashi, Mol. Cryst. Lig. Cryst. 220, 1 (1992).
[15] B. Neises and W. Steglich, Angew. Chem., 90, 556 (1978).
[16] K. Miyasato, S. Abe, H. Takezoe, A. Fukuda and E. Kuze, Jap. J. Appl. Phys., 22, L661
(1983).
[17] J.S. Patel and J. W. Goodby, Opt. Engineering, 26, 373 (1987).
[18] J. W. Goodby, Ferroelectric Liquid Crystals: Principles, Properties and Applications, Gor-
don and Breach Science Publishers, Philadetphia (1991).
[19] D. M. Walba, M. B. Ros, N. A. Clark, R. Shao, K. M. Johnson, M. G. Robinson, J. Y. Lui
and D. Doroski, Mol. Cryst. Lig. Cryst., 198, 51 (1991).
[20] H. Kapitza, R. Zentel, R. J. Twieg, C. Nguyen, S. U. Vallerien, F. Kremer and C. G. Willson,
Adv. Mater., 2, 539 (1990).
[21] K. Furakawa, Ferroelectrics, 85, 451 (1988).
[22] F. Hildebrandt, J. A. Schroter, C. Tschierske, R. Festag, R. Kleppinger and J. V. Wendorfl,
Angew. Chem., 107, 1631 (1995).
[23] S. G. Morris, J. Am. Chem. Soc., 71, 2056 (1949).
[24] H. W. Jonston and F.J. Gross, J. Org. Chem., 22, 1265 (1957).



