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Synthesis and mesomorphic properties of some esters of

trans-4-n-alkoxycinnamic and trans-4-n-alkoxy-a-methylcinnamic

acids exhibiting ferroelectric and antiferroelectric phases

by N. KASTHURAIAH, B. K. SADASHIVA*

Raman Research Institute, Bangalore-560 080, India

S. KRISHNAPRASAD and GEETHA G. NAIR

Centre for Liquid Crystal Research, Post Box 1329, Bangalore-560 013, India

(Received 30 October 1997; accepted 3 November 1997 )

The synthesis and mesomorphic properties of several homologues of (S)-(+)-1-methylheptyl
4-[4 (trans-4-n-alkoxycinnamoyloxy) benzoyloxy]benzoates (series I) and (S )-(+)-1-methylheptyl
4-[4-(trans-4-n-alkoxy-a-methylcinnamoyloxy)benzoyloxy] benzoates (series II) are described.
The in¯ uence of the a-methyl group on the di� erent mesophases and the clearing temperatures
has been evaluated. Many homologues of both the series show a ferroelectric chiral smectic C
(SmC*) phase while the antiferroelectric smectic C phase (SmC*

A ) is exhibited by compounds
of series I. The mesophases have been identi® ed by optical polarizing microscopy, di� erential
scanning calorimetry and miscibility studies. The spontaneous polarization, the helical pitch
and the tilt angle of two of the compounds have also been measured.

1. Introduction series I, and (S)-(+)-1-methylheptyl 4-[4-trans-4-n-alkoxy-
a-methylcinnamoyloxy)benzoyloxy]benzoates, series II.Since the discovery of the twist grain boundary phase

in some phenyl propiolates by Goodby et al. [1] and
the antiferroelectric chiral smectic C (SmC*

A ) phase by
Chandani et al. [2], various compounds have been
synthesized [3 ± 9] which exhibit these phases. While the
study of the twist grain boundary phase seems to be of
academic interest, the SmC*

A phase has been exploited
for various device applications [10± 12]. Generally, the
SmC*

A phase is accompanied by other sub-phases such
as the SmC*

a and the ferrielectric phases (SmC*
c ) . The As can be seen, the two series of compounds di� er

appearance of one or more of these phases is in¯ uenced from one another by a methyl group which is present in
by small changes in the molecular structure of the chiral the a position of the cinnamic acid in series II. The e� ect
material under investigation. Goodby and co-workers of this lateral substituent on the mesophases will also
[5, 13, 14] have shown that the appearance of the be discussed.
SmC*

A phase is strongly dependent on the chirality of the The spontaneous polarization, helical pitch and
molecules. For a clear understanding of the correlation optical tilt angle as functions of temperature have been
between molecular structure and the appearance of the measured for one homologue of each series; this probably
SmC*

A phase a number of di� erent types of compound represents the behaviour of the other homologues.
have to be examined and many investigations are being
carried out by various groups. 2. Synthesis and characterization of materials

In this paper, we examine the appearance of the The compounds of the two series, I and II, were
chiral smectic phases and compare the properties of two prepared following the pathway shown in ® gure 1.
series of compounds, viz. (S)-(+)-1-methylheptyl 4-[4- Benzyloxybenzoic acid (BBA) was prepared by treat-
(trans-4-n-alkoxycinnamoyloxy)benzoyloxy]benzoates, ing ethyl 4-hydroxybenzoate with benzylchloride in the

presence of anhydrous potassium carbonate in butan-
2-one and hydrolysing the resulting ester with aqueous*Author for correspondence.

0267± 8292/98 $12´00 Ñ 1998 Taylor & Francis Ltd.
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640 N. Kasthuraiah et al.

Figure 1. Synthetic pathway used for the preparation of the compounds of series I and II.

alkali. trans-4-n-Alkoxycinnamic acids [15] and trans- performance liquid chromatography using m porasil
column (3 9́ mm Ö 300 mm, Waters Associates Inc.) and4-n-alkoxy-a-methylcinnamic acids [16] were prepared

using procedures already described. The ® nal com- 2% ethyl acetate in heptane as the eluent. The purities
were found to be greater than 99%. The chemicalpounds were prepared using the phenol 1-methylheptyl

4-(4-hydroxybenzoyloxy)benzoate and an appropriate structures of all the compounds were con® rmed by using
a combination of 1H NMR spectroscopy (Bruker WPn-alkoxycinnamic acid.

The intermediate and ® nal compounds were puri® ed 80 SY spectrophotometer with tetramethylsilane as an
internal standard), infrared spectroscopy (Shimadzu 1R435by column chromatography on silica gel using chloro-

form as eluent. They were crystallized from suitable spectrophotometer) and elemental analysis (Carlo-Erba
1106 analyser). Speci® c optical rotations were measuredsolvents. The purities of all these compounds were

checked by thin layer chromatography (Merck Kieselgel using dichloromethane as the solvent (Optical Activity
AA 1000 polarimeter).60F254 pre-coated plates) and by normal phase high

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



641Ferro- and antiferro-electric cinnamates

The detailed procedure for the synthesis and charac- ® eld. The pitch values were determined by the optical
di� raction method [19].terization of one of the compounds under study is

given below.
4. Results and discussion(S)-(+)-1-Methylheptyl 4-[4-(trans- 4-n-decyloxycin-

The transition temperatures and associated enthalpiesnamoyloxy)benzoyloxy] benzoate . A mixture of trans-4-n-
for compounds of the two series, I and II, are summarizeddecyloxycinnamic acid (142 mg, 0 4́6 mmol ), (S )-(+)-
in tables 1 and 2, respectively. As can be seen, the1-methylheptyl 4-(4-hydroxybenzoyloxy)benzoate (180 mg,
derivatives of trans-4-n-alkoxycinnamic acids show rich0 4́6 mmol), N ,N ¾ -dicyclohexylcarbodiimide (DCC) (94 mg,
polymesomorphism. The mesophases were characterized0 4́6 mmol) and anhydrous dichloromethane (10 ml) was
by observing the textures in a planar arrangement ofstirred for two hours at room temperature. The N ,N ¾ -
the samples as reported earlier [9], and by miscibilitydicyclohexylurea formed was ® ltered o� and the ® ltrate
studies as discussed later in § 5. All the homologuesdiluted with dichloromethane (25 ml). This solution was
exhibit a SmA phase and the clearing temperatureswashed successively with water (2 Ö 30 ml), 5% aqueous
decrease with increasing length of the alkoxy chain;acetic acid (3 Ö 50 ml ), water (3 Ö 50 ml); it was then
similarly the chiral smectic C phase is present in all thedried (Na2SO4 ). The residue obtained on removal of
homologues, with compound 9 having the maximumsolvent was chromatographed on silica gel and eluted
thermal range of 58 ß C. The SmC*

a phase precedes thewith chloroform. Removal of solvent from the eluate
other helical smectics in compounds 2 ± 8 and the temper-a� orded a white solid material which was crystallized
ature range of this phase is rather narrow. Similarly therepeatedly from ethanol (267 mg, 87%), m.p. 86 ß C,
ferrielectric phase is exhibited by compounds 2 ± 8. This[a]25

D =19 2́7ß (5 5́ mg ml Õ
1 in CH2Cl2 ), nmax (nujol, cm Õ

1 )
phase could be easily identi® ed under the microscope as1740, 1730, 1720 and 1605. 1H NMR (CDCl3 , d) : 0 7́ ± 2 0́
it ¯ uctuates dynamically in homeotropic regions [7].(35H, m, 3 Ö CH3 , 13 Ö CH2 ) , 4 1́ (2H, t, J =6 6́ Hz,
The antiferroelectric phase is also shown by the sameArOCH2 ) 5 0́ ± 5 3́4 (1H, m, COOCH), 6 4́2 and 7 8́4 (AB
seven compounds. The temperature range of this phaseq 2H, J =18 6́ Hz, CH 5 CHCOO) 6 8́8 and 7 4́5 (4H, AB
decreases with increase in length of the alkoxy chain. Inq, J =9 0́ Hz, ArH), 7 3́2 and 8 1́6 (4H, AB q, J =9 5́ Hz,
homologous series I, compound 3 has the lowest meltingArH), 7 4́ and 8 3́ (4H, AB q, J =9 0́ Hz, ArH). Elemental
point and the widest thermal range (44 5́ ß C) of theanalysis: found, C 74 7́, H 8 0́8%. C41 H52O7 requires
antiferroelectric phase.C 75 0́, H 7 9́2%.

It can also be seen in table 1 that the enthalpies of
transition between the antiferroelectric, ferrielectric,

3. Measurements ferroelectric and SmC*
a phases is extemely low; similar

The phase assignments and transition temperatures behaviour has been observed in a number of other
were determined by thermal polarized light microscopy homologous series [7, 8, 9]. A plot of the transition
using a polarizing microscope (Leitz Laborlux 12 POL) temperatures as a function of terminal alkyl chain length
equipped with a heating stage and a controller (Mettler for series I is shown in ® gure 2. It is seen that there is a
FP52 and FP5, respectively), and also from thermo- gradual decrease in the SmA � I transition temperatures
grams recorded on a di� erential scanning calorimeter while both SmC*

a to SmA and SmC* to SmC*
a transition

(Perkin-Elmer Model DSC-4 or Model DSC-7). These points rise initially before levelling o� .
instruments were calibrated using pure indium as a The phase sequences, the accompanying transition
standard. temperatures and the enthalpies determined by thermal

The physical measurements were performed using optical microscopy and di� erential scanning calorimetry
samples sandwiched between ITO coated glass plates. for compounds of series II are summarized in table 2.
Mylar spacers were used to de® ne the thickness of the One can see that compound 10 shows only a SmA
cell (typically ~10 mm for the polarization and tilt angle phase, while the remaining homologues exhibit at least
measurements and 100 mm for determination of the one other phase. Surprisingly, the antiferroelectric phase
pitch). For spontaneous polarization (P ) measurements, could not be observed in any of the compounds, although
the triangular wave method [17, 18] was employed. To the ferrielectric and the SmC*

a phases could still be
identify or con® rm the presence of antiferroelectric and/or retained. It is evident that the a methyl group has a
the s̀ub-phases’ a low frequency (0 9́7 Hz) probing ® eld dramatic e� ect on the stability of the SmC*

A phase which
had to be used. However, the measurements as a function is present in the unsubstituted compounds. In addition,
of temperature were carried out at a higher frequency the overall transition temperatures are lowered, as is to
(9 7́ Hz) to avoid conductivity problems associated with be expected [16]. Compounds 12 and 14 exhibit a
low frequency, large magnitude ® elds. The tilt angle (h) monotropic phase (SmC*

x ) below the ferrielectric phase
which is yet to be identi® ed. By and large the meltingwas measured by applying a near d.c. (0 1́ Hz) switching
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Table 1. Phase sequences, transition temperatures ( ß C) and (in italics) enthalpies (kJ mol Õ
1 ) for the compounds of series I.

Cr= crystalline phase; SmC*
x =unidenti® ed smectic phase; SmC*

A=antiferroelectric phase; SmC*
c = ferrielectric phase;

SmC*= ferroelectric phase; SmC*
a =chiral smectic a phase; SmA= smectic A phase; I= isotropic phase.

Compound n Cr SmC*
A SmC*

c SmC* SmC*
a SmA I

number

1 6 E 107 2́ Ð Ð E 118 0́ Ð E 178 4́ E

34´68 0 0́32 5 2́2
2 7 E 92 5́ E 117 0́ E 119 0́ E 131 7́ E 133 0́ E 172 0́ E

32´17 0 0́06 0 0́12 0 0́06 0 0́32 4 8́5
3 8 E 79 5́ E 124 0́ E 126 0́ E 140 0́a

E 142 0́ E 168 5́ E

41´95 0 0́03 0 0́18 0 1́19 4 4́5
4 9 E 81 0́ E 121 5́ E 124 0́ E 143 5́ E 145 5́ E 164 5́ E

26´0 0 0́14 0 0́25 0 0́13 0 2́24 4 1́
5 10 E 86 0́ E 121 0́ E 123 5́ E 145 8́a

E 148 5́ E 161 0́ E

34´83 0 0́07 0 0́44 0 5́18 3 8́7
6 11 E 87 0́ E 109 0́ E 112 0́ E 145 0́a

E 147 3́ E 157 0́ E

34´03 0 0́06 0 0́15 0 5́96 2 9́4
7 12 E 88 0́ E 110 5́ E 112 5́ E 144 0́a

E 145 8́ E 154 5́ E

35´49 0 0́13 0 0́09 0 6́56 2 9́4
8 14 E 85 5́ E 93 5́ E 96 0́ E 142 0́a

E 143 7́ E 151 0́ E

46´63 0 0́1 0 0́16 0 7́04 2 4́2
9 16 E 83 0́ Ð Ð E 141 0́ Ð E 147 0́ E

32´93 1 2́5 1 7́7

a Enthalpy could not be determined.

5. Mixture studies

As already mentioned, the compounds of series I show
rich polymesomorphism. In order to identify and con® rm
the assignment of the various smectic mesophases an
isobaric binary phase diagram was constructed using
mixtures of compound 3 and the standard material
4-(1-methylheptyloxycarbonyl )phenyl 4 ¾ -n-octyloxybi-
phenyl 4-carboxylate (MHPOBC). The mixtures were
made as weight/weight ratios and mixed thoroughly in
their isotropic states. The transition temperatures and
the identities of the di� erent mesophases were deter-
mined by using a combination of optical microscopy
and di� erential scanning calorimetry. The isobaric
binary phase diagram obtained is shown in ® gure 4. It
is clear from this diagram that there is continuous
miscibility of the SmA, SmC*

a , SmC*, SmC*
m and

SmC*
A phases over the entire composition range, con-

® rming the optical observations. Also, since the chiral
phases exist over the entire composition range, the
helical twist sense of the two compounds is the same.Figure 2. Plot of transition temperatures as a function of

n-alkyl chain length for series I.

6. Electro-optical studies

Figures 5 and 6 show the current response to anpoints are relatively lower in comparison with those
applied triangular wave in the di� erent mesophases ofobtained for compounds of series I. A plot of the
compounds 5 and 12, respectively. The patterns of thesetransition temperatures versus the number of carbon
oscilloscope traces show clear signatures of the under-atoms in the terminal chain is shown in ® gure 3. The
lying switching mechanisms in each of the phases andtrends of the di� erent curves are similar to those

observed for series I, except that the slopes are di� erent. are in agreement with those reported in the literature.
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643Ferro- and antiferro-electric cinnamates

Table 2. Phase sequences, transition temperatures ( ß C) and (in italics) enthalpies ( kJ mol Õ
1 ) for the compounds of series II.

Cr= crystalline phase; SmC*
x =unidenti® ed smectic phase; SmC*

A=antiferroelectric phase; SmC*
c = ferrielectric phase;

SmC*= ferroelectric phase; SmC*
a =chiral smectic a phase; SmA= smectic A phase; I= isotropic phase.

Compound n Cr SmC*
x SmC*

c SmC* SmC*
a SmA I

number

10 8 E 58 5́ Ð Ð Ð Ð E 119 5́ E

32´93 5 5́8
11 9 E 57 5́ Ð Ð ( E 52 5́) E 59 6́ E 115 5́ E

43´36 0 0́03 0 0́85 4 8́5
12 10 E 62 5́ ( E 59 5́) E 69 5́ Ð E 73 5́ E 114 0́ E

44´47 0 0́26 0 0́1 0 0́2 5 8́9
13 11 E 60 7́ Ð Ð E 84 2́ E 88 0́ E 113 7́ E

33´0 0 0́05 0 0́08 5 4́
14 12 E 57 0́ ( E 40 0́) E 62 1́ E 90 6́ E 93 0́ E 113 0́ E

52´76 0 0́27 0 2́79 0 0́16 0 0́2 5 4́4
15 14 E 64 2́ E 94 0́ E 110 0́ E

41´23 0 1́52 4 2́8

Figure 4. Miscibility phase diagram of binary mixtures ofFigure 3. Plot of transition temperatures as a function of
compound 3 and the standard material MHPOBC.

n-alkyl chain length for series II.

But it must be remarked that the strength of the addi- The temperature dependence of polarization (P ) for
compound 5 is shown in ® gure 7. The smooth variationtional peaks in the SmC*

a and SmC*
m phases (compare

the panels in the two ® gures) varies from one material through the di� erent phases shows that the applied ® eld
was high enough to transform the structure in theto another, a feature observed in our earlier study also

[9]. Perhaps it is controlled by the nature of the phase SmC*
A to SmC*

m phase to the ferroelectric state. In other
words the applied ® eld was greater than the helixtransition at a lower temperature. For example, in the

case of compound 5, which shows weaker additional unwinding ® eld. Comparing the saturated value of P

obtained for structurally similar compounds, it ispeaks, the SmC*
a to SmC*

m transformation is through
the C* phase. In contrast in compound 12, having observed that compound 5 shows a slightly higher P

than a compound [20] which has no bridging groupvery strong additional peaks, the transition is direct.
These features are re¯ ected in the associated transition between the ® rst and second phenyl rings (as seen from

the non-chiral chain side). The presence of a transverseenthalpies. Of course more studies are needed to see
whether this is generally applicable to all systems. dipole moment (C 5 O) in this position for compound 5
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644 N. Kasthuraiah et al.

Figure 6. Raw oscilloscope traces in the smectic SmC*
a , and

SmC*
m phases of compound 12.

Figure 5. Raw oscilloscope traces in the smectic SmC*
a ,

SmC*, SmC*
m , and SmC*

A phases of compound 5.

is perhaps the cause. However, the introduction of the
C 5 O dipole between the second and third phenyl rings
seems to a� ect adversely the magnitude of P. For
example, compare the value for compound 5 with that
for compound 9, chbp 16 (R) reported by Tu� n et al.
[21]; a similar feature was reported by Robinson et al.

Figure 7. Thermal variation of polarization (P) for compound 5.[20]. The reason could be that due to packing con-
siderations the C 5 O dipole between the second and
third phenyl ring and the one attached to the chiral another compound [9] having the same transition. As

remarked above, the additional peaks in the currentchain are forced to point in opposite directions, thus
reducing the e� ective dipole moment. response oscilloscope traces taken in the SmC*

a phase
are much weaker for compound 5 than the one obtainedPlots of optical tilt angle and helical pitch as

functions of reduced temperature Tc-T (where Tc is the for the compound used in the earlier study [9]. Perhaps
the SmC*

a ± SmC* transition is much weaker in theSmC*
a ± SmC* transition temperature) for compound 5

are shown in ® gures 8 and 9, respectively. The tilt angle present case. This is similar to the observation that the
tilt angle variation in the SmC* phase depends onis seen to have appreciable temperature dependence, a

feature which is in contradiction to that observed in whether the transition to the high temperature phase is
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645Ferro- and antiferro-electric cinnamates

pounds becomes completely eliminated in the a-methyl
substituted compounds. Also, in one of these homo-
logues, there is a direct transition from the SmC*

a to the
SmC*

m phase which is a rather rare occurrence.

The authors would like to thank Mr K. Subramanya
for recording the various spectra and for carrying out
elemental analyses. They are grateful to Dr H. T. Nguyen
and Dr J. C. Rouillon of Centre de Recherche Paul
Pascal, Bordeaux, France for the di� erential scanning
calorimetric data on some of the compounds.
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