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A homologous series of chiral thioesters, hexyl (25)-2-[6-(4-alkanoyloxyphenyl)benzoyloxy-
2’-naphthyl]thiopropionates, HiPBNTP (n=7-11) was synthesized, and the mesophases and
electro-optical properties were studied. All the materials possess a ferroelectric SmC* phase,
which was confirmed by the switching current behaviour. It was found that compounds with
a shorter alkyl chain length (n="7-9) displayed SmA* and SmC* phases, while, compounds
with a longer alkyl chain length (=10 and 11), displayed the SmC* phase exclusively.
Spontaneous polarization and apparent tilt angle were also measured. The maximum Pj
values are in the range 15-26nCcm 2, and the maximum 6 values are in the range 23°-28°.

1. Introduction

Ferroelectric liquid crystals (FLCs) have been paid
much attention as potential materials for display
application [1-4]. Many molecules have been designed,
synthesized and investigated in order to obtain FLC
materials showing a fast response time [5]. Generally,
the molecular structure of FLCs consists of a chiral
alkyl chain, a core structure and a terminal alkyl chain
[6]. Tt has been found that the incorporation of a
thioester in the rigid core, or in a peripheral chain
favours the formation of a smectic phase [7-9].
Moreover, a thioester linking group in the molecules
could enhance the mesophase thermal stability [7] and
polarizability [10], when compared with the analogous
carboxylate. Recent studies show that some chiral
thioester materials display anitiferroelectric phases [11,
12]. Other studies on the corresponding chiral homo-
logues also show interesting results [13-18].

Our previous results on the study of the chiral ester
materials hexyl (25)-2-[6-(4-alkoxyphenyl)benzoyloxy)-
2'-naphthyl]thiopropionates, HmPBNTP (m=8-14)
show that these materials favour the formation of
smectic phases, SmA* and SmC*; when the achiral
alkyl chain length is greater than 12, the SmC* phaseis
formed exclusively. In order to investigate further, we have
investigated the mesomorphic properties of structurally
similar chiral thioester materials with an ester group linked
to the achiral tail, hexyl (25)-2-[6-(4-alkanoyloxyphenyl)-
benzoyloxy-2'-naphthyl]thiopropionates, HnPBNTP
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(n=7-11). The general chemical structure for
HnPBNTP is given below.
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2. Experimental
2.1. Characterization of the chiral materials

The purity of the final compounds was determined by
elemental analysis and the chemical structures were
identified by proton NMR using a Bruker WP100SY
FTNMR spectrometer.

Transition temperatures and phase transition enthal-
pies were determined by differential scanning calori-
metry using Perkin-Elmer DSC7 calorimeter at a
heating rate of 5°C min~'. Mesophases were identified
by the observation of textures using a Nikon Micro-
phot-FXA optical microscope under crossed polarizers,
with a Mettler FP-82 hot stage in conjunction, with a
Mettler FPOOHT temperature controller.

Electro-optical properties were determined on sam-
ples filled in glass cells of 5 um thickness. The cells were
purchased from Linkam Scientific Instruments Ltd, and
fabricated by coating with unidirectionally buffed
polyimide film. The physical properties of the ferro-
electric phase for the materials were measured in
antiparallel aligned cells purchased from E.H.C Co.
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Japan. The spontancous polarization (P;) was measured
by a triangular wave method [19] using a frequency of
20Hz and an amplitude of 5V.

2.2. Synthesis of the chiral materials
The chiral materials were synthesized according to
procedures illustrated in the scheme.

2.2.1. Hexyl (2S)-2-(6-methoxy-2-naphthyl)thiopropio-
nate, 2

The chiral acid 1 (5g, 22mmol), 1-hexanethiol
(2.82g, 24mmol), N,N'-dicyclohexylcarbodiimide
(4.29 g, 24 mmol) (DCC) and 4-dimethylaminopyridine
(0.32g, 2.6mmol) (DMAP) were dissolved in dry
dichloromethane (50 ml) and the solution stirred for 3
days at room temperature. The solid produced was
filtered off. The filtrate was washed with 5% acetic acid,
aqueous sodium chloride and water. The organic layer
was dried over anhydrous magnesium sulphate, con-
centrated under vacuum and purified by column
chromatography over silica gel (70-230 mesh), using
dichloromethane/hexane (V/V =2/3) as the eluent; yield
72%. '"H NMR (CDCl5): d(ppm): 0.84 (t, 3H, CHj),
1.20-1.53 (m, 8H, CH,), 1.59 (d, 3H, C'"HCH}), 2.82 (t,
2H, SCH,), 3.91 (s, 3H, OCH}; ), 4 (q, 1H, "CHCH};),
7.1-7.7 (m, 6H, ArH).

? 1
1
HOCOH CH30 Q /COH
O
4
—/ G

C,Hypt, COCI l

//0
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Savest u
CH,0 CSCeHs
H C.,
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HnPBNTP (n=7-11)

Scheme. Schematic synthetic procedures for HnPBNTP
(n=7-11).

2.2.2. Hexyl (2S)-2-(6-hydroxy-2'-naphthyl)thiopropio-
nate, 3

The ester 2 (4.95g, 15mmol) was dissolved in
anhydrous dichloromethane and the solution cooled
to —20°C. Tribromoborane (7.5g, 30 mmol) was then
added, and the mixture was stirred at the same
temperature for 10min, then at 0°C for a further
60 min. The reaction mixture was diluted with dichloro-
methane (45ml), and the mixture poured into saturated
aqueous ammonium chloride (23 ml) and ice (23 g). The
organic layer was separated, washed with saturated
aqueous sodium chloride and dried over anhydrous
magnesium sulphate. The organic layer was concen-
trated by evaporation under vacuum. The product was
isolated by silica gel (70-230 mesh) column chromato-
graphy using dichloromethane as eluent. A resinous
product was obtained in 65% yield. "H NMR (CDCls):
o(ppm): 0.84 (t, 3H, CHj3), 1.20-1.53 (m, 8H, CH,),
1.59 (d, 3H, "CHCH,), 2.82 (t, 2H, SCH)), 4 (q, 1H,
C'HCH,;), 7.0-7.7 (m, 6H, ArH).

2.2.3. 4-(4'-Alkanoyloxyphenyl)benzoic acid, (n=7-11), 5
The acid 4 (1.31g, 6 mmol) and pyridine (5ml) were
mixed in dry dichloromethane (25ml). Lauroyl chloride
(1.34 g, 6 mmol) was dissolved in dry dichloromethane
(20ml) and added to the reaction mixture dropwise,
which was then heated under reflux for 3h and cooled
to room temperature. The solution was then acidified
with 5% HCI, and the resulting white solid obtained
filtered off. The crude products were crystallized from
absolute ethanol to yield 80-85% of pure target
compounds. '"H NMR (CDCl,), typical for 5(n=11):
o(ppm): 0.8-0.9 (t, 3H, CH3), 1.2-1.5 (m,18H, (CHb,)y),
2.5-2.6 (t, 2H, (CH,)COO0), 7.1-8.1 (m, 8H, ArH).

2.2.4. Hexyl (2S)-2-[6-(4-alkanoyloxyphenyl)benzoyloxy-
2'-naphthyl Jthiopropionates HnPBNTP (n=7-11), 6

The chiral alcohol 3 (0.35g, 1.1 mmol), acid 5 (n=11,
0.48 g, 1.2mmol), DCC (0.25g, 1.2mmol) and DMAP
(0.02g, 0.12mmol) were dissolved in dry dichloro-
methane (50 ml) and the mixture stirred for 3 days at
room temperature. The solid produced was filtered and
the filtrate washed with 5% acetic acid, 5% aqueous
sodium chloride and water. The organic layer was dried
over anhydrous magnesium sulphate and concentrated
under vacuum. The product obtained was purified by
column chromatography over silica gel (70-230 mesh)
using dichloromethane/hexane (V/V=2/3) as eluent.
The products were crystallized from absolute ethanol
and yielded 80% of pure compound. 'H-NMR
(CDCly), typical for 6 (n=11): é(ppm): 0.85 (dt, 6H,
CHj;), 1.2-1.6 (m, 24H, (CH>);»), 1.6 (d, 3H, "CHCH}),
1.8 (m, 2H, SCH,CHy), 2.59 (t, 2H, SCH>), 2.8 (m,2H,
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CCH,), 7.2-8.3 (m, 14H, ArH). Elemental analysis data
are summarized in table 1.

3. Results and discussion
3.1. Mesophase properties

The phase transitions and corresponding phase
transition enthalpies of mesophases for the HnPBNTP
series were measured by DSC. The mesophases were
identified by the observation of microscopic textures
under crossed polarizers. The SmA* phase was
characterized by the appearance of focal-conic and
pseudo-homeotropic textures. The SmC* phase
appeared as a striated focal-conic texture and was
further characterized by switching current behaviour.

The phase behaviour of HuPBNTP (n=7-11) is
summarized in table2, and the phase diagram as a
function of the alkyl chain length (n) on cooling, is
plotted in figure 1. The clearing temperatures decrease
with increasing terminal chain length, but the SmA*—
SmC* transition temperature increases with increasing
the terminal chain length. The melting temperature
increases until a chain length of 10 carbons is reached,
and then decreases. The SmA* phase disappears as the
alkyl chain length reaches 10 carbons. The temperature

Table1. Elemental analysis data for compounds HzPBNTP

(n=7-11).
Theory Experiment
Compound C% H% C% H%
H7PBNTP 75.20 7.26 75.22 7.28
HSPBNTP 75.43 7.41 74.99 7.41
HO9PBNTP 75.64 7.56 75.51 7.56
H10PBNTP 75.85 7.77 75.58 7.69
HI1IPBNTP 76.04 7.83 75.95 7.81

Table2. Transition temperatures (°C) and enthalpies AH
(Jg ") (in brackets) of chiral compounds HZPBNTP

n=7-11).
n 1 SmA* SmC* Cr m.p*
7 e 14527 ° 120.1 e 1004 e 12373
(5.985) (0.128) (33.84) (40.22)
8 e 14242 ° 132.54 e 107.17 e 129.27
(6.831) (0.551) (39.38) (44.27)
9 e 141.06 ° 136.42 e 11296 e 131.59
(5.189) (0.942) (35.63) (40.45)
10 o 138.52 ° — e 113.03 e 130.77
(8.027) — (38.82) 43.77)
11 e 136.65 ° — . 109.11 e 125.69
(8.757) — (36.37) (40.79)

“m.p refers to the melting point taken from a DSC
thermogram recorded at a heating rate of 5°Cmin .
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Figure 1. Phase transition temperature versus alkyl chain
length n of compounds HuPBNTP (n=7-11).

range of the SmC* phase also increases with the chain
length.

3.2. Electro-optical studies

The switching current behaviour of compound
HnPBNTP (n=38) is shown in figure 2. No switching
peak appears in the SmA* phase. A switching current
peak appears at 125°C due to the transition from SmA*
to SmC*, suggesting the existence of ferroelectricity. As
the temperature falls from the transition temperature,
the switching current peaks increase slightly.

The spontaneous polarization of the HxnPBNTP
compounds was measured in 5pum polyimide buffed
cells by the triangular wave method [16], the results are
shown in figure 3. The spontaneous polarization of
these compounds was found to increase with decreasing
temperature; the maximum values for HnPBNTP
(n=7-9) are in the range approximate 15-26nCcm 2.

The temperature dependence of the optical tilt angle
of the compounds HrPBNTP (n=7-9) was also
measured, with results shown in figure 4. The optical
tilt angle increases dramatically as the temperature
cooled from the SmA* region to the SmC*. The
maximum optical tilt angles 0 are in the range of
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Figure2. Switching current behaviour of the compound

HnPBNTP (n=38) in the SmA* and SmC* phase at (a)
130°C, (b) 125°C, (c) 110°C.
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Figure3. Spontaneous polarization plotted as a function of
temperature for HiPBNTP (n=7-9). T, is the tempera-
ture of the SmA*-SmC* transition.

23°-28°. It was clearly shown that the optical tilt angle
increases with increasing alkyl chain length.

4. Conclusion

A new homologous series of chiral thioesters, hexyl
(25)-2-[6-(4-alkanoyloxyphenyl)benzoyloxy-2'-naphthyl]
thiopropionates, HnPBNTP (n=7-11), has been
synthesized and was found to exhibit the ferroelectric
SmC* phase. These thioester materials favour the
formation of chiral tilted smectic phases, and in
compounds with longer alkyl chain length (=10 and
11) the SmC* phase is formed exclusively. These results
are similar to our previously reported results obtained

40
35 | ¢ H7PBNTP
= H3PBNTP
30 r A HOPBNTP
addadarararaaa
25 - AA....I-.IIIIII
. A.- cosseseseee
= 20 n .
N
I R
15 N
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0 1 1
0 5 10 15 20 25 30
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Figure4. Optical tilt angle plotted as a function of
temperature for HuPBNTP (n=7-9). T, is the tempera-
ture of the SmA*-SmC* transition.

from the structurally similar chiral thioester materials
HmPBNTP, except that the thermal stabilities of the
mesophases are greater, because the ester group linked
to an achiral alkyl chain has higher polarity then the
ether group.

The authors are grateful for the financial support of
the National Science Council of the Republic of China
(NSC 92-2216-E-036-007).
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