
 

 

PLEASE SCROLL DOWN FOR ARTICLE

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

A comparison of ferroelectric liquid crystals containing diastereomeric
propionic acids derived from natural ethyl lactate
Wen-Liang Tsaia; Tzu-Chi Lua; Hong-Wei Liua; Meng-Yen Tsaia; Chao-Ming Fub

a Department of Chemistry, National Kaohsiung Normal University, 116 Ho-Ping 1st Road, Kaohsiung
802, Taiwan ROC, b Department of Physics, National Kaohsiung Normal University, 116 Ho-Ping 1st
Road, Kaohsiung 802, Taiwan ROC,

Online publication date: 06 August 2010

To cite this Article Tsai, Wen-Liang , Lu, Tzu-Chi , Liu, Hong-Wei , Tsai, Meng-Yen and Fu, Chao-Ming(2000) 'A
comparison of ferroelectric liquid crystals containing diastereomeric propionic acids derived from natural ethyl lactate',
Liquid Crystals, 27: 10, 1389 — 1392
To link to this Article: DOI: 10.1080/026782900423449
URL: http://dx.doi.org/10.1080/026782900423449

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 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.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782900423449
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2000, Vol. 27, No. 10, 1389± 1392

A comparison of ferroelectric liquid crystals containing
diastereomeric propionic acids derived from natural ethyl lactate

WEN-LIANG TSAI*, TZU-CHI LU, HONG-WEI LIU, MENG-YEN TSAI

Department of Chemistry, National Kaohsiung Normal University,
116 Ho-Ping 1st Road, Kaohsiung 802, Taiwan ROC

and CHAO-MING FU

Department of Physics, National Kaohsiung Normal University,
116 Ho-Ping 1st Road, Kaohsiung 802, Taiwan ROC

(Received 1 April 2000; accepted 12 May 2000 )

Two diastereomeric carboxylic acids, 2(S)-[2(R)-methylhexyloxy]propionic acid and 2(S)-
[2(S)-methylhexyloxy]propionic acid, were prepared from ethyl (S)-lactate and (R)-1-iodo-
2-methylhexane or (S)-1-iodo-2-methylhexane in the presence of Ag2O. From these acids
two liquid crystals, 2 and 3, whose con� gurations are (S, R) and (S, S) were synthesized and
their liquid crystal properties investigated. Although both LCs have the same phase sequence
Cr± SmC*± N*± I as well as a wide SmC* phase range, the in� uence of the relative stereo-
chemistry on their physical properties is clear. The liquid crystal with (S, S)-con� guration
possesses better properties: lower SmC* phase transition temperature, wider SmC* phase
range and higher Ps value. The Ps value diŒerence between the ferroelectric LCs 2 and 3
(97 and 131 nC cm Õ 2, respectively, at Tc

Õ T 5 10 ß C) is unexpectedly large. The consideration,
alone, of a zigzag conformation at the chiral molecular part of 2 and 3 is insu� cient to
explain such a diŒerence.

1. Introduction encouraging eŒect. To understand the eŒect clearly, two
chiral liquid crystals with (S, R)- and (S, S)-con� guration,Chiral liquid crystals have attracted great attention
as shown in structures 2 and 3, were synthesized anddue to their novel properties such as thermochromism
their phase behaviours and spontaneous polarization[1], ferroelectricity [2] and antiferroelectricity [3].
were studied and compared.Therefore, the absolute and relative con� gurations of chiral

molecules are important in the design and synthesis of
new chiral liquid crystals with improved properties
[4, 5]. We have recently used a molecule with two chiral
centres, 2(S)-[2(S)-methylbutoxy]propionic acid, as a
building block for the preparation of ferroelectric liquid
crystals (FLCs) [6, 7]. It was shown that the spon-
taneous polarization of these FLCs could be increased
enormously [8]. Although the two chiral methyl groups
in those FLC molecules, for instance FLC 1, are relatively
far away from each other, separated by an oxygen atom
and a methylene group, they seem to work in a coherent
way to induce a larger spontaneous polarization. It is
known that the in� uence of a chiral methyl group on
the spontaneous polarization will be decreased greatly
when it moves further away from the core [9–11].
However, the second (S)-methyl group in these FLCs,
even far away from the core, has an unexpected and
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2. Experimental (5 ), was synthesized from racemic 2-methylhexanoic
acid by optical resolution [13], reduction [14] and2.1. Characterization
iodination [15]. The alkaloid cinchonidine was usedInfrared and NMR spectra were recorded on a
as the resolving agent for (R)-2-methylhexanoic acid,Nicolet 550 FTIR and Brucker AC-300 spectrometer,
while quinine was used for (S)-2-methylhexanoic acid.respectively. Elemental analyses were made by a Heraeus
The new chiral propionic ester 6 was prepared by theCHN-O-RAPID combustion apparatus. Mass spectra
esteri� cation of natural ethyl lactate (4 ) with 5 inwere recorded on a JMS-D100 instrument. Speci� c rotation
the presence of Ag

2
O.was measured with a Horiba SEPA-300 polarimeter.

After saponi� cation of 6 the new chiral propionicTransition temperatures and textures of liquid crystal
acid 7 was formed. The esteri� cation of 7 with thephases were determined by a Perkin-Elmer DSC-6 diŒer-
4,4 ¾ -biphenol derivative 8 gave the target liquid crystalential scanning calorimeter, as well as with an Olympus
compound 2. The corresponding diastereomers havingBX 50 polarizing microscope in conjunction with an
(S, R)-con� guration, 9, 10 and 3, were synthesized by theInstec HS 400 heating stage. Spontaneous polarizations
same procedures as those for 6, 7 and 2.were measured by the triangular wave method [12].

The con� guration of the synthesized diastereomersCells having 2 mm gap and 0.16 cm2 active area were used.
can be easily identi� ed by 1H NMR. The chemical shift
of the methylene group between the oxygen atom of

2.2. Synthesis
the � rst chiral centre and the second chiral centre is

Only the syntheses of compounds having the (S, R)-
useful for diŒerentiating the (S, R)-stereoisomers from

con� guration are described here. The procedures used for
the corresponding (S, S)-stereoisomers. Those methylene

the preparation of the corresponding (S, S)-stereoisomers
groups all have AB patterns. The AB pattern of

were analogous to those for the (S, R)-stereoisomers. the (S, R)-stereoisomer is positioned between that of the
Commercially available chemical reagents were used corresponding (S, S)-stereoisomer. For comparison the
directly without further puri� cation. Solvents for chromato- chemical shift of the methylene group and the speci� c
graphy and recrystallization were distilled before use. rotation of the diastereomers 2, 3, 6, 7, 9 and 10 are
Silica gel 60 from Merck was used as packing material summarized in table 1.
for � ash chromatography .

The synthesis of new chiral compounds and FLCs 2.2.1. Ethyl 2(S)-[2(R)-methylhexyloxy]propionat e (6)
having an (S, R)-con� guration is shown in the scheme. To a mixture of 2.24 g (19.0 mmol) of ethyl (S)-lactate

(4 ) and 6.00 g (26.5 mmol ) of (R)-1-iodo-2-methylhexaneThe chiral starting material, (R)-1-iodo-2-methylhexane

Scheme.
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Table 1. Chemical shifts and speci� c rotations of compounds 2, 3, 6, 7, 9 and 10.

Chemical shift/ppm
Compound ± (CH3 )*CH ± O± CH2

± *CH(CH3 )± [a]28D (CHCl3 )/ ß

6 (ester) 3.17, 3.29 Õ 50
9 (ester) 3.12, 3.42 Õ 49
7 (acid) 3.26, 3.34 Õ 30

10 (acid) 3.13, 3.43 Õ 24
2 (FLC) 3.35, 3.46 Õ 22
3 (FLC) 3.23, 3.58 Õ 29

(5 ) [13–15], 6.54 g (28.2 mmol) of silver oxide was added 2.2.3. 4-{2(S)-[2(R)-Methylhexyloxy]propionyloxy} -
biphenyl 4-n-decyloxybenzoat e (2)and the mixture heated at 70 ß C for 18 h. The product

A solution of 223.0 mg (0.50 mmol) of 4-(4 ¾ -hydroxy)-was extracted with diethyl ether (5 Ö 30 ml), and the
biphenyl 4-n-decyloxybenzoate (8 ), 94.0 mg (0.50 mmol )ether phase washed with 5% aqueous KOH (5 Ö 30 ml)
of 7, 61.1 mg (0.50 mmol ) of 4-(N,N-dimethylamino)-and then with brine (5 Ö 30 ml). The organic phase was
pyridine, 151.7 mg (1.50 mmol ) of triethylamine andcollected and dried over Na

2
SO

4
. Filtration and removal

113.3 mg (0.55 mmol) of dicyclohexylacarbodiimide in 4 mlof solvent in a rotary evaporator gave crude product
of CH2Cl2 was stirred at room temperature for 18 h.which was puri� ed by � ash chromatography (pentane/
The precipitate was � ltered oŒand washed with 10 mldiethyl ether, 10/1), aŒording 2.31 g (56%) of ester 6 as a
of CH

2
Cl

2
. The combined organic phase was washedcolourless liquid. IR (neat) 2962, 1742, 1472, 1375, 1273,

with 0.1M HCl (3 Ö 5 ml) and H
2
O (3 Ö 5 ml), then dried1135 cm Õ 1. 1H NMR (CDCl

3
) 0.87~ 1.37 (peaks over-

over Na2SO4 . Filtration, removal of solvent, puri� cationlapped, 18H), 1.68 (m, 1H, ± OCH2
± CH(CH3)± CH2

± ),
by � ash chromatography (SiO2 , hexane/ethylacetate/3.17 (d (AB) Ö d, 1H, J 5 8.6, 6.3 Hz, ± O± (C5 O)±
CH2Cl2 , 6/1/1), and recrystallization from hexaneCH(CH3 )± OCH2

± ), 3.29 (d (AB) Ö d, 1H, J 5 8.6,
gave the product as a white solid in 42% yield. IR6.8 Hz, ± O± (C5 O)± CH(CH

3
)± OCH

2
± ), 3.87 (q, 1H,

(KBr) 2920, 2849, 1768, 1720, 1616, 1496, 1168 cm Õ 1.J 5 6.8 Hz, ± O± (C 5 O)± CH(CH3 )± O± ), 4.16 (q, 2H,
1H NMR (CDCl3 ) 0.84~ 1.83 (peaks overlapped, 35 H),J 5 6.9 Hz, CH3

± CH2
± O± (C5 O)± ). 13C NMR (CDCl3 )

3.35 (d (AB) Ö d, 1H, J 5 7.0, 1.7 Hz, ± O± (C5 O)±14.04, 16.94, 18.62, 22.31, 22.93, 29.12, 33.23, 34.13, 60.66,
CH(CH3 (± O± CH2

± CH(CH3 )± ), 3.46 (d (AB) Ö d,75.33, 75.88, 173.57. MS (FAB) m/z (relative intensity) :
1H, J 5 7.0, 1.5 Hz, ± O± (C5 O)± CH(CH3 )± O± CH2

±217 (M+ 1 1, 24.4 ); [a]28D 5 Õ 49.5 ß (CHCl3 , c 5 1.01).
CH(CH

3
)± ), 4.03 (t, 2H, J 5 6.6 Hz, ± CH

2
± O± Ar), 4.16

(q, 1H, J 5 6.6 Hz, ± O± (C5 O)± CH(CH
3
)± O± ), 6.95

(d, 2H, J 5 8.7 Hz, Ar± H), 7.16 (d, 2H, J 5 8.4 Hz, Ar± H),2.2.2. 2(S)-[2(R)-Methylhexyloxy]propioni c acid (7)
7.25 (d, 2H, J 5 9.0 Hz, Ar± H), 7.58 (d, 2H, J 5 7.2 Hz,To a solution of 2.30 g (10.6 mmol) of 6 in 15 ml of
Ar± H), 7.59 (d, 2H, J 5 6 Hz, Ar± H), 8.13 (d, 2H,ethanol was added to a solution of 1.40 g (25.0 mmol)
J 5 8.7 Hz, Ar± H). 13C NMR (CDCl3 ) 14.1, 17.0, 18.7,of KOH in 10 ml of 80% ethanol. After heating under
22.7, 22.9, 25.9, 29.1, 29.3, 29.6, 31.9, 33.2, 33.5, 68.3, 75.1,re� ux for 2 h the ethanol was removed. The residue was
76.2, 114.3, 121.4, 121.7, 122.1, 128.1, 128.2, 132.3, 137.9,acidi� ed with 1.0M HCl at 0 ß C. After extraction with
138.3, 149.9, 150.6, 163.6, 165.0, 172.1; [a]25D 5 Õ 23.4 ßCH2Cl2 (4 Ö 50 ml ), the organic phase was washed with
(CHCl3 , c 5 0.93). Elemental analysis for C39H52O6 :brine (4 Ö 50 ml ) and dried over Na

2
SO

4
. Filtration and

calc. C 75.94, H 8.50; found C 75.90, H 8.64%.removal of solvent gave 1.95 g (98%) of acid 7 as a
colourless viscous oil. IR (neat) 3360, 1740, 1450, 1365,

1273, 1060 cm Õ 1. 1H NMR (CDCl3 ) 0.88~ 1.43 (peaks 3. Liquid crystal properties
overlapped, 15 H), 1.70 (m, 1H, ± OCH2

± CH(CH3)± CH2
± ), The stereochemistry of the chiral molecular part of

3.26 (d, (AB) Ö d, 1H, J 5 8.7, 6.3 Hz, ± O± (C5 O)± the liquid crystals was modi� ed in order to study the
CH(CH3 )± OCH2

± ), 3.34 (d, (AB) Ö d, 1H, J 5 8.7, in� uence of the con� guration at the second chiral centre
6.8 Hz, ± O± (C5 O)± CH(CH3 )± OCH2

± ), 3.95 (q, 1H, on the liquid crystal properties. Two diastereomeric
J 5 6.6 Hz, ± OCH(CH

3
)± COOH). 13C NMR (CDCl

3
) liquid crystals 2 and 3 were synthesized and investigated.

14.04, 16.90, 18.11, 22.89, 29.07, 33.13, 33.38, 74.73, The latter has (S, S)-con� guration, the former has (S, R)-
76.04, 177.65. MS (FAB) m/z (relative intensity) : 189 con� guration. Their liquid crystal phases and phase

transition temperatures were identi� ed by diŒerential(M+ 1 1, 17.5); [a]28D 5 Õ 29.5 ß (CHCl
3
, c 5 1.01).
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1392 New ferroelectric L Cs

Table 2. Physical properties of the FLCs 1, 2 and 3.

Phase transition/ ß C

Compound Cr SmC* N* I Ps/nC cm Õ 2

2 E 80 E 121 E 123 E 97
3 E 73 E 119 E 121 E 131
1 E 83 E 129 E 134 E 118

scanning calorimetry and polarizing microscopy. The polarization of 2 and 3 is negligible. In other words,
the sole consideration of a zigzag conformation at thespontaneous polarization was measured at T

c
Õ T 5 10 ß C

chiral molecular part of 2 and 3 is insu� cient to explainby the triangular wave method, using a cell with a 2 mm
their spontaneous polarization diŒerence. DiŒerent modi-gap and 0.16 cm2 active area. An a.c. � eld of 20 V
� cation of the conformation and, therefore, diŒerentand 100 Hz was applied to the system. The results are
intermolecular interaction between 2 and 3 due to thesummarized in table 2. The corresponding properties of
presence of the second chiral centre is considered to beFLC 1 [6, 8] is included in the table for comparison.
a plausible reason for such a variation.It is the phase transition temperature and the phase

range, not the phase sequence, which are aŒected by the
We thank the National Science Council (Grant No.relative stereochemistry and the alkyl chain length of

NSC 87-2113-M-017-00 2 and 88-2113-M-017-00 3) andthe chiral molecular part. Both liquid crystals 2 and 3
the Ministry of Education for � nancial support of thisexhibit the same phase sequence, Cr± SmC*± N*± I, as 1.
work.But the phase transition temperatures 2 and 3 are lower

than those of 1. The SmC* phase transition temperature
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