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Synthesis of Fluorine-Containing 
Ferroelectric Liquid Crystals 
SEI’ICHI ARAKAWA, KEI’ICHI NIT0 and JUN’ETSU SET0 
Sony Corporation Research Center, 7 74 Fujitsuka-cho, Hodogaya-ku, Yokohama 240, Japan 

(Received July 25, 1990) 

Ferroelectric liquid crystals having a fluorine atom at an asymmetric carbon were synthesized by means 
of a new method without hydrofluoric acid. An amino acid, L-isoleucine, is converted to (R,S)-a- 
fluorinated chiral carboxylic acid. Biphenyl and triphenyl type liquid crystals are easily synthesized 
using this fluorinated carboxylic acid, which show a large spontaneous polarization of 200 nC/cmz for 
the biphenyl type and 300 nC/cm2 for the triphenyl type. The electro-optic properties of the mixtures 
consisting of the chiral compound and various non-chiral smectic C (SmC) compounds are also described. 

Keywords: ferroelectrics, spontaneous polarization, synthesis, electrooptic properties, 
F-containing ferroelectrics 

1. INTRODUCTION 

The invention of the surface stabilized ferroelectric liquid crystal displays (SSFLC)l 
in 1980 initiated the search for chiral smectic C compounds.2 Nowadays, one of 
the most important requirements is a fast response time, because the scanning line 
number of a XY-matrix SSFLC display depends on the response time. 

In order to fulfill this requirement, the viscosity of the liquid crystal mixture has 
to be reduced, or the spontaneous polarization (Ps) has to be increa~ed.~ Con- 
cerning the Ps, the chlorine-containing ferroelectric liquid crystals (FLC) described 
below showed large Ps greater than 200 n C / ~ m ~ . ~  

In this work, we focused on the synthesis of the fluorine-containing ferroelectric 
liquid crystals, because of the good stability and higher polarity of a C-F bond 
compared to a C-C1 bond. The fluorine-containing FLC molecules were synthe- 
sized utilizing the ring opening reaction of the chiral epoxides with hydrofluoric 
acid.s However, the synthesized compounds showed a Ps smaller than 80 nC/cm2. 

We synthesized the fluorine-containing FLC molecules with large Ps greater than 
300 nC/cm2, using a new and safe method without hydrofluoric acid. The absolute 
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16/[1338] S. ARAKAWA, K. NIT0 AND J. SET0 

configurations of the chiral centers in the obtained liquid crystals were examined. 
Furthermore, the electro-optic properties of mixtures consisting of this chiral com- 
pound and various non-chiral SmC compounds were also described. 

2. RESULTS AND DISCUSSION 

2.1 Synthesis of the Liquid Crystals 

The scheme of the synthesis of the liquid crystals is shown in Scheme I. 
An amino acid, L-isoleucine, is converted to a 2-hydroxy-3-methyl-pentanoic 

acid ethyl ester, by the reaction with sodium nitrite in the aqueous acetic acid 
solution and subsequent esterification. This oxy acid ester is converted to a tri- 
fluoromethane sulfonate, followed by treatment with tetrabutylammonium fluoride 
to give a a-fluorinated chiral carboxylic acid ethyl ester. It is saponified and reacted 
with thionyl chloride or oxalyl chloride to give the corresponding acid chloride. 
The liquid crystal I and I1 are easily synthesized by the reaction of this acid chloride 
with 4,4’-biphenyldiol monododecyl ether or 4-(4-alkoxybenzoyloxy)biphenyl-l-ol, 
respectively. Although this synthetic method has a lot of reaction steps, it is a 
steady and effective method, because it contains no complicated process such as 
an optical resolution, and the yield in each step is high. 

CH3 NHz NaNO, CH,OH EtOH 
C,H,-CH-CHCOOH > C,H;CH-~HCOOH > 

H+ * *  * *  
(S ,  S )  (S. S) 

CH,?” 

(S. S )  (S ,  S )  

Bu,N.F (CF,SO,),O CH, OSO,CF, - C,H5-CH-CHCOOEt C,H,-CH-CHCOOEt 0 * *  * *  

q-4 F NaOH CH, F SOCI, - C,Hg CH-CHCOOH * * *  C,Hg CH-CHCOOEt 
* *  

(S. R) ( S .  R) 

C&+@@-@ 0 H 
F CH3 

> c,H,,+,o @+ OCOCH-CHC,H, 
CH3 F 

C,H,-CH-CHCOCI 
Et3N ?R, 8 )  * *  

I 
(S ,  R) 

II 
SCHEME I 
(2R, 3S)-configufations. 

The reaction scheme of the synthesis of fluorine-containing FLC molecules I with the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
41

 1
9 

Fe
br

ua
ry

 2
01

3 



F-CONTAINING FERROELECTRICS [1339]/17 

2.2 Determination of Absolute Configurations of Two Chiral Centers 

The liquid crystals I and I1 have two chiral centers in a molecule. A starting material, 
L-isoleucine, has the (2S, 3s)-configurations at two chiral centers. The configu- 
ration at the 3-position must be retained during the reactions shown in Scheme I .  
Therefore, it is a most interesting point to know whether the configuration at the 
2-position is retained or inversed. 

So we examined the following reaction as shown in Scheme 11. The reaction of 
the diazonium salts of the amino acids in acidic solution is known to proceed with 
a retention of configuration at a chiral center. Therefore, the obtained chiral com- 
pound I11 in Scheme I1 would have the (2S, 3s)-configurations at two chiral centers. 
In spite of very low yield in 1-2%, we synthesized the fluorinated chiral compound 
111. 

The proton NMR spectra of the compounds I and I11 are shown in Figure 1. 
When we compare two spectra, it is found that the chemical shifts of the proton 
signals at 6 about 5 ppm (the proton at the 2-position, double-doublet, coupled 
with a fluorine nucleus and a neighbor proton) are mutually different. Therefore, 
the chiral compounds I and I11 are not enantiomeric but diastereoisomeric with 
each other. 

Both configurations at the 3-position in the compounds I and I11 are the S- 
configurations. Therefore, difference of two compounds is in difference of the 
configuration at the 2-position. If the compound I11 has the (S, S)-configurations, 
the compound I would have the (R, S)-configurations. 

Considering the stereochemistry in the reactions shown in Scheme I ,  the inversion 
of configuration may occur in only one step, that is, in the substitution reaction of 
the trifluoromethane sulfonate into a fluorine group with tetrabutylammonium 
fluoride. This reaction involves SN2-like substitution with Walden inversion at the 
chiral center. 

Therefore, it is reasonable that the chiral compound I has the (R, S)-configu- 
rations. Furthermore, if racemization could occur in the reactions shown in Scheme 

CH3 F SOCI, 
C2H,CH-CHCOOH C2H,CH-CHCOOH NaNO, 

HF/PY 

5 H 3  NH2 

* *  * *  
s s  s s  

CH, F F H  

C,2H250 -\ JC\ , CzHs C,H,CH-CHCOCI -----+ 

s c  * *  Et,N 
s s  0 H/".CH3 

111 
SCHEME I1 The reaction scheme of the synthesis of a fluorine-containing LC molecule I11 with the 
(2S, 3s)-configurations. 
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18/[ 13401 S. ARAKAWA, K. NIT0 AND J. SET0 

PPM 
'~m~r-II"-'"'''~-m-nrrrr-rrrrrrp-rn ~ ~ l " ~ " ' I ' " ' ' I " ' " " ' ' I ' ' " ' ' ~  

4 3 2 1 0 -1 

FIGURE 1 The NMR spectra of fluorine-containing LC molecules I and 111. 

I ,  the product with the (S, S)-configurations would be observed. The NMR spectrum 
of the chiral compound I shows no signal of the byproduct with the (S, S)-config- 
urations. This fact indicates that the synthetic method shown in Scheme I is also 
excellent in a viewpoint of optical yield. 

2.3 Phase Transition Temperatures and Spontaneous Polarizations of Chiral FLC 
Molecules 

The phase transition temperatures and spontaneous polarizations of the chiral 
compounds 1-111 are shown in Table I. 

Biphenyl type compounds I with the (R, S)-configurations having short alkyl 
chains (n  < 10) show no chiral SmC* phase but SmA and another smectic phases 
of a high order. The compound I with n = 12 has a SmC* phase with a width of 
only lWC, and show large Ps (maximum 200 nC/cm2) as shown in Figure 2. The 
diastereoisomeric compound I11 (n = 12) with the (S, S)-configuration shows no 
SmC* phase but another smectic phase (seems to be SmA). 

Triphenyl type compounds I1 have phase sequences, Iso-N*-SmC*-K, as shown 
in Table I, and have wide SmC* ranges with the width of 60-70°C, compared to 
the compound I (n  = 12). As alkyl chains (n )  are longer, the SmC* ranges tend 
to be wide. The compound IT, especially in the case of n = 8, shows large Ps 
greater than 300 nC/cm2 as shown in Figure 3. 

Consequently, the compounds I and I1 are found to be excellent ferroelectric 
liquid crystals (FLC's) having large Ps. 
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F-CONTAINING FERROELECTRICS [1341]/19 

TABLE I 

sical properties of synthesized FI The ph 

Compound 

I n=12 (R,S)i 

111 n=12 (S,S)i 

11 n=7 

n=8 

n=9 

n=lO 

Phase transition temp ("C) 

KttSmC*ttSmAttN*ttIso 

071 81 93- 

061 - 72- 

081 143 - 225 

088 150 - 195 

091 160 - 192 

090 161 - 190 

t Configuration. 
??At T-5 ("C). 
???The sense of Ps is negative, Ps( -). 

2 molecules 

PS (nClcm2)ttt 
Tc-30 ("C) Max 

193tt 200t t 

154 250 

135 31 3 

132 250 

114 21 0 

s! - n u) loo/-;. ; = ~ = 

a 
. .  0 

6 0  7 0  80 90 100 
Temperature I "C 

FIGURE 2 The spontaneous polarization of a FLC molecule I ( n  = 12). 

2.4 Preparations of the FLC Mixtures and Electro-optic Properties 

In order to exhibit the SmC* Phases over wide temperature ranges, we prepared 
a number of FLC mixtures by mixing of the chiral FLC molecules I or I1 described 
above with a non-chiral SmC mixture. 

The non-chiral SmC mixtures consist of three types of liquid crystals; phenyl- 
pyrimidines (IV), phenylbenzoates (V) , and difluorinated biphenyl cyclohexane- 
carboxylates (VI); their structures are shown in Figure 4. These three types of 
liquid crystals were mixed and an optimized mixture with a wide SmC range between 
- 13 and 78°C was prepared. The phase sequence and transition temperatures of 
this mixture are shown in Table 11. 

The FLC mixtures are prepared by adding the chiral FLC molecules I, I1 or 
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204 13421 S. ARAKAWA, K. NIT0 AND J. SET0 

400r 
3004. f 

B 
I 4 

200 1 

o !  3 7 '  I . ' . '  'Fat - Cl 

60 80 100 120140 160 180 200 
Temperature / "C 

FIGURE 3 The spontaneous polarization of a FLC molecule I1 ( n  = 8). 

8 

I V  

V 

V I  

C n  H 2 n + l  +&& m H  2m+1 

FIGURE 4 The molecular structures of non-chiral SmC compounds. 

TABLE I1 

3timized non-chiral SmC mixture 

Transition temperature ("C) 

-29.2 

105 93 77.5 -1 2.9 
I s o e N H S m A  - S m C * z  K 

I 
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F-CONTAINING FERROELECTRICS [ 1343]/21 

other chiral liquid crystals for helical pitch compensation into the optimized non- 
chiral SmC mixture. 

We used the liquid crystal VII for helical pitch compensation, which has opposite 
twist sense (left-handed) to I or I1 in both the SmC* and the N* phase. The 
spontaneous polarization of VII is very small (Ps = 2.7 nC/cm2), and the sense of 
Ps is negative, PS( -), similar to that of I or 11. 

2 2  "c 
Is0 -+SmA ---.L SmC --+K 

59.6 47.4 45.5OC 

As shown in Table 111, the mixture A containing the compounds I1 (10 wt%) 
has wide SmC* range between - 29 and 83 C and large Ps greater than 13 nC/cm2, 
but has short helical pitches (about 3 pm). 

In the case of the mixture B containing the compound I,  the SmC" range becomes 
narrow comparing with the mixture A and C, because of generating other smectic 
phases of high order in lower temperature. The mixture C containing liquid crystal 
VII for pitch compensation has wide SmC* range and long helical pitches while 
relatively small Ps. We made 2 pm test cells filled with these FLC mixtures, and 
examined the electro-optic properties. An orienting layer polyimide (U-Wanisu A, 
made by Ube Industries Ltd.) is deposited on both glass plates and rubbed in anti- 
parallel directions. 

In Table 111, two values of the response time are shown. The chevron structure 

TABLE I11 

The physical properties of the FLC mixtures 

I Property 

Chiral compound 

SmC' range ("C) 

PS (nC/cm2) 

IHelical pitch (pm) 
SmC* 

N* 

Response time (psec) 
Before 
After field treatment 

( +30V,1 OOHz) 

Mixture A 

1 0  

I1  

- 29 - 83 

13.2 

3.4 
3.2 

125 
155 

Mixture B 

5 

I 

- 8 - 7 5  

7.3 

34.2 
4.7 

190 
280 

~ 

Mixture C 

1 0  

I I N I I =  1 

- 29 ... 77 

6.5 

32.3 
9.3 

170 
420 

'The sense of Ps is negative, Ps( -). 
2The twist senses are right-handed for both the SmC* and the N* phase. 
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is observed quite generally in SmC* phase, and an electric field applied perpen- 
dicular to the substrate plates exerts a force on the smectic layers so as to induce 
the bookshelf Before applying an electric field with 30 Vpp 100 Hz, 
the response time is fast, but the memory effect is not adequate. On the other 
hand, on applying an electric field for several tens of seconds, the memory states 
have become close to the switched states, that is, a good bistability can be generated, 
as shown in Figure 5.  In this case, the tilt angle is 27.4" in the switched states, and 
18.9" in the memory states. 

The effect of an electric field results in a good contrast ratio of about 27. However, 
response time increases, compared with in the case of non-applying an electric 
field. 

The relationship of response time to the spontaneous polarization is shown in 
Figure 6. The response time ( T )  was measured, using rectangular-wave drive (10 
V/pm; 100 Hz); it was taken equal to the time required for optical transmission 
change from 0 to 90% taking the difference between the dark and bright states as 
100%. The relationship of T 1/Ps shown in Figure 6 indicates that an increase of 
Ps results in faster response, and as Ps is larger, the difference between two response 
times becomes small. 

The obtained response times here are not sufficient to apply to a SSFLC flat 
display with a great number of scanning lines (over 400 lines). 

We have already developed a new FLC mixture with a fast response (T = 50 
psec), especially by improving the molecular structures of the chiral compounds, 
which will be described in the next opportunity. 

Time / rnsec 
FIGURE 5 The switching behavior of the 2 pm cell filled with the FLC mixture C (?30 V, pulse 
width 1 ms). 
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1000 y 
1 

800 - 

Q) 600- 
0 

u) 
an electric field 
(30Vpp,100Hz) 

3n electric field 

0.0 0.1 0.2 0.3 

PS-' / nC - ' *  cm 2 

FIGURE 6 The relationship of response time (7) to Ps. 

3. CONCLUSION 

We synthesized ferroelectric liquid crystals having a fluorine atom at an asymmetric 
carbon, by means of a new method without hydrofluoric acid. An amino acid, L- 
isoleucine, is converted to a chiral fluorinated carboxylic acid, via a reaction of the 
trifluoromethane sulfonate intermediate and tetrabutyl ammonium-fluoride. Bi- 
phenyl and triphenyl type liquid crystals are easily synthesized using this fluorinated 
carboxylic acid. Analysis of stereochemistry of these FLC molecules revealed that 
the configurations of two chiral centers were (2R, 3S), accompanying no racemic 
product. The FLC molecules show large Ps of 200 nC/cm2 for the biphenyl type 
and 300 nC/cm2 for the triphenyl type. 

Furthermore, we prepared the FLC mixtures containing these FLC molecules 
with wide SmC* ranges from -29°C to about 8WC, and Ps from 6.5 to 13.2 nC/ 
cm2. Then we examined electro-optic properties of 2 pm thick cells filled with 
these FLC mixtures. On applying an electric field for several tens of seconds with 
a rectangular-wave of 30 Vpp 100 Hz, the smectic layers were deformed so as to 
take the Bookshelf structure, and a good bistability can be generated, and resulted 
in a good contrast ratio about 27. However, response time increased, compared 
with in the case of non-applying an electric field. The response time obtained here 
were from 150-420 ps, which are not sufficient to apply to a SSFLC flat display 
with a great number of scanning lines (over 400 lines). Therefore, we are now 
developing a FLC mixture with fast response, by improving the molecular structures 
of the chiral compounds. 

4. EXPERIMENTAL 

4.1 Synthesis of (2R, 3S)-2-Fluoro-3-methyI-pentanoic Acid 

L-Isoleucine (100 g) was dissolved in 490 cc of water, 150 cc of acetic acid and 10 
cc of conc. HC1. The solution of NaNO, 46 g in 350 cc of water was gradually 
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244 13461 S. ARAKAWA, K. NIT0 AND J. SET0 

added dropwise, during cooling with ice-water. The mixture was stirred at room 
temperature overnight, and extracted with ethyl ether several times. Removal of 
solvent gave (2S, 3S)-2-hyroxy-3-methyl-pentanoic acid. This oxy acid was esterified 
to give the corresponding ethyl ester (76 g,  67-72"C/2 mmHg, [a12 + 5.1, neat), 
by an usual method. 

The oxy acid ethyl ester (38 g) and lutidine (45 g) were dissolved in dichloro- 
methane (200 ml), and cooled to 0°C. Trifluoromethanesulfonic anhydride (90 g) 
was added dropwise. After being stirred for 30 min, the reaction was quenched 
with 10% EtOAc in hexane and passed through a short silica gel column. Removal 
of solvent in vacuo and distillation at 75-8OoC/5 mmHg gave 60 g of the trifluo- 
romethanesulfonate (triflate); [a12 - 31.3 (neat). 

The triflate (60 g) was added to the solution of tetrabutylammonium fluoride 
(nBu,NF. nH,O, 60 g) and 300 ml of acetonitrile, and the mixture was in refrigerator 
overnight. The mixture was then passed through a silica gel column. The solvent 
was removed in vacuo, and the residue was distilled at 74"C/22 mmHg to give (2R, 
3S)-2-fluoro-3-methylpentanoic acid ethyl ester; colorless liquid, 18.4 g, [a12 + 
6.9 (neat). 

This chiral ester (18.4 g) was easily saponified by reaction in 400 ml of aqueous 
1N-NaOH solution at room temperature for 8 h, to give (3R, 2S)-2-fluoro-3-meth- 
ylpentanoic acid, which was converted to the corresponding acid chloride (11.1 g, 
distilled at 58-6O0C/2O mmHg), by an usual method utilizing thionyl chloride or 
oxalyl chloride. 

4.2 Synthesis of Biphenyl Type FLC Molecules I 

(2R, 3S)-2-Fluoro-3-methylpentanoyl chloride (0.65 g) was added to the solution 
of 4,4'-biphenyldiol monododecyl ether (1.27 g) and triethylamine (1 g) in benzene 
(10 ml), and the mixture was stirred for 1 h. The mixture was passed through a 
silica gel column (chloro-form-hexane). Removal of solvent and recrystallization 
from ethanol gave the FLC molecule I (n = 12); yield 1.05 g), colorless crys., 
NMR (270 MHz, CDC13)S 0.88 ( t ,  3H, CH3), 1.0-1.27 (m, 6H), 1.42 (bs, 18H), 
1.50 (m,  lH), 1.67 (m,  lH),  1.78 (m,  2H), 2.05-2.25 (m, lH), 3.99 ( t ,  2H, CH,O), 
5.03 and 5.21 (dd, lH), 6.97 (d ,  2H), 7.16 (d ,  2H), 7.50 (d ,  2H), and 7.55 (d ,  2H); 
MS (70 eV), m/z (relative intensity) 470 (54), 354 (14), 302 (19), 274 (9, 186 (100); 
HRMS Calcd for C30H,,0,F 470.396, Found 470.3,214. 

4.3 Synthesis of the Biphenyl type Molecule 111 

L-Isoleucine (15 g) was dissolved in 70% polyhydrogen fluoride/pyridine (100 ml), 
magnetically stirred and cooled to 0°C in polyethylene flask. Sodium nitrite (11.5 
g) was gradually added, and stirred at room temperature for 1 h, the mixture was 
quenched with icelwater and extracted with ethyl ether. The ether layer was neu- 
tralized with aqueous sodium carbonate solution and dried with magnesium sulfate. 
The ether was removed and crude (2S, 3S)-2-fluoro-3-methylpentanoic acid was 
obtained. Without purification, it was converted to the corresponding acid chloride 
by reaction with thionyl chloride; the yield was only 0.2 g. 

The acid chloride (0.2 g) was added to the solution of 4,4'-biphenyldiol mono- 
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dodecyl ether (0.5 g) and triethylamine in benzene. Passing through a silica gel 
column, removal of solvent, and recrystallization from ethanol gave the chiral 
compound 111; yield 0.15 g, NMR (270 MHz, CDC1,)S 0.81 ( t ,  3H, CH,), 0.95 ( t ,  
3H, CH,), 1.08 (d, 3H, CH,), 1.20 (bs, 18H), 1.4 (m,  lH), 1.65 (m, lH), 1.75 (m, 
2H), 2.0-2.2 (m, lH), 3.92 ( t ,  2H, CH,O), 4.85 and 5.03 ( d d ,  lH), 6.89 (d, 2H), 
7.04 (d, 2H), 7.40 (d,  2H), and 7.49 ( d ,  2H); MS (70 eV), m/z 470 (42), 354 (37), 
302 (15), 274 (3.2), 186 (100); HRMS Calcd for C30H4303F 470.3196, Found 470.3180. 

4.4 Synthesis of Triphenyl type FLC Molecules II 

(2R, 3S)-2-Fluoro-3-methylpentanoyl chloride (1.43 g) was added to the solution 
of 4-(4-octyloxybenzoyloxy)biphenyl-l-ol(l g) and triethylamine (1 ml) in benzene. 
Passing through a silica gel column, removal of solvent and recrystallization from 
ethanol gave the triphenyl type FLC molecule I1 (n = 8); yield 0.8 g, colorless 
crys., NMR (270 MHz, CDC1,)S 0.90 (t ,  3H, CH,), 1.05 ( t ,  3H, CH,), 1.11 ( d ,  
3H, CH,), 1.4-1.5 (m, l lH) ,  1.64 (m, lH),  1.83 (m,  2H), 2.0-2.3 (m, lH), 4.05 
( t ,  2H, CH,), 5.05 and 5.23 ( d d ,  lH), 6.99 (d,  2H), 7.21 ( d ,  2H), 7.28 (d, 2H), 
7.63 ( d ,  4H), and 8.17 (d, 2H); MS (70 eV), m/z 534 (16), 302 (4), 234 (100); 
HRMS Calcd for C33H3905F 534.2782, Found 534.2745. 

4.5 Measurements of Physical Properties of FLC Molecules and FLC Mixtures 

The Phase sequence behavior was monitored with DSC and polarized microscopy. 
The thermograms were collected on a Rigaku Denki DSC-8240 at heating/cooling 
rates of 2"C/min. The peak temperatures were taken to be the phase transition 
point and the samples were run under N,. Phase texture observations were made 
with Nikon OPTIPHOT microscope equipped with a Mettler FP82 hot stage. The 
spontaneous polarization (Ps) was evaluated by the triangular-wave method. lo The 
electro-optic effects in the cells filled with the FLC mixtures were studied by 
observing the change of the optical transmission through the cell during application 
of voltage pulses. The response time was determined by the 0 to 90% transmission 
change, when a rectangular wave of +10-15 V/km was applied to the cells at 
25°C. 
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