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Synthesis and ferroelectric properties of laterally substituted fluoro 
liquid crystals derived from 4-mercaptobenzoic acid 

by M. F. NABOR, H. T. NGUYEN", C. DESTRADE 
and J. P. MARCEROU 

Centre de Recherche Paul Pascal, Chlteau Brivazac, 
F-33600 Pessac, France 

and R. J. TWIEG 
IBM Almaden Research Center, San Jose, California 95120, U.S.A. 

(Received 19 April 1991; accepted 16 June 1991) 

Several new ferroelectric liquid crystals with thiobenzoate mesogenic cores have 
been synthesized and the influence of a single fluorine atom ortho to the alkyloxy 
tail on the mesomorphic properties of some two and three benzene ring core 
compounds has been studied. The two benzene ring derivatives do not display the 
ferroelectric smectic C phase but the three phenyl ring compounds exhibit a wide 
temperature range S,* phase. The transition temperatures and enthalpies of 
transition for these compounds have been determined; the spontaneous polariz- 
ation, response time and tilt angle have also been measured and are discussed as a 
function of the structure near to the chiral centre. 

1. Introduction 
Intensive research has occurred on ferroelectric liquid crystals whose existence was 

predicted by Meyer et  a/. f l ]  and whose potential for electrooptical application has 
been demonstrated by Clark and Lagerwall [2] and others [3]. For practical 
applications, the liquid crystals have to be chemically and thermally stable and show a 
fast response time (a high spontaneous polarization and/or a low viscosity) and a wide 
Sg phase temperature range including room temperature. Towards this goal various 
liquid crystals have been synthesized and many studies on the influence of the 
molecular structure on ferroelectricity have been reported. Numerous ferroelectric 
liquid crystals with phenyl benzoate cores have been described [4-91; the phenyl 
thiobenzoate core is well-known to promote the stability of tilted smectic phases but 
less often used for preparing ferroelectric liquid crystals [ 10-131. Recently some 
ferroelectric materials derived from 4-mercaptobenzoic acid have been reported [ 141 
with interesting results. Additionally we have now studied the influence of fluorine on 
the mesomorphic properties by preparing two new series having the general formula: 

* Author for correspondence. 
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786 M. F. Nabor et al. 

Here the chiral tail R is derived from a chiral secondary alcohol, either 2-butanol 
R = C*H(CH,)-C,H, (A) or 2-octanol R = C*H(CH3) - C,H,, (B). In addition to this 
study of the mesomorphic properties of the two benzene ring compounds we have 
investigated several three benzene ring derivatives. The general formula is 

wherein R' derived from the ethyl ester (C), isopropyl ester (D) of lactic acid or 
2-octanol (B). 

2. Results and discussion 

For the synthesis of these new materials, the intermediate thiobenzoate acids 

H(CH2),0 -&os -@C02H 

2.1. Synthesis 

F 

were prepared according to scheme 1. 

I 2 3 

Schcme 1. (a) Br,, CHCl,, (b) DMF, CuCN, (c) HBr, AcOH, ( d )  H(CH,),Br, EtOH, KOH, (e) 
(COCI)z, CHZCIZ, D M F  4-HS-C,H,-CO,H, Et,N, CHZClz. 

The two final series I and I1 were synthesized by esterification of the appropriate 
benzoic acid with different chiral alcohols. Series I was obtained by the Mitsunobu 
reaction [lS] with inversion of configuration of the chiral carbon and series 11 was 
prepared with DCC and catalyzed by DMAP as described in scheme 2. 
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Ferroelectric liquid crystals with mercaptobenzoic acid 787 

6 

(f) J 

(11) 
R1 =CO,-C,H, (C), CO,-CH(CH,), (D), CGH13 (B) 

Scheme 2. ( f )  DEAD, Ph,P, CH,CI,, HO-C*H(CH3tCmH2m+l; m=2(IA), m=6(IB). (g) 
DCC, DMAP, 4HO-C,H4-OCH(CH,)Rl (7). 

All of the final compounds were purified by chromatography on silica gel with 
toluene as eluent and were recrystallized from absolute ethanol. Most of the 
compounds prepared are mesogenic. Phase transitions were studied by polarizing 
microscopy (Mettler FP 5 )  and DSC (Perkin-Elmer 7). 

2.2. Results 
The liquid crystal transition temperatures and enthalpies of transition for these new 

materials are presented in tables 1-4. 

2.2.1. Optical microscopy studies 
Series I. Most of the IB compounds derived from 2-octanol do not display any 

mesomorphic properties except for n = 12 and n = 13. Only the compounds IA derived 
from 2-butanol exhibit a monotropic S, phase (except n =  7). It is well-known that the 
two benzene ring compounds with a chiral2-octanol chain rarely exhibit in general the 
ferroelectric S, phase but some of the H(CH,),O-C,H4-COS-C,H,-COO-CH(CH,)- 
(CH,),H compounds [14] display a monotropic S z  phase and a couple a stable S,* 
phase. In this case, the instability of the S z  phase is further enhanced by the presence of 
fluorine in the meta position. Therefore these fluorinated compounds are not interesing 
as far as mesomorphic properties are concerned but they can be used in mixtures 
because the transition temperatures are very low. 

Series 11. The compounds with three benzene ring cores have a higher polymorph- 
ism than the two benzene core derivatives as they exhibit chiral smectic C, smectic A, 
cholesteric phase, and even a blue phase with short chain derivatives. As usual, the 
length of the alkyloxy chain governs the polymorphism of these compounds. The two 
series IIC and IID with chiral chains derived from ethyl and isopropyl esters of lactic 
acid have the same polymorphism. The N* and S, phases are observed in all 
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788 M. F. Nabor et al. 

compounds. The first two members n = 7 and n = 8 do not display a chiral smectic C 
phase, this phase is monotropic for n = 9 and enantiotropic for n= 10. We can note a 
destabilization of N* and S, phases when n increases. The melting temperature is 
around 70°C for these two series but it is higher for the IID series. On the other hand the 
other transition temperatures are lower for IID because of steric hindrance of the 
isopropyl group which favours the cholesteric phase rather than the smectics. 
Consequently the S: phase temperature range is higher for IIC than IID. We also find a 
stabilization for the S z  phase in IIC, less important in IID, when n increases. For 
example with n =  14: 

IIC 
IID 

C 65.3"C S,* 88.2"C SA 101.2"C N* 102.8"C I, 
C73.1"C SE 81.4"C S, 91.8"C N* 965°C I. 

Table 1.  Transition temperatures ("C) and enthalpies [kJmol-'1 of compounds I, 

n rn Configuration 
- 

6 

7 

7 

8 

8 

9 

9 

10 

10 

11 

I I  

12 

12 

13 

13 

14 

2 S 

2 S 

6 S 

2 S 

6 S 

2 S 

6 S 

2 S 

6 S 

2 S 

6 R 

2 S 

6 R 

2 S 

6 S 

2 S 

C S A  

51.6 
C29.391 
63 

C33.041 
48 

133,081 
45.5 

C31.921 
32-8 
[ 29.081 
45.5 

C34.641 
36.5 

C41.021 
28 

[3 1.961 
34 

C35.881 
30 

134.581 
31 

C41.781 
32 
[ 32.141 
31 

E43.631 
36 
[ 3 6.601 
31.4 

[47.10] 
34 

149.171 

(36.8) 
[406] 
- 

- 

(27.1) 
C3.121 
-~ 

(25.8) 
C2.981 
- 

(26.6) 
C3.171 
- 

(27.8) 
C3.361 
- 

(30) 
C3.501 

C3.791 

[3.80] 

C4.341 

C3.971 

( 14.9) 

(32) 

(14.5) 

(33) 
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Ferroelectric liquid crystals with mercuptobenzoic acid 789 

Table 2. Transition temperatures ("C) and enthalpies [kJ rnol- '1 of compounds IIC. 

n C  s: s.4 N* i 

7 

8 

9 

10 

11 

12 

13 

14 

77 
C26.651 
725 
[ 24% 51 
70.4 

C42.941 
56.8 

C35.381 
68.1 

C43.761 
57.9 

C27.441 
65.4 

E36.381 
65.3 

C27.961 

- 

- 

(69.3) 

0 75.7 

0 82.4 

85.7 

866 

88.2 

[0.06] 

C0.171 

[0.08] 

COO91 

[0.05] 

C0.071 

11 1-1 

110.5 

105.7 

104.1 

102.1 

102.3 

101.5 

101.2 

[0.80] 

C0.911 

C0.441 

C0.231 

EO.371 

C0.281 

[0.50] 

C0.371 

1 17.9 

116.7 

11 1.6 

109.7 

106.8 

106.4 

104-5 

103.8 

c0.231 

C0.531 

[065] 

[065] 

C0.611 

C0.811 

C0.861 

EO.501 

Table 3. Transition temperatures ("C) and enthalpies CkJrnol- '1 of compounds IID. 

F 

n C  s: s* N* 1 

7 0  

8 0  

9 0  

10 0 

11 0 

12 0 

13 

14 

74 
C29.381 
71.6 

C20.921 
77.3 
[ 18.841 
58.8 

[28-581 
69.5 

C45.771 
73.4 

C29.901 
73 

C27.471 
73.1 

C31.281 

- 0 

(68.3) 

13.4 

0 77.3 0 

81.3 

81.2 

81.4 

103.8 
[0.89] 

102.5 
[0.84] 
98.2 
C0.411 
96.1 
C0.441 
93.1 
C0.331 
94.7 
[O. 171 
92.7 
[022] 
91.8 
C0.171 

111.9 0 

C0.561 
110.6 0 

C0.711 
105.8 0 

C0.351 
104.1 0 

[O-971 
0 101.1 0 

C0.521 
0 101.2 0 

C0.751 
0 97.9 0 

C0.751 
96.5 0 

[0.80] 
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790 M. F. Nabor et al. 

Table 4. Transition temperatures ("C) and enthalpies [kJ mol- '1 of compounds IIB. 

n C  

7 .  

8 .  

9 .  

10 . 
11 . 
12 . 
13 

14 

SF 

68.4 118.3 

62.4 120 

73.8 118.3 

69.4 119.5 

71 . 120 
C39.131 C0.171 
67.5 121.8 

C38.441 [0.15] 
62.1 120.2 

C36.061 
63 120.8 

C24.711 

C27.401 

C39.321 C0.121 

139,241 [0.12] 

C41.311 C4.911-t 

. . . . . . . 

N* BP I 

126.1 
C0.611 

125.8 
C0.361 

125 
C0.301 

125.2 

129.5 

128.4 

127 

126.8 

C0.841 

C1.191 

C1.381 

124.5 

124.1 . 122.1 

129.8 

129.1 . 

t The sum of two or three transition enthalpies. 

Chiral smectic C temperature range: 

IIC AT(S$) = 22.9"C, 

IID AT(S$)= 8.3"C. 

The polymorphism of the series IIB is most important. All of the compounds show a 
chiral smectic C phase and n = 7 and n = 8 even exhibit the blue phase. The S,* phase is 
stable over a temperature range of about 60°C. We note a destabilization of the SA and 
N* phases when n increases until the N* phase vanishes and a range of temperature for 
the SA phase of about 1°C for n =  14. As in the other series the melting transitions are 
around 70°C, but all of the transition temperatures are higher. 

2.2.2. Calorimetric studies 
This study was performed with a Perkin-Elmer DSC 7. 
Series I. Generally the transition ehthalpies are larger for the I B series (m = 6 )  than 

for the IA series (m = 2). For example the melting enthalpy of IA derivatives is about 
30 kJ rno1-l while it is approximately 40 kJ mol-' for IB compounds. The same ratio is 
found with the SA-I transition enthalpy: 3 kJ mol- and 4 kJ mol- respectively for 1A 
and IB series. 

Series 11. The three series IIC, D and B display the same polymorphism C-S;-S,- 
N*-I and we have four different transition enthalpies. The melting enthalpy varies 
between 20 to 45 kJmol-' and the average value is 35 kJmol-l. The N*-I transition 
enthalpy is found to be between 0.23 and 1.38 kJmol-1 and increases with the chain 
length. The SA-N* transition enthalpy is about 0.8 kJ mol- ' for the first members of the 
IIC and IID series. It decreases with the chain length to 0-2 at 0.3 kJmol-'. This 
behaviour is also observed for the first three IIB compounds but from n = 10 to n = 13 
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Ferroelectric liquid crystals with mercaptobenzoic acid 79 1 

the two transitions N*-I and SA-N* are very close and enthalpies for each cannot be 
resolved. The SF-SA transition enthalpy is very weak and not detected for the IIB series. 
It varies between 0.05 to 0.17kJmol-I for the other two series. 

2.2.3. Electrooptical properties 
We have studied the electrooptical properties of these compounds in the surface 

stabilized ferroelectric liquid crystal configuration, including the temperature de- 
pendence of the response time, polarization and tilt angle. 

The liquid crystal was sandwiched between two glass plates (70 x 160 mm) coated 
with tin oxide(30Qcm-2, Balzers). The planar geometry was obtained by coating both 
substrates with a thin layer (300 50 A) of polyvinyl alcohol. The polyvinyl alcohol was 
rubbed in one direction with a velvet cloth after curing. The liquid crystal was 
introduced by capillary action in the isotropic phase between the two electrodes and 
slowly cooled (1" min- ') down to the S,* phase. The thickness is around 3 pm (checked 
by the Newton colours method). The value of the spontaneous polarization was 
obtained by measuring the transient current induced by switching the dipole when the 
electric field was reversed. The tilt angle was determined by rotating the sample to 
obtain optical extinction between crossed polarizer and analyser on application of a 
DC field of opposite polarity. The response time can be defined as 

i p ( t )  dt 
z=- s 

2iP(rm) ' 

where i p ( t )  is the polarization current and z, is the time between the field reversal and 
the maximum of the current peak. This response time was independent of the 
preparation [16]. Here the recurrence frequency is 3kHz and the applied field 
corresponding to the saturation of polarization is around 20 V. The polarization, the 
response time and the tilt angle 8 have been measured as a function of temperature. 

IIC series. The spontaneous polarization (see figure 1) increases when n decreases. 
For instance when TsEsA - T is around 20°C the polarization is approximately the same 
for n=14 and n=12 P , = 6 2 n C ~ m - ~  while for n=10, P , = 9 6 n C ~ m - ~ .  This 
relationship is reversed for the response time (see figure 2): which is smaller for n = 10 
than for n = 14, because it is inversely proportional to the spontaneous polarization. 
For TsEsA - T around 20°C z = 15 ps for n = 10 while for n = 12 and n = 14 z is larger 
than 2 0 p .  The relevant value of 8 (see figure 7) is around 22.5" for these compounds 
which is an ideal value for applications. 

IID series. We observe the same phenomenon as for IIC, but the values of both the 
polarization (see figure 3) and the response time (see figure 4) are larger. For n = 10 and 
TsEsA - T around 20°C P, = 175 nC cm-2. The response time is around 30 ps. The tilt 
angle 0 (see figure 7) has the same behaviour as for the series IID and IIC. 

IIB series. In contrast to the other compounds here we can study the spontaneous 
polarization (see figure 5) over a wide range of temperature and we find for n = 10 and 
TseSA - T = 57"C, P ,  = 147 nC cm-2. The response time (see figure 6) was still smaller 
for this series than for the others: for n = 10 and TsEsA- T around 60°C it was less than 
20ps. For this series (see figure 7) when n =  10 8 has a high value, TsLsA- T =  12"C, 
8=255" and T,E,,-T=57"C, 8=319'. 
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Figure 5. Polarization Ps versus Tsy, - T for two compounds of IIB (( 0) n = 10, (+) n = 12). 

20 

3 --- 
l o  

0 
0 1 0  2 0  30 40 5 0  6 0  

(TS ES~-T) j0 c 
Figure 6. Response time 7 versus T,:,, - T for two compounds of IIB (( 0) n = 10, (+) n =  12). 
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5 

30 - 

0 --- 
20 - 

a3 . 

10 - 

0 

0 0 0  0 

0 **.. * *  
n m  

a n  
*p13 

I 1 I I I 

0 10  20  3 0  4 0  5 0  6 0  

(TS;S~-T)~~C 

Figure 7. Tilt angle 0 versus TsEsA - T for (n) IIC, (+) IID and (0) IIB compounds with n =  10. 

3. Discussion 
The thiobenzoate core has the well-established property of providing tilted phases 

which are thermally more stable than their benzoate analogues. On the other hand, the 
presence of fluorine in the meta position in the core (ortho to the alkyloxy chain) 
decreases the transition temperatures and sometimes, for two benzene ring com- 
pounds, depresses the mesomorphic properties [17,18]. This influence of fluorine is 
confirmed in series I even with the thiobenzoate core. So, we only observe the 
monotropic S, phase in the I A  series with a short chiral chain (chiral 2-butanol) but 
with the long one (chiral 2-octanol), the existence of the mesophase is only observed 
with very long alkyloxy chains at low temperature <2O"C (series IB). 

The influence of fluorine on the mesomorphic properties is more useful and 
interesting with the three benzene ring compounds (series 11). We observe a decrease of 
all transition temperatures, even the melting point, in comparison with the hydrogen 
derivatives. For example the two compounds 

x 

X = H 

X = F  

C 955°C (S,* 76°C) S, 123°C N* 1274°C I, 

C 56.8"C S z  75.5"C S, 104.1"C N* 109.7"C I, 

display the ferroelectric S, at the same temperature (76°C) but the S,* of the latter is 
enantiotropic with a low melting point while the former is monotropic. Furthermore, in 
series I1 we also studies the influence of the chiral chains on the mesomorphic and 
physical properties [19]. The difference between the LIC and IID series is the steric 
hindrance induced by the presence of the additional methyl group (ethyl versus 
isopropyl) in the latter. We observe the same polymorphism in these two series but the 
isopropyl group favours more the cholesteric phase rather than the other smectic 
phases. So, for the S z  temperature range, the IID series is less interesting than the LIC 
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Ferroelectric liquid crystals with mercaptobenzoic acid 795 

series. On the other hand, the steric hindrance could block the rotation around the 
chiral carbon and could give rise to the spontaneous polarization enhancement which 
is discussed in the next paragraph. 

The IIB series is the most interesting because all of the compounds display not only 
the ferroelectric smectic C phase with a wide temperature range but also high 
spontaneous polarization and low response time. The highest spontaneous polariz- 
ation 175 nC cm-' in series I1 is observed with the compound IID (n = 10) because the 
steric hindrance of the isopropyl group inhibits the rotation around the link of the 
chiral carbon. But the steric hindrance and additional ester functionality in the lactic 
ester series simultaneously may influence the viscosity. For this reason, even with high 
spontaneous polarization, the response time of compounds IID is still higher than IIC. 
We have reported in the last paragraph that the S$ temperature range of IIC 
compounds is not very wide but they have low response times. Furthermore their tilt 
angles versus TsEsA - T show a shallow variation and they increase above 22-5", which 
is the ideal value for application devices. This tilt angle of IIB compounds increases 
quickly and reaches up to 30". 

It is evident that among the three series IIC, IID and IIB that there are no single 
compounds which have at the same time, a wide temperature S$ range, low response 
time and tilt angle close to 22.5". For this reason, we have to make several mixtures with 
appropriate compounds. 

4. Experimental 
The infrared spectra were recorded using a Perkin-Elmer 783 spectrophotometer 

Compounds 2 and 3 were prepared following a method previously described [20]. 
and the NMR spectra with a Bruker 270MHz. 

All compounds give satisfactory elemental analyses. 

4.1. 3-Fluoro-4-hydroxybenzoic acid: 4 
A solution of 4-cyano-2-fluoroanisole (30g, 0*198mol), 400ml of 48 per cent 

hydrobromic acid and 200ml of acetic acid was heated under reflux for 16 h. After 
cooling, 200 ml of water was added to the solution which was put in a refrigerator for 
3 h. The solid was filtered off, washed with cold water and air dried. Yield: 25 g (80 per 
cent); mp= 159°C ([17] 159-160.5"C). 

IR (nujol, cm-'): 3500, 2920, 2700, 1780, 1600, 1530, 1400. 

4.2. 3-Fluoro-4-nonyloxybenzoic acid: 5 (n  = 9) 
To a stirred solution of potassium hydroxide (5.6 g) in 10 ml of water, was added 

100 ml of ethanol, 3-fluoro-4-hydroxybenzoic acid (8 g, 0051 mol) and 1-bromononane 
(1 5 g, 0.072 mol) was added dropwise in 50 ml of ethanol. The solution was heated 
under reflux for 3.5 h. Then potassium hydroxide (5 g) in 5 ml of water was added to the 
cooled solution and the mixture was heated under reflux for a further 2 h. The solvent 
was evaporated and the mixture was acidified with 10 ml of concentrated hydrochloric 
acid, 50 g crushed ice and 50 ml of water. The solid was filtered off and recrystallized 
from absolute ethanol. Yield: 9.5 g (62 per cent). 

Transition temperatures: C l l l .9"C N 116°C I ([21] C 112°C (S 109°C) N 
1165°C I). 

IR(nujo1,cm-I): 2900,2750, 1760, 1610, 1580, 1510, 1460, 1410, 1320, 1300, 1210, 
1 140, 1090, 770. 

NMR (CDCI,, 6) 0.9 (t, 3 H, CH,), 1.1-1.7 (m, 14 H, 7 CH,), 4.1 (t, 2 H, CH,O), 7-8.2 
(m, 3 H, Ar). 
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4.3. 4-(3'-Fluoro-4'-nonyloxybenzoylthioxy) benzoic acid: 6 (n = 9) 
To a solution of 4-mercaptobenzoic acid (3.39g, 0.022mol) in lOOml of dichloro- 

methane, was added triethypamine (2.22 g, 0.022 mol) over a period of 1-2 min. The 
solution was stirred in an ice-water bath and 3-fluoro-4-nonyloxybenzoyl chloride 
(obtained from 5 (n =9) with an excess of oxalyl chloride) (6.1 g, 0.02mol) in 1Oml of 
dichloromethane was added over a period of 1 min. The mixture was stirred for 30min 
in the ice bath and then for 1 h at  room temperature. To the mixture was added 300ml 
of ethyl acetate and 300 ml of 10 per cent aqueous hydrochloric acid. The mixture was 
heated and transferred to a separating funnel. The phases were separated and the 
organic phase was dried with anhydrous sodium sulphate, concentrated and the 
solution put in a refrigerator. The solid was filtered off, washed with cold ethyl acetate 
and air dried. Yield: 4 g  (47 per cent). 

Transition temperatures: C 149°C S, 207°C N>22O0C I. 
NMR (CDCI,, 8) 0.9 (t, 3 H, CH3 of C,H,,), 1-1-2-1 (m, 14 H, 7 CH,), 4.1 (t, 2 H, 

CH,O), 6.9-8.4 (m, 7 H, Ar). 

4.4. (R)- J -Methylpropyl 4-(3'Tfluoro-4'-nonyloxybenzoylthioxy)benzoate: I A  (n  = 9) 
To a solution of 6 (n=9) ( 1  g, 2.39mmol), (S)-2-butanol (0.194g, 2.62mmol), 

triphenylphosphine (0.885 g, 3.37 mmol) and 10ml of dichloromethane was added 
dropwise diethylazodicarboxylate (DEAD) (0.588 g, 3.37 mmol) over 1 min. The 
resulting solution was stirred overnight. The mixture was evaporated, chromato- 
graphed on silica gel with toluene as eluent, and recrystallized frclm absolute ethanol. 
Yield: 500mg (45 per cent). 

Transition temperatures: C 455°C (S, 258OC) I. 
IR (nujo1,cm-l): 2900, 2860, 1710, 1670, 1280, 1160, 1110, 970. 
NMR (CDC13,d): 0.85 (t, 3 H, CH3 of CgHIg), 0.95 (t, 3 H, CH3 of CZH,), 1.2-2 

(m, 19 H, 8 CH, and CH3 of CH(CH,)), 4.1 (1, 2 H, CH,O), 5.1 (m, 1 H, CH), 7-8.1 
(m, 7H, Ar). 

4.5. 4-[(R)-(J-Ethoxycarbonyl)ethoxy] phenol: 7C 
To a cooled solution of 4-benzyloxyphenol (15.2 g, 0.076mol), (L)-ethyl lactate 

(12 g, 0.09 rnol), triphenylphosphine (30 g, 0.1 1 mol) and 300 ml of dichloromethane was 
added dropwise DEAD (20g, 0.1 1 mol) over 1 min. The mixture was stirred for 4 h. The 
solution was filtered OR, evaporated and chromatographed on silica gel [14]. 

Hydrogenation of the benzyl ether intermediate was carried out in a solution of 95 
per cent ethanol with PdjC as catalyst at atmospheric pressure. The mixture was 
filtered through silica gel and evaporated. Yield: l o g  (58 per cent). 

NMR (CDCl,,S): 1.2 (t, 3 H, CH3 of C,Hs), 1.65 (d, 3 H, CH, of CHCH,), 4.25 
(q, 2H, CH,CO,), 5.3 (4, 1 H, CH), 6.9-7.5 (m, 4H,  Ar). 

4.6. (R) -4 - [ (  1' -  Ethoxycarhonyl)ethoxy]phenyl-4'-(3'-Jluoro-4'- 
nony1oxybenzoylthioxy)~enzoate: TIC (n = 9) 

To a solution of the phenol 7C (300 mg, 1.4 mmol) in 5 ml of dichloromethane was 
added DCC (280 mg, 1.4 mmol), 6 (n = 9) (600 mg, 1.4 mmol) and DMAP (20mg). The 
resulting solution was stirred at room temperature overnight. The solution was filtered, 
evaporatcd and chromatographed on silica gel with toluene as eluent. Fractions 
containing the pure product were combined, concentrated, and recrystallized from 
absolute ethanol. Yield: 500mg (60 per cent). 

Transition temperatures: C 70.4"C S,* 757°C S, 104.7"C N* 109.7"C I .  
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NMR (CDC13,6): 0.8 (t, 3 H, CH, of C9HI9), 1-1.9 (m, 20 H, 7 CH,; CH, of CHCH, 
and CH, of C&), 4.1 (t, 2 H, CH,O), 4.25 (m, 1 H, CH,CO,), 5.3 (9, 1 H, CH(CH,)), 
6.9-8.2 (m, 1 1  H, Ar). 

5. Conclusion 
The fluorine on the two benzene ring cores destabilizes the liquid crystal phases and 

reduces the clearing temperature of three benzene ring core derivatives. Furthermore in 
the latter the S$SA transition temperature is not very different from the hydrogen 
analogues. The three series with three benzene ring cores display ferroelectric smectic 
C phases, particularly the IIB series with a wide temperature range (60°C). In spite 
of the larger core the response time of the IIB compounds is low, less t5an lops at 
TsksA- T= 20°C. A study of the properties of mixtures from these materials is in 
progress. 

This research was supported by IBM-CNRS contract No. 710008-01. 
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