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Chiral dioxaborinane derivatives form chiral smectic C phases which exhibit ferroelectric properties with large 
spontaneous polarizations. 

Recent research interest in functional materials has been 
focused on ferroelectric liquid crystals. 1 We reported previ- 
ously2 that dioxaborinane derivatives are new liquid crystal- 
line materials which give wide nematic ranges. Here we report 
that compounds (1) and (2), which contain boron atoms, form 
a chiral smectic C phase exhibiting ferroelectric properties; we 
describe the syntheses of the new compounds as well as their 
thermal properties. 

Thus, 4-carboxyphenylboronic acid was condensed with 
2-dodecylpropane-l,3-diol to form the dioxaborinane deriva- 

tives ( 5 ) .  The preliminary X-ray structural analysis3 of an 
analogous compound, 2-(4-cyanophenyl)-5-(4-butylphenyl)- 
1,3-dioxaborinane, revealed a three-co-ordinate planar 
geometry around the boron atom, indicating that no geo- 
metrical isomers exist. However heterocyclic derivatives of 
1,3-dioxane and 1,3-dithiane, both common structures in 
liquid crystalline materials, have cis and trans isomers at the 
C-2 position.4 

Compound ( 5 )  was treated with (R)-1-methylheptyl 
4-hydroxybenzoate ([a] -30.7') to give (la) (R1 = C6HI3 
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Table 1. Phase transition temperatures (27'C)a-b of compounds (1) and (2). 

a Measured with a Metler Thermal Microscope FP5 + FP52. b C = crystal, S(C*) = chiral smectic C, SA = smectic A, I = isotropic; the phase 
S1 not been identified yet. 

(Me)CH; R2 = n-CI2Hz5, [a] -19.1°} in 70% yield based on 
(3). Similarly, (2) was synthesized using aryl-substituted 
propane-l,3-diols instead of (3). 

Various derivatives of (1) and (2), having different tail 
groups, were synthesized by similar methods. They were 
obtained as colourless crystals in good yields and charac- 
terized by spectral methods including m.s., i.r., and n.m.r. 
The thermal properties of (1) and (2) were examined visually 
with an optical microscope and the results are summarized in 
Table 1. 

The results show that the four-ring systems, (2a-c), formed 
more stable smectic C phases than the three-ring (1) and in the 
same series the longer tail groups stabilized the phase as is 
usual for liquid crystals. It should be noted that (1) and (2) 
exhibited ferroelectric properties, and in particular (la) and 
(2b) showed very large spontaneous polarizations of 48 and 
100 nC cm-2 respectively. In recent years some liquid 
crystalline materials incorporating metal atoms have been 
prepared ,5 in expectation of novel properties, and compounds 

HOtC a.:" OH 
+ Ho>R2 HO 

( 5 )  

Scheme 1. Reagents and conditions: i, toluene reflux; ii, SOCl2; iii, 
R102CC6H40H-4, pyridineketrahydrofuran. 

(1) and (2) provide the first examples of ferroelectric liquid 
crystalline materials incorporating boron atoms. 
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