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SUMMARY 
A number of potentially mesomorphic ester derivatives of 

4-allyloxybenzoic acid have been prepared. Bimesogenic mole- 
cules were synthesized by addition of the 4-allyloxymesogenic 
unit to ~-dimethylsilanyl-~-hidrogenooligodimethylsiloxane ca- 
talized by hexacloroplatinic acid. The thermal properties of 
this new series of thermotropic, liquid crystalline bimesogenic 
compounds were studied by differential scanning calorymetry 
(DSC) and polarized light microscopy. It was found that the 
length of the oligosiloxane spacer was the most important fac- 
tor for the low transition temperature. The effects of struc- 
tural changes on mesophase stability are also discussed. 

INTRODUCTION 

Many investigations have been carried out in order to 
understand the effects of symmetry and molecular structure in 
liquid crystals containing ester linkages. The mayority of 
these investigations(l,2)have focused their attention on the 
synthesis of novel derivatives of 4-alkyloxybenzoic acid in an 
effort to prepare stable liquid crystals, which exhibit a wide 
mesophase range and low melting point for physical, chemical 
and technological applications (3). These studies indicated 
that esters with similar unsymetrical structures would also be 
mesomorphic and have low crystals-to-liquid crystal transition 
temperatures. Benzoates with two phenylene rings depending on 
the length of the terminal groups, melting point as low as 40~ 
can be achieved. Benzoates with three phenylene rings genera- 
lly have higher crystal-liquid crystal transition temperatures 
(4,5). 

In order to reduce the transition temperature of mesoge- 
nic derivatives of 4-alkyloxybenzoic acid, a highly flexible 
spacer could be inserted between two rigid mesogenic units,as 
follows: 

mesogenic spacer 
unit 

* To whom correspondence should be addresed. 
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In the present investigation, a study has been made of the in- 
fluence of the length of a highly flexible oligosiloxane spa- 
cer on the liquid crystalline behaviour of this bimesogenic 
compound. It was expected that the siloxane group would con- 
tribute to the loss of crystalline stability and lead to low 
melting points. Thus a series of bimesogenic compounds,I, of 
the following structures were synthesized and characterized: 

CH 3 CH 
I 1 3 

R O ~  COO~-O (CH2)3(SiO)xSi-(CH2)30~ COO~-OR I 
I I 

CH 3 CH 3 

R= (CH2)nCH 3 , n= 5,6 , x= 1,2,3,4 

RESULTS AND DISCUSSION 

Liquid c r y s t a l l i n e  4 - a l l y l o x y b e n z o i c  acid e s t e r s  I 

For the synthesis of liquid crystalline bimesogenic com- 
pound, mesogenic ester (]a-ld) derivatives of 4-allyloxyben- 
zoic acid were used. The mesogenic unit was prepared by reac- 
tion of 4-allyloxybenzoic acid chloride with different 4-alky- 
loxyphenolenes. Table 1 shows phase transitions indicating 
the usual structure dependence for low molecular weight li- 
quid crystals. The clearing temperatures of smectics in a ho- 
mologous series generally rise initially with increasing chain 
length, reach a maximum at a moderate chain length, then de- 
crease slightly and finally acquire a nearly constant value 
in long chains. Smectic phases are rarer with shorter lateral 
chains, but become most common with longer chains (6). 

Table l. Phase transition of liquid crystalline 4-allyloxyben- 
zoic acid esters (I) . 

CH2=CH-CH20~-COO~-O(CH 2 nCH3 I 

Ester n Phase transition b) Phase width 
temp. in ~C. 

la 2 k 60 n 75 i 
b 3 k 59 s 83 i 
c 5 k 52 s 79 i 
d 6 k 43 s 72 i 

b)k: crystalline, n: nematic, s: smectic, 

temp. in ~ 

15 
64 
27 
29 

i: isotropic 

Liquid c r y s t a l l i n e  bimesogenic compounds: 
The liquid crystalline bimesogenic compounds were syn- 

thesized by addition of the 4-allyloxymesogenic unit to e-di- 
methylsilanyl-~-hidrogenooligodimethylsiloxane(7,8) catalyzed 
by hexachloroplatinic acid. 
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2CH2=CH-CH2-O ~ CO0~- O (CH 2 )n CH3 + 

CH CH 3 

H(SiO) Sill H2PtCI6>I 
I Xl 
CH 3 CH 3 

The phase behaviour of the s~nthesized bimesogenic com- 
pound (I) shown in Table 2 indicates the characteristic dif- 
ferences caused by the specific properties of the highly fle- 
xible oligosiloxane spacer. 

Table 2. Phase transitions of liquid crystalline bimesogenic 
compound I. 

Bimesogenic n x Phase transition Phase width 
compound temp. in ~ temp. in ~ 

I a 5 1 k 9 s 45 i 36 
b 5 2 k 1 s 50 i 51 

c 6 1 k 20 n 52 i 32 
d 6 2 k 12 s 48 i 36 
e 6 3 k -2 s 45 i 47 
f 6 4 k -7 s 39 i 46 

In effect, the siloxane spacer greatly reduces the inter- 
chain interactions and the degree of crystallinity of the bi- 
mesogenic compound; apparently, the difference can be attribu- 
ted to the effect of the bulky structure, flexibility and the 
irregular conformations of the oligo(dimethylsiloxane) spacer 
between the rigid mesogenic groups. The methyl groups in di- 
methylsiloxane units rotate with unusual ease around the Si-O 
bond even at temperatures as low as -195~ (9,10). This free 
rotation is one of the reasons for the weakened interchain 
attraction of the oligo(dimethylsiloxane). 

Recently investigations (11,13) have been carried out in 
order to understand the effect of highly flexible oligosiloxa- 
ne spacers on the thermotropic, liauid crystalline main chain 
polyesters. The incorporation of a relatively short oligosilo- 
xane spacer resulted in a considerable decrease in the transi- 
tion temperatures of the polyesters showed liquid crystal be- 
haviour even at room temperature. Again, highly flexible oli- 
gosiloxane spacers can be used to prepare bimesogenic compounds 
with very low melting points for practical applications. 

The melts of all bimesogenic compounds (I) below their 
clearing temperatures were clearly birefringent and showed ne- 
matic or smectic texture when observed on the hot stage of a 
polarizing microscope. By direct visual observation they sho- 
wed stir-opalescence . The bimesogenic compound with oligosi- 
loxane, when examined by DSC, showed a broad and weak melting 
transition and complety reversible mesophase-to-isotropic tran- 
sition. However, the crystal-to-mesophase transition tempera- 
tures were observed to be lower during a cooling cycle, owing 
to supercooling of the liauid crystalline phase. For example, 
at the same heating and cooling rate of 20~ min -I, the crys- 
tallization exotherm in the cooling curve of the compound I e 
(x=3) ocurred 60~ below the melting endotherm. Those reported 
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are for the heating cycle. (See Table 2) 
The eefct of the size of the spacer group on melting as 

well as on clearing temperature are shown in Figure 1 as a 
function of the number of the siloxane units (x). Inspection 
of Figure 1 indicates clearly that the phase transition tempe- 
rature decreases slightly with increasing spacer length of the 
siloxane group. 

70. 

50. 

~_30. 

10. 

-10. 

i ~ 3 ,i x 

-Fig.l Influence of the length of the siloxane spacer on the 
transition temperatures of the liquid crystalline bimeso- 
genic esters I c - If,. = Clearing point; o= melting 
point; x = number of oxydimethylsilanediyl (siloxane) 
units. 

It is reasonable to expect that longer flexible spacers should 
be increasingly effective in increasing the molecular mobility 
in the melt of the bimesogenic compound. This increased mobi- 
lity should result in a lower clearing temperature and lower 
melting point. Another interesting observation was that the 
temperature range, over which the mesophase existed, was con- 
sistently broader for the bimesogenic compounds (I) as compa- 
red to 4-allyloxy-mesogenic ester (i) as shown in Table i. The- 
se results can be attributed to the ability of the siloxane 
spacer to have a greater decreasing effect on the melting tran- 
sition or to the increase in anisotropic molecular polarizabi- 
lity. The bimesogenic compound has four polarizing aromatic 
rings. 
A complete systematic analysis of the behaviour of bimesogenic 
molecules with highly flexible oligosiloxane spacers will re- 
quire many more studies; our research in this area is directed 
at a systematic variation of mesogenic units and siloxane spa- 
cers for a better characterization of the structure and proper- 
ties of mesogenic phases. 
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EXPERIMENTAL PART 

4 - a l l y l o x y b e n z o i c  a c i d  e s t e r  (la - Id ):  

0,02 mole p-alkyloxyphenol (e.g p-propyloxy, p-butyloxy- 
or p-hexyloxyphenol) is dissolved in dry tetrahydrofuran (THF). 
The stirred solution is cooled to 5~ 0,22 mole of 4-allylo- 
xybenzoyl chloride in I0 ml of THF and 0,03 mole of triethyla- 
mine in 20 ml of THF are added dropwise and simultaneously. 
After 8 h stirring at room temperature the solvent is evapored. 
The residue is dissolved in methylene chloride, washed several 
times with cold water and dried over Na2SO 4. The methylene 
chloride is evaporated and the product is purified by recrysta- 
llization from dioxane and ethanol. Yield 75-90%. Elemental 
analyses are shown in Table 3. 

Table 3. Elemental analyses the 4-allyloxybenzoic acid esters 1 
(See Table I). 

p-allyloxybenzoate of: Empirical formula C H 
(Mol. weight). Calc. found. Calc. found 

4-Propyloxyphenylene(la) 

4-Butyloxyphenylene (ib) 

4-Hexyloxyphenylene (ic) 

4-Heptyloxyphenylene(id) 

C19 H20 04(312,2) 73,03 72,92 6,46 6,49 

C20 H22 04(326,2) 73,57 73,97 6,80 6,59 

C22 H26 04(354,2) 74,53 74,49 7,40 7,27 

C23 H28 04(368,2) 74,96 74,55 7,67 7,68 

B i m e s o g e n i c  m o l e c u l e s  I: 

Addition of the 4-allyloxybenzoic acid ester la-ld to the ~-di- 
methylsilanyl-~-hidrogenooligosimethylsiloxane(mole ratio 2:1) 
is carried out with stirring in a nitrogen atmosphere in dry 
THF at 60 C with a Wacker-Oil catalyst based on H2PtCI 6. Con- 
centrated solutions of both components in THF have to be used. 
After complete additio~ (18-20 h; disappearance of the Si-H 
absorption at 2140-cm- ), most of the THF is evaporated. The 
compound is precipitated form methanol and reprecipitated se- 
veral times form ethanol/methanol. 

All substances give correct IR and IH-RMN-Spectra; tran- 
sition temperatures was measured on a Perkin-Elmer DSC-2. For 
polarizing microscopy a Leitz Ortholux Pol BK II was used. 
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