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Nematic Liquid Crystals Containing 
Pyridine and Benzazole Rings 
A. I .  PAVLUCHENKO, N. I. SMIRNOVA, V. V. TITOV, E. I. KOVSHEV 
and K. M. DJUMAEV 

Organic Intermediaries and Dyes Institute, Moscow, U.S.S. R. 

(Receiued A q u s t  23, 1976) 

The liquid crystalline 6-alkoxynicotinic acids were prepared, and their transition temperatures 
measured. The isomeric 5-alkoxypicolinic acids are not mesomorphic. A series of 2,6- and 
2,Sdisubstituted benzazoles were also synthesized. The effects of a molecule geometry, central 
linkages and a heteroatom on the mesomorphic properties of these compounds are discussed. 

I NTRO D U CTlO N 

Most nematic liquid crystals as known at that time are derivatives of benzene, 
naphthalene and biphenyl. Mesomorphic compounds with heterocyclic 
nuclei are not still numerous, although they are of interest because of greater 
possibilities in the variations of direction and magnitude of their permanent 
dipole moments, and in consequence of that in the variations of sign and 
magnitude of their dielectric anisotropy. 

Several classes of heterocyclic compounds have been synthesized earlier ; 
these are derivatives of ~ y r i d i n e ' ~ ~  (mostly Schiff bases), quinoline,' 
diazines.6-' 
are also known. Recently a great number of liquid crystalline derivatives of 
5-membered heterocycles was reported by H. Schubert. l4 

We have investigated the mesomorphic behaviour of 6-alkoxynicotinic 
acids (A) and benzazoles (B), i.e., the 2,5- and 2,fi-disubstituted benzoxdzoles 

Some representatives of benzazole and benzoxazole12. 

R O C , , ,  R Q p O R ,  

A B 
and benzthiazoles, where Y is azomethyne, ethylene, esteric, azo-group or 
simple linkage. 
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36 A. I .  PAVLUCHENKO e t a / .  

RESULTS AND DISCUSSION 

The 5-alkoxypicolinic acids (I) were prepared by alkylation of the 5-hydroxy- 
picolinic acid in alcohol solution in the presence of the base. The 6-alkoxy- 
nicotinic acids (11) were accessible by the reaction of the 6-chloronicotinic 
acid with sodium alkylates (Table I). 
As compared to appropriate benzene derivatives, the substitution of the 

benzene ring for the pyridinic one causes the lowering of melting points 
(Figure 1). Only the higher homologues of compounds I1 form an enanthio- 
morphic mesophase with a narrow temperature range. Their lower homo- 
logues are monotropic, and the 5-alkoxypicolinic acids do not form a 
mesophase. The mesomorphic behavior of the 6-alkoxynicotinic acids (11) 
is undoubtedly due to the formation of dimers (C),'' whereas an absence 
of mesomorphic properties of compounds I is possibly caused by their 
stronger intramolecular coordination (D). A low thermal stability of the 
acids I1 (N-I transition points are -60" lower than in the case of their 
benzene analogues) is apparently due to an existence of the H...N type 
hydrogen linkage resulting in the partial destroying of the liquid crystalline 
order (E). 

O.. .  H-0 0 

\ C e 0 R  ROQCC 

0 
R0-C' x /  \ O-H...O / 

.. / 
H 

C D 

0 

'COOH 
E 

There is little information on mesomorphic properties of heterocyclic 
compounds containing two different heteroatoms. We have synthesized a 
number of disubstituted benzoxazoles and benzthiazoles and compared 
their mesomorphic properties. 

The substituted 2-@-alkoxybenzylideneamino)benzthiazoles (111-VI) were 
obtained by condensation of the appropriate 2-aminobenzthiazoles with the 
p-alkoxybenzaidehydes in the presence of the p-toluenesulphonic acid. The 
reaction of aldehydes with the 2-methylbenzthiazoles in the presence of the 
zinc chloride leads to the formation of the appropriate styrylbenzthiazoles 
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FIGURE I 
chain of the carboxylic acids. 

Plot of the melting points against the number of carbon atoms (n) in the n-alkyl 

(VII, VIII). By the action of the phosphorus pentachloride on the 6-methoxy- 
thiazole-2-carboxylic acid and by the subsequent reaction of the formed acid 
chloride with phenols the phenyl esters (IX) were obtained. The aza- 
compounds (X-XII) were obtained by diazoreaction of the 2-aminobenzthia- 
zoles, by coupling of the diazonium salts with the phenol, and by subsequent 
acylation of the intermediate hydroxyderivatives. The condensation of the 
zinc 2-amino-5-methoxyphenylmercaptide with the p-alkoxybenzaldehydes 
leads to the appropriate phenylbenzthiazoles (XIII). 

Their benzoxazole isologues (XIV, XVI, XVIII, XX) were obtained by 
condensation of the o-aminophenol with aldehydes in the presence of the 
p-toluenesulphonic acid, and by the subsequent oxydation of intermediate 
Schiff bases with the lead tetraacetate. The styrylbenzoxazoles (XV, XVII, 
XIX, XXI) were obtained by condensation of the p-alkoxycinnamic acids 
with the p-aminophenols in the presence of the polyphosphoric ester. 

As it was expected, the melting points of the obtained compounds do not 
obey to formal regularities while their clearing points have a distinct odd- 
even alternation when compounds with the odd number of atoms in the 
chain, including an oxygen, have a greater mesophase thermal stability as 
one can see at the diagram for the benzthiazole Schiff bases 111 (Figure 2). 

An introduction of the hydroxy group into orto-position to the methyne 
group (compounds IIId, f) leads to an increase of the melting and clearing 
points that is apparently due to the association of molecules. The substitution 
of the methoxy group in the 6th position for the butoxy group (compound V) 
does not cause a considerable change of the mesophase transition tempera- 
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NEMATIC HETEROCYCLICS 39 

160 - 

140 

120 - 

100 - 

- 

CU-O-OC,HI,+, 

OC-N TRANSlTlON 
AN-I TRANSlTlON 

2 4 6 8 "  
FIGURE 2 Plot of the transition temperatures against the number (n) of carbon atoms in the 
n-alkyl chain of the 2-@-alkoxybenzylideneamino)-6-metho::ybenzthiazoles. 

tures whereas the transition points are very sensible to the changes in the 
benzene part of molecule. 

It should be noted that the 5-methoxy substituted styrylbenzthiazoles 
(VIIIa, b) as well as the appropriate Schiff bases do not exhibit the meso- 
morphism whereas both series 5- and 6-substituted benzoxazoles (XVb; 
XVIIa, b ; XIXb ; XXIb) possess the liquid crystalline properties, the 
5-substituted derivatives having greater mesophase thermal stability than 
their 6-isomers. Such differences of mesomorphic properties of isomeric 
benzazoles are apparently due to the different length of the carbon-sulfur 
(1.74 A in thiophene), carbon-oxygen (1.41 in furane) and carbon-nitrogen 
( I  .42 A in pyrrole) linkages as schematically shown in the figure where a 
broken line means a direction of a long molecular axis. As one can see, a 
molecule linearity depends strongly on a lateral group position and on a -a;)- -->5-;& 
heteroatom. A different geometry of molecules is an essential factor in- 
fluencing the mesophase thermal stability. Another factor causing the greater 
thermal stability of mesophases forming by the 6-substituted benzthiazoles 
in comparison with their benzoxazole analogs is a difference in a degree of 
aromatization of azole cycles that is a degree of conjugation of heteroatom 
p-electrons with n-electrons-of cycle. 

A comparison of liquid crystals differing by central groupment shows that 
their mesophase thermal stability decreases in series vinyl > azomethyne 
> simple linage > ester group (Table 11). The most obtained benzazoles 
have a positive sign of dielectric anisotropy as follows from the Table V with 
typical examples. 

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

5:
38

 2
3 

Fe
br

ua
ry

 2
01

3 



A. I. PAVLUCHENKO e ta l .  

TABLE I1 
Comparison of influence of central linkage and heteroatom on the 

mesophase thermal stability. 

H,CO 

\ N  

Y N-I N-I N-I 
(X = S )  (X = 0)  (X = 0. 5-OCH3) 

- N=CH 130.1 - 
CH=CH 165.0 83.7 124.7 
coo 105.3 - - 
Simple linkage 119.2 40.6 69.5 

TABLE 111 

Dielectric anysotropy of benzazoles (A8 = E , ,  - E J  

Compound R X Y "C At; 

VIIb 6-OCH3 S CH =CH 100' +0.45 
XIIb 6-OCH, S Simple linkage 104 -0.20 

XVIIb 5-OCH3 0 CH=CH 100 f1.25 
XIXb 6-CH3 0 CH=CH 85 +0.27 

XVb 5-CH3 0 CH=CH 100 + 1.06 

EXPERIMENTAL 

Transition temperatures were determined with a MIN-8 polarizing micro- 
scope equipped with a Mettler FP-52 heating stage. All compounds were 
purified with a thin layer chromatography until satisfactory elemental 
analyses were achieved. 

5-Alkoxypicolinic acids (I) 

A mixture of 90% alcohol (15 ml), 5-hydroxypicolinic acid (0.0095 moleJ, 
potassium hydroxide (0.019 mole) and alkyl iodide (0.012 mole) were re- 
fluxed on a steam bath for 12-20 h. The solvent was distilled off under 
reduced pressure. The solid was dissolved in water and reprecipitated with 
10% HCl at pH5. The resulting crude I was recrystallised from petroleum 
ether (Table I). 
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NEMATIC HETEROCYCLICS 41 

6-Alkoxynicotinic acids (11) 

6-Chloronicotinic acid (0.0317 mole) was added to a stirred solution of 
sodium alcoholate (0.07 mole) in 50 ml of appropriate alcohol. The mixture 
was refluxed on an oil bath under stirring for 10 h. Isolated as described for 
I acids I1 were recrystallised from hexane (Table I). 

5( or 6)-Substituted 2-(p-alkoxybenzylideneamino)benzthiazoles 
(Ill-VI) 

A mixture of p-alkoxybenzaldehyde (0.01 mole), 5(or 6)-substituted 2- 
aminobenzthiazole (0.009 mole), p-toluenesulfonic acid (0.1 g) and 100 ml 
of benzene was refluxed for 2 h with a Dean-Stark column. The solvent was 
removed and the resulting solid was recrystallised from ethyl alcohol-hexane 
mixture (1 : 1) (Table IV). 

2-p-Alkyl(or alkoxy)styryl-6(or 5)-rnethoxybenzthiaroles (VII, VIII) 

A mixture of aldehyde (0.01 mole), 2-methyld(or 5)methoxybenzthiazole 
(0.01 mole) and anhydrous zinc chloride (0.2 g) was heated in a sealed tube 
for 5 h at 195-200°C. After cooling a melt was triturated with aqueous 
ammonia and extracted with benzene. The benzene solution was chroma- 
tographied on alumina, and a residue after evaporation of benzene was 
recrystallised from hexane (Table IV). 

p-Alkoxy( or alky1)phenyl 6-methoxybenzthiazole-2-carboxylates ( IX) 

A mixture of 6-methoxybenzthiazole-2-carboxylic acid (0.0 1 mole) and 
phosphorus pentachloride (0.01 mole) was heated for 2 h on a steam bath. 
Anhydrous benzene (50 ml), p-alkoxy(or a1kyl)phenol (0.01 mole) and 
pyridine (0.01 mole) were added, and the heating was continued for 4 h. 
The benzene solution was washed with 5 % hydrochloric acid and water, and 
chromatographied with benzene on alumina. After evaporation of the eluate, 
a residue was recrystallized from hexane (Table IV). 

2-p-Acyloxyphenylazo-6-alkoxy( or cyano) benzthiazoles (X-XII) 

A solution of sodium nitrite (0.02 mole) in 2 ml of water was added drop- 
wise at - 5°C to a stirred solution of 6-alkoxy(or cyano)-2-aminobenzthia- 
zole in 10 ml of 85% formic acid, 4 ml of glacial acetic acid and 8 ml of 
concentrated sulfuric acid. After cooling at - 5°C for 5 h, the solution was 
added dropwise at 0°C to the solution of phenol (0.02 mole) and 26 g of 
sodium carbonate in 300 ml of water and 40 ml of 0.5 % sodium hydroxide. 
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After stirring for 2.5 h at 0°C the mixture was acidified with hydrochloric 
acid. A deposited precipitate of p-hydroxyphenylazo-6-alkoxy(or cyano)benz- 
thiazole was collected, dried at 100°C under reduced pressure and used 
without further purifying. Acyl chloride (0.005 mole) was added at 0°C to the 
solution of above hydroxy derivative (0.005 mole) in 10 ml of anhydrous 
pyridine. After keeping overnight at 25"C, the mixture was poured into 
10 glacial hydrochloric acid, filtered, and a solid was recrystallised from 
hexane-ethyl alcohol mixture (3 : 1) (Table IV). 

2-p-Alkoxyphenyl-6-methoxybenzthiazoles (XIII) 

p-Alkoxybenzaldehyde (0.16 mole) was added dropwise to a stirred sus- 
pension of zinc 2-amino-5-methoxyphenylmercaptide in 150 ml of hot 
glacial acetic acid. The mixture was heated for 15 min under reflux and poured 
into water. The precipitate of XI11 was recrystallised from hexane (Table IV). 

2-p-Alkoxyphenyl-5 (or 6)methyl (or methoxy) benzoxazoles (XIV, 
XVI, XVIII, XX) 

A mixture of the appropriate o-aminophenol(O.01 mole), p-alkoxybenzalde- 
hyde (0.01 mole) and p-toluenesulfonic acid (0.1 g) in 100 ml of benzene was 
refluxed with a Dean-Stark column for 4 h. After distilling of the solvent, 
the residue of Schiff base was recrystallised from ethyl alcohol-hexane 
mixture (5 : 1). A benzenic solution of above Schiff base (0.005 mole) was 
shaken for 30 min with plumb tetraacetate (0.01 mole). A solid was filtered, 
and the solution was chromatographied on alumina. After evaporation of 
benzene, the residue was recrystallised from hexane (Table V). 

2-p-Alkoxystyryl-6-( or 5)methyl (or methoxy) benzoxazoles (XV. 
XVII, XIX. XXI) 

p-Alkoxycinnamic acid (0.015 mole) was added at 100°C to a mixture of 
appropriate aminophenol (0.01 mole) and polyphosphoric ester. After 
heating for 30 min at lOO"C, the mixture was cooled, decomposed with 
50 ml of glacial water and neutralized with sodium acid carbonate. A 
precipitate was recrystallised from hexane (Table V). 
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