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DEPENDENCE OF MESOMORPHIC PROPERTIES OF 3,5-DI-
SUBSTITUTED 1,2,4-OXADIAZOLES ON GEOMETRIC AND
ELECTRONIC FACTORS

LIUDMILA A. KARAMYSHEVA, SOFIA 1. TORGOVA,
IRINA F. AGAFONOVA, NIKOLAI M. SHTIKOV
Organic Intermediates and Dyes Institute, Moscow, Russia

Abstract New three and four rings containing liquid crystalline 3,5-
disubstituted 1,2,4-oxadiazoles with 4-substituted phenyl, cyclohexyl,
biphenyl and phenylcyclohexyl substituents have been synthesized. It was
shown that structure and nature of the cyclic fragments, position of the
strong polar (NOj) or weak polar (Alk, AlkO, Hal) groups in respect to the
heterocyclic unit significantly effect on the temperature and dielectric
properties of the new mesogens.

INTRODUCTION

For the first time the possibility of manifestation of the mesomorphic properties in
3,5-disubstituted 1,2,4-oxadiazoles was demonstrated in our preceding work L.
1,2,4-Oxadiazole is asymmetrical polarized five-membered heterocycle 2

- N—O |
R1;5 N)iRz

It was shown that the temperature and dielectric properties of the new
mesogens are strongly depend on the nature of the substituents and on theirs
position in the heterocycle. In the present work such investigations were continued
in the series of three and four rings containing 3,5-disubstituted 1,2,4-0oxadiazoles,
with phenyl, cyclohexyl, biphenyl, phenylcyciohexyl substituents and terminal
weak polar groups (Alk, AlkO, F,Br) and strong polar NO5-group.

217



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:16 18 February 2013

218 L. A. KARAMYSHEVA ET AL.

RESULTS AND DISCUSSION

The synthesis of the new 3,5-disubstituted 1,2,4-oxadiazoles was described in our
previous work 1. The transition temperatures were measured using Mettler-FP-5
apparatus with polarizing microscope.

The dielectric constants for 1,2,4-oxadiazoles, containing NOg-group were
calculated by extrapolation from measurements on 5% by weight solutions in a
mixture LCM-1289 (T = 62 ©C, £1.=5.6, en =16.4) at 20 °C. Measurements
were carried out at a frequency of 1 kHz using a E 7-8 capacitance bridge. The
dielectric constants were measured at the parallel plate capacitors (thickness 50
pum) with oriented layers of LC.

The transition temperatures of 1,2,4-oxadiazoles with weak polar
substituents are presented in the Tables I and II, respectively. As a rule three rings
containing 1,2,4-oxadiazoles (Table I) are nonmesomorphic or exhibit monotropic
nematic properties. The biphenyl substituent in position 3 (compounds 1,2) causes
an enantiotropic smectic phase. Symmetrization of a molecule (compare
compounds 1,2 and 3) results in the disappearance of a mesophase. There are no
clear correlation in the temperature properties and position of a weak polar groups
(Alk, AlkO, Br, F) with respect to the heterocycle (compare reverse structures: 3,4
and 5,6 and 9, 16 and 18, 17 and 19). In comparison with electronic factors the
role of geometric factors in this series is more essential. For example the
prolongation of terminal Alk radicals traditionally leads to monotropic nematic
(compounds 3,4) or enantiotropic nematic phases (the pairs 6 and 7, 8 and 9, 10
and 11). Replacing the benzene ring with cyclohexane one in oxazolic part of
molecule causes in occurrence of mesomorphic behavior (compounds 3 and 6, 15
and 16). In contrary such a change in the diazolic part of a molecule results in a
disappearance of mesomorphic properties (compounds 5 and 8).

Additional introduction in a molecule of the second polarizable group such
as AlkO or double bond leads to the expected significant increase of the phase
transition temperatures (compare compounds 3, 4 and 10, 11; 13 and 15 and also
12, 20, 21) and what's more in the last compounds there are enantiotropic smectic
and nematic phases.

In four rings containing oxadiazoles (Table II) a trans-phenylcyclohexane
fragment in the diazolic part of the molecules (compounds 22-25) has a
nematogenic character. The presence of this fragment in the oxazolic part
(compounds 26, 27) results in smectic properties. 4-Alkylbiphenyl substituent in
oxazolic part (position 5) is characterized by the smectogenic activity too
(compounds 28, 29). But the temperature range of mesophase in cyclohexane
containing LCs is greater than in aromatic analogous. In contrast to three rings
containing molecules biphenyl substituent in position 3 of four rings containing
oxadiazoles has nematogenic effect. The last one is more significant when the Alk
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TABLE I Three rings containing 1,2,4-oxadiszoles.

NN R Trensiti -
R 2 Treaaition, on

1 Coly 0 0)<0)- ¢y C 100 § 107 I

2 Gyl ;040) ~CH, €958 M7 1

5 oD Do omr

4 G, ;00) RO C 63 (N 60.7) I

5 gy~ ~0)~00,5g ¢ 91 (N8)I

6 Oy 00 {0, Hy C 38 (N 33) I

7 O 00 < Csiyq C 29 (N 4345) I

8 o~ ~0)~00,H, c80I

9 G- a O € 30 W 345 1

10 6 00)-  {0)-0C,Hy C 93 (N 84) I

1% Gy 00  {0)~0CgH g C 93 N109 I

12 0y 00)-  ~CE=CH-O)-CyH; C 54 8 91 N 101 I

13 7<0)- -@-0073.1 5 ce8pI

14 Br0)~ -@-004119 C 125 (N 100) I

15* #{0)- OS2 C 60 I

16* 7 0)- O-CsHq C 53 (N 42) I

17 Br<0)- <005ty C74I

18* ¢, Hy{ - ~0)-F C 80 I

19 c,H< - ~<0)-Br C 84 I

20

80 S 92 N 105 I
107 8 117M1221

N

* Compounds heve been synthesized in .
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substituent is replacing by the AIkO group (compare the compounds 28 and 30, 30
and 31, 32). Changing the aromatic cycle in position 5 for the saturated one causes
a considerable increase of smectic properties (compare pairs 30 and 33, 31 and 34).
This experimental fact confirms our conclusion about the smectogenic influence of
cyclohexane substituent in position 5 both in individual form and when it is a part
of phenylcyclohexane system. Compounds 36-42 demonstrate the influence of
additional polar and/or polarizable groups on the mesomorphism of new LCs..

The present experimental investigation of new liquid crystalline heterocycles
with weakly aromatic 1,2,4-oxadiazole fragment testifies about predominance of
geometric factors in their mesomorphic behavior. The investigated five-membered
heterocycle disturbs the linearity of derived compounds. Therefore the essential
depression of all transition temperatures of new LCs comparing with the
corresponding carbocyclic analogues3. At the same time the self-polarization of
this heterocycle correspond to its derivatives an own dipole moment. The
arrangement of two polar substituents in Hal containing compound 42 is in
agreement with the self-polarization, in the reversed structure 41 it is oppositive.
This is reflected on their mesomorphic behaviour.

The introduction of strong polar groups into LCs of oxadiazolic series has to
produce compounds with a great value of Az depending on the position of the polar
substituent in respect to the heterocycle. In order to investigate the influence of
strong polar substituents on the mesomorphic properties of 3,5-disubstituted 1,2,4-
oxadiazoles, the compounds containing NO7 substituent have been synthesized.
The transition temperatures and dielectric anisotropy of the new mesogens are
presented in the Table III. As seen from Table III all compounds have relatively
high melting points due to strong intermolecular interactions between heteroatoms.
When nitro-group is in the diazole part of the heterocycle (conjugation with diazole
link) the melting points are higher than for reversed structure. With the exception of
the compounds 51, 52 (with lateral polar substituent) and for 61, 62 when nitro-
group is in meta-position (lateral) of benzene ring. The compounds with four rings
(53 - 60) have wide mesophase and high thermal stability. The introduction of the
nitro-group in the meta-position (compare 59 and 61,60 and 62) leads to narrowing
of the smectic phase and decreasing of the thermal stability, due to increasing of the
intermolecular distance.

The dielectric permitivity anisotropy is much greater when nitro-group is in
the diazole part of the heterocycle. This fact can be explained by the coordinated
influence of the acceptor nitro-group and the heterocycle self-polarization, together
with the elongation of the conjugation chain. The optic anisotropy has the same
tendency: An for compounds 43, 44, 45, 46 is 0.156, 0.161, 0.255, 0.299
respectively.

The Table I'V shows the influence of the polarity of the substituents on the
mesomorphic properties.
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IABLE IV  The influence of the subpstituents polarity

on the mesomorphic properties.

R1 R2 Phase transiti-~
on temperatures,
c

14 N 29I 0,03
80 I 24
N1 37
100 (N 99)I 5.8
50 (N 42) I 4.8
68 I 540
71 (N 70) I 6.7
114(N 93) I 10442

&
O,
b
:;:: :
a o a a a e a

CONCLUSION

The present work is a continuation of investigations in the sphere of new liquid
crystalline heterocycles -1,2,4-oxadiazoles. Listed examples confirm the weakly
aromatic behavior of this five-membered heterocycle and the predominance of
geometric factors in mesomorphic properties of derivatives with nonpolar or weak
polar terminal substituents. The introduction of strong polar NO2-group increases
the role of electronic factors. Finally the value of Ae in LCs with NO7-substituent
depends on the sum of two dipole moments: the own dipole moment of heterocycle
and the own dipole moment of polar NO3-group.
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