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Nitrophenyl Liquid Crystals with
Intramolecular Hydrogen-Bonding in the
Mesogenic Core
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and
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A liquid crystalline homologous series of 4-nitrophenyl-4’-alkoxyphenyl diazene and their 2'-hydroxy
analogs were synthesized, and their mesogenic properties were studied. The formation of intramolecular
hydrogen bonding in the 2’-hydroxy analog series increased the rigidity of the mesogenic core and
enhances the ranges of the liquid crystalline phases.
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INTRODUCTION

Most rod-like liquid crystals have a rigid core composed of aromatic and/or aliphatic
rings and one or two flexible terminal alkyl/alkoxy chains.!? Different molecules
may produce a rigid core by forming intermolecular hydrogen bonds between two
geometrically matched nonmesogenic components.* Another approach to the syn-
thesis of new liquid crystalline materials is to design rigid molecular cores containing
quasi-rings stabilized by intramolecular hydrogen bonding. Some examples are the
chemical stabilization of imine linkage of Schiff bases,*> the increase in the me-
somorphic range of azo compounds,®’ and the formation of a cis-s-cis quasi-ring
form of the enaminoketone group.® In this paper, we wish to report the mesogenic
properties of two homologous series: 4-nitrophenyl-4'-alkoxyphenyl diazenes and
their derivatives, 4-nitrophenyl-4'-alkoxy-2'-hydroxyphenyl diazenes, which have
a lateral hydroxysubstituent.

+To whom correspondence should be addressed.
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(n=4-12, X=HOFOH,Y=N02)

Although the nitro group is not as good as a mesogenic unit as the cyano group,
liquid crystals containing the nitrophenyl unit has attracted some attention in recent
years because of the potential application as nonlinear optics materials.®~'? It has
been shown that the second-order molecular hyperpolarizability of the 4-nitro-
phenyl-4’-phenyl diazene moiety is comparable to that of the 4-nitro-trans-stilbene
unit.'® Substitution by a hydroxy group in the second ring of nitrophenyl diazene
liquid crystals can have two effects: a change in the mesogenic property of the rigid
core and an increase in conjugation. Therefore, a study of these compounds is
significant for the design of new liquid crystals and liquid crystal polymers suitable
for second harmonic generation.

Compounds having a similar structure with Y = CN or n-C,H, were synthesized
some years ago.®” A comparison of the results of these earlier work with those of
ours will be discussed later.

EXPERIMENTAL

The compounds were prepared according to the scheme shown below.
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To obtain 4-nitrophenyl-4’-hydroxphenyl diazene, a mixture of sodium nitrite
(7.0 g, 0.1 mole) and sodium tetrafluoroborate (11.0 g, 0.1 mole) in water (20 mL)
was added slowly to a solution of p-nitroaniline (13.8 g, 0.1 mole) in aqueous
hydrochloric acid (0.2 mole). The mixture was cooled and stirred in an ice bath.
After 30 minutes, phenol (14.1 g, 0.15 mole) and sodium hydroxide (6.0 g, 0.15
mole) were subsequently added to the above mixture. After 15 minutes, the purple
solid was filtered off and recrystallized from ethanol (95%). Yield 16.4 g (67%).

4-Nitrophenyl-4’-alkoxyphenyl diazenes (I) were synthesized by reacting the al-
kylbromide with 4-nitrophenyl-4'-hydroxyphenyl diazene. As an example, 1-bro-
mooctane (1.9 g, 0.01 mol), potassium hydroxide (1 gm) and 4-nitrophenyl-4'-
hydroxyphenyl diazene (2.4 g, 0.01 mol) were added into triethyleneglycol (30
mL).!* The mixture was heated for 2 hours at 80°C. After cooling to room tem-
perature, the resultant solution was extracted with diethyl ether (2 x 70 mL) and
the ether was washed with water (2 x 20 mL). After evaporating the solvent, the
crude product was recrystallized from ethanol (95%). Yield 2.2 g (63%). The NMR
spectrum is consistent with the molecular structure. '"H NMR (CDCl;): 6 = 0.88
(t, J = 6.7 Hz, 3H), 1.31 (m, 8H), 1.50 (m, 2H), 1.81 (m, 2H), 4.04 (t,J = 6.6
Hz, 2H), 7.01 (AB, J = 8.9 Hz, 2H), 7.94 (AB, J = 8.9 Hz, 2H), 7.96 (AB, J
= 9.0 Hz, 2H), 8.34 (AB, J = 9.0 Hz, 2H).

For the homologous series II, 4-nitrophenyl-4'-hydroxy-2'-hydroxphenyl di-
azene, which is commercially available, was selectively alkylated with the corre-
sponding alkylbromides in triethyleneglycol. For example, 1-bromoundecane (2.4
g, 0.01 mole), potassium hydrogen carbonate (1.0 g, 0.01 mole), and 4-nitrophenyl-
4'-hydroxy-2'-hydroxphenyl diazene (2.6 g, 0.01 mole) were added into triethyl-
eneglycol (30 mL).* The mixture was heated for 4 hours at 80°C. After cooling
to room temperature, the resultant solution was extracted with diethyl ether (2 x
70 mL) and the ether was washed with water (2 X 20 mL). After evaporating the
solvent, the crude product was recrystallized from ethanol (95%). Yield 0.6 g
(15%). The NMR spectrum and elemental analysis are consistent with the molecular
structure. '"H NMR (CDCL,): 6 = 0.93 (t,J = 7.0 Hz, 3H), 1.41 (m, 16H), 1.80
(m, 2H), 4.02 (t, J = 6.6 Hz, 2H), 6.36 (d, J = 2.4 Hz, 1H), 6.60 (dd, J = 9.1,
2.4 Hz, 1H), 7.66 (d,J = 9.1, Hz, 1H), 7.85 (AB, J = 9.1 Hz, 2H), 8.32 (AB, J
= 9.1 Hz, 2H), 14.10 (s, 1H). Anal. Calcd for C,3H;N;0,: C 66.80, H 7.56, N
10.16; Found: C 67.0, H 7.42, N 10.11.

The purity of the compounds were monitored by thin layer chromatography
(TLC). The phase transitions were observed by using Olympus BHT polarizing
microscope fitted with PR 600 heating stage, and by using Perkin-Elmer DSC-2.
NMR spectra were recorded on a Varian XL-30 NMR spectrometer.

RESULTS AND DISCUSSION

Members of the homologous series I with #n = 7 and those of II with n = 4 exhibit
enantiotropic liquid crystalline phases. The transition temperatures are listed in
Tables I and 11, respectively, and plotted against the carbon number # in the alkoxy
chain in Figure 1. Both homologous series have a strong tendency to form the
smectic A phase. The melting points and the clearing points of I are lower than
those of 1II. In addition, compounds in series II have wider smectic A ranges than
those in series I. For n = 12, the hydroxy substitution increases the melting point



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:24 18 February 2013

386 M.-S. HO, B. M. FUNG and J.-P. BAYLE

TABLE 1

Transition temperatures of series 1

n Transition Temp./°C
111.3
4 _—
101.4
99.6 =
5 K<——— N <——=1I
83.6 935
98.9
6 Ke—— N <221
91.9 98.7
779 . 941 96.7
7 K===Sa == N==1

67.5 940 966
864 987 992

8 Ke=Sy <= N==1
753 985 992

79.1 99.1

9 K== Spa<—=1
62.2 99.0
89.4 100.3

10 Kee—= Sa=—2]
82.4 100.5
78.9 99.9

11 Kes——= SA -——1
63.6 99.8
81.8 101.0

12 Ke—= S, <—=1]
73.8 101.1

K: Crystal, SA: Smectic A, N: Nematic, I: Isotropic

by only 9°C, but raises the clearing point by 37°C (Tables I and II). The transition
temperatures from crystal to smectic A show the normal odd-even effect for series
I, but decreases monotonically with n for series Il. The clearing temperatures of
series 1 increase slightly with increasing », but those of series II do not change
regularly with n.

Compared with the cyano analogs,® compounds in series II have higher clearing
points and a greater tendency to form layered smectic phase. It was suggested that
the cyano group causes a polarization of the aromatic ring, and the resulting charge
distribution leads to a head-to-tail arrangement of the molecules with opposing
charges at minimal separation.® This kind of molecular association would favor the
formation of nematic phase and it is probably true for the nitro group also. How-
ever, due to the lateral dipole of the nitro group, the dipolar interaction among
neighboring molecules would be stronger than that of cyano group. This may explain
the enhanced clearing point and the presence of smectic A phase for compounds
in series II. Moreover, compared with the compounds in series I, the n-butyl
analogs’ have lower clearing points and exhibit only the nematic phase. These
differences can also be explained by increased molecular association caused by the
nitro group.
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TABLE II

Transition temperatures of series 11

n Transition Temp./°C
s K 1394
1334 N 1376
120.5 126.8 138.6

118.7 128.0 1387
119.9 137.1 1415

6 KS=§, <= N>
1155 1378 1421
114.5 140.5
7 K== S, =—=1
108.5 140.3
99.0 138.6
8 Ke—= Sa=—>1
97.1 1389
95.5 139.5
9 Ke—= Sa<—>=1
92.5 139.5
94.1 139.2
10 Ke—= Sqa=—=1
90.5 139.1
914 137.2
1 Ke—> S, <—>1
88.2 137.3
90.4 137.9
12 K= Sqa=<—=1
88.2 137.5

K: Crystal, SA: Smectic A, N: Nematic, I: Isotropic

In general, a lateral substituent can perturb the ordering of liquid crystalline
phases and cause a significant depression in the clearing point of rod-like ther-
motropic liquid crystals. In addition, lateral substitutents sterically force the in-
teracting molecules apart as well as hinder the packing of the molecules in a layered
structure, thus suppressing smectic order and favoring the nematic phase.'®'” How-
ever, this is not the case for series II: the members with the lateral hydroxyl group
exhibit higher melting and clearing temperatures than those without the lateral
substituent in series I, and smectic A phase persists for the homologous with n =
6. The reason for this is most likely due to intramolecular hydrogen bonding
between the lateral hydroxyl group and the azo link. Indeed, the intramolecular
hydrogen bonding has been used to explain the increased clearing points of 4-
butylphenyl-4'-alkoxy-2'-hydroxyphenyl diazene® compared with the corresponding
compounds without the 2’-hydroxy group.”

Hpnn GO N
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FIGURE 1 Phase behavior for the homologous series 1 and 1. # is the number of carbons in the
atkoxy chain. The transition temperatures (heating) were obtained by polarizing microscopy.

In CDCI; solutions, the hydroxy proton in II is found to have 8 = 14.10 ppm,
shifted to a much lower field compared with phenol, 6 = 6.11 ppm. This strongly
indicates the formation of intramolecular hydrogen bonding. A similar type of in-
tramolecular hydrogen bonding has been found to exist for certain Schiff bases.!5-2°
Such a hydrogen bonding will lead to a restriction in certain internal rotations of
the molecule, creating an effectively bulkier rigid core. This would also favor the
coplanarity of the molecule and raises the barrier for the trans = cis equilibrium.
These effects obviously enhance the phase transition temperatures.

For Schiff base analogs containing two aromatic rings, the nematic range is usually
retained or depressed by the introduction of the lateral hydroxyl group.*® The
peculiarity of the series presented in this work consists in the considerable increase
of the smectic range with the introduction of the lateral hydroxyl group. This can
be explained by the introduction of a lateral dipole which may force the central
parts of different molecules to lie side by side, enforcing the layer arrangement
characteristics of smectic phases. This may also explain the disappearance of the
odd-even effect usually present for liquid crystals with two aromatic rings. In fact,
this effect is observed when the increase of the molecular anisotropy induced by
the increasing carbon number in the terminal alkyl/alkoxy chain is predominant.?!
In our series the lateral dipole-dipole interaction dominates the increase of the
molecular anisotropy.

In conclusion, we wish to point out that it is possible to create mesogenic mo-
lecular cores of pronounced rigidity through stabilization by intramolecular hydro-
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gen bonding. The compounds I, II and their derivatives may be good candidates
for nonlinear optics materials, and the series II may be useful in the synthesis of
organometallic mesogens which are attracting increasing interest in recent years
for their colors and paramagnetism.?2-2

Acknowledgment

This material is based on work supported by the National Science Foundation under Grant No. DMR-
9018753 and the Oklahoma Center for Applied Science and Technology under Grant No. AR9-045.

References

1. D. Demus, Mol. Cryst. Lig. Cryst., 165, 45 (1988).

2. D. Demus, Lig. Cryst., 5, 75 (1989).

3. M. ]. Briene, J. Gabard, J. M. Lehn and I. Stibor, J. Chem. Soc. Chem. Commun., 1868 (1989).
4. 1. Teucher, C. M. Paleos and M. M. Labes, Mol. Cryst. Lig. Cryst., 11, 187 (1970).

5. H. Hirata, S. N. Waxman, I. Teucher and M. M. Labes, Mol. Cryst. Lig. Cryst., 20, 343 (1973).
6. Jan van der Veen and T. C. J. M. Hegge, Angew. Chem. Int. Ed. Engl., 13, 344 (1974).

7. R. Steinstrasser and L. Pohl, Z. Narurforsch., 26b, 577 (1971).

8. W. Pyzuk, A. Krowczynski and E. Gorecka, Lig. Cryst., 10, 593 (1991).

9. R. N. DeMartino, E. W. Choe, G. Khanarian, D. Haas, T. Leslie, G. Nelson, J. Stamatoff, D.

Steutz, C. C. Teng and H. Yoon, in Nonlinear Optical and Electroactive Polymers, ed. P. N. Prasad
and D. R. Ulrich (Plenum Press, New York, 1987) p. 169.

10. A. C. Griffin, A. M. Bhatti and R. S. L. Hung, in Nonlinear Optical and Electroactive Polymers,
ed. P. N. Prasad and D. R. Ulrich (Plenum Press, New York, 1987) p. 375.

11. C. Noel, C. Friedrich, V. Leonard, P. LeBarny, G. Ravaux and J. C. Dubois, Makromol. Chem.,
Macromol. Symp. 24, 283 (1989).

12. D. M. Walba, M. B. Ros, N. A. Clark, R. Shao, K. M. Johnson, M. G. Robinson, T. Y. Liu and
D. Doroski, in Materials for Nonlinear Optics: Chemical Perspectives, ed. S. R. Marder, J. E. Sohn
and G. D. Stucky (ASC Symposium Series 455, 1991) p. 484.

13. A. Ulman, C. S. Willand, W. Kohler, D. R. Robello, D. J. Williams and L. Handley, in Materials
for Nonlinear Optics: Chemical Perspectives, ed. S. R. Marder, J. E. Sohn, and G. D. Stucky (ACS
Symposium Series 455, 1991) p. 170.

14. P. Berdague, Ph.D Thesis, Universite Paris XI, Orsay, 1992.

15. M. A. Osman, Z. Naturforsh. 38a, 779 (1983).

16. G. W. Gray, Liquid Crystals and Plastic Crystals (Ellis Horwood, Chichester, 1974).

17. M. A. Osman, Mol. Cryst. Lig. Cryst., 128, 45 (1985).

18. B. I. Ostrovskill, A. Z. Rabinovich, A. S. Sonin, E. L. Sorkin, B. A. Strukov and S. A. Taraskin,
Ferroelectrics, 24, 309 (1980).

19. A. Hallaby, M. Nilsson and B. Otterholm, Mol. Cryst. Lig. Cryst. Leu., 82, 61 (1982).

20. S. Sakagami, Bull. Chem. Soc. Jpn., 60, 1153 (1987).

21. C. T. Imrie and L. Taylor, Lig. Cryst., 6, 1 (1989).

22. H. Adams, N. A. Bailey, D. W. Bruce and R. Dhillon, Polyhedron, 7, 1861 (1988).

23. A. M. Giroud-Godquin and P. M. Maitlis, Angew. Chem. Int. Ed. Engl., 30, 375 (1991).



