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Abstract—Homologous 4-alkoxy-2-hydroxy-4'-formylazobenzenes (Alk = C;H;, C¢Hy;, CgH;7) were synthe-
sized and were shown to produce monotropic nematic liquid crystalline phase. The products were characterized
by electron absorption and 'H and *C NMR spectra. The effect of lateral hydroxy group on their mesomorphic

properties was analyzed.
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Liquid crystalline state of a substance is charac-
terized by a considerable fluidity and long-range
orientation order which gives rise to anisotropy of
physical properties. Therefore, mesogenic compounds
are widely used in various fields of research, technics,
and technology [1]. Further development of the syn-
thetic potential of liquid crystals implies the use of un-
usual synthons (molecular fragments), including those
containing chemically active terminal and lateral sub-
stituent groups. Interest in such compounds originates
primarily from their ability for strong specific interac-
tions which could affect their mesomorphic properties
to a considerable extent, as well as from the possibility
for their subsequent chemical modification [2].

We previously synthesized a series of homologous
mesogenic aldehydes, 4-alkoxy-4'-formylazobenzenes,

which revealed an anomalously strong effect of the
length of the terminal alkoxy group on their aniso-
tropic molecular polarizability [3]. In the present work
we synthesized 4-alkoxy-2-hydroxy-4'-formylazoben-
zenes with a view to examine the effect of lateral
hydroxy group on their mesomorphic properties. The
synthesis was accomplished according to Scheme 1.
The structure of newly synthesized compounds ITla—
ITlc was determined on the basis of the analytical and
spectral data. The experimental 'H and '?C NMR
parameters of compounds Ila—IIlc were satisfactorily
consistent with those calculated on the basis of pub-
lished data [4]. The phase transition temperatures
[crystalline— nematic (Cr—N) and nematic—isotropic
(N—I), °C], determined by polarization microscopy,
are given below.
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Compound no. IIIa IIIb IIc
Cr—N 85.6 77.2 72.8
N—I 107.3 100.0 91.7

The results showed that all ortho-hydroxy-substi-
tuted formylazobenzenes IIla—Illc are nematic liquid
crystals. Their structural analogs having no lateral hy-
droxy group, 4-alkoxy-4'-formylazobenzenes IVa—IVe
[3], exhibit enantiotropic mesomorphism, and their
nematic—isotropic transition temperatures regularly
decrease as the length of the hydrocarbon chain in
the alkoxy substituent increases. This is the result of
loosening effect of aliphatic substituents, which also
leads to extension of the mesophase temperature range.

an2n+1o©—N:N©—CHo

IVa-IVc

n=73 (a), 6 (b), 8 (¢c).

Introduction of a hydroxy group into the ortho-
position with respect to the alkoxy group considerably
affects mesomorphic properties of compounds II1a—
IIIc due to formation of strong intramolecular hydro-
gen bond. The thermal stability of mesophase is
reduced, presumably owing to lateral extension of the
mesogenic molecule as a result of formation of addi-
tional quasiaromatic H-chelate ring and the corre-
sponding decrease of molecular polarizability.

Below are given the chemical shifts of the hydroxy
and aldehyde protons in the '"H NMR spectra of com-
pound IIIb at different temperatures.

Temperature, °C 22 33 45
S6(OH), ppm 14.22 14.11 14.04
3(CHO), ppm 10.02 10.02 10.02

It is seen that the OH signal shifts appreciably
downfield as the temperature decreases. The reason is
intramolecular hydrogen bonding between the hydroxy
proton and nitrogen atom of the bridging N=N group.
This is confirmed by the >C NMR spectra, as well as
by published data [5]. Shielding of the hydroxy proton
strongly depends on the temperature and properties of
the medium. Rise in temperature should lead to rupture
of intramolecular hydrogen bond and hence to upfield
shift of the hydroxy proton (increased shielding), as
illustrated by the above data. The position of the
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aldehyde proton signal does not change with tem-
perature, indicating that this proton is not involved in
intermolecular hydrogen bond.

The absorption maxima and molar absorption coef-
ficients in the electron spectra of compounds IIIb and
IVb are given below.

Compound no. IVb IIIb
Amax, NM 369 401
A 0.48 0.60
log € 4.38 4.48

Introduction of a hydroxy group into the aromatic
chromophore produces a red shift and simultaneous
broadening of the long-wave absorption band, as well
as hyperchromic effect. This pattern is likely to result
from both introduction of auxochrome and its partici-
pation in intramolecular hydrogen bond.

EXPERIMENTAL

The electron absorption spectra were measured on
a UV/Vis Lambda 20 spectrophotometer from solu-
tions in chloroform. The NMR spectra were recorded
on a Bruker AC-200 spectrometer (200.13 MHz for 'H
and 50.32 MHz for 13C) using CDCIl; as solvent; the
proton chemical shifts were measured relative to tetra-
methylsilane, and the C chemical shifts (*C—{'H})
were measured relative to cyclohexane (6¢ 27.6 ppm)
and then recalculated to the 3 scale with an accuracy of
no less than £0.01 ppm. A Polam P-211 polarizing
microscope equipped with a temperature-control unit
was used to determine the phase transition tempera-
tures and examine the textures of the compounds under
study. The error in the determination of phase transi-
tion temperatures was £0.2°C.

4-(2,4-Dihydroxyphenyldiazenyl)benzaldehyde
(I). 4-Aminobenzaldehyde, 18.3 g (150 mmol), was
dispersed in 100 ml of water at 0°C. Sodium nitrite,
9.9 g (160 mmol), was dissolved separately in 50 ml of
water at the same temperature. The resulting solution
and 50 ml (330 mmol) of 24% hydrochloric acid were
simultaneously added under vigorous stirring to the
suspension of 4-aminobenzaldehyde, the mixture was
adjusted to pH 7 by adding a 4% solution of sodium
hydroxide, and a solution of 16.5 g (150 mmol) of
resorcinol in 50 ml (150 mmol) of a 6% solution of
sodium hydroxide, cooled to 0°C, was added to the
neutral diazo component solution under stirring and
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cooling. The product was filtered off, washed with
water, and brought into further syntheses without
recrystallization. Yield 24.8 g (68%), mp 200°C, dark
red crystalline substance.

Potassium 4-(4-formylphenyldiazenyl)-3-hydroxy-
benzenolate (II). A mixture of 24.2 g (100 mmol) of
compound I and 5.6 g (100 mmol) of potassium hy-
droxide in 150 ml of ethanol was heated for 3 h under
reflux. The solvent was distilled off, and the residue
was evacuated for 1 h at a residual pressure of 20 mm.
Yield 26 g (93%), mp 215°C.

4-(4-Hexyloxy-2-hydroxyphenyldiazenyl)benzal-
dehyde (IIIb). A mixture of 2.8 g (10 mmol) of
potassium salt II and 2.1 g (10 mmol) of hexyl iodide
in 100 ml of DMF was heated for 4 h under reflux. The
hot mixture was poured into ice water, and the precip-
itate was filtered off, washed with water, and dried in
air. The product was applied to a column charged with
Al,Os, the column was eluted with chloroform, the
eluate was evaporated, and the residue was recrystal-
lized from ethyl acetate. Yield 2.6 g (80%), mp 100°C,
dark red crystalline substance. 'H NMR spectrum, §,
ppm: 14.22 s (1H, OH), 0.90 t (3H, CH3;), 4.01 t (2H,
OCH,), 1.36 m (6H, CH,), 1.80 t (2H, CH,), 6.38 d
(1H, 3-H), 6.61 d (1H, 5-H), 7.64 d (1H, 6-H), 7.95 m
(2H, 5'-H, 6'-H), 10.03 s (1H, CHO). °C NMR spec-
trum, 8¢, ppm: 160.13 (COH), 14.01 (CHj;), 191.27
(CHO), 68.75 (CH,0), 136.10 (C*), 130.96 (C*, C).
121.31 (C%, C%), 152.97 (C"), 135.19 (C®), 110.78 (C°),
101.77 (C?). Found, %: C 70.00; H 6.72; N 8.55.
C19H22N203. Calculated, %: C 6994, H 675, N 8.59.

Compounds IIla and Illc were synthesized in
a similar way.

4-(2-Hydroxy-4-propoxyphenyldiazenyl)benzal-
dehyde (IIla). Yield 63%, mp 107.3°C. Found, %:
C 6754, H 602, N 10.17. C16H16N203. Calculated, %:
C 67.61; H5.63; N 9.86.

4-(2-Hydroxy-4-octyloxyphenyldiazenyl)benzal-
dehyde (Illc). Yield 75%, mp 91.7°C. Found, %:
C 7252, H 720, N 7.90. C21H26N203. Calculated, %o:
C71.19; H7.34; N 7.91.

This study was performed under financial support
by the Russian Foundation for Basic Research (project
no. 05-03-32571a).
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