il 1. Introduction
The possibility of using organic compounds for non-
“linear optical applications has been widely increased in
_the last few years. Nowadays different systems of NLO-
~‘active polymerizable molecules are available in the liter-
- ature to make macromolecules such as epoxyresins [1],
'side [2] and main chain polymers [3], cross-linkable
-copolymers [4] and so on. The development of side
“chain polymers for optical second order non-linearity
: '_has been ‘focused on systems involving just two rings
. attached to a methacrylate backbone [5], but only a
. few attempts have been made to synthesize monomers
_-with three aromatic rings [6]. The most crucial point
for all these investigations arises in the relaxation of the
~induced non-centrosymmetry after the orientation pro-
~ .cess or poling. This decreases the efficiency of the
~‘materials for practical uses [7]. :
- The synthesis of five dyes started from a common
precursor, 4-amino-4°-nitrostilbene, followed by con-
densation with aromatic aldehydes, and was developed
previously in our group [8]. The SHG values in
~Guest—Host systems using PMMA as a host were con-
trolled [9]. It is well known that the introduction of a
hydroxy group in the ortho-position to the azomethine
group improves the conjugation of the m system. The
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The syntheses and structural properties of four liquid crystalline monomers are presented.
They were prepared by two different reaction pathways. Transition temperatures and phase
characterization were done by DSC, polarization microscopy and X-ray diffractometry. The
dependence of phase transition temperatures on the alkyl chain lengths and the lateral
substitution of the aromatic core are discussed. Two of the compounds investigated show
highly ordered smectic phases. The improvement of the conjugation by means of a lateral
hydroxy group disturbs the occurrence of the E and B phases. The presence of a nematic
re-entrant phase with smectic-like fluctuations of the C-type was observed in a compound
with a lateral hydroxy group. The existence of this re-entrant nematic phase was confirmed
by X-ray measurements both'on cooling and heating of the sample.

formation of a six-membered ring by hydrogen bonding
between this hydroxy group and the free electron pair
present on the nitrogen of the azomethine group
increases the coplanarity of the central core. This effect
usually results in a three-fold improvement of the non-
linear optical phenomenon [107].

For liquid crystals, the usually observed sequence on
heating is from ordered smectic phases to less ordered
smectic or nematic phases. The re-entrant phenomenon
consists in the reformation of the nematic phase at lower
temperatures. This effect has usually been observed for
liquid crystalline materials possessing strongly polar
terminal groups like cyano or nitro. Since the discovery
of the re-entrant nematic phase in liquid crystalline
mixtures of terminal polar mesogens by Cladis [11], the
re-entrant phenomenon has been extensively studied.
Several models have been proposed to explain this
behaviour [12,13].

This paper describes the synthesis and structural prop-
erties of four new liquid crystalline compounds with
three conjugated rings modelled on Schiff’s bases as in
our previous work [8, 9]. Here we introduce an aliphatic
skeleton that has at the end a polymerizable metha-
crylate unit. The comparison with an improved conjug-
ated system achieved using a hydroxy group is another
point of discussion.

2. Experimental part
2.1. General considerations
The compounds investigated were characterized by
'H NMR spectroscopy using a 300 MHz spectrometer
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Table 1. Yields and elemental analytical data.
Elemental analysis/%: found (calculated)
Compound Yield/% H N
7a 74-9 71-22 (72:66) 6-18 (6:25) 5-33 (5-47)
12a 2 72:22 (74:23) 7-19 (7-22) 4:66 (4-81)
7b 34-7 70-48 (70-45) 6:09 (6:06) 543 (5:30)
12b 37-1 71-97 (72-24) 7-10 (7-02) 4-80 (4-68)

hlorohexanol were added to the mixture which was
d for two days with stirring. The triethylamine
irochloride was filtered off, the solvent was removed
nder reduced pressure and the yellow oil washed with
ter. The product was extracted three times into
1ethy1ethcr and dried with Na,SO, before removing
the ether. The crude product was purified using column
h-omatography on silica gel with dichloromethane as

2.2. Methacrylate of 4-(6-hydroxyhexyloxy)benzal-
dehyde (5, R=H)

"-'_Methacrylic acid chloride 4 (0-05mol) dissolved in
ml of dry toluene, and 10ml of TEA was added
pwise to a stirred solution of 0-05mol of 3, R = H in
ml of dry toluene. The reaction temperature was
olled with an ice bath. After 48 hours of stirring,
TEA hydrochloride was filtered off and the solution
shed with water. The organic layer was dried with
12,50, and the solvent evaporated under reduced pres-
. The methacrylate of the hexyloxybenzaldehyde 5,
- H was purified by column chromatography on silica
el using toluene—ethyl acetate 19:1 as eluent.

2.3. Methacrylate of 4-[ 2-{4-[4-(6-hydroxyhexyloxy)
 benzylideneamino Jphenyl}ethenylJnitrobenzene
(7a)

0 a suspension of aminonitrostilbene 6 in dry ethanol,
equimolar amount of 5, R =H was added and the
1xture reflux heated with stirring for 24 hours in the
resence of a small amount of hydroquinone to stabilize
~monomer. After this, the mixture was filtered and
methacrylate of azomethine 7a, R = H was obtained
yellow needles which were recrystallized twice from
anol.

4 Merhacrylare of 6-chloro-1-hexanol (9, n=6,

: =Cl)

he preparatlon of 9, n=6, X, = Cl was the same as
ibed in §2.2.2 (compound 5, R = H). The purifica-
of the methacrylate 9, n=6, X, = Cl was achieved
_lumn chromatography using toluene—ethyl acetate
s eluent.

2 Total yield not determined.

2.2.5. Methacrylate of 6-iodo-1-hexanol (10, n=6, X, =
I

A solution of sodium iodide (0-366 mol) in 250ml of
dry acetone and the methacrylate of 6-chloro-1-hexanol
9, n=6, X;=Cl was stirred at room temperature for
24 hours. Then the sodium chloride was filtered off and
the organic mixture was washed with aqueous sodium
thiosulphate and water and extracted three times into
diethylether. The purification of compound 10, n=6,
X, =1 was the same as described in §2.2.4.

2.2.6. Methacrylate of 11-bromo-1-undecanol (10, n=
11, X, = Br)

Compound (10, =11, X,

factorily as described in 2.2.2.

= Br) was prepared satis-

2.2.7. Methacrylate of 4-(11-hydroxyundecyloxy)benzal-
dehyde (11, n=11, R=H)

To a mixture of 0-89mol of aldehyde 1, R=H in
90 ml of 2,5-dimethylbenzimidazolidone with an equimo-
lar amount of compound 10, n=11, X, = Br, were added
0-9mol of sodium hydrogen carbonate and a catalytic
amount of hydroquinone as stabilizer. The mixture was
kept at 100°C and the reaction was followed by thin
layer chromatography. After one day, the same amount
of sodium hydrogen carbonate was added to the reaction
mixture. After another 24 hours, the reaction mixture
was cooled and water was added. The product was
extracted three times into diethylether. The organic layer
was dried with Na,SO, and the solvent distilled off
under reduced pressure. Column chromatography on
silica gel using the last mentioned eluent gave the
methacrylate of the alkyloxy aldehyde 11, n=11, R=H
in a total yield of 60% starting from compound 8,
n=11, X, =Br

2.2.8. Methacrylate of 4-{2-{4-{4-(11-hydroxyunde-
cyloxy)benzylideneamino Jphenyl}ethenyl]nitroben-
zene (12a, n=11)

Yellow needles of monomer 12a, n=11, R =H were
obtained starting from the methacrylate of 4-(11-hydro-
xyundecyloxy)benzaldehvde (11, n=11, R=H) in the
same way as described for compound 7, n=6, R =H.
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trans H,C=C); 555 (s, 1H, cis H,C=C); 4-14 (t, 2H,
CO,-CH,); 4-03 (t, 2H, CH,-O); 1-95 (t, 3H, CH,); 1-80
(m, 2H, CO,—-CH,~CH,); 1-62 (m, 2H, CH,—CH,-0);
1:30-1-47 (m, 14H, CH,). Jo gn=cu: 84HZ Jo ¢cn,
87Hz Jo ¢-no,: 89 HZ Juc=cu: 16:3Hz. MS (70eV) m/z
582 (M7, 100 per cent).

23.12. Methacrylate of  4-[2-{4-[2-hydroxy-4-(11-
hydroxyundecyloxy)benzylideneamino Jphenyl}
ethenylnitrobenzene (12b, n=11)

'H NMR (CDCl,) é&: 13-65 (s, 1H, Arom.—OH); 856
(s, 1H, CH=N); 823 (d, 2H, Arom.-NO,); 764 (d, 2H,
Arom.—NO,); 7-59 (d, 2H, Arom.-C,H,); 729 (d, 2H,
Arom.—C,H,); 728 (d, 1H, Arom.-CH=N); 7-28 (d, 1H,
HC=CH); 713 (d, 1H, HC=CH); 650 (m, 2H,
Arom.—CH=N); 6:10 (s, 1H, trans H,C=); 5:55 (s, 1H, cis
H,C=C); 414 (t, 2H, CO,—CH,); 400 (t, 2H, CH,~0);
1-95 (t, 3H, CH;); 1-79 (m, 2H, CO,-CH,~CH,); 1-65
(m, 2H, CH,~CH,-O); 124-146 (m, 14H, CH,).
Jo en=cu 86HZ Jo gcn: 85HZ Jo pnoy 89 Hz;
Juc=cu: 16:3Hz. MS (70eV) m/z 598 (M ™, 100 per cent).

2.4. Identification of the mesophases

All the monomers synthesized (see figure 3) show
liquid crystalline properties. Figure 4 presents the X-ray
diffraction patterns in the high ordered phases for com-
pounds 7a and 12a. Figures 5 and 6 show the layer
periodicities of all compounds determined from the
position of the small angle reflections. The transition
temperatures determined by DSC, as well as the observed
diffraction reflections, together with the unit cell para-
meters for the highly ordered E phases of compounds
7a and 12a, are summarized in tables 2 and 3, respectively.
The parameters of the unit cell for the orthorhombic
system were calculated using well known equations [16].

The characterization of mesophases above 200°C was
done by polarizing microscopy and not by X-ray because
of decomposition of the compounds at high temperature.
To avoid preferential homeotropic orientation, the
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samples for texture investigation were prepared using
glass slides covered by a thin layer of polyimide.

2.4.1. Methacrylate of 4-[ 2-{4-[4-(6-hydroxyhexyloxy)
benzylideneamino Jphenyl}ethenyl]nitrobenzene
(7a)

Compound 7a developed a nematic phase (schlieren
texture) at high temperature, before the transition to the
isotropic phase. On cooling the N phase, a fan shaped
texture typical of a smectic A phase was detected.
Cooling from the homeotropic texture of the SmA phase,
between normal glass supports, the platelet texture for
the E phase was formed. In the observed texture it
was possible to identify the ghost-like images charac-
teristic of the birefringent platelet areas. They are quite
representative of the E phase and very different from
normal mosaic textures.

This behaviour correlates with the presence of sharp
inner and diffuse outer reflections in the smectic A phase,
as seen from the X-ray photographs. In the wide angle
region, the E phase obtained on cooling shows two
sharp peaks (figure 4(a)) at 20-40° and 22:04° in 26
(115-7°C). This corresponds to the orthorhombic type
of packing (see table 3). The layer periodicity is
40-4 + 02 A for the E phase and 400+ 02A for the
smectic A phase (see figure 5(a@)). The layer thickness is
almost 10 A larger (see table 2) than the molecular length
(d/I~1-35). This indicates the existence of a bilayered
structure in the E phase as well as in the smectic A
phase (SmAd).

2.4.2. Methacrylate of 4-[2-{4-[4-(11-hydroxy-
undecyloxy)benzylideneamino Jphenyl}ethenyl]
nitrobenzene (12a) :

By cooling from the isotropic phase compound 12a
developed a normal focal-conic fan shaped texture char-
acteristic for smectic A phases. On cooling further, the
same kind of texture for the E phase was observed under
the same conditions as described for compound 7a.

12a

Hy

o—tain = 0O, oy
\—Q—NO:

12b

o}

HC
>/_/<0_“(CH2)11_ D_Q_\\N_ =

Chemical structures of the compounds investigated.
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Figure 6. Temperature dependence of interlayer spacing (®)
for compounds (a) 7b and (b) 12b and FWHM (O) for
compound (a) 7b. The lines are guides for the eyes only.

2.4.3. Methacrylate of 4-[ 2-{4-[ 2-hydroxy-4-(6-hydroxy-
hexyloxy)benzylideneamino Jphenyl}ethenyl]
nitrobenzene (7b)

Compound 7b shows, on cooling, a short temperature
range nematic phase followed by a smectic Ay and a
nematic re-entrant phase; d-values and full width at half
maximum data (FWHM) are presented in figure 6(a).
The FWHM data indicate a nematic re-entrant phase,
which is also demonstrated in figure 7. This behaviour
was proved to be enantiotropic. The X-ray photographs

taken on cooling from the isotropic phase and on heating
from the crystalline phase showed the typical diffraction
patterns for an oriented nematic phase with smectic-like
fluctuations of the C type (see figure 8). It consists of
four intense spots distributed symmetrically around the
edge of the sample.

The interlayer spacing in the smectic Aq is 410 & 02A
(d/1~1:36), but increases in the re-entrant nematic phase
(see figure 6(a)) from 40-5 A at 200°C to 41-4 A at 145°C
with decreasing temperature.

2.4.4. Methacrylate of 4-[2-{4-[ 2-hydroxy-4-(11-hy-
droxyundecy!oxy)benzylideneaminojphenyl}
ethenylnitrobenzene (12b)

For compound 12b, optical microscopy studies
showed the presence of a nematic phase at high temper-
ature. On cooling, a smectic Ay phase was indicated
from X-ray studies and texture observations. In the
smectic Ay phase, the X-ray photographs for oriented
samples showed two intense equatorial inner reflections
and two outer diffuse reflections. The interlayer period-
icity averaged to about 502+ 20 A, but increased from
482 to 52-7A on increasing the temperature (see
figure 6(b)).

3. Results and discussion
3.1. Synthesis

Two different strategies of synthesis were developed
to obtain monomers with elongated n-systems. The
scheme shown in figure 1 was used to obtain the derivat-
ives with 6 methylene groups as spacer.

The physical properties for the monomers with hexyl
spacers were in accordance with those synthesized
through the reactions shown in figure 2. The reaction
to obtain the aldehyde 5, R=OH, using
2 4-dihydroxybenzaldehyde, gives the possibility of sub-
stitution at both hydroxy groups, as was detected by *H
NMR. After chromatographic purification, some disub-
stituted material always remains with the desired prod-
uct. Nevertheless, the reaction to obtain the Schiff’s base
produces preferentially the mono-derivative 5, R = OH.
Therefore, no further purification in order to obtain the
free mono-substituted aldehyde was necessary.

The reactions involved in figure 2 up to the iodo

Table 2. Transition temperatures in°C, and calculated molecular lengths (f) in A

Compound Phase behaviour ; l
7a Cr—99-2-E-164-1-SmA 4—233-0-N-253-0>-1 (decomp. 244:6) 301
12a Cr—112:5-E-156:6-SmB-161-3—SmA4-244-1-1 361
7b Cr—137-5-N,,—200-0-SmA 4~273-0-N-273-5°-I (decomp. 262:2) 30-1
12b Cr—129-7-SmA ;~234-0-N-248-0°-1 361

& Determined by polarizing microscopy.
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8. Diffraction pattern of an oriented sample of 7b in the nematic re-entrant phase with smectic C-like fluctuations

nally, the existence of the re-entrant nematic phase
oved to be enantiotropic. The same type of X-ray
ments were carried out on compound 7b on cool-
> sample from the isotropic phase and on heating
D room temperature. The results obtained were
etely reproducible.
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