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ABSTRACT
The design, synthesis, and characterization of a star shaped 2,4,6-tris-
(4�-carboxyphenoxy)-1,3,5-triazine liquid crystalline with columnar dis-
cotic mesophase properties establish H-bond interactions with 3,5-
dialkoxypyidine were reported. The structures of the synthesized
compounds were actually determined by elementary analysis, and
FT-IR, 1HNMR, 13CNMR, and mass spectroscopy. The mesomorphic
properties of these mesogens were examined using differential scan-
ning calorimetry (DSC) and optical polarizing microscopy (OPM). The
synthesized molecules exhibited enantiotropic hexagonal columnar
liquid crystal, which depends for the H- bond complex in a 1:3 ratio.

KEYWORDS
Heterocyclic; liquid crystal;
discotic; hexagonal
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Introduction

One way to obtain supramolecular liquid crystals is by interdependent core H- bonding,
which does not show the diagonal phase with differentiated terminal units, such as
some ready- produced carboxylic acids [1]. Discotic mesomorphic materials have
received substantial interest as usable materials for new applications such as solar
photovoltaic cells [2], light emitting diodes [3] and transistors for field effects [4].
Supramolecular mesogenic compounds, which combine both the liquid, heteroge-

neous orders of liquid crystal molecular and the fluid assemblage, and the supramolecu-
lar complexity of the chemistry, exciting and attractive functional materials were well
thought-out, and drew intense scientific attention [5,6]. One of them were, the hydro-
gen-induced molecular transgenic bonds, which were usually composed of the comple-
mentary molecules of interrelated hydrogen containing an associated aromatic nucleus
and many alkyl with a long flexible chain [7,8], were particularly attractive because of
the dominant vertical arrangements of the mesogens with potential great for
applications.
There have been considerable reports on the synthesis and characterization of disc-

like liquid crystals containing 1,3,5-triazine unit owing to their liquid crystalline and
non linear optical properties as well as their applications in other fields [9–15]. Because
the 1,3,5-triazine ring is a suitable structural element to be incorporated into
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thermotropic liquid crystals thus, a two novel triphenylene-bodipy derivatives with one
or two triphenylene units based on 1,3,5-triazine core were found to exhibit a hexagonal
columnar mesophases [9]. A series of disc-shaped liquid crystalline molecules based on
1,3,5-triazine central core, and three rod-like azobenzenes as the peripheral arm units
connected through alkyl spacers via secondary amino linkages were reported. The sub-
stitution pattern through alkyl spacer units lead to the formation of well ordered
Smectic A phase [10]. Two series of discotics derived from unconventional triazine-
based dendrimers with C2 symmetry and C3 symmetry have been synthesized and their
thermal and photophysical properties are investigated by Lai et al., [11]. Goldmann
et al. [12] attached three rod-like alkoxy subtituited azobenzenes molecular sub-units to
the 2-, 4- and 6-positions of the 1,3,5-triazine nucleus via secondary amino linkages.
These compounds are considered as calamitic homotrimers exhibiting nematic phase,
forcal-conic fan shape textures developed for some of the compounds. A novel colum-
nar liquid crystals whose molecular structures consist of a C3 star-shaped 1,3,5-triazine
unit as a central core, and three pendant 2-phenyl-5-(di-, and/or tri-n-alkoxyphenyl)-
1,3,4-thiadiazole arms, containing ether connecting groups was reported by Olatea et al.,
[13]. Jiaoa et al., [14] report the synthesis and characterization of a series of novel C3h-
symmetric 2,4,6-tris(2-hydroxyphenyl)-1,3,5-triazine (THPT) derivatives. These com-
pounds possess interesting intramolecular hydrogen bonding pattern, which lead to the
planarization between the triazine ring and the pendant aryl groups. Recently, Reith
et al., [15] reported the synthesis of phenyl-substituted tris 1,2,4- triazolo-1,3,5-triazine,
using Huisgen reaction of phenyltetrazole and cyanuric chloride, represents an excellent
core for discotic liquid crystals.
In this work, exploring the 1,3,5-triazine core’s ability to form H-bonds due to the pres-

ence of the heterocyclic ring was investigated. In particular studying the formation of
supramolecular H-bonded complexes between a derivative tris(carboxyphenoxy)- triazine
and alkoxypyridine for obtaining columnary mesogen which can easily form around them.

Experimental

General

All chemicals were supplied from Sigma-Aldrich Chemicals Co. and used as received.
Uncorrected melting points were determined by using hot-stage Gallen Kamp melting
point apparatus. Thin- layer chromatography (TLC) was used to monitor the progress
of reaction using aluminum plates coated with G silica gel (thickness 0.5mm, Merck).
The spots were envisioned in ultraviolet light and recrystallized. FTIR spectra were
recorded using potassium bromide disc on a Shimadzu 8300. 1HNMR spectra were
recorded on Br€uker ACF 300 spectrometer at 300MHz, using deuterated chloroform
(CDCl3) or (d6-DMSO) as solvent with TMS was expressed as an internal reference and
chemical shifting values in ppm. Electron ionization mass spectrum (EI-MS) has been
recorded using a 70 eV ionizing energy Shimadzu GCMS-QP2010 Ultra/SE mass spec-
trometer. Microanalysis (C, H, N) was performed on a Perkin–Elmer PE 2400 CHN
analyzer. The transition temperatures and enthalpies were measured using DSC (STA
PT-1000 LINSIS) adopting a scanning rate of 10 �C/min under nitrogen atmosphere.
Temperature and heat flow calibrated with standard indium of purity > 99.99%. Liquid
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crystalline properties have been investigated using the OPM (Meiji MT9000) attached to
the INSTEC hot stage. The compound texture was observed by means of polarized light
with crossed polarizers and the sample was prepared as a thin film between a slide and
over. A camera (Lumenera) has been installed on a polarizing microscope.

Scheme 1. Reagents and conditions; (i) acetone, Na2CO3, 0-5�C; 4 hrs, (ii) glacial acetic acid, absolute
ethanol, reflux 4 hrs and (iii) DMF
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Synthesis and characterization

The synthetic pathway of target compounds and complexes is shown in Scheme 1. 4-
Alkoxybenzaldehyde was synthesized by classical method described by Johnson and
Port [16].

2,4,6-Tris(4�-carboxyphenoxtiony)-1,3,5-triazine" [III]

This compound was synthesized by method of Sarmah et. al., [17]. To a stirred solution
of cyanuric chloride [I] (1.87 g, 0.01mol) in acetone (25mL) in an ice bath at 0-5�C;
the solution of 4-hydroxybenzoic acid [II] (1.38 g, 0.01mol) was added in a 10% sodium
carbonate solution (12mL) dropwise in one hour. Stirring continued for 4 hours at 0-
5�C: TLC using eluent of toluene:ethyl acetate (7:3) used to observe the progress of
reaction. After the reaction was accomplishment, the content was poured into the
crushed ice water. The product was filtered, washed with cold water and dried to
give [III].

Analytical data

2,4,6-Tris(4�-carboxyphenoxtiony)-1,3,5-triazine" [III]

Yield: 81%; m.p.: 207-209�C:; FTIR (�/cm�1): 3325 (OH), 1714 (C¼O), 1573 (C¼N).
1212 (C�O�C), 842 (para-disubstituted benzene ring). 1HNMR (DMSO-d6), ppm:
d¼ 6.23-6.75 (dd, 12H, Ar-H); 12.31 (s, 3H, –COOH). 13C NMR (125MHz, CDCl3): d
125.0, 132.1, 11.6 and 162.3. MS: m/zþ 1¼ 454. Anal. Calcd. for C21H15O9N3: C, 55.63;
H, 3.31; N, 9.27. Found: C, 55.58; H, 3.18; N, 9.13.

3,5-Di-(4�-alkoxy)benzylidineaminopyridine [VI]a,b,c

This compound was synthesized by the method described in reference [18] for the syn-
thesis of Schiff-base compounds. To a solution of 3,5-diaminopyridine [IV] (0.01mole)
in absolute ethanol (10mL) was added two molar amount of the 4-alkoxybenzaldhyde
(0.02mole) with two drops of glacial acetic acid and the mixture was refluxed at 80�C
for 5 hrs. After completion of reaction, the mixture was cooled and poured into the ice
cold water. The solid obtained was filtered, washed with ice cold water, dried and
recrystalized from ethanol.

Analytical data

3,5-Di-(4�-heptaoxy)benzylidineaminopyridine [VI]a

Yield: 64%; m.p.: 196-198�C: FTIR (�/cm�1): 2958-2870 (C�H aliphatic), 1618 (C¼N),
1578 (C¼N pyridene moiety). 1HNMR (DMSO-d6), ppm: d¼ 0.91 (t, 6H, �CH3),
1.21-1.82 (m, 20H, �CH2�), 3.14 (t, 4H, �CH2O�), 6.41-7.60 (m, 8H, Ar-H and 3H,
pyridene moiety) 8.42 (s, 2H, CH¼N). 13C NMR (125MHz, CDCl3): d 14.01, 23.1,
26.6, 30.0, 32.5, 34.6, 72.3, 114.1-155.8 and 162.8. MS: m/zþ 1¼ 514. Anal. Calcd. for
C33H43O2 N3: C, 77.19; H, 8.38; N, 8.19. Found: C, 77.25; H, 8.42; N, 8.22.
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3,5-Di-(4�-octaoxy)benzylidineaminopyridine [VI]b

Yield: 54%; m.p.: 155-175�C:; FTIR (�/cm�1): 2937-2845 (C�H aliphatic), 1617
(C¼N), 1569 (C¼N pyridene moiety). 1HNMR (DMSO-d6), ppm: d¼ 0.93 (t, 6H,
�CH3), 1.32-1.78 (m, 24H, �CH2�), 3.20 (t, 4H, �CH2O�), 6.65-7.62 (m, 8H, Ar-H
and 3H, pyridene moiety) 8.83 (s, 2H, CH¼N). 13C NMR (125MHz, CDCl3): d 14.22,
18.21, 23.3, 27.2, 33.1, 34.1, 42.6, 72.3, 114.3-149.8 and 163.4. MS: m/zþ 1¼ 542. Anal.
Calcd. for C35H47O2 N3: C, 77.63; H, 8.69; N, 7.76. Found: C, 77.69; H, 8.77; N, 8.39.

3,5-Di-(4�-nanoxy)benzylidineaminopyridine [VI]c

Yield: 52%; m.p.: 142-144�C: FTIR (�/cm�1): 2949-2863 (C�H aliphatic), 1619 (C¼N),
1565 (C¼N triazine moiety). 1HNMR (DMSO-d6), ppm: d¼ 0.91 (t, 6H, �CH3), 1.27-
1.86 (m, 28H, �CH2�), 3.24 (t, 4H, �CH2O�), 6.74-7.55 (m, 8H, Ar-H and 3H, pyri-
dene moiety), 8.61 (s, 2H, CH¼N). 13C NMR (125MHz, CDCl3): d 14.54, 18.74, 24.0,
28.8, 32.1, 37.3, 45.8, 55.2, 73.5, 116.2-152.6 and 164.6. MS: m/zþ 1¼ 570. Anal. Calcd.
for C37H51O2 N3: C, 78.03; H, 8.96; N, 7.38. Found: C, 77.98; H, 9.11; N, 8.75.

Triazine-Pyridine complexes [VII]a,b,c

These complexes were prepared by dissolving a mixture of 2,4,6-tris(4�-carboxyphe-
noxy)-1,3,5-triazine [III] and the corresponding pyridine compound 3,5-di-(4�-alkoxy)-
benzylidineaminopyridine [VI]a,b,c in a molar ratio of 1:3 in dichloromethane [19].
The solution was sunicated to mix the mixture for two min at room temperature and
evaporate the solvent under low pressure later. The obtained mixture is heated to dissol-
ution and then cooled slowly to room temperature to form the desired triazine-pyri-
dine complexes.

Analytical data

Triazine-Pyridine complexes [VII]a

FTIR (�/cm�1): 3305 (OH), 2934-2844 (C�H aliphatic), 1744 (C¼O), 1586 (C¼N)
1180-1222 (C�O�C), 822 (para-disubstituted benzene ring). 1HNMR (DMSO-d6),
ppm: d¼ 0.80-0.92 (t, 18H, �CH3), 1.16-2.45 (m, 60H, �CH2�), 3.76 (t, 12H,
�CH2O�), 6.62-7.71 (m, 36H, Ar-H and 9H, pyridene moiety), 8.75 (s, 6H, CH¼N),
10.76 (s, 3H, –COOH),

Results and discussion

Synthesis

All of the new synthesized compounds gave satisfactory analysis for the proposed struc-
tures, which were confirmed on the basis of their elemental analysis (see analytical
data); FTIR, 1HNMR, 13CNMR and mass spectroscopy. 2,4,6-Tris(4-carboxyphenoxy)-
1,3,5-triazine [III] was prepared from the reaction of cyanuric chloride [I] with 4-
hydroxybenzoic acid [II] at 0-5�C: Spectral data and elemental analysis confirmed the
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structure of the synthesized compound in complete agreement with those of the pro-
posed structures. A C3N3 stretching in the s-triazine ring was observed at 807–814 cm�1

in the FT-IR spectrum [20]. The synthesis of compound [III] has been announced by
the appearance of FT-IR bands at 3325, 1714, 1573, 1212 and 842 cm�1 which could be
assign to O–H, C¼O, C¼N, C–O–C stretching, and out of plane bending for para-
disubstituted benzene ring. The 1HNMR (DMSO, d in ppm) 12.31 (s, 1H, –OH) of car-
boxylic group proton. The aromatic protons set appeared at d (6.23-6.75) with twelve
aromatic protons. Elemental analysis of compound [III] was in good treaty with the
molecular formula. 3,5-Di-(4�-alkoxy)benzylidineamino- pyridine [VI]a,b,c were obtained
from the reaction of 4-alkoxybenzaldehyde with 3,5-diaminopyridine. The FT-IR spectra
of [VI] showed the characteristic band at 2958 -2845, 1617-1619 and 1565 -1578 cm�1

due to C–H aliphatic stretching, C¼N group, and C¼N group (pyridene moiety),
respectively.
The synthesized derivatives of cyanuric acid [III] was mix with 3,5-di-(4�-alkoxy)ben-

zylidineaminopyridine [VI]a,b,c in a 3:1 molar ratio to form triazine-pyridine complexes,
which was identified using FTIR, 1H-NMR. In order to follow the interaction between
the triazine compound and the different 3,5-di-(4�-alkoxy)benzylidineaminopyridine,
[VI]a,b,c after mixing in a 1:3 ratio. Strong proof of hydrogen-bonding formation
between the triazine ore and pyridine molecules was identified through FTIR and
1HNMR spectra of the complexes. The FTIR spectrum of the H-bonding complex tria-
zine-pyridine complexes shows bands at 3305 cm�1 which could assigned to O-H
stretching vibration, in common with the carbonyl group stretching at 1744 cm�1.
These values signify that there is no inter or intramolecular H-bond. In the case of
intermolecular-bonding these values shift [14]. A shift of 30 cm�1 to higher fre-
quencies, from 1714 cm�1 to 1744 cm�1 was observed for the (C¼O) band. In add-
ition, the (O-H) stretching shifts 20 cm�1 to lower frequencies from 3325 to
3305 cm�1. These changes indicate that there is intermolecular hydrogen bonding.
By comparison of 1H NMR spectra of the triazine core, the pyridine [VI] and a
mixture of both components in a ratio of 1:3. It can be observed that the signal
consequent to the hydrogen of carboxylic acid undergoes a shift from 12.31 ppm in
the pure [III] to 10.76 ppm when the triazine core and the pyridine derivative are
mixed, indicating that the proton interacts with the nitrogen atom of the pyridine
by H-bond. At the same time, the aromatic protons of the triazine-pyridine com-
plexes demonstrate significant shielding. This field shift suggests that the complex
accumulates [21].

Mesomorphic and thermal Properties study

The mesomorphic and thermal properties of the H-bonded complexes and their
individual components have been investigated using OPM and DSC. The phase tran-
sition temperatures observed by OPM agree well with the corresponding DSC ther-
mograms. The mesophases were identified according to their optical textures, which
were observed by OPM, using the classification systems reported by Demus, and
Richter [22] and Dierking [23]. The phase transitions temperatures and thermo-
dynamic data for compounds [VI]a,b,c and complexes [VII]a,b,c are summarized in
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Table 1. The tris(carboxyphenoxy)triazine [III] do not reveal any liquid crystalline
behavior, but simply changes from the solid crystalline state to the isotropic liquid
at 208�C:
The three pyridine derivatives [VI]a, [VI]b and [VI]c exhibit purely enantiotropic

nematogenic. The optical photomicrographs of [VI]b are depicted in Fig. 1 as a repre-
sentative illustration. Upon cooling the isotropic liquid of each compound, nematic
droplets appeared and coalesced to form the typical Schlieren texture with characteristic
two- and four-brush singularities.

Table 1. Phase transition temperatures (�C) and transition enthalpies DH(kJ/mol)
of compounds [VI]a,b,c and complexes [VII]a,b,c determined by DSC (10�C/min)
during first heating
Compound Transition temperatures (�CÞ ðDH, kJ/mol)

Cr¼ Crystal; N¼Nematic; Colh¼Hexagonal columanar; I¼ Isotropic transition.

Figure 1. Mesophase optical texture of the nematic phase obtained on cooling. A schlieren texture
and the typical nematic droplets (magnification 200�) for the compound [VI]b at 160�C:
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Figure 2. DSC thermograms of complexes [VII]a, [VII]b and [VII]c.
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Fig. 2 shows the DSC thermograms of complexes [VII]a, [VII]b and [VII]c. On heat-
ing scan, the DSC curves of complexes, [VII]a, [VII]b and [VII]c displayed two endo-
thermic peaks which were assigned to (Cr–Colh) and (Colh –I) transitions, also on
cooling, two exothermic peaks were observed which were assigned to (I–Colh) and
(Colh –Cr). The texture observed by OPM for the three triazine-pyridine complexes,
[VII]a, [VII]b and [VII]c on cooling from the isotropic liquid are consistent with the
presence of hexagonal columnar (Colh) mesomorphism, and the stacking units are
made from H-bonded trimers. Fig. 3 shows the fan shaped focal conic texture typical to
a columnar hexagonal for these complexes.

Figure 3. Mesophase optical textures of the columnar mesophase obtained on cooling (magnification
200�) for complexes [VII]a,b,c (a) [VII]a at 69�C; (b) [VII]b at 117�C; and (a) [VII]c at 123�C:
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Conclusion

A 2,4,6-tris-(4�-carboxyphenoxy)-1,3,5-triazine with three 3,5-di-(4�-alkoxy)- benzylidineami-
nopyridine groups has been synthesized as an example of class of columnar discotic liquid
crystalline materials stabilized by intermolecular H-bonding. All compounds and complexes
are characterized by elemental analysis and different spectral techniques and their meso-
morphic behaviour was studied by DSC and OPM. The three 3,5-di-(4�-alkoxy)benzylidi-
neaminopyridine compounds exhibiting pure enantiotropic mesophase, while the three
complexes were mesogens with enantiotropic hexagonal columnar discotic mesophase.
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