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ABSTRACT

1,3,5-Trisacetoacetamidobenzene with three 1,3-diketo groups was synthesized by the reaction of 1,3,5-triaminobenzene with diketene. Discotic
hydrazone compounds were prepared by the diazo coupling reaction between 1,3,5-trisacetoacetamidobenzene and diazonium salts of
4-alkyloxyphenylamines. The compounds existed in hydrazone forms exclusively, being stabilized by the intramolecular hydrogen bonds, and
showed discotic nematic or columnar hexagonal mesophases.

Discotic liquid crystals are of great interest because of both
their unique self-assembled structures and their potential
applications in devices such as photovoltaic solar cells1 and
electroluminescent displays.2 To induce the formation of
discotic liquid crystalline phases, rigidity and planarity in
the central part of the mesogenic molecule are essential.
Typical discotic liquid crystalline compounds comprise
aromatic rings such as benzene,3 triphenylene,4 and truxene5as

core and peripheral alkyl chains. In recent years, disklike
assemblies of molecules other than discotic ones have been
studied considerably in an attempt to develop new types of
core architecture. The driving forces for the self-assembly
of a nondiscotic molecule to form a disklike structure include
hydrogen-bonding,6-13 charge-transfer,14-16 and ionic interac-
tions.17,18Special attention has been given to intramolecular
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hydrogen bonding, which has been shown to efficiently
promote molecular ordering and stability in a liquid crystal-
line phase by allowing it to assume the shape of a large
disk.10,11

Hydrazones are generally prepared by the condensation
reaction between a hydrazine and a carbonyl compound.19

They can also be obtained from an azo compound which
has a labile proton at the position conjugated with an azo
group because a hydrazone is a tautomer of an azo
compound. Azo and hydrazone tautomerization has been
extensively studied because the two tautomers show different
optical properties such that certain hydrazone forms absorb
light at longer wavelengths and have higher photoconductiv-
ity than their azo counterparts. Hydrazones have been
investigated as potential charge-transport materials for
organic photoconductors20-23 and nonlinear optical poly-
mers.24-26 Hydrazone dendrimers have reportedly been used
as hole-transport materials for electroluminescence devices.27

In this paper, we report on the synthesis of discotic liquid
crystalline hydrazone compounds by the azo coupling
reaction of 1,3,5-trisacetoacetamidobenzene and diazonium
salts of 4-alkyloxyphenylamines. 1,3,5-Trisacetoacetamido-
benzene having three 1,3-diketo groups was easily obtained
by the reaction of 1,3,5-triaminobenzene with diketene.28,29

The stable disklike hydrazone structures were derived from
the formation of six intramolecular hydrogen bonds around
a benzene ring. Spectroscopic analysis showed that all of
the N-H groups of the hydrazone units participated in
hydrogen bondings so as to render the compounds more
hydrophobic. Indeed, the compounds showed good solubility
in low polar solvents such as toluene and chloroform. As

expected from their disklike structures, all of the hydrazone
compounds showed liquid crystalline properties.

4-Alkyloxyphenylamines (2) and 3,4,5-trishexyloxyphen-
ylamine (5) were prepared according to Scheme 1.

A flexible alkyl group was introduced into the benzene
ring by the reaction of 4-nitrophenol with 1-bromoalkane in
DMF in the presence of potassium carbonate. The nitro group
was reduced to the amino group by catalytic hydrogenation
to give2. 3,4,5-Trishexyloxyphenylamine (5) was prepared
from 1,2,3-trihydroxybenzene in three steps. 1,2,3-Trishexyl-
oxybenzene (3), obtained by the reaction of 1,2,3-trihydroxy-
benzene with 1-bromohexane under basic conditions, was
nitrated using HNO3 supported on SiO230 and subsequently
reduced by catalytic hydrogenation to produce 3,4,5-
trishexyloxyphenylamine (5).

1,3,5-Triaminobenzene (6) was prepared by the catalytic
hydrogenation of 3,5-dinitroaniline. The amine was reacted
with diketene in DMF, resulting in the formation of 1,3,5-
trisacetoacetamidobenzene (7) having three 1,3-diketo moi-
eties around the benzene ring (Scheme 2).

The protons on the carbon between two carbonyl groups
of 7 are easily removed under mild basic conditions,
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Scheme 1. Preparation of Aromatic Amines

Scheme 2. Synthesis of 1,3,5-Trisacetoacetamidobenzene
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generating carbanions stabilized by resonance. These car-
banions have good nucleophilicity and so can be used for
nucleophilic substitution and addition reactions.31

The diazotization of aromatic amines2 and 5 was
performed using isoamyl nitrite and TFA in methylene
chloride.32 The coupling reaction was carried out in situ,
without isolating the diazonium salts, by adding a mixture
of 1,3,5-trisacetoacetamidobenzene and sodium acetate in
N-methyl-2-pyrrolidinone (NMP) (Scheme 3). The products

were isolated by column chromatography on silica gel and
further purified by recrystallization from ethyl acetate/hexane
to give yellowish powders.

The hydrazone structures of compounds8a, 8b, and9 were
confirmed by1H NMR, 13C NMR, and FT-IR spectroscopy.
In the 1H NMR spectra obtained in CDCl3, two peaks
corresponding to the CdN-NH and CONH protons ap-
peared at around 14.9 and 11.6 ppm, respectively, in addition
to the peaks for the benzene ring protons and alkyl group
protons. The peaks for the methine protons which were
expected to be found in the azo tautomeric units were not
observed. In the13C NMR spectra measured in CDCl3, the
peaks for the CdN-NH carbons appeared at around 157
ppm. In the IR spectra, the CdO stretching vibration band
of acetoacetamide at 1719 cm-1 shifted to 1663 cm-1,
corroborating the participation of the carbonyl groups in the
formation of intramolecular hydrogen bonds. The class of
azo compounds having aâ-keto group is known to exist

mainly in the hydrazone form, stabilized by intramolecular
hydrogen bonding.20,33

The hydrazone compounds showed good solubilities in less
polar solvents such as chloroform, methylene chloride, and
toluene but were insoluble in polar solvents including
alcohols and DMSO. Compound9 was soluble even in
n-alkanes. It is noteworthy that 1,3,5-trisacetoacetamidoben-
zene (7), from which the core moieties of the hydrazone
compounds were derived, showed poor solubilities in most
organic solvents, probably because of the strong intermo-
lecular interactions resulting primarily from the hydrogen
bondings between the NH and carbonyl groups. This
dramatic change in solubility is consistent with the proposed
hydrazone structures having alkyl groups on the periphery,
in which all of the carbonyl and NH groups are involved in
forming intramolecular hydrogen bonds and thus are not
available for intermolecular interactions.

The hydrazone structures were found to be extremely
stable in the solution state. We examined the possible
dissociation of the intramolecular hydrogen bonds, leading
to the formation of the azo tautomer, by UV-vis spectro-
scopy. There are two types of acidic protons in the hydrazone
compounds, i.e., the CONH protons of the amide groups and
the CdN-NH protons of the hydrazone groups. In the UV
absorption spectra of8a recorded in chloroform, methylene
chloride, DMF, and THF, the maximum absorption occurred
at 400, 398, 398, and 398 nm, respectively, showing that it
was not influenced by the properties of the solvent. Even in
the presence of a weak base, piperidine, no significant
spectral changes were observed.

The liquid crystalline properties of the hydrazone com-
pounds were investigated by differential scanning calorimetry
(DSC) and polarizing optical microscopy (POM). Com-
pounds8 and 9 showed discotic nematic and hexagonal
columnar mesophases, respectively. The transition temper-
atures and corresponding enthalpy changes are summarized
in Table 1.

The DSC analysis of compound8ashowed an endothermic
clearing transition at 192°C (∆H ) 50.4 kJ/mol) on the
first heating cycle. When cooled from the isotropic liquid
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Scheme 3. Synthesis of Discotic Hydrazone Compounds

Table 1. Phase Transition Temperatures and Corresponding
Enthalpy Values of Discotic Hydrazone Compoundsa

T, °C [∆H, kJ/mol]

compd second heating second cooling

8a FN 105, ND 119 (0.2), I
156 (44.5), K 192 (49.4), I

I 117 (0.2), ND 105,b FN

8b FN 69,b ND 82 (0.1), I I 79 (0.1), ND 69,b FN
9 K 120 (11.3), Colh 175 (1.7), I I 159 (8.1), Colh 93 (1.6), K

a Abbreviations: K) crystalline; ND ) discotic nematic mesophase; I
) isotropic; FN ) frozen nematic state; Colh ) columnar hexagonal
mesophase.b Determined by POM.
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state to room temperature, compound8a exhibited a small
exotherm at 117°C with a∆H of 0.2 kJ/mol, corresponding
to the transition from the isotropic liquid to the liquid
crystalline phase. In the POM study, birefringentSchlieren
textures appeared at 117°C and persisted to room temper-
ature, without further crystallization (Figure 1). On the

second heating cycle, this birefringent phase disappeared at
117 °C (the temperature far below its clearing transition
temperature). At this premelt stage, crystallization could be
induced by isothermal heating. In the second DSC heating
run, compound8a exhibited an endotherm at 119°C with a
∆H of 0.2 kJ/mol. An exothermic crystallization peak
appeared at 156°C with a ∆H of 44.5 kJ/mol, and an
endothermic clearing transition peak was observed at 192
°C with a ∆H of 49.4 kJ/mol.

Compound8b showed a crystal to isotropic liquid transi-
tion at 167°C with a ∆H of 0.5 kJ/mol on the first heating
cycle. On cooling from the isotropic state to room temper-
ature, a small exothermic peak appeared at 79°C with a
∆H of 0.1 kJ/mol corresponding to the transition from the
isotropic liquid to the liquid crystalline phase. TheSchlieren
texture was also observed under a polarizing optical micro-
scope. On the second heating run, the endothermic isotro-
pization was observed at 82°C with a ∆H of 0.1 kJ/mol,
but unlike in the case of compound8a, crystallization was
not induced immediately by isothermal heating. This result
is consistent with the low crystallinity of this compound,
which showed a relatively small transition enthalpy in the
first DSC heating run.

The structural analysis of the mesophases was performed
using X-ray diffraction (XRD). After the textures were fully
developed in their liquid crystalline states, the compounds

were quenched to room temperature and examined by XRD.
In the small angle region, compounds8a and 8b showed
broad peaks withd-spacings centered at 23 and 27 Å,
respectively, representing the lateral disk-disk distance in
the discotic nematic structures. The peaks centered at a
d-spacing of 3.7 Å in the wide angle region were assigned
to the vertical disk-disk distance.

Compound9 having a 3,4,5-trishexyloxy group as a tail
formed an enantiotropic mesophase with a more ordered
structure than that of compound8. In the DSC analysis, two
endotherms appeared at 120°C (∆H ) 11.3 kJ/mol) and
175 °C (∆H ) 1.7 kJ/mol), respectively, on the second
heating run. A birefringent phase with mosaic textures was
observed by POM between these two temperatures (Figure
1). In the XRD analysis, three peaks withd-spacings of 29.2,
17.1, and 14.6 Å, respectively, appeared in the small angle
region. Thesed-spacings are in the ratio of 1:1/x3:1/2, which
is in good agreement with a hexagonal lattice. Wide angle
XRD showed a peak with ad-spacing of 3.7 Å resulting
from the stacking of the disks. When cooled from the
isotropic melt, an exotherm appeared at 159°C (∆H ) 8.1
kJ/mol) and the compound began to show the same bire-
fringent phase. The compound crystallized at 93°C.

In conclusion, we prepared discotic liquid crystalline
hydrazone compounds by the azo coupling reaction of 1,3,5-
trisacetoacetamidobenzene and diazonium salts of 4-alkyl-
oxyphenylamines. The hydrazone structures were found to
be stabilized by the intramolecular hydrogen bonding
between their N-H groups and the 1-keto groups. The amide
N-H groups also formed hydrogen bonds with the 3-keto
groups, yielding extended core structures. Considering both
the ease with which acetoacetamides can be synthesized and
the wide range of structures of amines, the approach
described herein would be expected to be very useful in
building large disk-shaped cores for discotic liquid crystalline
assemblies.
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Figure 1. Polarizing optical photomicrographs of8a (left) and9
(right) obtained at 110°C and 157°C, respectively, on cooling.
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