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Abstract. Two homologous series of unsymmetrical alkylated chalcones and 3,5-diaryl isoxazoles, consisting
of 20 members, with various n-alkyl bromides (n=2−7, 10, 12, 14, 16) have been synthesized and studied
for their liquid crystalline property. Simple strategy was employed to achieve the target materials. Flexibility
in the synthesized molecules is provided by attaching straight alkoxy chains, where one terminal group is fixed
and other terminal group is varied. The synthesized compounds were characterized on the basis of Mass, IR
and NMR spectroscopy. The stability and the range of the mesophases increased with the length of the chain
on the isoxazoles. The melting point, transition temperatures and enantiotropic liquid crystal morphologies
were determined by polarizing optical microscopy (POM) in conjunction with a hot stage and by differential
scanning calorimetry (DSC).
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1. Introduction

Some substances exhibit an intermediate state of mat-
ter with molecular ordering in between that of the con-
ventional crystalline solid and isotropic liquid phases,
and this state of matter is called a liquid crystal (LC)
state or mesomorphic state, which is an anisotropic liq-
uid. Liquid crystalline materials are useful in electronic
devices (LCDs), medical thermographic instruments,
photoconductors and semiconductor materials, pharma-
ceutical preparations and the textile industry.1 The prime
requirement to induce liquid crystalline properties in a
substance are molecular rigidity and flexibility.2 5 Mo-
lecular rigidity and flexibility occur as a consequence of
the molecular shape, size and types of the central, termi-
nal and lateral groups and their polarities, molecular
polarity and polarizability, etc. During the past decades,
a large number of liquid crystalline compounds contai-
ning heterocyclic units such as isoxazole,6 9 pyrazole,10

thiadiazole, imidazole and oxadiazole11 13 units have
been synthesized. Several methods have been employed
for the synthesis of unsymmetrical 3,5-disubstituted
isoxazoles, including 1,3-Dipolar Cycloaddition reac-
tion,14 and condensation of 1,3-dicarbonyl compounds
with hydroxylamine and condensations.15 Our interest
in synthesizing isoxazole derivatives comes from the
ease of synthesis and their excellent mesomorphic
behaviour. The isoxazole ring incorporates a strong
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dipole moment which helps to increase the anisotropy
of polarizability and consequently favour mesogenic
behaviour.16 The attainment of mesogenic isoxazoles
through the use of α, β-unsaturated ketones forms an
easy way to prepare molecular structures for the syn-
thesis of non-polymer enantiotropic liquid crystalline
materials. Research work on α, β-unsaturated ketone
based liquid crystals has been extensively carried out
in order to study the relationships between structure
and mesomorphic properties.17 In this work, we have
synthesized α, β-unsaturated ketones (intermediates,
Series I) and their isoxazoles derivatives (Series II) in
order to study their liquid crystalline properties.

2. Experimental

2.1 General procedure for the synthesis of
1-(4-(octyloxy)phenyl)ethanone and alkylated
benzaldehyde (1 and 2)

Amixture of p-hydroxy acetophenone (1 mmol), octylbromide
(1 mmol) and K2CO3 (3 mmol) inN,N -dimethyl formamide
(25 mL) was stirred at room temperature for 4 h. The reaction
was monitored by TLC. After the completion of reaction, the
product was extracted into ether layer and it was dried over
anhydrous Na2SO4 to obtain 1-(4-(octyloxy)phenyl)ethanone
(1). Similarly the above procedure was followed to obtain 4-
alkylated-3-methoxybenzaldehyde (2) with different n-alkyl
halides from 4-hydroxy-3 methoxybenzaldehyde.
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2.2 General procedure for the synthesis of 3-(4-alkoxy-
3-methoxyphenyl)-1-(4 octyloxy)phenyl)prop-2-en-1-one
(3a-3j)

The most common procedure to synthesize α, β-unsaturated
ketones is the classic Claisen-Schimdt reaction by a well
established method.18 Synthesis involves the condensation of
alkylated aromatic aldehyde (1 mmol) with 1-4-(octyloxy)
phenylethanone (0.6 mmol) in ethanol and the reaction mix-
ture was maintained in a cold water bath. 10 mL of 10%
NaOH solution was added dropwise and the reaction mixture
was stirred for 5 h at 40–50◦C. After cooling, the crude prod-
uct was filtered under suction and extracted into ether layer
and concentrated to obtain pale yellow solid, which was fur-
ther purified by repeated recrystallization from ethanol to get
the unsymmetrical O-alkylated chalcones of 3a–3j series.
In this scheme, all the compounds were obtained in good
yields. The synthetic pathway to the target compound 3a–3j
is depicted in Scheme 1.

2.3 General procedure for the synthesis of 3,5-
diarylisoxazoles (4a–4j)

A mixture of synthesized α, β-unsaturated ketone 3a–3j
(1 mmol), hydroxylamine hydrochloride (2.5 mmol) and

sodium acetate (2.5 mmol) in methanol was refluxed at 45◦C
for 4 h. All the synthesized compounds were purified by
column chromatography using silica gel (60−120 mesh) un-
til a constant transition temperature was obtained to get
the 3,5-disubstituted isoxazoles 4a–4j series as white puffy
solids. The synthesis is depicted in Scheme 2.

2.4 Characterization

All the common reagents and solvents were used as pur-
chased from commercial suppliers without any further purifi-
cation. For some representative compounds, IR spectra in the
spectral range of 400–4000 cm−1 were recorded using Perkin
Elmer FTIR. 1H NMR and 13C NMR spectroscopy tech-
niques were recorded using Agilent-NMR 400MHz using
CDCl3 and the chemical shifts were recorded in ppm rel-
ative to TMS as an internal standard. Mass spectra were
recorded in a mass spectrometer of Synapt G2 HDMS.
The liquid crystalline properties, transition temperatures and
melting temperatures were investigated by using optical
polarizing microscope in conjunction with LTS 420 Lin-
cam hot stage of Olympus BX51 model. The mesophase
type was determined by comparison of the observed
texture with the corresponding standards.19 Samples were
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Table 1. Elemental analysis for chalcone (series I) and isoxazoles (series II) derivatives.

Molecular Elements % Found (% Calculated)
Sl. no Formula C H O N

3e C30H42O4 77.23 (77.21) 9.06 (9.07) 13.70 (13.71) –
3i C38H58O4 78.84 (78.85) 10.08 (10.10) 11.09 (11.06) –
4e C30H41NO4 75.10 (75.12) 8.63 (8.62) 13.35 (13.34) 2.94 (2.92)
4h C36H53NO4 76.70 (76.69) 9.49 (9.47) 11.34 (11.35) 2.46 (2.48)

prepared as thin films between a glass slide and a glass cover
slip. X-Ray data were collected on a Bruker diffractome-
ter. The UV–Visible absorption spectra for the mesomorphic
compounds were recorded in chloroform using Shimadzu
UV/PC 160-A spectrophotometer in the spectral range 200–
800 nm. Transition temperatures and associated enthalpies
were determined by differential scanning calorimetry (DSC),
using DSC Mettler TA 4000 at a scanning rate of 10◦C
min−1 with controlled cooling accessory. The purity of the
compounds was checked by TLC and further confirmed
by elemental analysis (Table 1) using Perkin CHN ana-
lyzer; their results agreed favourably with the calculated
values.

2.5 Selected data

2.5a 3-(4-butoxy-3-methoxyphenyl)-1-(4-(octyloxy)phenyl)
prop-2-en-1-one (3c): FT-IR (cm−1): 2917, 1738, 1646,
1365, 1311, 1261. 1H NMR (CDCl3, 100 MHz) δ: 0.89 (t,
−CH3, 3H), 1.04 (t, −CH2, 3H), 1.29 (m, −CH2, 10H), 1.39
(m, −CH2, 2H), 1.88 (m, −CH2, 4H), 3.92 (s, −OCH3, 3H),
4.06 (t, 2× −OCH2, 4H), 6.87 (d, ArH, 1H), 6.95 (d, ArH,
2H), 7.18 (d, ArH, 2H), 7.38 (d, α-H, chalcone), 7.73 (d, β-H,
chalcone), 8.01 (d, ArH, 2H). 13C NMR (CDCl3, 100 MHz)
δ: 10.32, 10.42, 14.00, 22.37, 22.41, 25.96, 29.10, 29.18,
29.29, 31.76, 56.03, 56.20, 68.17, 68.27, 70.47, 110.67,
110.80, 112.49, 114.20, 114.25, 119.68, 119.82, 122.82,
122.96, 127.90, 130.62, 130.72, 131.11, 144.01, 144.16,
149.52, 150.93, 162.90, 188.70. Yield: 88%.

2.5b 3-(3-methoxy-4-(pentyloxy)phenyl)-1-(4-(octyloxy)phenyl)
prop-2-en-1-one (3d): FT-IR (cm−1): 2914, 1656, 1365,
1320, 1261. 1H NMR (CDCl3, 100 MHz) δ: 0.89 (t, −CH3,
6H), 1.37 (m, −CH2, 15H), 1.86 (m, −CH2, 4H), 3.92 (s,
−OCH3, 3H), 4.03 (t, 2×−OCH2, 4H), 6.88 (d, ArH, 1H),
6.97 (d, ArH, 2H), 7.18 (d, ArH, 2H), 7.35 (d, α-H, chal-
cone), 7.77 (d, β-H, chalcone), 8.04 (d, ArH, 2H). 13C NMR
(CDCl3, 400 MHz) δ: 14.10, 14.03, 22.70, 22.78, 25.91,
28.14, 29.32, 29.37, 29.60, 29.64, 31.19, 56.10, 68.70, 69.00,
111.12, 114.70, 118.2, 122.30, 126.70, 129.60, 130.60,
130.71, 145.1, 149.83, 149.81, 165.22, 189.89. Yield: 82%.

2.5c 3-(4-(heptyloxy)-3-methoxyphenyl)-1-(4-(octyloxy)phenyl)
prop-2-en-1-one (3f): FT-IR (cm−1): 2914, 1650, 1360,
1318, 1268. 1H NMR (CDCl3, 100 MHz) δ: 0.88 (t, −CH3,
6H), 1.34 (m, −CH2, 10H), 1.82 (m, −CH2, 4H), 3.92

(s, −OCH3, 3H), 4.04 (t, 2× −OCH2, 4H), 6.87 (d, ArH,
1H), 6.94 (d, ArH, 2H), 7.15 (d, ArH, 2H), 7.42 (d, α-H,
chalcone), 7.73 (d, β-H, chalcone), 8.01 (d, ArH, 2H).
13C NMR (CDCl3, 400 MHz) δ: 14.1, 22.72, 22.80, 25.92,
25.97, 29.30, 29.40, 29.62, 29.72, 31.82, 31.96, 56.12,
65.70, 68.76, 69.02, 112.12, 114.85, 114.95, 121.34, 122.12,
122.30, 126.60, 129.50, 130.50, 145.60, 149.82, 149.88,
165.20. Yield: 83%.

2.5d 3-(4-(dodecyloxy)-3-methoxyphenyl)-1-(4-(octyloxy)
phenyl)prop-2-en-1-one (3h): FT-IR (cm−1): 2914, 1656,
1368, 1339, 1257. 1H NMR (CDCl3, 100 MHz) δ: 0.85 (t,
-CH3, 6H), 1.27 (m, −CH2, 25H), 1.41 (m, −CH2, 4H),
1.85 (m, −CH2, 4H), 3.78 (s, −OCH3, 3H), 4.02 (t,
2× −OCH2, 4H), 6.85 (d, ArH, 1H), 6.95 (d, ArH, 2H),
7.18 (d, ArH, 2H), 7.42 (d, α-H, chalcone), 7.75 (d, β-H,
chalcone), 8.05 (d, ArH, 2H). 13C NMR (CDCl3, 400 MHz)
δ: 14.00, 14.12, 22.62, 22.65, 25.91, 25.97, 29.03, 29.11,
29.18, 29.51, 29.52, 29.60, 31.76, 31.89, 56.04, 56.21,
68.12, 68.27, 68.43, 69.21, 110.64, 112.45, 114.27, 122.87,
123.03, 127.88, 130.76, 144.05, 149.53, 150.97, 162.92.
Yield: 80%.

2.5e 5-(4-ethoxy-3-methoxyphenyl)-3-(4-(octyloxy)phenyl)
isoxazole (4a): FT-IR (cm−1): 3454, 2917, 1613, 1583,
1304, 1251. 1H NMR (CDCl3, 400 MHz) δ: 0.88 (t, −CH3,
3H), 1.29 (m, −CH2, 8H), 1.49 (m, −CH2, 2H), 3.86 (s,
−OCH3, 3H), 3.98 (t, −OCH2, 2H), 4.14 (t, −OCH2, 2H),
6.64 (d, 1H), 6.94 (m, ArH, 3H), 7.45 (dd, J=8 Hz, ArH, 2H),
7.75 (dd, J=8.8 Hz, ArH, 2H). 13C NMR (CDCl3, 100 MHz)
δ: 14.20, 14.70, 22.70, 25.90, 29.23, 29.56, 31.87, 56.12,
64.89, 68.72, 98.36, 108.50, 111.12, 114.93, 114.98, 119.28,
119.87, 122.90, 128.20, 130. 20, 150.40, 150.67, 159.40,
162.04, 169.35. LCMS: 424.34 [M+H]+; Yield: 78%.

2.5f 5-(4-(hexyloxy)-3-methoxyphenyl)-3-(4-(octyloxy)phenyl)
isoxazole (4e): FT-IR (cm−1): 2930, 2855, 1608, 1580, 1293,
1249. 1H NMR (CDCl3, 400 MHz) δ: 0.88 (t, −CH3, 6H),
1.35 (m, −CH2, 12H), 1.44 (m, −CH2, 4H), 1.80 (m, −CH2,
4H), 3.94 (s, −OCH3, 3H), 4.01 (t, −OCH2, 2H), 4.07 (t,
−OCH2, 2H), 6.65 (d, 1H), 6.94 (m, ArH, 3H), 7.44 (dd,
J=8 Hz, ArH, 2H), 7.77 (dd, J=8.8 Hz, ArH, 2H). 13C NMR
(CDCl3, 100 MHz) δ: 14.10, 14.23, 22.70, 22.78, 25.60,
25.98, 29.33, 29.67, 29.72, 29.88, 31.80, 31.98, 56.12,
68.70, 69.10, 98.34, 108.50, 111.12, 114.80, 114.90, 119.72,
119.82, 122.91, 128.10, 128.23, 150.40, 150.62, 159.48.
LCMS: 480.12 [M+H]+; Yield: 75%.
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2.5g 5-(4-(dodecyloxy)-3-methoxyphenyl)-3-(4-(octyloxy)
phenyl)isoxazoles (4h): FT-IR (cm−1): 2921, 2851, 1614,
1584, 1373, 1257. 1H NMR (CDCl3, 400 MHz) δ: 0.86
(t, −CH3, 6H), 1.30 (m, −CH2, 26H), 1.43 (m, −CH2,
4H), 1.82 (m, −CH2, 4H), 3.93 (s, −OCH3, 3H), 4.03 (tt,
−2× −OCH2, 4H), 6.64 (d, 1H), 6.91 (d, ArH, 1H), 6.95
(dd, J=7.6 Hz, ArH, 2H), 7.34 (dd, J=8 Hz, ArH, 2H),
7.75 (dd, J=8.8 Hz, ArH, 2H) 13C NMR (CDCl3, 100 MHz)
δ: 14.01, 14.10, 22.63, 22.62, 25.93, 25.93, 29.08, 29.15,
29.19, 29.32, 29.57, 29.61, 29.78, 31.78, 31.89, 56.01,
56.21, 67.96, 68.12, 68.18, 69.05, 69.08, 98.30, 108.50,
111.10, 114.90, 114.20, 119.20, 122.90, 128.10, 150.40,
150.60, 159.40, 162.00, 169.30, 160.70, 162.61, 170.13,
170.23. LCMS: 564.52 [M+H]+; Yield: 72%.

2.5h 5-(4-(hexadecyloxy)-3-methoxyphenyl)-3-(4-(octyloxy)
phenyl)isoxazole (4j): FT-IR (cm−1): 2917, 2850, 1614, 1509,
1373,1253. 1H NMR (CDCl3, 400 MHz) δ: 0.86 (t, −CH3,
6H), 1.34 (m, −CH2, 36H), 1.46 (m, −CH2, 2H), 1.77 (m,
−CH2, 2H), 1.82 (m, −CH2, 2H), 3.96 (s, −OCH3, 3H),
4.01 (t, −OCH2, 2H), 4.05 (t, −OCH2, 2H), 6.64 (d, 1H),
6.94 (m, ArH, 3H), 7.35 (dd, J=8 Hz, ArH, 2H), 7.76 (dd,
J=8.8 Hz, ArH, 2H). 13C NMR (CDCl3, 100 MHz) δ: 14.01,
14.12, 22.70, 22.78, 25.90, 25.78, 29.14, 29.32, 29.57,
29.60, 29.70, 29.82, 29.84, 29.86, 29.88, 29.90, 29.95, 29.97,
31.12, 3190, 29.84, 29.86, 29.88, 29.90, 29.95, 29.97, 31.12,
31.90,31.93, 56.01, 68.72, 69.80, 98.12, 108.5, 111.12,
114.78, 119.20, 119.67, 122.97, 150.30, 130.70. 162.00,
169.10, 170.14. LCMS: 620.24 [M+H]+; Yield: 68%.

3. Results and Discussion

3.1 Thermal behaviour

In an effort to understand the molecular structure-liquid
crystal property relationship, the chain length in both
the intermediate chalcone compounds and in final isox-
azole compounds, one terminal alkoxy tail (C1 to C7,
C10, C12, C14 and C16) has been varied while keeping

Table 2. Transition temperatures of chalcones (series I)
in ◦C.

Sl. No R=CnH2n+1 Smectic Nematic Isotropic

3a 2 – – 99.1
3b 3 – – 103.5
3c 4 68.9 – 88.8
3d 5 70.0 – 90.0
3e 6 73.0 – 89.0
3f 7 78.0 – 88.4
3g 10 58.9 – 76.9
3h 12 73.0 – 93.7
3i 14 79.7 – 93.5
3j 16 76.2 – 93.4

Table 3. Transition temperatures of isoxazoles (series II)
in ◦C.

Sl. No. R=CnH2n+1 Smectic Nematic Isotropic

4a 2 – – 127.5
4b 3 – – 113.0
4c 4 73.4 – 92.4
4d 5 – 83.0 88.0
4e 6 71.2 – 80.0
4f 7 – 76.5 87.8
4g 10 70.2 78.7 85.2
4h 12 44.4 56.4 89.0
4i 14 – 66.5 82.2
4j 16 – 68.3 85.6

the other terminal fixed by C8. The transition temper-
ature and the phase sequence of the synthesized com-
pounds in this investigation are presented in Tables 2
and 3. The mesomorphic behaviour of all the synthe-
sized compounds was evaluated mainly by optical stud-
ies. However, for some representative compounds, the
phase transition temperatures have been confirmed by
DSC studies. Both the series exhibit nematic and/or
smectic phases. The molecular structures of the two
series of compounds differ at the core, where the series
I has α, β-unsaturated ketone while series II has a rigid
isoxazole ring at the core. Therefore, both the set of
series exhibit different mesomorphic properties even
though lateral substitutions are same. The character-
istic optical texture images procured from polarizing
optical microscopy (POM) are represented in Figure 1.
Figure 1(a) shows the photomicrograph of the Sm
phase at 58◦C for the decyl derivative 3g of series-I;
Figure 1(b) shows the texture of N phase at 56.4◦C
for the dodecyl derivative 4h of series-II; Figure 1(c)
shows the texture of N phase at 83.0◦C for the pentyl
derivative 4d of series-II; and, Figure 1(d) shows the
texture of N phase at 68.3◦C for the hexadecyl deriva-
tive 4j of series-II.
The resultant series exhibits liquid crystalline proper-

ties from the butyl to the hexadecyl homologous, while
the ethyl and methyl homologues in both the series
are non- mesogenic. Non-mesomorphic behaviour of
the ethyl and methyl homologue derivatives is attributed
to their high crystallizing tendency due to their rela-
tively short alkoxy terminal chains. Hence, the corre-
sponding homologous molecules are unable to resist
exposed thermal vibrations, which result in the sudden
breaking of the crystal structure and convert the sub-
stance sharply into the isotropic liquid state from the
solid state, without exhibition of a liquid crystalline
mesophase. Hence, they melt sharply without showing
any liquid crystal property.
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Figure 1. Characteristic optical textures (a) Sm phase observed for 3g at 58.9◦C; (b)
N phase observed for 4h at 56.4◦C; (c) N phase observed for 4d at 83◦C; and (d) N
phase observed for 4j at 68.3◦C.

Figure 2. Plot of transition temperature against the number
of carbon atoms in the n-alkoxy chains for series I.

A plot of the transition temperature versus the num-
ber of carbon atoms present in the n-alkyl terminal
chain consists of three transition curves, solid isotropic/
mesomorphic transition curve, smectic-nematic curve
and nematic-isotropic curve for both the chalcone and
isoxazole series, as shown in Figures 2 and 3. The
solid isotropic or mesomorphic transition curve rises

Figure 3. Plot of transition temperature against the number
of carbon atoms in the n-alkoxy chains for series II.

and falls in the series, in a zigzag manner, and it is
also observed that the isotropic curve descended grad-
ually in the series II, thus exhibiting enhanced liquid
crystalline nature. The present investigation showed
predominantly smectogenic and partly nematic with a
middle ordered melting type. Liquid crystalline transi-
tions vary in both the series with different magnitudes
of phase lengths, including smectic and nematic phase
lengths.
All the mesogenic members of the series are

enantiotropic in nature. The exhibition of mesogenic
properties from the butyl to the hexadecyl homologues
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is attributed to the suitable magnitudes of anisotropic
intermolecular forces of attraction caused by the
favourable molecular polarity and polarizability, aro-
maticity, electronic-electronic interactions, length-to-
breadth ratio and the ratio of the polarity to polarizability
as a consequence of the resultant molecular rigidity and
flexibility.20

Variations in the mesomorphic properties in both
the series are attributed to the variation in the cen-
tral group or the terminal alkoxy groups, keeping the
other one fixed. All the compounds in the series I,
except ethyl and methyl homologues, exhibited only
smectogenic character. As the chain length increases,
the liquid crystalline property was also enhanced.
In general, the α, β-unsaturated ketones significantly
increase the molecular width, making the parallel align-
ment of the molecules required to achieve mesomor-
phism. While the series II exhibited both the smectic
and nematic phase in some compounds, but predomi-
nantly nematogenic which can be attributed due to the
presence of rigid isoxazole core at the centre owing
to their ability to impart lateral and/or longitudinal
dipoles combined with changes in the molecular shape
as most of the hetroatoms (N, O and S) are more
polarizable than carbon and by increased conjugation
through the molecule. This favours the molecular pla-
narity and anisotropy of electronic polarizability which-
consequently promote liquid crystal behaviour. Further,
the presence of heterocyclic moiety increased the liq-
uid crystalline nature and dramatically decreased the
melting point of the compounds by extended conju-
gation through the molecule in mesophase formation.
The Representative UV-Vis spectra of isoxazole deriva-
tives 4e, 4f, 4h and 4i in chloroform (5× 10−6 M) are
included in Figure S22 in the Supplementary Informa-
tion. Isoxazoles derivatives exhibited absorption maxi-
mum at 320 nm. For the whole series, there is not much
change in the absorption maximum due to the varia-
tion of the terminal length of alkyl chains at similar
concentrations. The absorption at 293 nm and 287 nm
are attributed to π−π* and at 320 nm is due to n−π*
transitions involving phenyl-isoxazole segment.

4. Conclusions

In conclusion, simple and convenient procedures were
employed to obtain 20 compounds in moderate to good
yields to study their mesomorphic behaviour by POM
and DSC. To understand the structure-property rela-
tionship, alkoxy tails have been varied while keeping
the other alkyl terminal fixed. Molecules with trans α,
β-unsaturated ketones and isoxazole ring at the central

core were studied. Our investigations revealed that both
the series, except for methyl and ethyl homologues,
exhibited stable mesomorphic state. Series I exhib-
ited predominantly smectic phase while in the series
II, middle and higher homologues exhibited smectic
and nematic phase. Overall, variations in the mesomor-
phic properties of the synthesized series are attributed
to varying features in central group, linking group,
molecular shape and rigidity.

Supplementary Information (SI)

All additional information pertaining to the characteriza-
tion of the synthesized compounds using Mass, 1H and 13C
NMR spectra, DSC, POM images and UV-Vis spectra are
given in the supporting information available at www.ias.ac.
in/chemsci.
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