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A series of new chalcone derivatives with different alkyl chain lengths (C1oH21, Ci2H3s, and
Ci4H29) have been successfully synthesized and characterized. An initial alkylation reaction of
4-hydroxybenzaldehyde alkyl bromides (decyl, dodecyl, and tetradecyl) formed intermediates
la, 1b, and 1c, which were further reacted with 4-hydroxyacetophenone through Claisen-
Schmidt condensation method to form chalcone derivatives 2a, 2b, and 2c. These compounds
were characterized using Fourier Transform Infrared (FTIR) spectroscopy, Nuclear Magnetic
Resonance (NMR) spectroscopy, and Carbon, Hydrogen, and Nitrogen (CHN) elemental
analysis. The compounds' transition mesophases were determined using Polarized Optical
Microscope (POM). However, all the compounds were found non-mesogenic without any liquid
crystal properties due to the nonlinearity of the structures.
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Liquid crystals can be classified as an anisotropic
material due to the difference in the physical properties
of some systems with the average alignment with the
director. Increase in a material's alignment causes the
compound to exhibit increased anisotropy. Conversely,
decrease in the director's arrangement of a material
causes the isotropic behavior to be more favorable [1].
This term can be referred to as birefringence, where
the light entering a liquid crystal will separate into two
linear polarizations with perpendicular directions and
different velocities. At low voltages, the soft nature of
a liquid crystal medium, along with anisotropic optical
and dielectric properties, produces various electro-optic
effects, such as dynamic scattering, switchable windows,
and light shuttering [2-4]. Increase in voltage causes
the polarized refractive index to change, and the
director aligns in the direction of the field [5]. Liquid
crystal flows act differently than conventional fluids
due to the ordered arrangement of the molecules, which
can still flow like a liquid [6].

The mesomorphic phase lies between solid
crystalline and liquid; thus, the best way to understand
the differences is through molecule arrangement [7].
In a solid crystalline state, the molecules are arranged
in an order with a repeating pattern for an entire
crystal. All the molecules in the crystalline structure
are fixed in position through intermolecular forces.
These forces become weaker as the molecules vibrate
vigorously with the increase in temperature and then
causes the molecules to move into a random position
[8]. The weaker bonds break when temperature rises
because intermolecular forces in solids begin to vibrate

in an uneven direction. As a result, this phenomenon
causes a liquid crystal state to form in a random and
ordered arrangement [9].

Several properties of liquid crystals can be
observed to determine they are liquid crystal compounds.
Previous studies showed that liquid crystals exhibit
many similarities with isotropic liquid properties except
for their molecular units that follow crystalline solids
(anisotropic) [10-13]. Viscosity, thermal and electrical
conductivity, and optical properties include some of
the characteristics that can be determined. Generally,
liquid crystals appear cloudy and hazy with a certain
degree of order [14].

Thermotropic liquid crystal is the common
classification of liquid crystals that exist through
thermal process, and they are temperature dependent,
which refers to their reaction to temperature changes
[15,16]. Generally, temperature will affect the motion
of molecules in liquid crystals, which at a very high
temperature will convert liquid crystals into isotropic
liquids. Conversely, they will become solid crystals as
temperature becomes very low to support the thermos-
tropic phase [17]. Specifically, thermotropic liquid
crystals can be divided into two groups: enantiotropic
liquid crystals and monotropic liquid crystals [18].
Enantiotropic mesophase is a thermodynamically
stable state that exists throughout a specific range of
temperatures or pressures, contrary to monotropic
mesophase, which develops from a cold isotropic
liquid. Enantiotropic mesophase's thermal stability is
governed by either a liquid crystal compound's melting


mailto:zuhairjamain@ums.edu.my

159 Akmal Alif Awang Mali and Zuhair Jamain

and clearing point or by any two subsequent mesophase
transitions. Monotropic is a metastable mesophase that
forms at a temperature below the melting point of the
crystal at a given pressure [19,20].

This research was conducted to explore liquid
crystal compounds that had been studied over the
years. Nowadays, numerous liquid crystal compounds
are being synthesized and analyzed as they grow in
interest among researchers and scientists throughout
the world. This leads to many new liquid crystal
products being discovered and synthesized, such as
chalcone derivatives, azo-based compounds, and
hydrazine-based compounds. Thus, the discovery of
various applications of liquid crystal compounds in
daily human life keeps increasing. Specifically for this
research, chalcones derivatives have become an
interesting field that exhibits various applications in
many fields. Benzylideneacetophenone, also commonly
known as chalcone, is a compound consisting of two
aromatic rings linked by o, B-unsaturated ketone [21].
It can be synthesized in numerous ways, but the most
common way is through Claisen-Schmidt condensation
using different catalysts. Recently, with an approach
to green chemistry, solvent-free chalcone synthesis
has been developed [22].

Chalcone is easily found in plants and is one of
the main precursors for synthesizing flavonoids. It has
been reported that compounds containing chalcone as
a backbone have various biological activities such as
antimicrobial, anti-inflammatory, antiplatelet, anti-
malarial, anticancer, antiviral, and antihyperglycemic
[23-25]. The reactive and unsaturated keto groups,
especially for antimicrobial activity, are the key
functional groups responsible for all these activities
[26]. Besides that, chalcone derivatives also play an
important role in crystallography, liquid crystalline
polymers, dye industries, and solar cells. However, the
potential of chalcones and recent updates are few and
need to be understood. Hence, explaining the structure,
purpose, and mesophase behavior of synthesizing new
chalcone derivatives is to maximize the application of
liquid crystals, especially for chalcone compounds in
the future.

EXPERIMENTAL
Chemicals and Materials

The chemicals and solvents used in this study were 4-
hydroxybenzaldehyde, 4-hydroxyacetophenone, 1-
bromodecane, 1-bromododecane, 1-bromotetradecane,
potassium carbonate, potassium iodide, sodium
hydroxide, N,N-dimethylformamide (DMF), dichloro-
methane (DCM), hydrochloric acid, ethanol, and
methanol. All the chemicals were used as received
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without purification and were purchased from Merck,
Qréc, Sigma-Aldrich, Across, and BDH laboratory.

Characterization Methods

In this study, Fourier-Transform infrared (FTIR)
spectroscopy was used to determine the functional
groups observed in the chalcone derivatives, such as
the ketone and phenyl functional groups. Besides,
nuclear magnetic resonance (NMR) spectroscopy was
used to determine the structure and conformation of
chalcone moiety in the derivatives. Carbon, hydrogen,
and nitrogen (CHN) elemental analyzers were used to
determine the purity of chalcone derivatives that show
the amounts of carbon, hydrogen, and nitrogen since
chalcone compounds are an organic matrix. The texture
of the mesophase of the compounds was observed using
Polarized Optical Microscope (POM). The samples
were sandwiched between two round glass slides placed
on the microscope's hot stage. The microscope was
adjusted to obtain a clear resolution, and the phase
transitions were observed in the heating and cooling
cycles.

Synthesis Methods

New chalcone derivatives were synthesized through a
method called Claisen-Schmidt condensation, which
involves the condensation of 4-(alkoxy)benzaldehyde
with acetophenone under an aqueous alkali (NaOH).
4-(alkoxy)benzaldehyde was synthesized through
alkylation reaction. In the first step, a base, potassium
carbonate (K>CQOs3), is used to extract hydrogen from
the hydroxyl group and alkoxide ion. In the second
step, the alkoxide ion acts as a nucleophile and attacks
the carbon bonded to the halogen group of 1-bromodo-
decane through SN2 mechanism to form the intermediate
4-(alkoxy)benzaldehyde.

Next, new chalcone derivatives were formed
by reacting the first intermediate with 4-hydroxy
acetophenone through Claisen-Schmidt condensation.
This reaction was done in the presence of a basic
catalyst, sodium hydroxide (NaOH). The base extracts
the oc-hydrogen from 4-hydroxy acetophenone, and an
enolate ion is the product. The enolate ion is then
stabilized by resonance. The double bond electrons
then attack the carbonyl carbon of the first intermediate,
followed by the abstraction of H* ions from water and
gives rise to the aldol compound. This aldol compound
would then undergo a dehydration process catalyzed
by hydroxide ions. This hydroxide ion will attack the
a- hydrogen, followed by the expulsion of hydroxide
at B-carbon. A double bond is then formed between a
and B carbons. The general synthesis methods of the
intermediates [27] and chalcone derivatives [28,29]
are illustrated in Schemes 1-2.
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Scheme 1. Alkylation reaction. Synthesis of intermediates 1a-c
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Scheme 2. Claisen-Schmidt condensation reaction. Synthesis of compounds 2a-c

Synthesis of 4-alkoxybenzaldehyde Intermediates 1a-c

0.1 mol of 4-hydroxybenzaldehyde and 0.1 mol of 1-
bromoheptane were dissolved in 20 mL of N,N-dimethyl
formamide (DMF), separately. The solutions were then
mixed in a 250 mL round bottom flask. 0.15 mol of
potassium carbonate and 0.01 mol of potassium iodide
were added and the mixture was refluxed for 12 hours.
The reaction progress was monitored using thin layer
chromatography (TLC). Next, the mixture was poured
into 500 mL of cold water and extracted using dichloro-
methane. The organic layer was collected and dried in
anhydrous sodium sulphate. The product, intermediate
1a, was filtered and evaporated overnight. The same
procedure was used to synthesize 1b-c.

4-(decyloxy)benzaldehyde, la. Yield = 251 g
(95.80%), dark yellow oil. IR (cm™1): 2848 and 2733
(CHO stretching), 1691 (C=0 aldehyde), 1600 and
1509 (aromatic C=C stretching), 1250 and 1167 (C-
O stretching). *H NMR (500 MHz, CDCls) &, ppm:
9.71 (s, 1H), 7.65 (d, J= 5.15 Hz, 2H), 6.82 (d, J=
5.15 Hz, 2H), 3.84 (t, J=2.9Hz, 2H), 1.59-1.64 (m,
2H), 1.13-1.31 (m, 14H), 0.75 (t, J= 3.45 Hz, 3H).
13C NMR (125 MHz, CDCl;3) &, ppm: 190.23,
164.18, 131.82, 129.73, 114.65, 68.31, 31.90, 29.58,
29.35, 25.97, 22.68, 14.09.

4-(dodecyloxy)benzaldehyde, 1b. Yield = 2.86 g
(98.62%), light yellow oil. IR (cm™): 2853 and 2731

(CHO stretching), 1692 (C=0 aldehyde), 1599 and
1508 (aromatic C=C stretching), 1254 and 1157 (C-
O stretching). *H NMR (500 MHz, CDCls) &, ppm:
9.77 (s, 1H), 7.72 (d, J= 7.45, 2H), 6.89 (d, J= 7.4,
2H), 3.93 (t, J= 5.15, 2H), 1.72 (m, 2H), 1.31-1.39
(m, 2H), 1.20-1.28 (m, 14H), 0.81 (t, J= 5.75). 3C
NMR (125 MHz, CDCls) &, ppm: 190.65, 164.29,
131.96, 129.78, 114.75, 68.42, 31.98, 29.66, 29.11,
26.03, 22.75, 14.17.

4-(tetradecyloxy)benzaldehyde, 1c. Yield =311.54 g
(97.88%), mp: 56.6 °C - 58.7°C, white powder. IR
(cm): 2853 and 2731 (CHO stretching), 1690 (C=0
aldehyde), 1599 and 1508 (aromatic C=C stretching),
1253 and 1157 (C-O stretching). *H NMR (500 MHz,
CDCl3) &, ppm: 9.81 (s, 1H), 7.76 (d, J= 6.45, 2H),
6.93 (d, J=6.45, 2H), 3.96 (t, J=5.15, 2H), 1.74 (m,
2H), 1.31-1.36 (m, 2H), 1.13-1.29 (m, 16H), 0.88 (t,
J=5.75, 3H). 13°C NMR (125 MHz, CDCl3) &, ppm:
190.65, 164.29, 131.96, 129.78, 114.75, 68.42,
31.98, 29.66, 29.11, 26.03, 22.75, 14.17. CHN
elemental analysis: Calculated for Cy1H34O2: C:
79.19%, H: 10.76%; Found: C: 81.20%, H: 10.49%.

Synthesis of Compounds 2a-c

0.10 mol of 4-hydroxyacetophenone and 0.10 mol of
intermediate 1a were added into a round bottom flask
containing 500 mL of ethanol. The mixture was then
stirred in an ice bath. NaOH was added dropwise and
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the mixture was left for 30 minutes. Then, the mixture
was refluxed for 12 hours under constant stirring. The
resultant mixture was left to cool and neutralized using
ice chilled dilute HCI (5%). The precipitate was
filtered and washed with ice cold distilled water until
it was free from acid. Recrystallization of the
compound, 2a, was done using methanol. The same
procedure was used to synthesize 2b-c.

(E)-3-(4-(decyloxy)phenyl)-1-(p-tolyl)prop-2-en-1-
one, 2a. Yield = 3.44g (91.01%), mp: 81.7-82.1°C,
dark yellow powder. IR (cm™): 2923 and 2853 (Csp®-
H stretching), 1688 (C=0 keto), 1598 and 1509
(aromatic C=C stretching), 1254 and 1157 (C-O
stretching). *H NMR (500 MHz, CDCl3) &, ppm: 8.03
(d, J= 10, 2H), 7.08 (d, J= 10, 2H), 7.08 (d, J= 10,
2H), 6.91 (d, J= 10, 2H), 6.60 (d, J= 5, 2H), 6.60 (d,
J=5, 2H), 4.00 (t, J=5, 2H), 1.44 (s, 3H), 1.76 — 1.81
(m, 2H), 1.26-1.41 (m, 14H), 0.83 (t, J= 10, 3H). 13C
NMR (125 MHz, CDCls) §, ppm: 190.03, 171.55,
163.68, 144.76, 140.06, 132.32, 129.13, 123.36,
121.40, 116.36, 114.31, 68.31, 31.87, 29.51, 29.36,
29.25, 29.10, 29.10, 25.98, 22.67, 14.10. CHN
elemental analysis: Calculated for CgH3.0.: C:
82.49%, H: 9.05%; Found: C: 81.20%, H: 9.29%.

(E)-3-(4-(dodecyloxy)phenyl)-1-(p-tolyl)prop-2-en-
1-one, 2b. Yield = 3.62g (89.10%), mp: 79.8-80.7°C,
light yellow powder. IR (cm™): 2923 and 2853 (Csp®-
H stretching), 1690 (C=0 keto), 1599 and 1509
(aromatic C=C stretching), 1255 and 1157 (C-O
stretching). *H NMR (500 MHz, CDCls) &, ppm: 8.04
(d, J= 5, 2H), 7.78 (d, J= 15.60, 2H), 7.41 (d, J=
15.12, 2H), 7.08 (d, J= 10, 2H), 6.92 (d, J= 5, 2H),
6.59 (d, J= 10, 2H), 4.02 (t, J= 5, 2H), 1.35 (s, 3H),
1.77-1.82 (m, 2H), 1.28-1.49 (m, 14H), 0.88 (t, J= 5,
3H). *C NMR (125 MHz, CDCls) &, ppm: 191.11,
17151, 163.73, 144.71, 130.01, 132.29, 129.11,
123.49, 121.53, 116.38, 114.26, 68.35, 31.87, 29.60,
29.58, 29.53, 29.50, 29.30, 29.28, 29.09, 29.09, 25.95,
22.61, 13.98. CHN elemental analysis: Calculated for
CasH3s02: C: 82.71%, H: 9.42%; Found: C: 80.87%,
H: 9.21%.

(E)-3-(4-(tetradecyloxy)phenyl)-1-(p-tolyl)prop-2-
en-1-one, 2c¢. Yield =4.06g (93.5%), mp: 75.7-77.6°C,
white powder. IR (cm™): 2915 and 2848 (Csp3-H
stretching), 1691 (C=0O keto), 1600 and 1509
(aromatic C=C stretching), 1256 and 1166 (C-O
stretching). *H NMR (500 MHz, CDCls) &, ppm: 8.04
(d, J= 5, 2H), 7.78 (d, J= 15.60, 2H), 7.41 (d, J=
15.12, 2H), 7.08 (d, J= 10, 2H), 6.92 (d, J= 5, 2H),
6.59 (d, J= 10, 2H), 4.02 (t, J= 5, 2H), 1.35 (s, 3H),
1.77-1.82 (m, 2H), 1.28-1.49 (m, 14H), 0.88 (t, J=5,
3H). 3C NMR (125 MHz, CDCl3) &, ppm: 190.03,
171.11, 163.75, 144.73, 140.03, 132.25, 129.09,
123.53, 121.59, 116.37, 114.30, 68.38, 31.83, 29.55,
29.53,29.51, 29.48, 29.46, 29.45, 29.26, 29.23, 29.09,
25.93, 2256, 13.88. CHN elemental analysis:
Calculated for CzHs0.: C: 82.90%, H: 9.74%;
Found: C: 84.31%, H: 9.21%

Synthesis and Characterization of Non-mesogenic
Behavior of Chalcone Derivatives

RESULTS AND DISCUSSION
FTIR Spectral Discussion of Compounds 2a-c

FTIR analysis of final compound 2a as the representative
of compounds 2b and 2c was carried out to identify
the various functional groups in these compounds. In
the FTIR spectrum, two peaks in the range of 2800 to
3000 cm'* were observed, which were at wave numbers
2923.01 and 2853.30 cm?, specifically assigned as the
C-H stretching vibrations of methyl and methylene.
Thus, the C-H stretch could be confirmed by observing
the low frequency ranged from 1350 to 1500 cm and
the presence of peaks could be noticed at wave numbers
1466.93 cm* and 1393.51 cm?, which strongly indicate
the presence of methyl group or to be specific the
existence of the bending of -CH. and -CHs (symmetric),
respectively in the alkyl chain within the intermediates.
Hence, the existence of alkane groups in the inter-
mediates is confirmed by these regions of the
absorption spectra.

The next peak observed was at 1690.08 cm™.
From its intensity and position, it could be assigned as
a carbonyl, C=0 stretching vibration. However, as
mentioned earlier, this band could not indicate to
which specific carbonyl group it belonged to. This
band could be aromatic ketone, aromatic acid, or an
amide. Therefore, it can be confirmed that this peak
belonged to ketone group as there was no low wave
number C-H stretch near 2750 cm that indicates the
CHO stretch. Thus, this compound is not an aldehyde.
Plus, this compound is not an acid too because there
was no strong O-H stretching vibration near 3400 cm”
L and it is not an ester because it did not have the rule
of three bands. Moreover, the exact position of this
C=0 shifted to a lower frequency under conjugation
effect as it was presented adjacent to an unsaturated
benzene ring. This results in delocalization of
electrons in C=0 and C=C bonds in the aromatic ring.
This conjugation increases the single-bond character
of the C=0 and C=C bonds in resonance hybrid,
hence, lowers their force constant, resulting in a
lowering of frequency of C=0 absorption. Therefore,
compound 2a was suggested as an acetophenone, in
which an aryl group was attached to the carbonyl

group.

The C=C stretching bands for aromatic rings
usually appear in the range of 1600 to 1450 cm™.
There are usually sharp bands near 1600, 1500 and
1475 cm* in benzene. These three peaks could be
observed in the spectral data at 1599.34, 1576.81, and
1509.22 cm?, respectively. They were the C=C
stretches in benzene ring of ring stretch. The
substitution pattern on the aromatic ring can be
determined by observing the peak at wave number
831.35 cmt, which are the out-of-plane and aromatic
ring-bending modes. The band indicated that all the final
compounds had para-disubstituted (1,4-disubstituted)
ring in the structure.



162 Akmal Alif Awang Mali and Zuhair Jamain

[
\ 4l
Compound 2A | \
\
\
- 2453.96

- 2923.98

|
| Compound 2B | ‘H\

|

o
%T 2453.00

292342

Compound 2C
1
[

2915.09
2848.62
2000

4000.0 3000

Synthesis and Characterization of Non-mesogenic
Behavior of Chalcone Derivatives

f [ \ Nl o | o
“ | I\ {"Q i f\f g | V \‘.‘.‘\‘
P VY I Y Ya LY / LN
[ 1Y T / h 1L
[ ‘ 1393.77 V| | / vy
B . \ ‘ p5712 | [ 72151 | | " |
| | 1466.91358.40 | 109.96 !
\/ l 1420.66311.95 | || 101415 | 651.1)
1509.28 1] | 617.07514.35
1688.58 ! V | A | |
| 4 |
1015.8
15%0.54 i
' 831.38
1598.89 125440 | My
\N [\ 1157.64 \. [\
AVVRR AN | VERY,
[ | il / h ) (| ‘
[ | h3ezzn V| | bso.13 | [ 721.66 | | \
[ | | 1429491 | | 1109.75 I ‘
\ || 1466.84358.03 [ T014.36 ‘
Vo) 1311.23 || 650.99

617.29513.93

|[f1509.18 i |
1690.46 || ‘
\ biss
12153
15[16.85 1] 1
| | 831.28
1599.35 ! '
1255.08 i
J 115760 |
| | / | )
1428.96 | |478.77 ||
| |1396.59 | 1109.96 | |
\ | | 640.46
| | Al | '
[ 1311.18 [ [ [651.64
| 1509.48 |
: [ 615.96
1691.26 1469.00 11166.991038.91
1600.10 1217.2§ 718.80 514.15
! 151826
| 830.80

T T

1500 1000 400.0

cm-1

Figure 1. Overlay FTIR spectra of compounds 2a-c

There were a series of four sharp and intense
peaks observed at 1255.15, 1157.71, 1109.88, and
1015.10 cm*, which are assigned to C-O stretch in
ether. The intermediate was confirmed as ether and not
phenol of alcohol because there was the absence of O-
H stretching region near 3400 cm™.

Figure 1 shows the overlay FTIR spectra for all
the final compounds. It can be concluded that the
value for all the wave numbers together with the peak
intensities were almost the same. This is because final
compounds 2a, 2b and 2c have the same functional
groups with different lengths of alkyl chains attached
to them. Although the FTIR spectral data of the final
compounds were almost the same as the intermediates,
it could be observed that the significant difference
between the two sets of spectral data is the elimination
peak near 2750 cm™* in the FTIR spectral data for the
final compounds, hence indicates the absence of the
aldehyde group in the final compounds. This can also

confirm that the presence of the ketone carbonyl group
in the final compounds instead of the aldehyde group.

NMR Spectral Discussion of Compounds 2a-c
'H NMR Spectral Discussion

The structure of (E)-3-(4-(decyloxy)phenyl)-1-(p-
tolyl)prop-2-en-1-one, compound 2a (Figure 2), with
complete atomic numbering was used to represent the
other homologues.

The *H NMR spectrum of compound 2a is
shown in Figure 3. The significant difference of signal
for the final compounds compared to the intermediates
was the absence of signals in the range of & = 9.00 —
10.00 ppm, which indicates the RCHO of the aldehyde
group. Multiplet signals present in the region of §=
8.04 — 6.59 ppm are assigned as the aromatic protons
(ArH). Doublet signals present at 6= 7.08 ppm are

14 16 18 20

13 15 17 19 21

Figure 2. Structure of compound 2a with complete atomic numbering



163 Akmal Alif Awang Mali and Zuhair Jamain

H3,H3  H2 HY
He,H7 | HY, HY

10 9 7 6

200~ w

2.00
201~
4.00 —

| H10, H10'
Jb

Synthesis and Characterization of Non-mesogenic
Behavior of Chalcone Derivatives

A

r:-;i;i’“ﬁf *mr‘r"ép i

H14-H20
HI12 A H21 :
HI13
L)
— _r'\_Jl'n\.J e
4 3 2 1 ] ppm

Figure 3. 'H (500 MHz, CDCIl3) NMR spectrum of compound 2a

assigned as the olefinic protons. Protons in the -O-
CH2- group were found at § = 4.00 ppm, and the
following proton on the next carbon atom in the alkyl
chain had a chemical shift of § = 1.78 ppm. The
remaining protons in the alkyl chain were found in the
region of § = 1.26 — 1.41 ppm. Protons of the methyl
group were found at 6 = 0.83 ppm.

The carbonyl group was directly attached to the
phenyl group para to H3 and H3’, thus this electron
withdrawing group underwent conjugation with the
phenyl group. The resulting resonance formed would
have a lower electron density at ortho and para
positions of the phenyl group. Besides that, the
magnetic anisotropy effect caused by mn-bond of
carbonyl to the para position further deshielded the
para protons. This then led to H3 and H3’ signals
appearing at the deshielded region due to lower
electron density around these protons. Similar reasons
could be applied to the deshielding effect of H2 and
H2’. H2 and H2’ were slightly further away from the
carbonyl group, thus the deshielding effect was lower
compared to H3 and H3’. H9, H9’, H10, and H10’
signals appeared as two doublets at § = 6.60 ppm and
these four protons belonged to Ar-H. These four
protons appeared at a more shielded region compared
to H2, H2’, H3, and H3’. This is due to these four
protons being further away from the carbonyl group,
thus the inductive effect was not as strong as the
resonance effect but the electron donation effect from
oxygen of ether increased the electron density around
these H9 and H9’ protons, causing them to appear at a
slightly more shielded region. The coupling constant
for H2, H2’ and H3, H3’ was the same, which was 10.
Based on calculated coupling constant, it is suggested
that the interaction between H2 and H2’ with H3 and
H3’ is para interaction. Similar reasons were applied
to H9, H9” and H10, H10’, which have the same value
of coupling constant of J= 5.

The olefinic protons found at the downfield
region (6= 7.08 ppm) were assigned to the a-position
(H7) and B-position (H6) of unsaturated ketone due to

the resonance formed by «,5- unsaturated ketone.
According to the theory, the 8-carbon and -hydrogen
were more deshielded because of the lower electron
density around the S-carbon. Besides that, the
anisotropic field generated by the =m-electrons of
benzene would interact with the g-hydrogen, which
further deshield it. In addition, it was found that H7
coupled with H6 show doublet with coupling constant
of Js4 = 10 Hz. These values of coupling constant
between H6 and H7 suggest that the interactions
between these two protons were in trans position.

H12 signal appeared at a moderately shielded
region (6 = 4.00 ppm). The electron density around it
was highly dense although these protons were directly
attached to the oxygen of ether. This is due to the
donation effect from the alkyl chain. The electron
withdrawing effect of ether’s oxygen was reduced due
to the donation effect from the alkyl chain, therefore,
even with the presence of oxygen attached directly to
the carbon bonded to H12, the electron density around
H12 remained dense and the signal appeared at a
moderately shielded region. Besides that, the oxygen
of the ether group can act as electron donating group,
thus further increases the electron density around H12.

Signals at § = 1.26 — 1.81 ppm represented the
protons in the alkyl chain (H13 — H20). They appeared
at highly shielded regions as the electron densities of
the protons were very high. A signal (H21) was
observed at § = 0.83 ppm and this signal represented
methyl group of alkyl chain, and it was the furthest
from the benzene or carbonyl group, thus it was the
most downfield signal. For this compound, there was
no electron withdrawing group attached directly to it,
thus the electron density was highly dense. The NMR
spectra for 2b and 2c have almost the same pattern as
the discussed 2a NMR spectral data, but with a slight
difference especially in the range of §=1.0-2.0 ppm,
as 2b and 2c have longer alkyl chains compared to 2a.
All the data of chemical shift, & (ppm), coupling
constant (J) and multiplicity of compound 2a are
tabulated in Table 1.
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Table 1. *H NMR data summary of compound 2a

Proton(s) Number(s) of Coupling constant, J Chemical shift, ppm Multiplicity of
H (Hz) signal(s)
H2 & H2’ 2 10 6.91 d
H3 & H3’ 2 10 8.03 d
H6 1 10 7.08 d
H7 1 10 7.08 d
H9 & HY’ 2 5 6.60 d
H10 & HI10’ 2 5 6.60 d
H12 2 5 4.00 t
H13 2 - 176 -1.81 m
H14 — H20 14 - 1.26-1.41 m
H21 3 5.75 0.83 t
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G3,C3 | 9,9 C13-C20 (91
C12
G Cll ¢y <7 c8
C6
M1 4 |

T T T T T T T

T
180 180 170 160 150 140 130 120 110 100

T T T T T T T

90 80 70 60 50 40 30 20 10 0 ppm

Figure 4. 3C (125 MHz, CDCl3) NMR spectrum of compound 2a

13C NMR Spectral Discussion

Figure 4 was used for the assignment of carbon signals
in compound 2a. Solvent peak at § =77.11 ppm
represented CDCls, as demonstrated in Figure 4.
Carbonyl carbon was assigned at 6= 197.82 ppm.
Aromatic carbon peaks were within § =171.55 —
114.21 ppm. Ether carbon was at § = 68.31 ppm, while
other signals represented aliphatic carbon.

C5 was found in the most deshielded region in
the 13C NMR spectrum due to the highly electro-
negative oxygen atom directly attached to the carbon
of the carbonyl group of ketones. Oxygen has electron
withdrawing properties, thus it withdraws the electron
density away from carbon toward itself. Therefore, the
carbon of the carbonyl group has low electron density
which causes it to be deshielded. In addition, the
magnetic anisotropy effect generated by phenyl and
olefin m electrons further deshields the carbonyl
carbon. The signal at & = 144.76 ppm was assigned to
C7 due to its more electron poor characteristic as -
carbon in a,B-unsaturated ketone. Through the
resonance of a,f-unsaturated ketone, the electron
density on the g-carbon would be pulled towards the
carbonyl group, thus making it highly deshielded
compared to a-carbon. Through this resonance
structure, a-carbon will be more shielded than g-

carbon, thus its signal appeared at §= 140.06 ppm.
Another possible reason of lower electron density on
B-carbon is due to anisotropic field generated by «
electrons of phenyl group.

The region of § = 171.55 — 114.00 ppm was
assigned to Ar-C. It could be further classified
whereby C4 and C1 signals were at § = 163.68 and
123.36 ppm; C8 and C11 at 6= 121.40 and 171.55
ppm; and C2, C3, C9, and C10 at 6§ = 114.21, 132.32,
116.36, and 129.13 ppm, respectively. The assignment
of signals could be done by observing the intensity of
the carbon signals in the 33C NMR spectrum.

Next, the signal (C12) at 6 = 68.31 represented
the ether bond present in the compound. The carbon
directly attached to the oxygen is slightly deshielded
but not as highly deshielded as the carbon of the
carbonyl group due to electron donation effect of
oxygen atom. Therefore, carbon bonded to oxygen
through ether bond has higher electron density and the
signal appears at moderately shielded region. It was
observed that many signals were present in the region
of § =25.98 —31.87 ppm and these signals represented
the alkyl chain (C13 — C20). It was found that all the
signals gave similar abundance. The most downfield
carbon signal (C21) of the methyl group in the alkyl
chain was found to at § = 14.10 ppm.
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Table 2. 3C NMR data summary of compound 2a

Position of C Chemical Shift (ppm)
C1 123.36
C2&C2 114.21
C3&C3 132.32
Cc4 163.68
C5 190.03
C6 140.06
C7 144.76
C8 121.40
CY & CY 116.36
Cl10 & C10° 129.13
C11 171.55
C12 68.31
C13 31.87
C14-C20 25.98 - 29.51
c21 14.10

The NMR spectra for 2b and 2c have almost
the same pattern as 2a, but with a slight difference
especially in the range of § =20.0-35.0 ppm, as 2b and
2c¢ have longer alkyl chains attached to them that will
cause more signals to appear in that region according
to the increasing number of carbons of the alkyl chains
from 2b and 2c. The assignment of carbon signals in
compound 2a is summarized in Table 2.

CHN Elemental Analysis

The percentages of carbon (C), hydrogen (H), and
nitrogen (N) of compounds 1c, 2a, 2b, and 2c are
summarized in Table 3. The percentage error for
each compound characterized was less than 3%,

indicating that all compounds synthesized were
pure.

Determination of Liquid Crystal Properties

Determination of mesophase(s) behavior for all
compounds was done using polarized optical micro-
scope (POM). The texture of phase transitions can be
seen in a sample that has been placed under a micro-
scope at a controlled temperature. An average of 5-10
mg of samples was used, and the temperature was
scanned at the rate of 5 °C/min. All the data are
summarized in Table 4. However, all the synthesized
compounds were found to be non-mesogenic without
liquid crystal properties.

Table 3. CHN elemental analysis data of compounds 1c, 2a, 2b, and 2c

% Found
Compound (Calculated)

C (%) H (%) Percentage error (%)
81.20 10.49

e (79.19) (10.76) 2.54
82.49 9.05

2a (81.20) 9.29) 1.54
82.71 0.42

2b (80.87) (9.21) 2.24
82.90 0.74

2¢ (84.31) 9.21) 1.74
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Table 4. Phase sequence of compounds 2a-c

Compound Mode Transition Temperature
; Cr—1
Heating 82 1 °C
2a
Cooling | = Cr
81.7 °C
. Cr—1
Heating R0.7 °C
2b
Cooling | = Cr
79.8 °C
; Cr—1
Heating 776 °C
2c
Cooling | = Cr
75.7 °C

Based from Table 4, the new series of chalcone
derivatives do not exhibit liquid crystal mesophase,
whether in heating or cooling cycles. All these
compounds underwent direct isotropization process
and directly formed a clear isotropic liquid instead of
going through liquid crystalline phases. Among these
three compounds, 2a has the highest melting point
while 2c¢ has the lowest melting point. This might be
due to the decrease of van der Waal forces among
compounds 2a-c. Cohesive forces are increase with
the increasing of the chain length at the terminal chain,
thus more energy is required to break these bonds,
which leads to higher melting point [30,31]. But still,
the elongated structure of these chalcone derivatives
do not exhibit any liquid crystal phase.

Terminal substituents can attract and repel one
another in different molecules and affect the
polarizability of the aromatic rings to which they are
attached [32]. In addition, terminal substituents may
interact with the lateral portion of an adjacent
molecule. Substituents are chosen to cover a wide
range of steric and electronic nature, representing the
conjugated interaction with the central linking group
via the intervening benzene rings. The terminal groups
include the length of the terminal chains (alkyl or
alkoxy) and the intermolecular interactions due to the
coordinated oxygen atom [33]. Longer terminal chains
lower the melting points and widen the range of liquid
crystal mesophases [34,35]. The alkyl length controls
the stability of the mesophase. Compounds with long
alkyl chains exhibit enantiotropic mesophase which is
thermodynamically stable, while compounds with
shorter alkyl chains show monotropic mesophase
which has unstable behavior [36].

In a nutshell, the new series of chalcone
derivatives having enone (-CH=CH-CO-) group as a
central linkage do not exhibit liquid crystal phase. This
might be due to the enone group which has odd humber
atoms, thus is less conducive to mesomorphism
compared even number linkages. It is unfavorable to
mesomorphism due to non-linearity which is against
the main principle of liquid crystalline phase that

needs to have a linear molecular axis [37]. In addition,
there were less electronegativity atoms attached,
which leads to low polarizability of the compounds
[38]. Besides that, the angular shape of keto group
causes angle strain in the linking group, which makes
all chalcone derivatives less prone in exhibiting liquid
crystalline phase [39,40].

CONCLUSION

A series of new chalcone derivatives, (E)-3-(4-(alkoxy)
phenyl)-1-(p-tolyl)prop-2-en-1-one, with decyloxy,
dodecyloxy and tetracyloxy terminal chains have
been successfully synthesized and characterized.
The functional groups of all the compounds were
identified using Fourier Transform Infrared (FTIR)
spectroscopy, while their molecular structures were
confirmed by Nuclear Magnetic Resonance (NMR)
spectroscopy. The purity of these compounds was
confirmed using CHN elemental analysis. Polarized
Optical Microscopy (POM) was used to determine the
liquid crystal properties of the synthesized compounds.
Observations under POM showed that none of these
compounds exhibit mesomorphic properties. The
possible reason is the nonlinearity, which is caused by
the enone group in chalcone moiety and thus making
it less conducive to mesomorphism. There were less
electronegativity atoms attached, which led to low
polarizability of the compounds. Moreover, the angular
shape of keto group causes angle strain in the linking
group, which makes all chalcone derivatives less prone
in exhibiting liquid crystalline phase. Hence, future
studies of chalcone derivatives could be done by
introducing an additional linkage of the phenyl ring to
the chalcone. Even though the enone group is not
conducive to mesomorphism, it can be changed by
including other central linkages such as azomethine,
ester or azo groups. The addition of electronegative
atoms and pheny!| rings to the structure is suggested to
enhance the liquid crystalline properties as it increases
the polarizability of the molecules. The finding of
liquid crystal materials occupies a specific place
among other organic compounds used in electronics,
laser technique, solar energy, and biomedicine. It
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relates to their anisotropic parameters activated by
electric, magnetic, thermal, acoustic, etc. Thus, the
understanding in a structure-property relationship is
important to produce LC compounds with specific
functionality.
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