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Abstract

This study involved the synthesis of chalcone analogues with variations in benzalde-
hyde (A; B; C), the characterisation of the compounds, and in vitro testing of their
antimalarial activity. The aim of this study was to investigate the antimalarial po-
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tential of dimethoxy and trimethoxy amino group variations in chalcone derivatives.

The synthesis was carried out using Claisen-Schmidt condensation reaction with
stirring method for 7 hours at room temperature, using NaOH 40%(b/v) base cata-
lyst and ethanol solvent p.a. The synthesised compound was purified, obtained or-
ange yellow pure compound with yield of 19,42-50,19%. Purity tests using TLC,
melting point and HPLC showed high purity. Structural characterization using UV—
Vis, FT-IR, and 'H-NMR spectroscopy verified the successful formation of the tar-
geted chalcone analogue structures. Antimalarial activity test showed the compounds
A, B, and C inhibited the polymerisation of hemin to B-hematin with ICso values of
107,30 ug/mL (378,71 uM); 79,89 ug/mL (282 uM); 57,47 ug/mL (183,41 uM),
respectively better than the positive control hydroxychloroquine sulfate with 1Cso
value of 187,02 ppm (430,9 uM). From these results, differences in the position of
the methoxy group in chalcone derivatives also result in differences in antimalarial
activity, with compound C showing better inhibitory potential, followed by B and A
respectively.
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Introduction The pathogenesis of malaria is closely linked to

the parasite's life cycle inside erythrocytes. In its
Malaria is an infectious disease that mostly oc- food vacuole, Plasmodium degrades hemoglobin

curs in tropical countries. Malaria is caused by to obtain amino acids and releases free heme as

parasites of the genus Plasmodium and is trans-
mitted to humans through the bite of an infected
female Anopheles mosquito. The disease is pre-
ventable and treatable. However, if not diag-
nosed quickly and treated properly, a mild case
of malaria can turn into a severe illness and if left
untreated can lead to death!l. The World Ma-
laria Report 2023 recorded approximately 249
million malaria cases and 608,000 deaths world-
wide in 202211,

a by-product. Free heme is toxic because it
causes oxidative damage to the membranes and
organelles of the parasite. To protect itself, the
parasite detoxifies heme into hemozoin, an in-
soluble and non-toxic crystalline malaria pig-
ment. Inhibition of hemozoin formation causes
free heme to accumulate and kills the parasitell.
This detoxification pathway is absent in the hu-
man host, which makes it a selective target for
antimalarial drugs. In laboratory studies, [3-
hematin, the synthetic form of hemozoin, is used
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as a model to test inhibitors of hemozoin for-
mation. Several studies have shown that com-
pounds capable of inhibiting (-hematin for-
mation are potential antimalarial drug candi-
datesBl.

Commonly used malaria treatments rely on
blood schizonticides, which prevent and termi-
nate clinical attacks, such as chloroquine, qui-
nine, sulfonamides, tetracycline, atovaquone,
and artemisinin and its derivatives!4. However,
resistance has developed against several antima-
larial drugs®l. Chloroquine resistant Plasmodium
falciparum was first discovered in 1973 in East
Kalimantan and Plasmodium vivax was first dis-
covered in Nias (Papua) in 19911, Resistance to
chloroquine and artemisinin can worsen the ep-
idemiological situation and hinder malaria con-
trol”l. Therefore, new antimalarial compounds
that can overcome resistance are urgently
needed. Over the past 15 years, efforts have in-
cluded vaccine development, clinical trials, drug
identification, dose finding, and evaluation of
single and combination therapieslsl. One ap-
proach to antimalarial drug development is to
explore natural materials and synthesize new
compounds to reduce side effectsl’l. Inhibition of
heme polymerization is regarded as a promising
mechanism for designing drugs that can over-
come multidrug resistancel'l.

One group of compounds that has been widely
explored is the chalcones, secondary metabolites
used to synthesize new and more effective
drugs!'ll. Chalcone (IUPAC name 1,3-diphenyl-
2-propen-1-one) is a precursor of flavonoids and
isoflavonoids found in several medicinal
plants!’?. Chalcones and their derivatives show
various pharmacological activities, including
anti-inflammatory!3l, antiproliferativel'¥, anti-
microbiall’sl, antidiabeticl'¢, and antimalarial/”]
activities. Chalcones consist of two aryl groups
linked by an a,(-unsaturated ketone, a simple
structure that is easy to synthesize and modify
for drug development'2. Theoretically, prenyl,
allyl, alkoxy, and hydroxy groups increase lipo-
philicity, which is important for antimalarial ac-
tivity. Hydroxy, alkoxy, and allyloxy groups
have also been shown to enhance the

antimalarial activity of chalcone derivatives
against P. falciparum 3D7181,

Amino- and methoxy- substituted chalcones are
of particular interest because the amino group
can form electrostatic interactions with residues
of P. falciparum proteins. Suwito et al. reported
that the amino group in methoxy chalcone de-
rivatives plays an important role in inhibiting
the interaction between ferredoxin and ferre-
doxin-NADP* reductase, with the highest inhi-
bition (50%) shown by (E)-1-(4-aminophenyl)-3-
(4-methoxyphenyl)prop-2-en-1-onel'’l. Setyarini
and Astuti reported that (E)-1-(4-aminophenyl)-
3-(2,3dimethoxyphenyl)prop-2-en-1-one was ac-
tive against P. falciparum FCR-3 (ICso 14.86 + 6.58
puM)20, Dona et al. reported that chalcones with
an amino group on ring A and methoxy groups
on ring B inhibited hemin polymerization, with
the best ICsy of 115.18 ug/mL for the 3,4-di-
methoxy derivativel?ll. Fajrin reported that a
chalcone derivative bearing 2,4-dimethoxy
groups was active as an antimalarial (ICso 4.05
uM)221,

Nevertheless, the activity of amino-methoxy
chalcones has mostly been evaluated against
parasites or specific protein targets, whereas
data on heme polymerization inhibition remain
limited. The effect of the position and number of
methoxy groups on ring B on heme polymeriza-
tion inhibition has not been studied systemati-
cally, because existing studies cover only a few
substitution patterns, such as 3,4-dimethoxy. To
the best of our knowledge, based on a literature
search, the synthesis of 4'-amino-2,3-dimethoxy-
chalcone, 4'-amino-2,4-dimethoxychalcone, and
4’-amino-2,4,5-trimethoxychalcone, together
with their inhibitory activity against heme
polymerization, has not been reported.

This study aimed to synthesize 4'-amino-2,3-di-
methoxychalcone (A), 4'-amino-2,4-dimethoxy-
chalcone (B), and 4'-amino-2,4,5-trimethoxychal-
cone (C) from 4’-aminoacetophenone and the
corresponding  benzaldehyde  derivatives
through Claisen-Schmidt condensation using
40% (w/v) NaOH as a catalyst and the stirring
method; to confirm the structures of the synthe-
sized compounds using UV-Vis, FT-IR, and 'H-
NMR spectroscopy; and to evaluate the in vitro
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antimalarial activity of compounds A, B, and C
through inhibition of hemin polymerization to
[-hematin, based on ICs values compared with
the positive control hydroxychloroquine sulfate.

0 0 0
R Y R
dK _H Y NGO 4% O O )
—_—
HN R Ry EtOH, stirring HN R Ry
) R 7-10 hours, 1t R,

(4) RI=0CH; R3=0CHy; R3=H; Ré=H
(B) RI=OCH;; R2=H; R3=0CH;; Ré=H

(C)R1=0CH;; R2=H; R3=0CH;; R4=0CH;

Figure 1. Synthesis route for compounds A, B,
and C.

Experimental

Equipments

The equipment used in this study consisted of an
analytical balance (Shimadzu®), hotplate mag-
netic stirrer (Thermo Cimarec™), universal indi-
cators (Merck®), silica gel 60 F254 TLC plates
(Merck®), UV cabinets at 254 and 366 nm
(Camag®), Digital Melting Point-800 (DMP-800),
High Performance Liquid Chromatography
(HPLC) (Shimadzu® LC20 AT), UV-Vis spectro-
photometer (Shimadzu®1900i), FT-IR spectro-
photometer (Shimadzu® IR Spirit-A224158), H-
NMR spectrometer (Agilent 500 MHz), micro-
plate reader (Epoch BioTek®), incubator (Mem-
mert®) and laboratory glassware for synthesis
and other antimalarial test.

Materials

The materials used in this study were 4'-amino-
acetophenone (Sigma-Aldrich®), 2,3-dimethox-
ybenzaldehyde (Sigma-Aldrich®), 2,4-dimethox-
ybenzaldehyde (Sigma-Aldrich®),  2,4,5-tri-
methoxybenzaldehyde (Sigma Aldrich®), NaOH
(Merck®), Tween-20 (Sigma-Aldrich®), acetate
buffer, hemin (ferri protoporphyrin IX chloride),
hydroxychloroquine sulphate (Hyloquin®), HCI
(Merck®), acetonitrile for HPLC (Merck®), etha-
nol p.a (Merck®), DMSO (Sigma-Aldrich®),
waterone (onemed®), and distilled organic sol-
vents such as n-hexane, ethyl acetate and meth-
anol.

Methods

Synthesis Of Amino Methoxy Chalchone Deriv-
atives (A, B, and C)

Three amino methoxy chalcone analogue com-
pounds (A, B, and C) derivatives were designed
as depicted in Figure 1, synthesis using Claisen-
Schmidt condensation method with NaOH base
catalyst. The synthesis started with 10 mmol of
4'-aminoacetophenone and 10 mmol of methoxy
benzaldehyde (2,3-dimethoxy; 2,4-dimethoxy;
2,4,5-trimethoxy) dissolved in ethanol p.a (60
mL) and stirred for 30 minutes. NaOH 40% (20
mL) was added slowly and then stirred at room
temperature (15-30°C) for 7-10 hours. Monitor
the progress of the reaction with TLC every
hour. After the reaction was complete, the reac-
tion mixture was added with cold aqua DM (30
mL) then neutralised with sufficient cold 6 N
HCI to pH 5-7 (neutral), then cooled in an ice
bath until a precipitate formed. The precipitate
was filtered, then washed with cold Aqua DM
and cold n-hexane. The crude product solids ob-
tained were dried and checked for purity.

The purification of compound A was carried out
by recrystallisation from hot ethyl acetate p.a
(40-60°C). By dissolving the crude product and
then dissolved with hot ethyl acetate p.a until a
saturated solution is formed. The solution was
filtered and dried. For purification of com-
pounds B and C using column chromatography
with eluent n-hexane, ethyl acetate and metha-
nol as mobile phase with the help of nitrogen
gas. The separation results were collected in vi-
als, separated according to the colour bands
formed, and then monitored using TLC
throughout the elution process, with the Rf
value serving as a reference for identifying the
fractions containing the target compounds. The
pure compounds derived from amino methoxy
chalcone (A, B and C) obtained orange yellow,
then weighed and the percentage yield calcu-
lated, yielding a yield of 19,42-50,19%. The pu-
rity and characterizations of compounds were
carried out through using TLC, HPLC, melting
point test, UV-Vis, FT-IR and 'H-NMR.
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In Vitro Antimalarial Activity Test

In vitro testing of antimalarial activity was con-
ducted by inhibiting the polymerisation of he-
min into $-hematin by following the modified
procedure from®l. 90 uL of compound solutions
with varying concentrations or positive control
solution of hydroxychloroquine sulphate was
added to the wells, followed by 90 pL of Tween-
20 to each well. Then, 90 puL of hemin solution
dissolved in 1 mL of DMSO and diluted with ac-
etate buffer (pH 4,8) was added. The mixture
was then incubated at 37°C for 250 minutes. Ab-
sorbance measurements were taken at wave-
lengths of 415 nm and 630 nm.

Data Analysis

The antimalarial effectiveness is indicated by
ICs0 values derived from the linear regression
equation y = axtb, which is determined by calcu-
lating the fraction of heme that converted to -
hematin using the following formula:

f= A control - A sample

A control - A min

Where Acontrol represented heme absorption in
the absence of Tween-20 or the sample, Asample
measures heme absorption when Tween-20 and
sample are added, and Amin represented heme
absorption with Tween-20 without sample.

The percentage of antimalarial inhibition activ-
ity is calculated using the formula:

% inhibition = (1-f) x 100%
Results and Disscusion
Synthesis of Compounds A, B, and C

The A, B, and C chalcone derivatives have been
successfully synthesised and characterised. The
synthesis of A ((E)-1-(4-aminophenyl)-3-(2,3-di-
methoxyphenyl)prop-2-en-1-one, molecular for-
mula Ci7H17NQ:s) yielded an orange-yellow solid
with a yield of 50,19%. Melting point 141,8-
142,8°C. TLC analysis: R¢ = 0,5 (n-hexane:ethyl
acetate = 6:4). HPLC analysis showed a single
peak at tr = 6,002 minutes (isocratic elution, de-
tector 364 nm). The UV spectrum (in etOH) was
obtained at Amax = 364 nm (absorbance = 0,872)
and 251 nm (absorbance = 0,402). FT-IR: 3463—

3228, 2834, 1629, 1598. 'H-NMR (Agilent 500
MHz, DMSO-ds) showed ten signals corre-
sponding to seventeen hydrogen atoms. These
signals were observed at chemical shifts/d
(ppm): 3,83 (s, 3H, -OCHs); 3,77 (s, 3H, -OCHs);
7,57 (d, 1H, ] = 7,15 Hz); 7,11 (d, 1H, ]=8,1 Hz);
7,14 (d, 1H, J=8,1 Hz); 7,82 (d, 1H, J=15,8 Hz); 7,87
(d, 1H, J=15,7 Hz); 7,91 (d, 2H, J=8,6 Hz); 6,62 (d,
2H, J=6,85 Hz); and 6,17 (s, 2H, -NH»).

Compound B ((E)-1-(4-aminophenyl)-3-(2,4-di-
methoxyphenyl)prop-2-en-1-one molecular for-
mula Ci7H17NO:s), obtained as an orange-yellow
solid with a yield of 31,18%. Melting point 146,7—
147,7°C. TLC analysis: Rt = 0,375 (n-hexane:ethyl
acetate = 6:4). HPLC analysis showed a single
peak at tr = 6,245 minutes (isocratic elution, de-
tector 370 nm). The UV spectrum (in etOH) was
obtained at Amax = 380 nm (absorbance = 0,766)
and 250 nm (absorbance = 0,338). FT-IR: 3421-
3347, 2836, 1633, 1594. 'H-NMR (Agilent 500
MHz, DMSO-ds) showed ten signals corre-
sponding to seventeen hydrogen atoms. These
signals were observed at chemical shifts/d
(ppm): 6,61 (m, 1H); 6,59 (d, 1H, ] =2,5 Hz); 7,89
(s, 1H, ] = 6,5 Hz); 3,89 (s, 3H); 3,82 (s, 3H); 7,69
(d, 1H,J=15,5Hz); 7,89 (d, 1H, ] = 15,5 Hz); 7,88
(d, 2H, J =9 Hz); 6,62 (m, 2H, ] = 10 Hz); and 6,10
(s, 2H).

Compound C ((E)-1-(4-aminophenyl)-3-(2,4,5-
dimethoxyphenyl)prop-2-en-1-one  molecular
formula CisH1sNOs), obtained as an orange solid
with a yield of 19,422%. Melting point 201,7-
202,7°C. TLC analysis: Re = 0,325 (n-hexane:ethyl
acetate = 6:4). HPLC analysis showed a single
peak at tr = 4,937 minutes (isocratic elution, de-
tector 370 nm). The UV spectrum (in etOH) was
obtained at Amax = 392 nm (absorbance = 0,634)
and 247 nm (absorbance = 0.275). FT-IR: 3423-
3347, 2830, 1633, 1594. 'H-NMR (Agilent 500
MHz, DMSO-ds) showed ten signals corre-
sponding to eighteen hydrogen atoms. These
signals were found at chemical shifts/d (ppm):
6,61 (m, 1H); 3,85 (s, 3H, -OCHs); 3,81 (s, 3H, -
OCHs); 3,88 (s, 3H, -OCHsy); 6,72 (s, 1H); 7,47 (s,
1H); 7,69 (d, 1H, ] = 15,6 Hz); 7,93 (m, 1H, ] =
15.65 Hz); 7,91 (d, 2H); 6,61 (d, 2H, ] = 8,65 Hz);
and 6,08 (s, 2H, -NHo).

54

DO https://doi.org/10.25077/jrk.v17i2.874



Vol. 17, No. 2, September 2026

J. Ris. Kim.

Amino chalcone derivatives (A, B, and C) were
synthesised using a 40% NaOH base catalyst
with a stirring method. The synthesis reactions
of the three compounds are illustrated in Figure
1. The synthesis of compounds A, B, and C was
carried out by reacting 4'-aminoacetophenone
with benzaldehyde derivatives containing meth-
oxy substituents at various positions at room
temperature. The synthesis yielded solid com-
pounds with high yields ranging from 72% to
89%. The crude product is the solid obtained im-
mediately after neutralisation, filtration and
washing. This solid is still a mixture containing
the target chalcone alongside residual starting
materials, reaction by-products and salt resi-
dues; consequently, its yield does not fully re-
flect the amount of the target compound.

Table 1. Interpretation of FT-IR spectroscopic
data of compounds A, B, and C.

Comp  Wavenumber (cm™)
NH: C-H C=0 C=C

meth-  ke- aro-
oxy tone  matic
A 2464- 2834 1629 1598
3228
B 3421- 2836 1633 1594
3347
C 3423- 2830 1633 1594
3347

Therefore, the crude product has not yet been
characterised and is not used for activity testing.
The crude products were purified by recrystalli-
sation (A) using ethyl acetate as the solvent and

€))

column chromatography (B and C) using nitro-
gen gas with n-hexane, ethyl acetate, and meth-
anol as solvents. The purification process of
compounds A, B, and C produced pure com-
pounds with yields ranging from 19% to 50%,
lower than the crude yield. The difference be-
tween the crude yield and the pure isolate is not
entirely due to loss of the target compound, as
part of the crude mass consists of non-target
components which are indeed removed during
the purification stage. The yield of the pure iso-
late decreased from A (50,19%) to B (31,18%) and
C (19,42%). This trend is likely influenced by the
electronic and steric effects of the methoxy
groups on benzaldehyde. The methoxy groups
at the ortho and para positions act as electron do-
nors via resonance, thereby reducing the electro-
philicity of the carbonyl carbon, whilst the ortho
substituent imposes steric hindrance to enolate
attack. Compounds B and C both possess meth-
oxy groups in the ortho and para positions,
whilst A only has an ortho group and a meta
group, which act as inductive electron-with-
drawing groups. This is consistent with A hav-
ing the highest yield, as the lower conversion
rates for B and C result in more starting material
remaining that must be separated.

The low product yield obtained at this stage is
generally due to several factors, such as the for-
mation of certain by-products during the syn-
thesis of compound B. Furthermore, a mismatch
between the polarity of the solvent and that of
the target compound can prevent the compound
from being fully eluted. Consequently, the low

(b) (©)
Figure 2. Chromatogram results of TLC tests of compounds; (a) A; (b) B; and (c) C
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yield is primarily due to interactions between
the compound and the stationary phase, the in-
stability of the compound, and technical errors
during the purification process using column
chromatography!?.

The purity of the compounds was determined
through TLC testing, HPLC analysis and melt-
ing point measurement. The TLC test results of
the compounds after purification can be seen in
Figure 2. On the TLC plate eluted using n-hex-
ane:ethyl acetate (6:4) mobile phase, a single spot
was obtained, where Rt A (0.5) > B (0.375) > C
(0.325). This sequence indicates that polarity in-
creases from A to C, in line with the increasing
number of oxygen atoms capable of forming hy-
drogen bonds with silica gel. The HPLC chroma-
togram shows a single peak for all three com-
pounds in Figure 3. The retention time for C

Chromatogram
my

800
600 H
L ‘ |

200 ‘

my

‘.
250 |

1Detector A Channel 2 364nm

200
min

Vis, FT-IR and '"H-NMR analyses. The spectrum
of chalcone compounds exhibits two absorption
bands: band I (cinnamoyl conjugation) in the
330-550 nm range and band II (benzoyl conjuga-
tion) in the 250-280 nm rangel?l. Band I of com-
pounds A, B and C appears at 364, 380 and 392
nm, whilst Band II remains virtually unchanged
(251, 250 and 247 nm). Band II is relatively con-
stant because the benzoyl system (ring A and the
carbonyl group) is the same in all three com-
pounds, whilst the bathochromic shift of Band I
reflects differences in the substitution on ring B.
The methoxy groups in the ortho and para posi-
tions relative to the vinyl chain (compounds B
and C) enhance the delocalisation of 7 electrons
via resonance, thereby reducing the m—m* tran-
sition energy gap, whilst compound A possesses
only ortho and meta groups, resulting in the
shortest maximum absorption. The greatest shift

Chromatogram

1500 1Detector A Channel 2 370nm

1000 H

500

T T
0.0 25 50 75 10.0 125 15,0 175 200

min

Chromategram

1Detector A Channel 2 370nm

100

20,0
min

125 150 175

Figure 3. Chromatogram peak of HPLC of the compounds A, B, and C

(4.937 minutes) is shorter than that for A (6.002
minutes) and B (6.245 minutes), which is con-
sistent with their polarity. All three compounds
have a narrow melting point range (< 2°C) which
is a characteristic of pure compounds/?!l. The
presence of impurities will widen the melting
point range of a compound®l.

The characterisation of the structures of com-
pounds A, B, and C was performed using UV-

in compound C is consistent with the presence
of three electron-donating groups. The presence
of auxochromic groups such as alkoxy (OCHs)
will increase the intensity of absorption and shift
band I towards the bathochromic region (red
shift). FT-IR spectrum analysis in Table 1, which
has similar characteristics, in all three com-
pounds, as their functional groups are the same.
The bands at 3463-3228, 3421-3347 and 3423-
3347 cm™ correspond to the N-H stretching
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Figure 4. The structures and atomic numbering of the compounds (A) 4'-amino-2,3-dimethoxychal-

cone, (B) 4'-amino-2,4-dimethoxychalcone, and (C) 4

for the IH-NMR signal labelling in Table 2.

vibrations of the primary amino group (range
3500-3300 cm™). Methoxy C-H groups in the
compound is seen at wave numbers 2834, 2836,
2830 cm™! (range 2850-2815 cm™)1?71. The C=0 ke-
tone group is seen at wave numbers 1629, 1633,

-amino-2,4,5-trimethoxychalcone, as a reference

1633 cm-1 (range 1650-11600 cm-1)i7. The aro-
matic C=C group is observed at wavenumbers
1598, 1594, 1594 cm™ (range 1615-1580 cm™)1271.
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Table 2. Interpretation of 'H-NMR spectroscopic data of compounds A, B, and C

) ) Chemical shift &u (ppm)
Atomic numbering
A B C
1 - -
2 3,83 (s, 3H) 3,89 (s, 3H) 3,85 (s, 3H, -OCH3)
3 3,77 (s, 3H) 6,61 (m, 1H) 6,72 (s, 1H)
4 7,57 (d, 1H, J=7,15 Hz) 3.82 (s, 3H) 3,81 (s, 3H, -OCH3)
5 7,11(d, 1H, J=8,1Hz) 6,59 (d,1H, J=2,5 Hz) 3,88 (s, 3H, -OCH3)
6 7,14 (d, 1H,J=8,1Hz) 7,89 (s, 1H, J= 6,5 Hz) 7,47 (s, 1H)
Ha 7,82 (d, 1H,J=157Hz) 7,69 (d, 1H,]=155Hz) 7,69 (d, 1H, ] = 15,6 Hz)
HpB 7,87 (d, 1H,J=158 Hz) 7,89 (d, 1H,]J=155Hz) 7,93 (m, 1H, ] = 15,65 Hz)
1’ - - -
2'/6’ 791(d, 2H,J-8,6Hz)  7,88(d,2H,J=9Hz)  7,91(d, 2H,] =85 Hz)
3'/5’ 6,62 (d, 2H,J=69Hz) 6,62 (m, 2H,J=10Hz) 6,61 (d, 2H, ] = 8,65 Hz)
4 6,17 (s, 2H) 6,10 (s, 2H) 6,08 (s, 2H, -NH2)

As the FT-IR spectra of the three isomers are sim-
ilar, the position of the methoxy group on ring B
cannot be distinguished from the FT-IR data
alone and was determined by "H-NMR.

Through '"H-NMR measurements in Table 2, it
was found that spectrum A and B have 17 pro-
tons (C17H17NO:s), whilst spectrum C has 19 pro-
tons (C1sH1sNOs). A specific characteristic of the
H-NMR spectrum in chalcone compounds is
the formation of a roofing signal, which indi-
cates the presence of Ha and Hf in compounds
A, B and C, which have a coupling constant (J)
value of 15,6-15,8 Hz. In general, chalcone com-
pounds exhibit o« and 8 proton signals with a
trans configuration and a coupling constant of
15-16 Hz?l. In addition, other characteristic sig-
nals are shown by the amino group (NHz) de-
tected at chemical shifts of 6,17; 6,10; 6,08 ppm,
which indicate singlet signals (2H). The charac-
teristic of the methoxy group is shown at chem-
ical shifts ranging from 3,77-3,89 ppm (s, 3H).
From the above information and the presence of
this coupling value may indicate the existence of
a core-core bonding environment within the
structure of the target compound; in this case,
the coupling constant supporting the trans

configuration of the synthesised chalcone com-
pound.

The structure of the synthesised chalcone was
confirmed by a combination of UV-Vis, FT-IR
and 'H-NMR analyses. The UV-Vis spectrum in-
dicated the presence of a conjugated m-electron
system, whilst the FT-IR spectrum confirmed the
presence of a conjugated carbonyl group and-
functional groups characteristic of the target
compound, such as NH2 and methoxy group.
Furthermore, the 'H-NMR spectrum provides
evidence of aromatic and «,pB-unsaturated pro-
tons, as well as signals indicating the presence of
NH: and methoxy groups at specific shifts. It can
be concluded that the three compounds have
molecular structures and functional groups that
are consistent with the target compounds.

Antimalarial Activity Test

Antimalarial activity was conducted in vitro by
analyzing the ability of compounds to inhibit the
polymerization of heme into 3-hematin as an in-
dicator of compound effectiveness!®l. This study
is a cell-free model of the parasite’s heme detox-
ification process; as such, it only demonstrates
the inhibition of 3-haematin formation and does
not reflect the compound’s full mechanism of
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Table 3. In vitro antimalarial activities of compounds A, B, C, and positive control

Concentration Inhibition of ICso
No Compounds ( L hematin (%)
pg/m B pg/mL uM
150 74,70
125 58,33
1 A 100 42,75 107,30 378,71
75 30,56
50 25,00
125 85,61
100 69,51
2 B 75 44,15 79,89 282
50 29,02
25 1,22
125 100,09
3 C 62,5 50,44 57,47 183,41
31,25 33,10
1000 99,76
500 73,23
Positive Control (Hydroxychlo- 250 53,98
187,02 430,9
roquine sulphate) 125 48,45
62,5 41,25
31,25 37,03

action in whole parasites. Test results were
measured using a microplate reader at wave-
lengths of 415 nm and 630 nm, referring to a
modified method using Tween-20 as an initia-
torl®l. Measurements at different wavelengths
were performed to determine the absorbance
value of hemin chloride (415 nm) and -hematin
(630 nm). Incubation was carried out for 250
minutes at a temperature of 37°C[21,

The test was conducted on synthesized com-
pounds and positive controls in various concen-
trations with three repetitions, and the values
obtained were plotted to obtain a linear regres-
sion equation and determine the ICso value,
which is the concentration that can inhibit 50%
of heme polymerization into (3-hematin. The test
results can be seen in Table 3 by comparing the
ICso values between the chalcone derivatives and
positive control, which are expressed in ug/mL

and converted to pM due to good selectivity re-
ferring to the classification of!*l.

The results show that compound C has the low-
est ICso value at 183,41 uM, followed by com-
pound A at 282 uM; B at 378,71 uM; and the pos-
itive control at 430,9 uM. Suwito et al., through
a molecular docking study, reported that the
amino group in chalcone plays a key role in en-
hancing its antimalarial potential by providing
electrostatic interaction with amino acid resi-
dues in the target Plasmodium protein®!l. In this
study, the different positions of the methoxy
group in each chalcone derivative compound af-
fect its mechanism in inhibiting the formation of
p-hematin. Compound C (three methoxy
groups) is more active than B and A (two meth-
oxy groups), and B (2,4-dimethoxy) is more ac-
tive than A (2,3-dimethoxy). Compounds A and
B have the same molecular formula and
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molecular mass and differ only in the position of
one methoxy group (position 3 in A and position
4 in B); therefore, the difference in their activity
indicates that the position of the substituent has
a significant effect. This result shows that varia-
tions in substitution on the B ring can affect the
activity of chalcone as an antimalarial agent!®2.

Conclusions

Based on the results of the study, it can be con-
cluded that amino methoxy chalcone derivatives
synthesised through the Claisen-Schmidt reac-
tion yielded 50,19%, 31,18% and 19,42%. In vitro
activity testing showed antimalarial activity
with a mechanism of heme polymerisation inhi-
bition. 4'-amino-2,4,5-trimethoxy chalcone with
methoxy substitution at positions 2,4,5 on ring B
showed the highest antimalarial activity. How-
ever, the scope of this study is limited to the in-
hibition of heme polymerisation into B-haema-
tin; therefore, further research is required to es-
tablish the direct in vitro antimalarial activity of
these compounds against P. falciparum and to
confirm biological relevance These results have
the potential as a basis for further research to
support the development of antimalarial drug
design in the future.
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