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ABSTRACT

The increasing prevalence of antimicrobial resistance has intensified the search for
structurally simple and biologically active compounds with therapeutic potential. In this
study, four chalcone derivatives (A, B, C and D) were synthesized via Claisen—Schmidt
condensation using substituted aromatic aldehydes and acetophenone under mild
alkaline conditions. The synthesized compounds were obtained in good yields (73—
81.9%), with masses ranging from 0.58—0.65 g and melting point ranges of 71-206 °C.
The compounds were purified and confirmed by thin-layer chromatography and
melting point determination, while structural elucidation was achieved using Fourier
Transform Infrared (FT-IR) spectroscopy, with spectra recorded over the range of 650—
4000 cm™, and Gas Chromatography—Mass Spectrometry (GC-MS), which confirmed
molecular ions at m/z 223.0, 242.2, 222.0 and 251.0 for compounds A, B, C and D,
respectively. The compounds were evaluated for antibacterial activity against
Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Salmonella typhimurium,
and antifungal activity against Candida albicans using the agar well diffusion method.
All derivatives exhibited antimicrobial activity, producing inhibition zones ranging
from 12-22 mm, with minimum inhibitory concentrations (MICs) of 3.13—50 mg/mL.
Compound A (4-amino-substituted chalcone) demonstrated the highest antimicrobial
potency, exhibiting the largest zones of inhibition (up to 22 mm against Escherichia
coli), the lowest MIC values (3.13—-12.5 mg/mL), and bactericidal activity at 25-50
mg/mL. The enhanced activity is attributed to the electron-donating amino substituent,
which likely improves interactions with microbial targets.
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1. Introduction

The increasing incidence of antibiotic-resistant microbes are a pressing global health
risk undermining the efficacy of conventional antibiotics against widespread microbes
and leading to extended illness, rising health costs, and higher mortality [1]. This
necessitates the discovery of new, effective antimicrobial drugs. Chalcones, for their
easy accessibility for synthesis and structural simplicity, represent an attractive target
structure for lead structure discovery [2].

Chalcones are important group of organic compounds that are both naturally occurring
and synthetically accessible. Structurally, they are characterized by an o,B-unsaturated
carbonyl system (enone group) that links two aromatic rings [9]. This basic skeleton is
significant because chalcones are known intermediates in the biosynthesis of flavonoids
and isoflavonoids in plants [10]. In nature, they play roles in pigmentation, plant growth



regulation, and defense against microbial invasion [5]. They exhibit
antimicrobial,antioxidant, anti-inflammatory,anticancer,antimalarial and  antiviral
activities_ [6-8].Chalcones are commonly synthesized via the Claisen—Schmidt
condensation reaction, where an aromatic aldehyde reacts with an acetophenone under
basic conditions, typically using sodium hydroxide (NaOH) or Potassium Hydroxide
(KOH) [3-4]. This reaction produces the (E)-isomer of the Chalcone, which is more

stable [11].

2.0 Method

2.1 General Method for the Synthesis of Chalcones (A-D)

The chalcone derivatives (A—D) were synthesized via a base-catalyzed Claisen—
Schmidt condensation between equimolar quantities(3.3 mmol) of acetophenone and
each of 4-Aminoacetophenone, 4-chlorobenzaldehyde, p-Tolualdehyde (4-
methylbenzaldehyde), and 4-dimethylaminobenzaldehyde  under mild alkaline
conditions, following established procedures [12.13] in a 100 mL conical flask
equipped with magnetic stirring. The reaction mixture was maintained at ambient
temperature (25-27 °C). Aqueous potassium hydroxide solution (0.72 M) was added
dropwise with continuous stirring. The reaction proceeded rapidly with the formation
of a precipitate indicating completion of the condensation reaction.

The progress of the reaction was monitored by Thin Layer Chromatography (TLC) on
silica gel plates using n-hexane: ethyl acetate (7:3) as the mobile phase. A single spot
was observed under UV illumination, confirming the formation of a single product.
The resulting solid was isolated by vacuum filtration using a Biichner funnel, washed
with cold ethanol to remove residual impurities, and dried in a desiccator over
anhydrous calcium chloride to afford the respective chalcones derivatives A-D in good
yield.

2.2 Spectral Analysis

The synthesized chalcone derivatives were characterized using Fourier Transform
Infrared (FT-IR) spectroscopy and Gas Chromatography—Mass Spectrometry (GC-MS)
to confirm functional group integrity and molecular structure.

FT-IR spectroscopy was employed to identify the characteristic functional groups
present in the synthesized compounds. The spectra were recorded within the range of
650—4000 cm™ using the KBr disc method. Each sample was finely triturated with
spectroscopic-grade potassium bromide and compressed into a transparent pellet prior
to analysis. Spectral acquisition was carried out using a PerkinElmer Spectrum 100 FT-
IR spectrometer. GC-MS analysis was performed to determine the molecular masses
and fragmentation patterns of the synthesized chalcone derivatives. The analysis was
conducted using an Agilent 7890B gas chromatograph coupled to an Agilent 5977A
mass selective detector. Helium was employed as the carrier gas at a constant flow rate
of 1 mL/min, and 1 pL of the sample supernatant was injected into the system.
Chromatographic separation was achieved using a temperature-programmed oven
method in which the initial oven temperature was set at 80 °C and increased to 200 °C
at a rate of 15 °C/min. The temperature was then further ramped from 200 °C to 280 °C
at 5 °C/min and maintained isothermally at 280 °C for 5 minutes to ensure complete
elution of the analytes. Mass spectral detection was carried out under electron ionization
(EI) mode at an ionization energy of 70 eV, with the ion source temperature maintained
at 230 °C. The obtained mass spectra displayed molecular ion peaks (MY)
corresponding to the expected molecular weights of the chalcone derivatives. Structural
assignments were confirmed by comparison of the acquired spectra with entries in the



National Institute of Standards and Technology (NIST) mass spectral database. The
combined spectroscopic data conclusively support the successful synthesis and
structural validity of the target chalcone derivatives.

2.3 Biological Studies

Introduction to Antimicrobial Evaluation

Antimicrobial resistance is a major global health challenge due to the declining
effectiveness of many conventional antibiotics and antifungal agents [14]. The rapid
emergence of multidrug-resistant strains has increased the need for structurally novel
antimicrobial agents. Chalcones are naturally occurring and synthetic flavonoid
precursors that possess diverse biological activities, including antibacterial and
antifungal properties [15,16]. Their biological activity is largely attributed to the
presence of the reactive a,B-unsaturated carbonyl (enone) system, which plays an
important role in interactions with microbial cellular targets [15]. The antimicrobial
potential of the synthesized chalcone derivatives was evaluated through in vitro studies
conducted at the Department of Pharmaceutical

Microbiology, Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria,
Nigeria. The compounds were tested against selected clinically relevant
microorganisms, including: Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
Salmonella typhimurium, Candida albicans. These organisms were selected to evaluate
broad-spectrum antimicrobial activity, as Gram-positive and Gram-negative bacteria
differ in cell wall architecture, which influences drug permeability and susceptibility
[17]. Candida albicans was included as a representative opportunistic fungal pathogen
commonly associated with systemic and superficial infections [18]. The antimicrobial
activities of the synthesized compounds were compared with standard reference drugs:
Ciprofloxacin as the antibacterial control and Terbinafine as the antifungal control
[19.20]. The evaluation provides preliminary insight into the antimicrobial relevance
of the synthesized chalcone framework.

2.4 Determination of Zone of Inhibition (Agar Well Diffusion Method)

The antibacterial activity of the synthesized chalcone derivatives was evaluated using
the agar well diffusion technique in accordance with established antimicrobial
susceptibility testing guidelines [21]. Sterile nutrient agar was prepared according to
the manufacturer’s instructions, autoclaved, and aseptically poured into sterile Petri
dishes. After solidification, the plates were uniformly inoculated with freshly prepared
microbial suspensions standardized to 0.5 McFarland turbidity standard to ensure
uniform inoculum density (=1 x 108 CFU/mL) [21, 22]. Using a sterile cork borer, wells
of 6 mm diameter were aseptically punched into the inoculated agar plates. The
synthesized compounds were dissolved in dimethyl sulfoxide (DMSO) to obtain a final
concentration of 50 mg/mL. An aliquot of 50 pL of each test solution was carefully
introduced into the respective wells. The plates were allowed to stand at room
temperature to permit pre-diffusion of the test compounds into the agar medium.
Subsequently, the plates were incubated at 37 °C for 24 hours [21]. After incubation,
antimicrobial activity was assessed by measuring the diameter of the clear zones of
inhibition surrounding each well using a calibrated ruler. Zone diameters were recorded
in millimeters (mm). DMSO served as the negative control, while standard
antimicrobial agents were included as positive controls. All assays were performed
under aseptic conditions.



2.5 Determination of Minimum Inhibitory Concentration (MIC)

The Minimum Inhibitory Concentration (MIC) of the synthesized chalcone derivatives
was determined using the broth dilution method in accordance with standard
antimicrobial susceptibility testing guidelines [23].

Sterile nutrient broth was prepared and dispensed into sterile test tubes. The synthesized
compounds were initially dissolved in dimethyl sulfoxide (DMSO) and further diluted
with nutrient broth to obtain a stock concentration of 50 mg/mL. Serial two-fold
dilutions were subsequently prepared in nutrient broth to obtain decreasing
concentrations of the test compounds.

Fresh microbial suspensions were prepared and adjusted to 0.5 McFarland turbidity
standard (approximately 1 x 108 CFU/mL), then further diluted to obtain the appropriate
inoculum density for broth dilution assay [23., 24]. A standardized volume of the
inoculum was introduced into each tube containing the different concentrations of the
test compounds. A growth control (broth + inoculum without test compound) and a
sterility control (broth only) were included. The tubes were incubated at 37 °C for 24
hours. Following incubation, the tubes were examined for visible turbidity. The MIC
was defined as the lowest concentration of the test compound that showed no visible
growth when compared with the growth control [23].

2.6 Determination of Minimum Bactericidal Concentration (MBC) and
Minimum Fungicidal Concentration (MFC)

The MBC and MFC of the synthesized chalcone derivatives were determined from the
MIC assay according to standard antimicrobial susceptibility guidelines [25].
Following MIC determination, aliquots (0.1 mL) were aseptically taken from tubes
showing no visible growth and subcultured onto freshly prepared sterile nutrient agar
plates. The plates were incubated at 37 °C for 24 hours. The MBC was defined as the
lowest concentration of the compound that showed no visible colony growth on the
agar plate after incubation, indicating

bactericidal activity [25]. For antifungal evaluation, aliquots from MIC tubes
corresponding to Candida albicans were subcultured onto sterile agar medium and
incubated under appropriate conditions. The MFC was defined as the lowest
concentration at which no fungal growth was observed after incubation [26]. All
procedures were carried out under aseptic conditions with appropriate controls.

3.0 RESULTS

3.1 Synthesis of (E)-3-(4-aminophenyl)-1-phenylprop-2-en-1-one (A)

Compound A was obtained as yellow crystalline solid in 78.00% (0.58 g) yield with a
melting point of 204-206 °C, indicating good purity and crystallinity consistent with
conjugated chalcone systems. The FT-IR spectrum of compound A exhibited a distinct
absorption band at 3440 cm ™! corresponding to the N—H stretching vibration of the para-
amino (—NH:) substituent on the aromatic ring. The presence of this band confirms
successful incorporation of the amino functional group into the chalcone framework. A
strong absorption band observed at 1650 cm™ is characteristic of the conjugated
carbonyl (C=0) stretching vibration of the o,f-unsaturated ketone system. The
lowering of the carbonyl frequency relative to unconjugated ketones is attributed to
resonance stabilization arising from extended m-conjugation across the enone system



and aromatic rings. The aromatic C—H stretching vibration was observed at 3050 cm™,
confirming the presence of aromatic moieties. In addition, the aromatic C=C skeletal
vibrations are expected within the 1580—1600 cm™ region, consistent with the phenyl
rings present in the structure. The combined spectral features support the formation of
a conjugated chalcone system bearing a para-amino substituent. The presence of both
the N-H stretching band and the conjugated carbonyl absorption conclusively
establishes the structural integrity of (E)-3-(4-aminophenyl)-1-phenylprop-2-en-1-one.
The GC-MS spectrum of compound A displayed a molecular ion peak at m/z = 223,
corresponding to the expected molecular weight of CisHisNO. The presence of a clear
molecular ion peak confirms the molecular composition of the synthesized compound.
The spectroscopic data obtained from FT-IR and GC—MS analyses are in full agreement
with the proposed structure of compound A. The presence of the amino functionality,
conjugated carbonyl system, and aromatic framework confirms successful synthesis via
Claisen—Schmidt condensation. The relatively high melting point (204-206 °C) further
supports the formation of a highly conjugated, crystalline o,B-unsaturated ketone.
Structure, FTIR and GC’MS spectra are represented in figures 1, 2 and 3.
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Fig. 1 (E)-3-(4-aminophenyl)-1-phenylprop-2-en-1-one
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3.2 Synthesis of (E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one (B)

Compound B was obtained as a cream-colored crystalline solid in 81.25% (0.65 g) yield
with a melting point of 113—114 °C. The sharp melting range indicates good purity and
successful crystallization of the conjugated enone system. FT-IR Spectral Analysis The
FT-IR spectrum of compound B revealed a strong absorption band at 1656.8 cm™,
characteristic of the conjugated carbonyl (C=O) stretching vibration of the a,p-
unsaturated ketone system. The observed carbonyl frequency is consistent with
chalcone derivatives and reflects resonance stabilization due to m-conjugation across
the enone linkage and aromatic rings. A prominent band at 1604.6 cm™ corresponds to
the aromatic C=C stretching vibration, confirming the presence of the phenyl moieties.
The position of this band further supports extended conjugation within the chalcone
framework. The absorption band observed at 717.5 cm™ is attributed to the C—Cl
stretching vibration of the para-chloro substituent. The presence of this characteristic
band confirms successful incorporation of the chlorine atom onto the aromatic ring. The
electron-withdrawing inductive effect (—I effect) of chlorine slightly influences the
electron density distribution across the conjugated system, contributing to subtle shifts
in vibrational frequencies.

The combined IR data confirm the presence of a conjugated enone system bearing a
para-chloro aromatic substituent, consistent with the proposed structure. The GC-MS
spectrum of compound B exhibited a molecular ion peak at m/z = 242.2, corresponding
to the expected molecular weight of CisHiiCIO. The presence of this molecular ion
peak confirms the molecular composition of the synthesized compound. The
spectroscopic data obtained from FT-IR and GC-MS analyses are fully consistent with
the proposed structure of (E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one. The
presence of the conjugated carbonyl group, aromatic system, and para-chloro
substituent confirms successful synthesis via Claisen—Schmidt condensation. The
molecular ion peak at m/z 242.2 further validates the structural assignment. Structure,
FTIR and GC-MS are in figures 4, 5 and 6.
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Fig. 4 (E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one (B)
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3.3 Synthesis of (E)-3-(4-methylphenyl)-1-phenylprop-2-en-1-one (C)

Compound C was obtained as pale yellow crystalline solids in 81.90% yield (0.60 g)
with a melting point of 71-75 °C. The relatively lower melting point compared to
compounds A and B may be attributed to reduced intermolecular interactions due to the
presence of the non-polar methyl substituent. The FT-IR spectrum of compound C
exhibited a strong absorption band around 1650 cm™, corresponding to the stretching
vibration of the conjugated carbonyl (C=0) group of the a,-unsaturated ketone system.
The position of this band is consistent with chalcone derivatives and confirms the
presence of an extended m-conjugated enone framework. Aromatic C=C stretching
vibrations were observed around 1580 cm™, supporting the presence of the phenyl rings
within the structure. The aromatic C—H stretching vibration appeared near 3050 cm ™,
characteristic of substituted benzene rings.

In addition, a distinct aliphatic C—H stretching vibration near 2950 cm™ is attributed to
the methyl (—CHs) substituent located at the para-position of the aromatic ring. The
presence of this band confirms successful incorporation of the methyl group. The
methyl substituent is an electron-donating group via inductive (+I) effect, which
slightly increases electron density over the aromatic system and may influence the
electronic distribution across the conjugated enone system. However, the carbonyl
stretching frequency remains within the typical chalcone range, indicating preserved
conjugation. The IR spectral data collectively confirm the formation of a para-methyl-
substituted chalcone derivative. GC-MS analysis of compound C revealed a molecular
ion peak at m/z = 222, corresponding to the expected molecular formula CisHi14O. The
observed molecular ion confirms the molecular weight and structural integrity of the
synthesized compound.

Structural Confirmation The combined FT-IR and GC-MS data are in agreement with
the proposed structure of (E)-3-(4-methylphenyl)-1-phenylprop-2-en-1-one. The
presence of the conjugated carbonyl group, aromatic framework, and para-methyl
substituent confirms successful synthesis through Claisen—Schmidt condensation. The
molecular ion peak at m/z 222 further validates the assigned molecular structure.
Structure, FTIR and GC-MS Spectra are in figures 7, 8 and 9.
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Fig. 7 (E)-3-(4-methylphenyl)-1-phenylprop-2-en-1-one
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3.4 Synthesis of (E)-3-(4-dimethylaminophenyl)-1-phenylprop-2-en-1-one (D)
Compound D was obtained as an orange crystalline solid in 73.00% yield (0.61 g) with
a melting point of 122—-124 °C. The intense orange coloration is consistent with
enhanced m-conjugation arising from the strongly electron-donating dimethylamino
substituent, which extends the chromophoric system of the chalcone framework. The
FT-IR spectrum of compound D displayed a strong absorption band at approximately
1645-1655 cm™, corresponding to the conjugated carbonyl (C=0) stretching vibration
of the a,B-unsaturated ketone system. The slight lowering of the carbonyl frequency
compared to less electron-donating substituents is attributed to increased resonance
interaction between the dimethylamino group and the conjugated enone system,
resulting in enhanced electron delocalization. Aromatic C=C stretching vibrations were
observed around 1580-1600 cm™, confirming the presence of the phenyl rings and
extended conjugation across the chalcone backbone.

The aromatic C—H stretching bands appeared near 3030-3050 cm™. In addition,
aliphatic C—H stretching vibrations corresponding to the methyl groups of the
dimethylamino substituent were observed near 2920-2950 cm ™. A characteristic C—N
stretching vibration of the tertiary amine was observed in the region of 1250-1350 cm™,
supporting the presence of the —N (CHs). functional group. The absence of N-H
stretching bands further confirms that the amino group is tertiary rather than primary or
secondary. The observed spectral features are consistent with a para-dimethylamino-
substituted chalcone derivative. GC—MS analysis revealed a molecular ion peak at m/z
= 251.0, corresponding to the expected molecular formula Ci7Hi7NO. The presence of
a stable molecular ion peak reflects strong resonance stabilization across the conjugated
o,pB-unsaturated carbonyl system enhanced by the electron-donating dimethylamino
substituent.

Fragmentation is expected to involve cleavage adjacent to the carbonyl group and
possible loss of methyl radicals from the dimethylamino moiety, consistent with typical
fragmentation pathways of tertiary amine-containing aromatic compounds.

The combined FT-IR and GC-MS data confirm the successful synthesis of
(E)-3-(4-dimethylaminophenyl)-1-phenylprop-2-en-1-one. The presence of the
conjugated carbonyl group, aromatic system, and tertiary amine substituent validates
the proposed structure. The enhanced conjugation imparted by the strong +M
(mesomeric) effect of the dimethylamino group explains both the bathochromic
influence and the observed coloration of the compound. Structure, FTIR and GC-MS
Spectra are in figures 10, 11 and 12.

Fig. 10 (E)-3-(4-dimethylaminophenyl)-1-phenylprop-2-en-1-one
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Table 1: Physical Data of the synthesized chalcones

M.F Colour M. W. Mp(°C) % yield
Sample (2)
A CisHiz NO  Yellow crystalline 22326  204-206 78.00
B Cis Hi1 CIO  Cream-coloured 242.29 113-114 81.25
crystalline
C Cis His O Pale yellow crystalline 222.27  71-75 81.90
D Ci17 Hi7 NO  Orange crystalline 251.32 122-124 73.00
OK/
@J /©/;\<0H/EtOH @J /\©\ +  OH,
Reflux/stirring
R
Acetopenone Benzaldehyde Chalcone
R!=-NH:, -Cl, -CHs, -N(CHs)2




Table 2: Zones of inhibition (mm) at different concentrations

Organisms Samples and concentrations Standard
Antibiotics
25mg/mL 12.5mg/mL 6.25mg/mL Ciproflox
cin Terbinafine
10ug/ml 30ugml
A|B|C|D|A|B |C|DA |B |C|D
E.C 22 1141 (1 (19|11 |0 |1 |0 |1 {O|1I3 (0 |O [O |35 -
6 |3 2 |3 6 2
S.A 2017 |1 (1 (181 |1 |O (1 |[13]0 |O|13 (120 |0 |37 -
512 512 5
S.T 191151 (1 |17|1 |1 [0 (1 {0 [0 |O]12|0 (O |O |34 -
4 |2 3 (2 5
B.S 20016 |1 (1 (181 |1 |1 (1 [I13|1 [1|14 (121 |1 |26 -
7 18 4 |5 |5 |6 3 (4 2 |2
C.A 16 (12 |1 (1 |13]0 |0 |O |[O|O |O [O]|O (O |O |O |- 20
2 |3
Table 3 Minimum Inhibitory Concentrations (MIC) (mg/mL)
Organisms Samples
A B C D
E.C 3.1 25.0 25.0 50.0
S.A 6.3 12.5 25.0 50.0
S.T 6.3 25.0 25.0 50.0
B.S 6.3 12.5 12.5 12.5
C.A 12.5 50.0 50.0 50.0

Table 4 Minimum Bacterialcidal/fungicidal concentrations (MBC/MFC) (mg/mL)

Organisms Samples
A B C D
E.C 25 - 50 -
S.A 25 50 50 -
S.T 25 50 - -
B.S 25 50 50 50

CA 50




4.0 Discussion

4.1 Synthesis and Physicochemical Properties

The chalcone derivatives (A—D) were successfully synthesized via base-catalyzed Claisen—
Schmidt condensation, yielding crystalline products in good yields ranging from 73—-81.9%,
indicating an efficient and reproducible synthetic protocol. Chalcones are known to form stable
crystalline solids due to their extended m-conjugated systems [27].The melting points of the
compounds varied significantly (71-206 °C), following the order A > D > B > C. Compound
A exhibited the highest melting point (204-206 °C), which can be attributed to strong
intermolecular hydrogen bonding arising from the para-amino (-NH:) group. In contrast,
compound C showed the lowest melting point (71-75 °C), reflecting weaker intermolecular
interactions due to the non-polar methyl substituent. Compounds B and D displayed
intermediate melting points (113—114 °C and 122—-124 °C, respectively), influenced by the
electron-withdrawing chlorine substituent and the bulky dimethylamino group. These
observations highlight the role of substituent effects on crystal packing and lattice stability [28,

29].

4.2 Spectral Characterization

4.2.1 FT-IR Analysis

The FT-IR spectra of all synthesized compounds exhibited characteristic features consistent
with chalcone structures. A strong absorption band corresponding to the a,p-unsaturated
carbonyl (C=0) group was observed within the range of 1645-1656 cm™, confirming the
formation of the conjugated enone system. Additionally, aromatic C=C stretching vibrations
appeared in the region of 1580—1605 cm™, while aromatic C—H stretching bands were observed
around 3030-3050 cm™', indicating the presence of substituted benzene rings [27].
Substituent-specific bands further supported structural assignments. The N—H stretching band
(~3440 cm™) observed in compound A confirmed the presence of a primary amine group.
Compound B exhibited a characteristic C—Cl stretching band (~717 cm™), while compounds
C and D showed aliphatic C—H stretching bands (29202950 cm ™) corresponding to methyl
groups. In compound D, the presence of a C—N stretching band (1250-1350 cm™) and absence
of N-H vibration confirmed the tertiary amine functionality. These spectral features
collectively verify the successful incorporation of the intended substituents into the chalcone
framework [28].

4.2.2 GC-MS Analysis

The molecular ion peaks observed in the GC-MS spectra were consistent with the expected
molecular weights of the synthesized compounds, confirming their identities:

A:m/z=223 (C15H13NO)

B: m/z =242.2 (CisHuCIO)

C: m/z=222 (C16H140)

D: m/z=251.0 (CivH17NO)

These results validate the successful synthesis and purity of the compounds [29]

4.3 Antibacterial Activity

The antibacterial activity of the synthesized chalcones was evaluated against selected Gram-
positive and Gram-negative bacteria. All compounds exhibited measurable activity, although
with varying degrees of effectiveness. Chalcones are known to possess antimicrobial properties
due to their reactive a,-unsaturated carbonyl system [32].



Compound A showed the highest antibacterial activity, with zones of inhibition ranging from
12-22 mm at different concentrations, indicating strong potency. This enhanced activity can
be attributed to the presence of the —NH: group, which facilitates hydrogen bonding
interactions with microbial targets and improves cellular penetration [33].

Compound C and B exhibited moderate activity (12—17 mm), likely due to increased
lipophilicity from the methyl substituent, which enhances membrane permeability and the
influence of the electron-withdrawing chlorine substituent respectively. In contrast, compound
D demonstrated relatively lower activity (12—18 mm), which may be due to steric hindrance
associated with the bulky dimethylamino group despite its strong electron-donating character.
However, all compounds were less active than the standard antibiotic (ciprofloxacin),
indicating moderate antibacterial efficacy [34].

4.4 Antifungal Activity

The antifungal activity of the compounds against Candida albicans revealed generally weak
inhibition, with zones ranging from 12—16 mm, compared to the standard drug terbinafine. This
observation suggests that the synthesized chalcones exhibit greater selectivity toward bacterial
strains than fungal organisms, consistent with previous reports [35].

4.5 Minimum Inhibitory Concentration (MIC)

The MIC values further confirmed the antibacterial potency of the compounds. Compound A
exhibited the lowest MIC values (3.13—12.5 mg/mL), indicating the highest activity.
Compounds B and C showed moderate MIC values (12.5-50 mg/mL), while compound D
displayed the highest MIC values (~50 mg/mL), indicating reduced activity.

These results demonstrate that electron-donating substituents capable of hydrogen bonding
significantly enhance antimicrobial efficacy [33].

4.6 Minimum Bactericidal/Fungicidal Concentration (MBC/MFC)

The MBC results indicated that compound A possesses strong bactericidal activity at relatively
low concentrations (25-50 mg/mL). Compounds B and C required higher concentrations to
achieve bactericidal effects, while compound D showed limited bactericidal activity. This
suggests that compound A exhibits both bacteriostatic and bactericidal properties, whereas the
other compounds are primarily bacteriostatic in nature [32]. 5.0



5.0 Conclusion
The synthesized chalcone derivatives (A—D) were obtained in good yields ranging from
0.58-0.65 g (73-81.9%), confirming the efficiency of the Claisen—Schmidt
condensation. The compounds exhibited melting points within the range of 71-206 °C,
reflecting the influence of substituent variation on intermolecular interactions and
crystal stability.

5.1 Spectral characterization confirmed the successful formation of the chalcone
framework across all derivatives. The FT-IR spectra consistently showed characteristic
absorption bands within defined ranges, including 1645-1656 cm™ for the conjugated
C=0 group, 1580-1605 cm™ for aromatic C=C stretching, 3030-3050 cm™ for
aromatic C—H vibrations, and 2920-2950 cm™* for aliphatic C—H stretching. Additional
substituent-related absorptions were observed within 1250-1350 cm™ (C—N stretching),
~700-720 cm™* (C—Cl stretching), and ~3400-3450 cm ™ (N-H stretching), confirming
the successful incorporation of the respective functional groups. These results,
supported by GC-MS data, validate the structural integrity of the synthesized

compounds [27-29].

5.2 Biological evaluation revealed that all compounds possess antimicrobial activity,
with inhibition zones ranging from 12-22 mm. Compound A exhibited the highest
antibacterial activity, with MIC values of 3.13—-12.5 mg/mL and bactericidal activity
within 25-50 mg/mL. Compounds B and C showed moderate activity, while compound
D displayed comparatively lower potency. Antifungal activity across the series was
generally weak, with inhibition zones ranging from 12—16 mm, indicating a preference
toward antibacterial activity.



Abbreviations

TLC: Thin Layer Chromatography

FT-IR: Fourier Transform Infrared Spectroscopy
GC-MS: Gas Chromatography Mass Spectrometry
Z0I: Zone Of Inhibition

MIC: Minimum Inhibitory Concentration

MBC: Minimum bactericidal Concentration
MFC: Minimum Fungicidal Concentration

M.F: Molecular Formular

M.W: Molecular weight

M.p: Melting point

E.C: Escherichia coli

S.A: Staphylococcus aureus

S.T: Salmonella typhimurium

B.S: Bacillus subtilis

C.A: Candida albicans

mm: millimeter

mg/mL: milligram per milliliter

Acknowledgement

Special thanks to the department of Chemistry Ahmadu Bello University Zaria for
providing the necessary resources for this work and to Professor J.D Habila for his
guidance.

Author Contributions

Nasiru yusha’u handled the general synthesis procedure, experimental methods and
spectral analysis; Yusuf Esther Gado prepared the abstract, introduction, keywords,
abbreviations and references; Aminu Muhammad handled the biological studies
including ZOI, MIC and MBC/MFC; Abdulmumeen abdulqoyum durojaye preparered
results, discussion and conclusion. All four authors participated in laboratory work and
reviewed the manuscript and approved the version. James dama habila supervised the
research, provided scientific guidance,reviewed the manuscript and approved the final
version

Funding: This research has no funding.
Data Availability

The datasets generated during and/or analyzed during the current study are available in
the [ZENODO] repository, https://doi.org/10.5281/zenodo.21925529

DECLARATIONS

Ethics approval and Consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare no competing interest


https://doi.org/10.5281/zenodo.21925529

References

1. Murray, C. J. L., et al. (2022). Global burden of bacterial antimicrobial resistance in
2022. The Lancet, 399(10325), 629—655. https://doi.org/10.1016/S0140-
6736(21)02724-0

2. Rajendran, G., Bhanu, D., Aruchamy, B., Ramani, P., Pandurangan, N., Bobba, K.
N., Oh, E. J., Chung, H. Y., Gangadaran, P., & Ahn, B. C. (2022). Chalcone: A
promising bioactive scaffold in medicinal chemistry. Pharmaceuticals, 15(10),
Article 1250. https://doi.org/10.3390/ph15101250

3. Kamboj RC, Arora R, Sharma G, Kumar D, Sharma C, Joshi R, Aneja KR (2010)
Ecofriendly synthesis and antimicrobial activity of chalcones. Der pharma
Chem. 2(3):157-170

4. Prasad YR, Rao AL, Rambabu RE (2008) Synthesis and anti microbial activity of
some chalcone derivatives. E-J Chem 5(3):461-466

5. Adhikari, S., Rudrapal, M., & Sahu, S. (2025). Pharmacological potential of natural
chalcones: a recent overview. Pharmacological Reports, 77(1), 1-14.
https://doi.org/10.3389/fphar.2025.1570385

6. Aggarwal, A., & Singh, S. (2023). Chalcones as potential antimicrobial agents: A
review. FEuropean Journal of Medicinal Chemistry, 234, 114233.
https://doi.org/10.1016/].ejmech.2022.114233

7. Ansari, M. A., & Kumar, S. (2022). Antioxidant activity of chalcones and their
derivatives: A review. Antioxidants, 11(5), 907.
https://doi.org/10.3390/antiox 11050907

8. Borges, A., Ferreira, C., Saavedra, M. J., & Simdes, M. (2023). Chalcones as
antibacterial agents: Mechanisms and perspectives. International Journal of
Molecular Sciences, 24(4), 3456. https://doi.org/10.3390/ijms24043456

9. Wu J et al. (2012) Synthesis and crystal structure of chalcones as well as on
cytotoxicity and antibacterial properties. Med Chem Res 21(4): 444—-452

10. Rudrapal, M., Chetia, D., & Khairnar, S. J. (2021). Chalcone scaffolds,
bioprecursors of flavonoids: Chemistry, bioactivities, and pharmacokinetics.
Molecules, 26(23), 7177. https://doi.org/10.3390/molecules26237177

11. Gomes, M. N., Muratov, E. N., Pereira, M., Peixoto, J. C., Rosseto, L. P., Cravo, P.

V. L., Andrade, C. H., & Neves, B. J. (2017). Chalcone derivatives: Promising
starting  points  for drug design.  Molecules, 22(8), 1210.
https://doi.org/10.3390/molecules22081210

12. Vogel, A. 1. (1989). Vogel's textbook of practical organic chemistry (5th ed.).
Longman Scientific & Technical.

13. Smith, M. B., & March, J. (2007). March's advanced organic chemistry: Reactions,
mechanisms, and structure (6th ed.). John Wiley & Sons.


https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.3390/ph15101250%E2%81%A0
https://doi.org/10.3389/fphar.2025.1570385
https://doi.org/10.1016/j.ejmech.2022.114233
https://doi.org/10.3390/antiox11050907
https://doi.org/10.3390/ijms24043456
https://doi.org/10.3390/molecules26237177
https://doi.org/10.3390/molecules22081210%E2%81%A0
https://doi.org/10.3390/molecules22081210%E2%81%A0
https://doi.org/10.3390/molecules22081210%E2%81%A0

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

World Health Organization. (2014). Antimicrobial resistance: Global report on
surveillance 2014. World Health Organization.

Dimmock JR, Elias DW, Beazely MA, Kandepu NM. Bioactivities of chalcones.
Current Medicinal Chemistry. 1999;6(12):1125-1149.
https://doi.org/10.2174/0929867306666220401182509

Nowakowska, Z. (2007). A review of anti-infective and anti-inflammatory
chalcones. European Journal of Medicinal Chemistry, 42(2), 125-137.
https://doi.org/10.1016/j.ejmech.2006.09.019

Nikaido, H. (1994). Prevention of drug access to bacterial targets: Permeability
barriers and  active efflux. Science, 264(5157), 382-388.
https://doi.org/10.1126/science.8153625

Calderone, R. A., & Clancy, C. J. (Eds.). (2012). Candida and candidiasis (2nd ed.).
ASM Press. https://doi.org/10.1128/9781555817176

Hooper, D. C. (2001). Mechanisms of action of antimicrobials: Focus on
fluoroquinolones. Clinical Infectious Diseases, 32(Supplement 1), S9-S15.
https://doi.org/10.1086/319370

Ryder, N. S. (1992). Terbinafine: Mode of action and properties of the squalene
epoxidase inhibition. British Journal of Dermatology, 126(Suppl. 39), 2—-7.
https://doi.org/10.1111/5.1365-2133.1992.tb00001

Chung, J.-W. (2023). Introduction to the revised international guidelines on
breakpoints for antimicrobial susceptibility testing. Annals of Clinical
Microbiology, 26(3), 51-57.
https://doi.org/10.5145/ACM.2023.26.3.2

McFarland, J. (1907). The nephelometer: An instrument for estimating the number
of bacteria in suspensions used for calculating the opsonic index and for
vaccines. Journal of the American Medical Association, 49(14), 1176-1178.
https://doi.org/10.1001/jama.1907.25320140022001f

Humphries, R. M., Abbott, A. N., & Hindler, J. A. (2019). Understanding and
addressing CLSI breakpoint revisions: A primer for clinical laboratories.
Journal of Clinical Microbiology, 57(6), €00203-19.
https://doi.org/10.1128/JCM.00203-19

McFarland, J. (1907). The nephelometer: An instrument for estimating the number
of bacteria in suspensions used for calculating the opsonic index and for
vaccines. Journal of the American Medical Association, 49(14), 1176-1178.
https://doi.org/10.1001/jama.1907.25320140022001f



https://doi.org/10.2174/0929867306666220401182509
https://doi.org/10.1016/j.ejmech.2006.09.019%E2%81%A0
https://doi.org/10.1126/science.8153625%E2%81%A0
https://doi.org/10.1126/science.8153625%E2%81%A0
https://doi.org/10.1126/science.8153625%E2%81%A0
https://doi.org/10.1128/9781555817176
https://doi.org/10.1128/9781555817176
https://doi.org/10.1086/319370
https://doi.org/10.1086/319370
https://doi.org/10.1086/319370
https://doi.org/10.1111/j.1365-2133.1992.tb00001
https://doi.org/10.5145/ACM.2023.26.3.2
https://doi.org/10.1001/jama.1907.25320140022001f%E2%81%A0
https://doi.org/10.1128/JCM.00203-19
https://doi.org/10.1128/JCM.00203-19
https://doi.org/10.1128/JCM.00203-19
https://doi.org/10.1001/jama.1907.25320140022001f%E2%81%A0

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kuper, K. M., & Carfae, L. A. (2012). Antifungal susceptibility testing: A primer
for clinicians. Pharmacotherapy, 32(12), 1112-1122.
https://doi.org/10.1002/phar.1146

Ghannoum, M. A., Rex, J. H., Galgiani, J. N., & Anaissie, E. J. (1996).
Susceptibility testing of fungi: Current status of correlation of in vitro data with
clinical outcome. Journal of Clinical Microbiology, 34(3), 489—495.
https://doi.org/10.1128/JCM.34.3.489-495.1996

Nowakowska, Z. (2007). A review of anti-infective and anti-inflammatory
chalcones. European Journal of Medicinal Chemistry, 42(2), 125-137.
https://doi.org/10.1016/j.ejmech.2006.09.019

Silverstein, R. M., Webster, F. X., Kiemle, D. J., & Bryce, D. L. (2014).
Spectrometric identification of organic compounds (8th ed.). John Wiley &
Sons.

Carey, F. A., & Sundberg, R. J. (2007). Advanced organic chemistry: Part B:
Reactions and synthesis (5th ed.). Springer.

March, J. (1992). Advanced organic chemistry: Reactions, mechanisms, and
structure (4th ed.). John Wiley & Sons.

Clayden, J., Greeves, N., Warren, S., & Wothers, P. (2012). Organic chemistry (2nd
ed.). Oxford University Press.

Batovska, D. 1., & Todorova, I. T. (2010). Trends in utilization of the
pharmacological potential of chalcones. Current Clinical Pharmacology, 5(1),
1-29. https://doi.org/10.2174/157488410790410588

Zhuang, C., Zhang, W., Sheng, C., Zhang, W., Xing, C., & Miao, Z. (2017).
Chalcone: A privileged structure in medicinal chemistry. Chemical Reviews,
117(12), 7762-7810. https://doi.org/10.1021/acs.chemrev.7b00020

Cushnie, T. P. T., & Lamb, A. J. (2005). Antimicrobial activity of flavonoids.
International Journal of Antimicrobial Agents, 26(5), 343-356.
https://doi.org/10.1016/j.ijantimicag.2005.09.002

35.Go, M. L., Wu, X., & Liu, X. L. (2005). Chalcones: An update on cytotoxic and

chemoprotective properties. Current Medicinal Chemistry, 12(4), 481-499.
https://doi.org/10.2174/0929867053363153



https://doi.org/10.1002/phar.1146%E2%81%A0
https://doi.org/10.1002/phar.1146%E2%81%A0
https://doi.org/10.1002/phar.1146%E2%81%A0
https://doi.org/10.1128/JCM.34.3.489-495.1996%E2%81%A0
https://doi.org/10.1128/JCM.34.3.489-495.1996%E2%81%A0
https://doi.org/10.1128/JCM.34.3.489-495.1996%E2%81%A0
https://doi.org/10.1016/j.ejmech.2006.09.019%E2%81%A0
https://doi.org/10.2174/157488410790410588%E2%81%A0
https://doi.org/10.1021/acs.chemrev.7b00020%E2%81%A0
https://doi.org/10.1016/j.ijantimicag.2005.09.002%E2%81%A0
https://doi.org/10.2174/0929867053363153%E2%81%A0


  𝟏 𝟎 𝝁 𝒈 / 𝒎 𝒍


            𝟑 𝟎 𝝁 𝒈 𝒎 𝒍


  (mg/mL)


  (mg/mL)

