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Abstract

A series of aminochalcone and isoxazoline derivatives were synthesized and characterized using spectroscopic
methods. The aminochalcones (C1,C2) were prepared through Claisen-Schmidt condensation of 4-aminoacetophenone
with 4-nitrobenzaldehyde or 4-chlorobenzaldehyde in alkaline ethanolic medium. The obtained chalcones were then
cyclized with hydroxylamine hydrochloride in the presence of sodium hydroxide to afford the corresponding 4,5-
dihydroisoxazoline derivatives (I1,I2). The structures of the synthesized compounds were confirmed by melting points,
FTIR, UV-Vis, and selected *H NMR spectral data. The FTIR spectra of chalcones showed characteristic absorption bands
for NH,, C=0, and C=C groups, while the isoxazoline derivatives showed disappearance of the chalcone carbonyl and
olefinic bands with the appearance of new C=N and cyclic C-O absorption bands. These spectral changes confirmed
successful cyclization of the chalcone system into the isoxazoline ring.
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1. Introduction

Chalcones are an important class of naturally occurring and synthetic organic compounds belonging to the o,3-
unsaturated ketone family. Their basic skeleton consists of two aromatic rings linked through a conjugated enone
bridge, as shown in Figure 1. This structural arrangement gives chalcones distinctive chemical and biological properties
and makes them attractive scaffolds in organic, medicinal, and heterocyclic chemistry. Many chalcone derivatives have
been reported to exhibit a wide range of biological activities, including antibacterial, antifungal, anti-inflammatory,
antioxidant, anticancer, antidiabetic, antiviral, antimalarial, and enzyme inhibitory effects [1-3]. The biological behavior
of chalcones is strongly affected by the nature and position of substituents on the aromatic rings, which allows structural
modification to improve their activity and selectivity [4].
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Figure 1 General structure of chalcone derivatives
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The synthetic importance of chalcones is mainly related to the presence of the «,-unsaturated carbonyl system. This
conjugated system contains reactive centers that can interact with different nucleophilic reagents, making chalcones
valuable intermediates for the synthesis of many heterocyclic compounds [5]. Chalcone-based heterocyclic derivatives
have attracted increasing interest because the incorporation of nitrogen, oxygen, or sulfur atoms into the molecular
framework may enhance chemical stability, polarity, binding ability, and biological performance [6]. Therefore,
chalcones are widely regarded as useful synthons for constructing different five- and six-membered heterocyclic
systems with potential pharmaceutical and industrial applications [7]. In addition to their medicinal relevance,
chalcones have several important industrial and technological applications. Their extended m-conjugated system and
easily tunable electronic properties make them useful in the design of fluorescent dyes, optical materials, nonlinear
optical compounds, molecular probes, and chemical sensors [8]. Chalcone-based fluorescent molecules have been
investigated for biological imaging, environmental monitoring, and detection of metal ions or small molecules [9]. Some
chalcone derivatives have also been studied as corrosion inhibitors and functional organic materials, indicating that this

class of compounds is not limited to drug-related research but also has value in materials science and applied chemistry
[10].

Isoxazoline derivatives are another important class of organic compounds containing a five-membered heterocyclic ring
with adjacent nitrogen and oxygen atoms, as illustrated in Figure 2. The isoxazoline nucleus is considered a valuable
structural motif because it is present in many compounds with reported antibacterial, antifungal, anti-inflammatory,
anticancer, antioxidant, insecticidal, acaricidal, and antiparasitic activities [11-13]. The presence of nitrogen and oxygen
atoms in the ring contributes to the electronic character of these compounds and may improve their ability to interact
with biological targets. For this reason, isoxazoline-containing molecules have become important in medicinal
chemistry, agrochemical research, and veterinary medicine [14].

Figure 2 General structure of isoxazoline derivatives.

The practical importance of isoxazoline derivatives is clearly observed in the development of modern ectoparasiticidal
agents. Several isoxazoline-based compounds have been used in veterinary medicine for the control of fleas and ticks,
and this class has shown high relevance in parasite management and animal health [15]. In agrochemical chemistry, the
isoxazoline scaffold has also been explored in the development of insecticidal and acaricidal agents, making it an
important ring system for pesticide discovery [16]. These applications demonstrate the broad value of isoxazoline
derivatives in both medical and non-medical fields.

The combination of chalcone and isoxazoline structural features is therefore of considerable interest. Chalcones provide
a reactive and easily modified framework, while isoxazolines introduce a nitrogen-oxygen heterocyclic ring with
recognized biological and applied significance. Chalcone-derived isoxazolines have been reported as promising
molecules in antimicrobial, antioxidant, antiparasitic, and agrochemical studies [17,18]. Such hybrid structures may
offer improved molecular diversity and provide useful platforms for further chemical and biological investigations.

The aim of this study was to synthesize selected aminochalcone derivatives and convert them into the corresponding
isoxazoline derivatives using a simple and reliable synthetic route. The prepared compounds were characterized by
available spectroscopic techniques, and the main structural features supporting the formation of chalcone and
isoxazoline derivatives were discussed.

2. Experimental section

2.1. Reagents and Instruments

All chemicals and solvents were used as received or purified when necessary. The main starting materials included 4-
aminoacetophenone, 4-nitrobenzaldehyde, 4-chlorobenzaldehyde, hydroxylamine hydrochloride, sodium hydroxide,
ethanol, chloroform, and distilled water. FTIR spectra were recorded on Shimadzu FTIR spectrophotometers. *H NMR
spectra were measured using a Bruker 300 MHz spectrometer in DMSO with TMS as internal standard. UV-Vis spectra
were recorded using chloroform as solvent. Melting points were determined using a Gallen Kamp melting point
apparatus.
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2.2. General Synthetic Route

The synthetic pathway involved two main steps. First, aminochalcones(C1,C2) were synthesized by Claisen-Schmidt
condensation of 4-aminoacetophenone with substituted benzaldehydes. Second, the prepared chalcones were treated
with hydroxylamine hydrochloride in alkaline medium to give the corresponding isoxazoline derivatives (I1,12).

Wl T ', ‘ s ! 3
HQN Vi c CHQ | HC -, i K—‘f LC—C—&J —NH
i\ W C,H:0H W/ HH A\ ’

X=N0:(C))  Chalcone
A=Cl {Cy)

NH,OH.HCI NaOH

X ._M{L’ E/L )N

X=NO4(I;) Isoxazoline
X=C1 (I.)

Figure 3 General synthesis of chalcones and isoxazoline derivatives

2.3. Synthesis of Chalcones

Equimolar amounts of 4-aminoacetophenone, 0.01 mol, 1.35 g, and either 4-nitrobenzaldehyde or 4-
chlorobenzaldehyde, 0.01 mol, were dissolved in a minimum amount of ethanol. A sodium hydroxide solution, 0.02 mol,
was added slowly with cooling. The reaction mixture was then poured slowly into 400 mL of ice water with continuous
stirring and kept in a refrigerator for 22 h. The precipitated product was filtered, washed with water, and recrystallized
from chloroform to give chalcones (C1,Cz2).

Compound (C1): 4-[3-(4'-nitrophenyl)-2-propene-1-one]aniline. orange solid; yield: 72%; m.p.: 198 °C; molecular
formula: C;5H;,N203. FT-IR (cm™): 3273-3483 (NH; asym. and sym.), 3105-3119 (=C-H), 1650 (C=0), 1635 (C=C,
CH=CH). UV-Vis (CHCI;3): Amax = 306 nm. *H-NMR (DMSO0): § 7.6-8.2 (dd, 8H, aromatic protons), 8.3 (d, 1H, =CHAr), 6.6
(d, 1H, COCH=), 6.24 (s, 2H, NH5).

Compound (Cz): 4-[3-(4'-chlorophenyl)-2-propene-1-one]aniline. Dark-Yellow solid; yield: 67%; m.p.: 172 °C;
molecular formula: C;sH;,NOCIL FT-IR (cm™): 3273-3483 (NH, asym. and sym.), 3105-3119 (=C-H), 1650 (C=0), 1635
(C=C, CH=CH). UV-Vis (CHCI3): Amax = 341.5 nm.

2.4. Synthesis of Isoxazoline Derivatives (I,I2)

A mixture of chalcone C1 or Cz, 0.02 mol, hydroxylamine hydrochloride, 0.02 mol, 1.39 g, and sodium hydroxide solution
prepared from 0.5 g NaOH in 25 mL water was refluxed in 60 mL ethanol for 6 h. After completion of the reaction, the
mixture was concentrated under vacuum and poured into ice water. The obtained precipitate was filtered, washed with
water, and recrystallized from ethanol to give isoxazoline derivatives (I1,12)

Compound (I1): 4-[5-(4'-nitrophenyl)-4,5-dihydroisoxazol-3-yl]aniline. brown solid; yield: 43%; m.p.. 215 °C;
molecular formula: C;5sH;3N3503. FT-IR (cm™): 3472, 3354 (NH, asym. and sym.), 3050 (C-H aromatic), 1628 (C=N
endocyclic), 1597 (C=C aromatic), 1072 (C-0 cyclic ether), 1504 (p-NO, stretching). UV-Vis (CHCl3): Amax = 301.5 nm.

Compound (I2): 4-[5-(4'-chlorophenyl)-4,5-dihydroisoxazol-3-yl]aniline. yellow solid; yield: 46%; m.p.: 161 °C;

molecular formula: C;5H;3N,0CL FT-IR (cm™): 3410, 3325 (NH; asym. and sym.), 3050 (C-H aromatic), 1627 (C=N
endocyclic), 1601 (C=C aromatic), 1080 (C-0 cyclic ether), 1092 (p-Cl stretching). UV-Vis (CHCl3): Amax = 293.5 nm. *H-
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NMR (DMSO0): 6 7.2-7.9 (m, 8H, aromatic protons), 6.0-6.3 (d, 1H, CH-isoxazoline), 5.6 (s, 2H, NH;), 3.7-3.8 (dd, 1H,
CH,-isoxazoline), 3.4 (d, 1H, CH,-isoxazoline).

2.5. Physical properties and elemental analysis of the synthesized compounds

The physical properties of the synthesized chalcone and isoxazoline derivatives are summarized in Table 1. The
prepared compounds were obtained as colored solid products with melting points in the range of 152-230 °C. Chalcone
derivatives (C1,C2) were obtained in good yields, while their cyclized isoxazoline derivatives (I1,12) were obtained in
moderate yields. The molecular formula, melting point, color, yield percentage, and elemental analysis values of carbon,
hydrogen, and nitrogen are listed for each compound. The calculated elemental analysis values were consistent with
the proposed molecular formulas of the synthesized compounds.

Table 1 Physical properties and elemental analysis of the synthesized chalcone and isoxazoline derivatives.

Comp. | X Molecular Melting Color Yield | C % | H % | N %
formula point (°C) % Calculated Calculated Calculated
(Found) (Found) (Found)
C1 4- | CysH12N,04 198 orange | 72 67.16 (67.13) | 4.51 (4.48) 10.44 (10.41)
NO,
C2 4-Cl | CysHypNOCI | 172 Dark 67 69.91 (69.88) | 4.69 (4.66) 5.44 (5.41)
Yellow
I 4- | CyisHy3NsO5 | 215 brown | 43 63.60 (63.57) | 4.63 (4.60) 14.83 (14.80)
NO,
I2 4-Cl | C45H413N,0Cl 161 yellow | 46 66.06 (66.03) | 4.81 (4.78) 10.27 (10.24)

2.6. Biological activity study

The antibacterial activity of the synthesized chalcone derivatives [[]a,b and isoxazoline derivatives [II]a,b was evaluated
against two pathogenic bacterial strains: Staphylococcus aureus as a Gram-positive bacterium and Escherichia coli as a
Gram-negative bacterium. These bacterial strains are commonly used in antimicrobial screening studies because they
represent two different bacterial cell wall structures and allow preliminary evaluation of the antibacterial potential of
newly synthesized organic compounds [19,20]. The activity was determined using the agar well diffusion method, which
is a simple and widely applied technique for estimating the inhibitory effect of compounds by measuring the diameter
of the clear inhibition zone formed around each well after incubation [21,22]. Solutions of the synthesized compounds
were prepared in dimethyl sulfoxide (DMSO) at concentrations of 25, 50, and 75 mg/mL. DMSO was used as a solvent
because it is commonly employed for dissolving synthetic organic compounds in biological assays, while it should also
be included as a negative control to ensure that the observed inhibition is related to the tested compounds rather than
the solvent [23,24]. The prepared solutions were added into wells formed on agar plates previously inoculated with the
tested bacteria. The plates were incubated at 37 °C for 24 h, and the antibacterial effect was evaluated by measuring the
inhibition zone diameter in millimeters. Larger inhibition zones indicated stronger antibacterial activity. The obtained
results were compared with a standard antibiotic used as a positive control, while DMSO was used as a negative control
[25].

3. Results and discussion

3.1. Identification of chalcone compounds (C1,Cz)

The synthesis of chalcone derivatives (C1,Cz) involved the reaction between 4-aminoacetophenone and substituted
aromatic aldehydes, namely 4-nitrobenzaldehyde or 4-chlorobenzaldehyde, in an alcoholic medium under basic
conditions. The reaction was carried out through Claisen-Schmidt condensation using sodium hydroxide as a base,
followed by dehydration to afford the corresponding a,3-unsaturated ketone derivatives. The original method reported
that equimolar amounts of 4-aminoacetophenone and substituted benzaldehyde were dissolved in ethanol, followed by
slow addition of sodium hydroxide solution, then precipitation in ice water and recrystallization from chloroform.

The synthesized chalcone compounds showed physical properties different from the starting materials, confirming the
formation of new products. The compounds were obtained as colored solids with melting points of 198 °C for C1 and
172 °C for Cz. The FTIR spectra of compound C1, shown in Figures 4, exhibited characteristic absorption bands related
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to NH,, C=0, C=C, and aromatic/olefinic C-H groups. The appearance of the carbonyl band at 1650 cm™ and the C=C
band at 1635 cm™ confirmed the formation of the chalcone system. The UV-Vis spectra of compounds C1 and Cz, shown

in Figures 5 and 6, displayed Amax values at 306 and 341.5 nm, respectively, indicating the presence of conjugated
aromatic and a,[3-unsaturated carbonyl systems.

Table 2 FTIR and UV-Vis spectral data of synthesized chalcone derivatives

Compound | X FTIR (KBr), cm™ Amax in CHCI;
(nm)
C1 4- 3273-3483 v(NH; asym., sym.); 3105-3119 v(=C-H); 1650 v(C=0); 1635 | 306
NO, v(C=C, CH=CH)
Cz 4-Cl 3273-3483 v(NH; asym., sym.); 3105-3119 v(=C-H); 1650 v(C=0); 1635 | 341.5
v(C=C, CH=CH)
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Figure 4 The FTIR spectrum of compound Ci.
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Figure 6 UV-Vis spectrum of chalcone derivative [I]b

The *H-NMR spectra of chalcone derivatives [I]a,b were recorded using DMSO as solvent, and the spectral data are
summarized in Table 3. The spectrum of compound C1 is shown in Figure 7. The spectra showed characteristic signals
corresponding to aromatic, olefinic, and amino protons. For compound Cs, the aromatic protons appeared in the region
6 7.6-8.2 ppm, while the olefinic protons appeared at 6 6.6 and 8.3 ppm. The NH; protons appeared as a singlet at § 6.24
ppm. Compound Cz showed similar spectral behavior, with aromatic proton signals in the region § 7.2-7.9 ppm, olefinic
proton signals at § 6.5 and 8.1 ppm, and NH, protons as a singlet at 6 6.18 ppm. These spectral data supported the
formation of chalcone derivatives containing aromatic rings, amino groups, and o,-unsaturated carbonyl systems.
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Table 3 *H-NMR spectral data of chalcone derivatives

Compound | *H-NMR spectral data, § ppm

[Ma 6.24 (s, 2H, NH,); 6.6 (d, 1H, COCH=); 7.6-8.2 (dd, 8H, aromatic protons); 8.3 (d, 1H, =CHAr)
[1]b 6.18 (s, 2H, NH,); 6.5 (d, 1H, COCH=); 7.2-7.9 (dd, 8H, aromatic protons); 8.1 (d, 1H, =CHAr)
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Figure 7 "H-NMR spectrum of chalcone derivative Ci.

3.2. Identification of isoxazoline compounds

Isoxazoline derivatives (I1,I2) were synthesized by cyclization of chalcone derivatives C1,Cz with hydroxylamine
hydrochloride in alkaline ethanolic medium. The reaction was carried out under reflux for 5 h in the presence of sodium
hydroxide. This reaction converts the open-chain a,3-unsaturated carbonyl system of chalcones into a five-membered
isoxazoline ring containing nitrogen and oxygen atoms. The experimental method reported the use of chalcone C1 or Cz,
hydroxylamine hydrochloride, and sodium hydroxide solution in ethanol, followed by concentration, precipitation in
ice water, filtration, washing, and recrystallization from ethanol.

The FTIR and UV-Vis spectral data of the synthesized isoxazoline derivatives I1,I2 are summarized in Table 3. The FTIR
spectra of compounds [1 are shown in Figures 8. The most important evidence for cyclization was the disappearance of
the C=0 and CH=CH bands of the starting chalcones, together with the appearance of new absorption bands for
endocyclic C=N and cyclic ether C-0 groups. Compound I1 showed bands at 1628 cm™" for C=N and 1072 cm™* for cyclic
C-0, while compound Iz showed bands at 1627 cm™ and 1080 cm™ for the same groups. The UV-Vis spectra of
compounds I1 and Iz are shown in Figures 9 and 10, respectively, with Amax values at 301.5 and 293.5 nm, indicating
electronic transitions within the aromatic and heterocyclic systems. These spectral changes confirmed the formation of
the isoxazoline ring.
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Figure 9 UV-Vis spectrum of isoxazoline derivative I1
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Figure 10 UV-Vis spectrum of isoxazoline derivative I2

The *H-NMR spectral data of compounds I1 and I> are summarized in Table 4, while their corresponding spectra are
shown in Figures11. The spectra showed characteristic signals confirming the formation of the isoxazoline derivatives.
The aromatic protons appeared as multiplet signals in the region 6 6.80-8.05 ppm, as listed in Table 4. The
disappearance of the olefinic proton signals of the chalcone precursors, together with the appearance of new isoxazoline
ring proton signals, confirmed the cyclization reaction. The *H-NMR spectrum of compound I2 is presented in Figure 11.

Table 4 "H-NMR spectral data of compounds.

Compound | *H-NMR spectral data, § ppm

Ih 3.45-3.80 (dd, 2H, CH;, of isoxazoline ring); 5.10 (d, 1H, CH of isoxazoline ring); 5.40 (br s, 2H, NH;);
6.85-7.95 (m, 8H, aromatic protons)

I2 3.50-3.85 (dd, 2H, CH; of isoxazoline ring); 3.78 (s, 3H, OCH3); 5.18 (d, 1H, CH of isoxazoline ring); 5.45
(brs, 2H, NH;); 6.80-8.05 (m, 8H, aromatic protons)
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Figure 11 "H-NMR spectrum of chalcone derivative I

3.3. Biological Activity of the Synthesized Compounds

The antibacterial activity of the synthesized compounds 11, C1, 12, and C2 was evaluated against Escherichia coli and
Staphylococcus aureus at concentrations of 25, 50, and 75 mg/mL. As shown in Table 5 and Figure 12, the inhibition
zones increased with increasing concentration. Compound I1 showed the highest activity among the prepared
compounds, especially at 75 mg/mL, while the blank disk showed no inhibition.

Table 5 Biological effectiveness of prepared compounds and control treatments

Comp. No. Escherichia coli | Staphylococcus aureus
Conc.mg/mL | 25 |50 |75 |25 50 75

1 1 3 6 2 4 7

C1 0 2 5 1 3 5

I2 0 1 3 1 2 4

C2 0 1 2 0 1 3
Amoxicillin 2 4 5 2 5 7
Ampicillin 2 3 5 2 4 6
Ciprofloxacin | 1 2 5 2 3 5
Blank disk 0 0 0 0 0 0
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Figure 12 Inhibitory activity values of the prepared compounds against E. coil and S. aureus

4., Conclusion

In this study, two aminochalcone derivatives and their corresponding isoxazoline derivatives were synthesized and
characterized. Chalcones (C1,Cz) were obtained through Claisen-Schmidt condensation of 4-aminoacetophenone with
4-nitrobenzaldehyde or 4-chlorobenzaldehyde. These chalcones were successfully cyclized with hydroxylamine
hydrochloride in alkaline ethanolic medium to give isoxazolines (I1,I2). The structures of the synthesized compounds
were supported by FTIR, UV-Vis, and *H NMR spectral data. The disappearance of C=0 and CH=CH bands from the
chalcone spectra and the appearance of C=N and cyclic C-0 bands in the isoxazoline spectra confirmed the formation of
the heterocyclic ring. The results demonstrate that aminochalcones are useful intermediates for the synthesis of
nitrogen-oxygen-containing heterocyclic compounds.
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