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Abstract: Breast cancer is considered one of the increasingly serious problems affecting women recently, so 

many parties are seeking to find effective solutions that reduce its risks. Therefore, the research paper aimed 

to synthesize hydrazide–hydrazones of isoniazid (T1–T5), which underwent reaction with trichloroacetic acid 

(TCA), resulting in the synthesis of a series of 4,4-dichloro-1,3-oxazolidine-5-one derivatives (T6–T10) with 

satisfactory yields. With the use of sophisticated spectroscopic methods such as 13C-NMR, 1H-NMR, and FT-

IR, the structure of the recently synthesized compounds was thoroughly verified. The compounds were 

evaluated for their anticancer potential against the MCF-7 breast cancer cell line. Notably, compounds T7 

and T9 exhibited significant anticancer activity, outperforming the reference drug, doxorubicin. A detailed 

molecular docking study for T7, T9, and doxorubicin was carried out using Autodock Vina software. The 

binding interactions were assessed by targeting the binding site groove of the human topoisomerase II alpha 

enzyme (PDB: ID:5GWK). The results revealed favorable RMSD values and strong binding patterns for the 

compounds, indicating their promising potential as inhibitors. 
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1. Introduction 

 

Heterocyclic compounds occupy a high position in organic chemistry and are considered 

complex and interesting branches of organic chemistry. They greatly contribute to industry and 

physiological processes [1, 2]. Heterocyclic compounds are pivotal in various fields, such as 

agriculture, polymers, medicine, etc. These reasons led to diverse work on methods of synthesis and 

theoretical study [3]. Most drugs contain one or more heterocyclic nuclei [4, 5]. 

Oxazole is a heterocyclic ring with five members that contains three carbon atoms. The 

heteroatoms are nitrogen and oxygen [6]. Oxazole has two structural isomers that include 1,3-oxazole 

and 1,2-isoxazole [7]. Oxazole derivatives have frequently occurred in natural products [7] and 

synthetic compounds and are recognized as a key skeleton for drug development, such as in 

Oxaprozin and Azilsartan medoxomil. Many drugs used to treat breast cancer, such as tamoxifen, 

torimefene, and raloxifene, all these drugs have the same active bioisosters that include tertiary amine 

[8-11]. As a result of their structural and chemical variety, oxazole-based compounds, as a central 

scaffold, not only permit numerous forms of interactions with diverse receptors and enzymes, 

exhibiting extensive biological activities [12, 13], but also play an essential role in medicinal 

chemistry, demonstrating their immense potential [14, 15]. The fully unsaturated form of oxazole is 

known as oxazolidine. Occasionally, oxazolidine can be modified by adding functional groups, like 

a carbonyl group, at different locations (for example, 1,3-Oxazolidine-2-one, 1,3-Oxazolidine-4-one, 

and 1,3-Oxazolidine-5-one), producing molecules with exceptional biological activity [15, 16]. There 

have been reports of numerous oxazoline compounds with anti-cancer properties. C. Foti et al., for 

instance, synthesized a series of oxazolines that contained indole. The substances attach to the 

colchicine site and prevent tubulin polymerization to produce their anticancer effects [17]. 
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A common bioinformatics modeling technique called "molecular docking" is used to anticipate 

how a small organic molecule, called a ligand, would bind to its receptor—mostly a protein—and 

determine its affinity and activity. Hence, molecular docking relates to the rational drug design [18]. 

Kuntz published the first description of molecular docking in 1982 [19]. A key idea in structure-based 

virtual screening from its beginning, molecular docking has proved essential to drug discovery. The 

primary aim of molecular docking research is drug discovery through computer-aided design and 

evaluation. A variety of programs have been developed, each with its own unique algorithmic 

foundations [20, 21].  

In addition to elucidating biological activities, the molecular docking approach is employed to 

investigate, model, describe, and analyze the behavior of ligands within the binding site or groove of 

docked proteins. It examines how a small chemical interacts with the receptor binding site at the 

atomic level [22]. Molecular docking additionally forecasts the 3D structure of the complexed 

product, contingent upon the binding characteristics of ligand and target protein overlap [23]. When 

utilizing a molecular docking tool, the docking process generates numerous potential candidate 

structures, which are subsequently ranked and organized based on a scoring system [23-25]. 

In this paper, we tried to design new oxazoline derivatives and investigate their activity as 

candidate compounds against breast cancer with a molecular modeling study against a cancer receptor 

called the human topoisomerase II alpha enzyme (PDB: ID: 5GWK). Where some synthesized 

compounds showed good anticancer activity with the best docking results. 

 

2. Experimental part 

 

2.1. Equipment and Chemicals. The solvents and reagents used in this study were purchased 

from Fluka and BDH and were employed exactly as specified. Thin layer chromatography (TLC) on 

silica gel GF254 (type 60) pre-coated aluminum sheets were used to monitor the reaction's progress, 

with iodine vapor employed to visualize the spots.  The melting point was determined using an open 

glass capillary method on a Stuart SMP40. The Fourier-transform infrared spectroscopy (FT-IR, 

SHIMADZU 600), 1H-NMR, and 13C-NMR were used to get the spectral data. 

Table 1. Some physical characteristics of starting compounds 

Comp. No. M.F. M.Wt 
M.P. 

oC 
Color 

Izoniazide C6H7N3O 137 171.4 Dark yellow 

benzaldehyde C7H6O 106 -57 Colorless 

p-chlorobenzaldehyde C13H10N4O3 140.57 47 white 

p-nitro benzaldehyde C14H13N3O2 255.28 
103-

106 
Yellow  

p-N, N dimethyl 

amino benzaldehyde 
C9H11NO 149 72-75 white 

p-methoxy 

benzaldehyde 
C15H11N3O3 136 0.00 Brown 

 

2.2. Preparation of isonicotinic hydrazide - hydrazone derivatives (T1-T5) [25]. 0.01 mol 

of para-derivatives of benzaldehyde was dissolved in 50 mL of absolute ethanol (EtOH. Abs) in a 

250 mL round-bottom flask with two necks. The mixture was heated and stirred for five minutes to 

ensure complete dissolution. Then, 0.01 mol of isonicotinohydrazide (amine), previously dissolved 

in 25 mL of ethanol in a separate container, was added drop by drop through a distillation funnel. The 

mixture was refluxed for three to six hours. As the reaction progressed, a precipitate formed, and thin 

layer chromatography (TLC) using a solvent mixture of diethyl ether and benzene (9:1) was employed 

to monitor the reaction. After cooling, the reaction mixture was filtered using a Büchner funnel and 

recrystallized using an appropriate solvent mixture. 

 



2.3. Preparation of 4,4-dichloro-1,3-oxazolidinone-5-one derivatives (T6-T10) [26]. 0.02 

moles of the (T1-T5) derivatives were dissolved in 25 mL of 1,4-dioxane in a 100 mL round-bottom 

flask, mixed, and heated in a water bath for ten minutes. In a separate container, 25 mL of 1,4-dioxane 

was combined with 0.2 mg of trichloroacetic acid (TCA), and five drops of triethylamine (Et3N) were 

added to the first solution. The TCA solution was then added dropwise to the hydrazide-hydrazine 

derivative solution while stirring. The reaction mixture was refluxed for ten hours. Upon completion, 

the formation of a precipitate was observed, which was then filtered and recrystallized from 

chloroform. The progress of the reaction was monitored by thin-layer chromatography (TLC) using 

a benzene:methanol solvent mixture (6:4). 

2.4. Molecular docking [27]. Molecular docking studies were conducted using AutoDock Vina 

software. The human topoisomerase IIalpha enzyme (PDB ID: 5GWK) was obtained from the RCSB 

Protein Data Bank (PDB) website. The MM2 method in Chem3D software was employed to minimize 

the energy of the new derivatives. For enzyme preparation, polar hydrogens were added, and water 

molecules were removed. The ligand and protein were prepared using AutoDockTools 1.5.6 software. 

Finally, the 2D and 3D binding modes were visualized using Discovery Studio 2020 Client [29]. 

2.5. MTT Assay Protocol. A: In this step, 1 × 104 cells were seeded into each well of a 96-

well microplate. The plate was then incubated at 37°C for 24 hours until 60% confluence was 

achieved. 

B: On the second day, doxorubicin and oxazoline derivatives were administered to the cells in 

sterile microtubes at various concentrations (15.625, 31.25, 62.5, 125, 250, and 500 µg/mL). 

C: On the third day, the top medium was removed from the wells, and 100 µL of MTT dye (0.5 

mg/mL) was added to each well. The plates were then incubated in the dark for 24 hours. After 

removing the top medium, 100 µL of DMSO was added to each well. The plates were shaken for 20 

minutes in the dark to dissolve the formazan crystals. Finally, the intensity of the resulting color was 

measured at 570 nm using a microplate reader (DNM-9602G). 

 

3. Results and Discussion 

 

3.1. Identification of Synthetic Derivatives. Hydrazide-hydrazone derivatives (T1-T10) were 

synthesized by reacting para-derivatives of benzaldehyde with isonicotinohydrazide in dioxane. 

Subsequently, as depicted in Scheme 1, the hydrazide-hydrazone derivatives (D1-D5) were treated 

with trichloroacetic acid to produce 1,3-thiazinan-4-one derivatives (A6-A10). The identities of these 

derivatives were confirmed through spectral analysis. The physical properties of the synthetic 

derivatives are summarized in Table 2. 

 
Scheme 1. Synthesis of Oxazoline Compounds (T6-T10) 

 



Table 2. Some physical characteristics of (T1-T10) compounds 
Comp. No. M.F. M.Wt. X M.P. oC Rf Time hr. Color Yield% 

T1 C13H11N3O 225.25 H 193-195 0.46 3 Dark yellow 74 

T2 C13H10N3OCl 259.69 Cl 140-142 0.73 6 Yellow 80 

T3 C13H10N4O3 270.25 NO2 159-161 0.80 4 Brown 81 

T4 C14H13N3O2 255.28 OCH3 175-176 0.76 4 White  73 

T5 C15H16N4O 268.32 N(CH3)2 136-137 0.55 5 Orange 70 

T6 C15H11N3O3 281.33 H 204-206 0.77 12 Brown 64 

T7 C15H10N3O3Cl 316.82 Cl 223-225 0.49 10 Dark brown 73 

T8 C15H10N4O5 327.37 NO2 211-213 0.82 9 Light orange 70 

T9 C17H15N4O3 324.32 N(CH3)2 231-233 0.52 12 Off white 56 

T10 C16H12N3O4 312.2 OCH3 193-195 0.40 10 Brown 79 

 

This reaction happened through a nucleophillic attack cyclization mechanism to afford a five-

membered ring.   

3.1.1. Compound Identification by FT-IR. Spectral techniques were employed to confirm the 

proposed structures of the synthesized compounds. As shown in Fig.s 1–5, the FT-IR spectra of T1–

T5 exhibit a vibration frequency peak for the azomethine C=N group within the range of 1638–1659 

cm⁻¹, along with bands at 3137–3204 cm⁻¹ corresponding to N-H stretching. Additional bands at 

3022–3041 cm⁻¹ are attributed to C–H aromatic stretching, while peaks in the range of 1644–1684 

cm⁻¹ correspond to the C=O group. A peak at 1475–1497 cm⁻¹ is assigned to the C=C aromatic stretch, 

and a band at 1229–1282 cm⁻¹ indicates C–N stretching. 

 

 
Fig. 1. FƬ-IR picture of T1 derivative 

 

 
Fig. 2. FƬ-IR picture of T2 derivative 



 
Fig. 3. FƬ-IR picture of T3 derivative 

 

 
Fig. 4. FƬ-IR picture of T4 derivative 

 

 
Fig. 5. FƬ-IR picture of T5 derivative 

 

For the 1,3-oxazolidine-5-one derivatives T6–T10, the FT-IR spectra reveal the following 

results: Strong, distinct peaks in the range of 1683–1754 cm⁻¹ correspond to the C=O group within 

the oxazolidine ring, while the azomethine HC=N peaks in the range of 1638–1659 cm⁻¹ are no longer 



observed. The peaks at 3034–3093 cm⁻¹ are attributed to C-H aromatic stretching, and bands in the 

2860–2980 cm⁻¹ region suggest the presence of C–H aliphatic groups. The C=O group from the 

isoniazid moiety is represented by peaks between 1646 and 1668 cm⁻¹, while C=C aromatic stretching 

is reflected in bands at 1566–1610 cm⁻¹ and 1427–1507 cm⁻¹. Additionally, as shown in Fig.s 6–10, 

bands in the 1230–1298 cm⁻¹ range are indicative of C–N bond stretching. 

The proton nuclear magnetic resonance (1H-NMR) spectra of the 1,3-oxazolidine-5-one 

derivatives T6–T10 were interpreted as follows: For T6, the NH proton is represented by a singlet 

signal at δ = 9.85 ppm (1H), while the aromatic protons of the benzene and pyridine rings produce a 

multiplet signal in the range of δ = 7.22–8.67 ppm. The HDO proton appears as a doublet signal at δ 

= 3.36 ppm. A signal in the range of δ = 2.49–2.51 ppm is observed, which is indicative of DMSO-

d6, the deuterated solvent [30]. 

 

 
Fig. 6. FƬ-IR picture of T6 derivative 

 

 
Fig. 7. FƬ-IR picture of T7 derivative 



 
Fig. 8. FƬ-IR picture of T8 derivative 

  

 
Fig. 9. FƬ-IR picture of T9 derivative 

 

 
Fig. 10. FƬ-IR picture of T10 derivative 

 



3.1.2. Compound Identification Using 1H-NMR Spectroscopy. The 1H-NMR spectrum of 

compound T7, as depicted in Fig. 11, displayed a signal in the range of δ = 2.49 - 2.51 ppm 

corresponding to exchangeable protons from the deuterated solvent DMSO-d6. A singlet at δ = 9.69 

ppm (1H) was observed, which corresponds to the NH proton. Additionally, a multiplet in the range 

of δ = 7.29 - 8.70 ppm was seen, representing the aromatic protons from the benzene and pyridine 

rings. 

These signals provide essential information for confirming the structural features of T7, 

including the identification of functional groups such as the NH group (likely from an amine or amide) 

and the aromatic protons associated with the benzene and pyridine rings [31]. 

 

 
Fig. 11. 1H-NMR picture of T7 derivative 

 

The 1H-NMR spectrum of compound T8, presented in Fig. 12, shows a splitting signal at δ = 

9.90 ppm (1H), which is attributed to the NH proton. Multiple splitting signals between δ = 7.32 and 

8.75 ppm are observed, corresponding to the aromatic protons in the benzene and pyridine rings. A 

splitting signal at δ = 3.38 ppm is assigned to the exchangeable HDO proton, while the signal between 

δ = 2.51 and 2.53 ppm corresponds to the exchangeable protons from the deuterated solvent DMSO-

d6. 

 

 
Fig. 12. 1H-NMR picture of T8 derivative 



This spectrum provides crucial structural information for T8, identifying the exchangeable 

protons (from HDO and DMSO-d6), the NH proton, and the aromatic protons of the benzene and 

pyridine rings [28]. 

The 1H-NMR spectrum of compound T9, presented in Fig. 13, reveals a singlet at δ = 9.79 ppm 

(1H), corresponding to the NH proton. The aromatic protons of the benzene and pyridine rings are 

represented by multiple splitting signals within the range of δ = 6.84 - 8.83 ppm. Two methyl groups 

(-N(CH3)2) are identified by a singlet at δ = 2.98 ppm, with an integral value of six protons. The HDO 

exchangeable proton is observed as a singlet at δ = 3.38 ppm, while the exchangeable protons from 

the deuterated solvent (DMSO-d6) are represented by a signal at δ = 2.46 - 2.48 ppm. This analysis 

provides key structural insights into compound T9, including the identification of the NH proton, 

aromatic protons, methyl groups, HDO exchangeable protons, and solvent-related exchangeable 

protons [30]. 

 

 
Fig. 13. 1H-NMR picture of T9 derivative 

 

 
Fig. 14. 1H-NMR picture of T10 derivative 

 

The 1H-NMR spectrum of compound T10, shown in Fig. 14, reveals several splitting signals in 

the range of δ = 6.96 - 8.66 ppm, which are attributed to the aromatic protons in the benzene and 

pyridine rings. A singlet signal at δ = 3.92 ppm, with an integral value corresponding to three protons, 



is assigned to two methyl groups (-OCH3). A singlet signal at δ = 3.36 ppm is attributed to the 

exchangeable HDO proton, while the exchangeable protons from the deuterated solvent (DMSO-d6) 

are represented by a signal at δ = 2.49 - 2.52 ppm.  This data provides important structural information 

for T10, including the identification of aromatic protons, methoxy groups, HDO exchangeable 

protons, and solvent-related exchangeable protons [32-37]. 

3.1.3. Compound Identification Using 13C-NMR. The 13C-NMR spectrum for compound T6 

reveals a signal at δ = 93.86 ppm, corresponding to the carbon atom at the 2-position in the 

oxazolidine ring. A signal at δ = 119.8 ppm is assigned to the carbon at the 4-position (CCl2). The 

signals in the range of δ = 122 - 155.57 ppm are attributed to the aromatic carbons in the benzene and 

pyridine rings. A signal at δ = 163.69 ppm corresponds to the C=O group of the isonicotinic moiety, 

while a signal at δ = 166.7 ppm is assigned to the C=O group at the 5-position in the oxazolidine ring. 

Additionally, a signal at δ = 39.29 - 40.55 ppm corresponds to DMSO. This 13C-NMR data provides 

valuable structural information for compound T6, including the identification of carbon atoms in the 

oxazolidine ring, aromatic carbons, and carbonyl groups, as well as DMSO-related signals. 

The 13C-NMR spectrum of compound T7, shown in Fig. 15, reveals a signal at δ = 93.86 ppm, 

corresponding to the carbon atom at the 2-position of the oxazolidine ring. The aromatic carbons of 

the pyridine and benzene rings are represented by signals in the δ = 120–150 ppm range. A signal at 

δ = 168 ppm is attributed to the C=O group at the 5-position in the oxazolidine ring, while a signal at 

δ = 165 ppm corresponds to the C=O group in the isonicotinic moiety. Signals in the δ = 40 ppm 

region are assigned to the carbons of DMSO-d6. 

 

 
Fig. 15. 13C-NMR picture of T7 derivative 

 

The 13C-NMR spectrum of compound T8, as shown in Fig. 16, reveals a signal at δ = 100 ppm, 

corresponding to the carbon atom at the 2-position of the oxazolidine ring. Signals in the δ = 120–

150 ppm range are attributed to the aromatic carbons of the pyridine and benzene rings. The C=O 

group of the isonicotinic moiety produces a signal at δ = 161.82 ppm, while the C=O group at the 5-

position in the oxazolidine ring is responsible for a signal at δ = 168 ppm. Signals around δ = 40 ppm 

are assigned to the carbons of DMSO-d6. 

The 13C-NMR spectrum of compound T9 reveals a signal at δ = 44.40 ppm, corresponding to 

the two carbon atoms of the -N(CH3)2 group. The carbon atom at the 2-position of the oxazolidine 

ring is represented by a signal at δ = 103 ppm, while the carbon atom at the 4-position (CCl2) in the 

oxazolidine moiety produces a signal at δ = 114 ppm. Signals in the δ = 125–149 ppm range are 

attributed to the aromatic carbons of the pyridine and benzene rings. Additionally, signals at δ = 154 

and 157 ppm are likely associated with the C=N carbon of the pyridine ring.  The C=O group in the 

isonicotinic moiety produces a signal at δ = 161 ppm, while the C=O group at the 5-position in the 



oxazolidine ring generates a peak at δ = 170 ppm. The carbons from DMSO-d6 are responsible for 

the signals observed around δ = 40 ppm. 

 

 
Fig. 16. 13C-NMR picture of T8 derivative 

 

The 13C-NMR spectrum of compound T10, shown in Fig. 17, reveals a signal at δ = 60.63 ppm, 

which corresponds to the carbon atoms of the methoxy group (-OCH3) attached at the para position 

on the benzene ring. The carbon atom at the 2-position of the oxazolidine ring is represented by a 

signal at δ = 94.35 ppm, while the carbon atom at the 4-position (CCl2) in the oxazolidine moiety 

generates a signal at δ = 112 ppm.  The aromatic carbons in the pyridine and benzene rings are 

represented by signals in the δ = 114–150 ppm range. The C=N carbon in the pyridine ring is likely 

responsible for the signals at δ = 154 and 159 ppm. The C=O group in the isonicotinic moiety 

generates a peak at δ = 165 ppm, while the C=O group at the 5-position in the oxazolidine ring 

produces a peak at δ = 168 ppm. The carbons from DMSO-d6 are responsible for the signals observed 

at δ = 40 ppm . 

 

.  

Fig. 17. 13C-NMR picture of T10 derivative 

 

3.1.4. Compound Identification Using Mass Spectrometry. Mass spectrometry was 

employed to characterize the oxazolidinone derivatives T6-T10. The results indicated that the 

calculated and recorded molar masses agreed. For compound T6, shown in Figure 18, the molecular 



weight was found to be 351.1 g/mol, with the base peak corresponding to the acylium ion at 93.1 

g/mol. 

In the mass spectrum of compound T7 (Fig. 19), the molecular weight was observed at 384 

g/mol, with the base peak at 93.1 g/mol corresponding to the acylium ion. For compound T8 (Fig. 

20), the molecular weight was found to be 396 g/mol, with the base peak at 92.1 g/mol, representing 

the acylium ion. The mass spectrum of compound T9 (Fig. 21) showed a peak at 396.1 g/mol, 

indicating the molecular weight, and a base peak at 92.1 g/mol, corresponding to the acylium ion. 

Similarly, the mass spectrum of compound T10 (Fig. 22) displayed a peak at 381 g/mol, representing 

the molecular weight, and a base peak at 93.1 g/mol, associated with the acylium ion. 

 

 
Fig. 18. Mass spectrum picture of T6 derivative 

 

 
Fig. 19. Mass spectrum picture of T7 derivative 



 
Fig. 20. Mass spectrum picture of T8 derivative 

 

 
Fig. 21. Mass spectrum picture of T9 derivative 

 

 
Fig. 22. Mass spectrum picture of T10 derivative 



3.2. Molecular Docking Analysis of Derivatives T6–T10 of 4,4-Dichloro-1,3-Oxazolidine-

5-One. To evaluate the inhibitory effects of compounds T7, T9, and doxorubicin, a molecular 

docking simulation was conducted against the binding site of human topoisomerase II alpha. The 

results indicated that compound T7 interacted with the binding site, exhibiting a binding free energy 

of -8.1 kcal/mol. This interaction was mediated through one hydrogen bond, as well as pi-anion and 

pi-pi stacking interactions with the amino acid residues, as shown in Fig. 23. The root mean square 

deviation (RMSD) value for this interaction was 0.035 Å.  With a binding free energy of -8.2 kcal/mol, 

compound T9 interacts with the amino acid residues of the binding site through hydrogen bonds with 

SER: A:802, involving the C=O group of the dichloro oxazoline moiety, and DT: D:9, with the NH 

group, among other interactions. As shown in Fig. 24, pi-alkyl interactions were observed in this 

simulation, with an RMSD value of 0.052 Å.  In the case of doxorubicin, it interacts with the binding 

site through three hydrogen bonds: ASP: B:463 with OH and OCH3, and ARG: B:487 with the O 

atom in the hydroplane ring. Additionally, Pi-alkyl, amide-Pi stacking, and Pi-Pi T-shaped 

interactions contribute to the binding mode, resulting in a binding free energy of -10.5 kcal/mol. The 

RMSD value for doxorubicin's binding is 2.354 Å, as seen in Fig. 25.  The binding free energy and 

RMSD values for these compounds are summarized in Table 3. 

 

Table 3. The values of the binding energies between the prepared compounds (T6-T10) with 

binding site of Human topoisomerase IIalpha enzyme (PDB: ID:5GWK)   

 

 

 

 

 

                                                                                                                               
Fig. 23. The interaction between compound T7 with Human topoisomerase IIalpha 

enzyme(PDB:ID:5GWK) in 3D and 2D dimensions 

doxorubicin T9 T7 Comp. No. 

2.354 3.55 3.144 RMSD(Ao) 

-10.5 -8.2 -8.1 
Docking 

Score(kcal/mol) 



 
Fig. 24. Molecular docking between compound T9 with Human topoisomerase IIalpha 

enzyme(PDB:ID:5GWK) in 3D and 2D dimensions 

 

  
Fig. 25. Molecular docking between doxorubicin with binding site of Human topoisomerase IIalpha 

enzyme (PDB:ID:5GWK) in 3D and 2D dimensions 

 

3.3. Anticancer Investigation of Derivatives T6–T10 of 4,4-Dichloro-1,3-Oxazolidine-5-

One. The anticancer activities of the synthetic compounds were evaluated in vitro using the MTT 

assay on the breast cancer cell line MCF-7 (Fig. 26, Table 4). The results showed that compounds T7 

and T9 exhibited promising anticancer activity, with IC50 values of 32 µM and 29 µM, respectively, 

when compared to doxorubicin. These findings indicate that T7 and T9 demonstrate significant 

potential as anticancer agents against the MCF-7 breast cancer cell line (Fig. 27 and 28). 

 

Table 4. Cytotoxicity of new oxazoline derivatives on MCF-7 cell line  

  IC50 µg⁄mL Comp. No. 

129 

32 

163 

T6 

T7 

T8 



 

 

 

 

 
 Fig. 26. Cytotoxicity of new oxazoline derivatives on MCF-7 cell line 

 

 
Fig. 27. Representative images of MCF-7 cells treated with varying concentrations of compound T7 

29 

142 

T9 

T10 

23 doxorubicin 



 
Fig. 27. Representative images of MCF-7 cells treated with varying concentrations of compound T9 

 

4. Conclusions 

 

The structures of the newly synthesized compounds were confirmed using FT-IR, 1H-NMR, 
13C-NMR, and mass spectrometry. Compounds T7 and T9 exhibited significant anticancer activity 

against the MCF-7 breast cancer cell line. Molecular docking studies further supported these findings, 

showing favorable binding interactions with the human topoisomerase II alpha enzyme (PDB: ID: 

5GWK), characterized by low binding energy, a favorable RMSD value, and an ideal binding pattern. 
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