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Highlights 
• A new compound 3 was synthesized and characterized. 

• The cytotoxic activity properties of 3 were tested in human cell lines. 

• The ADME and ADMET properties of molecule 3 were analyzed.  
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Abstract 

In this study, a new Schiff base 3 was synthesized in a reaction step using N1-phenylbenzene-

1,2-diamine and 2-hydroxy-5-methoxybenzaldehyde at 20 h. The structural properties of 

compound 3 were characterized in detail by 1H NMR, 13C NMR, and IR. The cytotoxic activity 

of the synthesized molecule was investigated on breast cancer cell lines (MDA-MB-231 and 

MCF-7) and a healthy human embryonic kidney cell line (HEK-293T). The evaluations revealed 

that the compound exhibits cytotoxic activity against breast cancer cells (IC50: 22.73 µM for 

MDA-MB-231 and 51.59 µM for MCF-7). Additionally, analyses on healthy cells revealed that 

the compound exhibits a high selectivity effect (IC50: 352.40 µM). The ADME and toxicity 

(ADMET) properties of the molecule 3 were analyzed using in silico approaches; 

physicochemical parameters, lipophilicity, and solubility predictions were calculated using 

SwissADME, while acute toxicity predictions were obtained through the Protox-II platform. 

Acute toxicity predictions were reported using Protox-II, and the estimated toxic dose was 

reported as 563 mg/kg based on the value specified in the study. The GHS toxicity class assigned 

by Protox-II is 4, which indicates moderate acute toxicity. 
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1. INTRODUCTION 

 

Schiff bases are compounds formed as a result of condensation reactions between primary amines and 

aldehydes or ketones, first defined by Prof. Hugo Schiff in 1864 [1]. This structural group has a wide range 

of applications in organic chemistry. Research into the synthesis and structural properties of Schiff bases 

has increased significantly in recent years. The active imine group (-C=N) present in these compounds 

contributes to their emergence as molecules of interest in medicinal chemistry, as it enables them to exhibit 

multifaceted effects such as anticancer [2-4], antibacterial [5], antifungal [6], α-amylase and α-glucosidase 

[7], anticonvulsant [8], anti-inflammatory [9], antiviral [10, 11], DNA interaction [12], and antioxidant [13] 

activities (Figure 1). 
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Figure 1. Some biological importance of Schiff base 

 

The uncontrolled growth of abnormal cells and their spread to different parts of the body leads to the 

development of cancer. Breast cancer has the highest mortality rate among women globally [14]. Every 

year, millions of people around the world are diagnosed with cancer, and some of them lose their lives to 

this disease. Factors such as age, genetic predisposition, hormone treatments, age at birth, obesity, alcohol 

consumption, and physical inactivity are among the main risk factors for cancer development. Although 

agents such as doxorubicin, 5-fluorouracil, and cisplatin are widely used as chemotherapeutic drugs, 

mortality rates associated with the disease remain high. Therefore, scientists are working on new 

compounds to develop more effective and safer drug candidate options and are testing these compounds on 

different breast cancer cell lines [15-18]. 

 

In this study, a new Schiff base molecule 3 was prepared and its structural characterization was performed 

in detail. The biological activity of the synthesized compound was evaluated towards MDA-MB-231, MCF-

7 and HEK-293T cell lines. The results obtained demonstrated that the compound exhibits a significantly 

high cytotoxic effect on breast cancer cells. Additionally, in tests conducted on the healthy cell line, the 

compound demonstrated a high degree of selectivity. The ADME and toxicity (ADMET) profile of the 

compound was evaluated using in silico methods; physicochemical parameters, lipophilicity, and solubility 

predictions were obtained using SwissADME, while acute toxicity predictions were obtained using Protox-

II. 

 

2. MATERIAL METHOD 

 

2.1. Synthesis of (E)-4-Methoxy-2-(((2-(phenylamino)phenyl)imino)methyl)phenol 

 

N1-phenylbenzene-1,2-diamine (1 mmol) was placed in a suitable reaction vessel, and 10 mL of ethanol 

(EtOH) was added and stirred until a homogeneous solution was obtained. Then, 2-hydroxy-5-

methoxybenzaldehyde (1 mmol) was added to the same solution. The reaction mixture was heated under 

reflux at 80 °C for 20 hours with continuous stirring. The product was washed with cold diethyl ether and 

dried.  

 

The structural characterization of the newly synthesized compound 3 was performed using Fourier 

Transform Infrared Spectroscopy (FT-IR), Proton and Carbon-13 Nuclear Magnetic Resonance 

Spectroscopies (1H NMR and 13C NMR). Through these techniques, the functional groups of the compound 

and the chemical environments of the proton and carbon atoms were examined in detail. The spectral data 

obtained confirm the successful synthesis of the target compound. 

 

Yield: 89%. M.p.: 113-114 oC. color: orange. IR: 3417, 3353, 3055, 3001, 2896, 2835, 1582, 1505, 1491, 

and 1474 cm-1. 1H NMR (400.13 MHz, CDCl3, 298 K), : 3.84 (s, 3H, OCH3); 6.22-7.39 (m, 13 H, Ar-H, 

N-H); 8.64 (s, 1H, N=CH); 12.40 (s, 1 H, OH). 13C NMR (100.13 MHz, CDCl3, 298 K), : 55.98 (OCH3); 
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115.32, 115.39, 118.05, 118.77, 119.14, 119.77, 120.30, 120.67, 122.12, 127.86, 129.36, 137.31, 137.72, 

142.00, 152.47, 155.03, and 162.79 (Ar-C, NCH). 

 

2.2. Cytotoxic Activity Studies 

 

MDA-MB-231 and HEK-293T cells were cultured in DMEM containing 10% FBS and 1% glutamax. 

RPMI-1640 medium was preferred as the culture medium for MCF-7 cell proliferation [19]. To determine 

cytotoxic activity, cells was seeded at 5000 cells/well density. The cells were incubated for 24 hours after 

adhesion, and then the test compound was applied at concentrations of 200, 100, 50, 25, 12.5, and 6.25 µM. 

The cells were incubated in an incubator for 48 hours after treatment with the compound. 50 µL of a 5 

mg/mL MTT stock solution was added to wells, and the plates were incubated for an additional 2 hours. 

After the 2-hour incubation period was complete, the wells were carefully emptied one by one using a 

pipette. Following this step, a suitable solvent was added to dissolve the formazan crystals, and the resulting 

colour change was measured spectrophotometrically. Absorbance values were recorded at a wavelength of 

590 nm. The data obtained were analyzed using GraphPad Prism 5.0 software (GraphPad Software, USA; 

licensed version). 

 

2.3. ADME and Toxicity (ADMET) Properties 

 

The SMILES representation of the synthesized compound 

(OC(C=CC(OC)=C1)=C1/C=N/C2=CC=CC=C2NC3=CC=CC=C3) was generated using ChemBioDraw 

Ultra 15.0 software. This structure-based code served as the input for in silico evaluation of 

pharmacokinetic and toxicity profiles. ADME-related parameters were predicted via the SwissADME 

online tool [20], while toxicity assessments were carried out using the ProTox-II platform [21].  

 

3. THE RESEARCH FINDINGS AND DISCUSSION 

 

3.1. Synthesis of a New Schiff Base 

 

The desired compound 3 was successfully synthesized in a single-step reaction. The synthesis and chemical 

structure of compound 3 are shown in Scheme 1. During the synthesis process, the target structure was 

obtained with high yield using appropriate starting materials. The structure of compound 3 was 

characterized in detail using spectroscopic techniques. The spectral data confirm the synthesis of compound 

3 and clearly reveal the chemical structure of it. 

 

 
Scheme 1. Synthesis and chemical structure of compound 3 

 

In the IR spectrum of 3, the broad bands observed at 3417 and 3353 cm-1 correspond to the phenolic OH 

and N-H groups in the molecule. Aromatic C–H stretching vibrations are observed in the 3055–3001 cm-1 

range, while bands at 2896 and 2835 cm-1 indicate aliphatic C–H stretching vibrations. The intense bands 

at 1582, 1505, 1491, and 1474 cm-1 correspond to aromatic intra-ring C=C vibrations. These data support 

the presence of aromatic structures and functional groups in the compound. 
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In the 1H NMR spectrum obtained in CDCl3 solution, the singlet signal observed at 3.84 ppm corresponds 

to a three-proton of methoxy group (–OCH3) and indicates that an aldehyde group is attached to the starting 

material 1. The thirteen proton-equivalent resonance signals observed as multiple signals in the 6.22–7.39 

ppm range indicate protons in aromatic rings and N-H protons. The singlet at 8.64 ppm indicates the –

CH=N proton characteristic of Schiff base structures. The singlet signal observed at 12.40 ppm belongs to 

the phenolic OH group and shows a significant downfield shift due to hydrogen bonding effects. These 

spectral data confirm the formation of the targeted structure. 

 

The carbon of the methoxy group of compound 3 was characterized by a signal around 55.98 ppm in 13C 

NMR. The signals in the range of 115.32–155.03 ppm correspond to sp² hybridized carbon atoms belonging 

to aromatic rings. The values 152.47 and 155.03 ppm are thought to correspond to carbon atoms with C–

OH and C–N bonds. The signal at 162.79 ppm indicates an imine carbon atom (C=N), typically seen in 

Schiff base structures. All these carbon signals support the structural integrity of the compound and its 

suitability for the synthesized target structure. 

 

3.2. Antiproliferative Activity Studies 

 

The antiproliferative potential of compound 3 was tested in MDA-MB-231, MCF-7, and HEK-293T cell 

lines. The cells were exposed to compound 3 for 48 hours, and cell viability was determined (Table 1).  

 

Table 1. IC50 results for compound 3 

Compound IC50 (µM) 

MDA-MB-231 MCF-7 HEK-293T 

3 22.73 51.59 352.40 

 

The IC50 value obtained in the MDA-MB-231 cell line was 22.73 µM, indicating that the compound 

exhibited a significant antiproliferative effect. In MCF-7 cells, the IC50 value was calculated as 51.59 µM. 

These results show that the compound exhibits stronger cytotoxic activity in MDA-MB-231 cells compared 

to MCF-7 cells. 

 

On the other hand, the IC50 value calculated in the HEK-293T cell line was 352.40 µM, indicating that the 

compound exhibits very low toxicity against normal human cells. The high selectivity observed in cancer 

cells supports the compound's potential as a candidate anticancer molecule. These findings suggest that the 

compound could serve as a unique and selective building block for targeted cancer therapies. 

 

 
Figure 2. The cell viability ratio varies for compound 3 depending on its concentration 
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A concentration-dependent change in cell viability was observed as a result of applying compound 3 at 

different concentrations (Figure 2). While cell viability was significantly preserved at low concentrations, 

a marked decrease in viability was observed as the concentration increased. This supports the notion that 

compound 3 exhibits a dose-dependent cytotoxic effect on cells. These findings indicate that compound 3 

may exhibit potential anticancer properties by inhibiting cell proliferation at high concentrations. 

 

3.3. ADME and Toxicity (ADMET) Properties 

 

The term ADME is an acronym for the four basic pharmacokinetic processes: absorption, distribution, 

metabolism, and excretion. This concept is used, particularly in the fields of pharmacology and 

pharmaceutical sciences, to describe the path of a compound after it is administered to the body and its 

behaviour in biological systems. The evaluation of ADME parameters requires a comprehensive 

examination of factors such as the compound's physicochemical properties, lipophilicity, water solubility, 

and pharmacokinetic profile. In this study, the aforementioned parameters were calculated using the 

SwissADME web platform, and the findings are presented in detail in Table 2. These enabled predictions 

to be made about the bioavailability potential and possible pharmacological effects of the compounds. 

 

Table 2. Some properties of compound 3 

Physicochemical Properties 

Molecular Formula C20H18N2O2 

Molecular weight (MW, g/mol) 318.37 

Number of heavy atoms 24 

Number of aromatic heavy atoms (AHA) 18 

Number of rotatable bonds (RB) 5 

Number of H-bond acceptors (HBA) 3 

Number of H-bond donors (HBD) 2 

Molar Refractivity (MR) 98.20 

TPSA (Å²) 53.85 

Lipophilicity 

Log Po/w (iLOGP)  3.14 

Log Po/w (XLOGP3)  4.38 

Log Po/w (WLOGP)  4.90 

Log Po/w (MLOGP)  3.16 

Consensus Log Po/w  3.96 

Pharmacokinetics 

GI absorption  High 

BBB permeant  Yes 

P-gp substrate  No 

CYP2C19 inhibitor  Yes 

CYP3A4 inhibitor  Yes 

CYP1A2 inhibitor  Yes 

CYP2D6 inhibitor  Yes 

CYP2C9 inhibitor  Yes 

Log Kp  (skin permeation, cm/s)  -5.13 

Water Solubility 

Log S (ESOL)  

Class 

-4.80 

Moderately soluble 

Log S (Ali) 

Class 

-5.23 

Moderately soluble 

Log S (SILICOS-IT) -7.11 
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Class Poorly soluble 

 

Compound 3 contains a total of 24 heavy atoms, 18 of which are aromatic heavy atoms (Table 2). The 

molecule has 5 rotatable bonds, 3 hydrogen bond acceptors (HBA), and 2 hydrogen bond donors (HBD). 

The molar refractive index is 98.20, while the total polar surface area (TPSA) is determined to be 53.85 Å2. 

These values indicate that the compound exhibits moderate polar properties. 

 

Different calculation methods were used to evaluate the lipophilicity of compound 3 (Table 2). The LogP 

values were found to be 3.14 for iLOGP, 4.38 for XLOGP3, 4.90 for WLOGP, and 3.16 for MLOGP. The 

consensus LogP value is 3.96. This value demonstrates that the compound has a moderate to high lipophilic 

character, thereby demonstrating its potential to pass through cell membranes via passive diffusion. 

 

ADME predictions indicate that the compound has high gastrointestinal (GI) absorption (Table 2). It has 

also been determined that it can cross the blood-brain barrier (BBB) and is not a P-glycoprotein (P-gp) 

substrate. When evaluated in terms of CYP450 enzymes, the compound has been found to have the potential 

to inhibit CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 enzymes. This is an important finding 

that should be considered in terms of potential drug-drug interactions. The skin permeability coefficient 

(Log Kp) was calculated as -5.13 cm/s, indicating that the compound has a low potential for skin 

penetration. 

 

The solubility of the compound in water was evaluated using different prediction models (Table 2). 

According to the ESOL model, the LogS value was -4.80, and the solubility class was determined as 

‘moderately soluble’. In the Ali model, the LogS value is -5.23, again falling into the ‘moderately soluble’ 

class, while according to the SILICOS-IT model, the LogS value is -7.11, placing it in the ‘poorly soluble’ 

class. These results indicate that the compound generally has a low-moderate solubility level. The toxicity 

model report of compound 3 is given in Table 3. 
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Table 3. Toxicity model report of compound 3 

 
 

The toxicological profile of compound 3 was evaluated using the Protox-II web-based prediction system 

(Figure 3). In such analyses, toxic doses are typically interpreted based on IC50 values expressed in 

milligrams per kilogram of body weight (mg/kg). IC50 represents the dose level at which a compound causes 

lethal effects in 50% of the test population when administered and is an important indicator of toxicity 

potential. The data obtained are classified within the Globally Harmonised System (GHS) framework to 

determine the hazard levels of the substances. In this system, toxicity categories are graded from the highest 

risk (Class 1) to the lowest risk (Class 6). As a result of the assessment, it was determined that the IC₅₀ 

value for compound 3 is 563 mg/kg and its GHS toxicity class is 4. These values indicate that the compound 

poses a moderate risk in terms of acute toxicity and that dose optimization is important in its potential use. 
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Figure 3. Oral toxicity prediction results for input compound 3 

 

The ‘boiled egg’ model used in gastrointestinal absorption assessment is an important approach for 

visualizing the bioavailability potential of compounds. In this model, compounds located within the white 

area have a high absorption potential, while those outside this area generally have limited absorption. The 

ability to cross the BBB is indicated by the yellow region in the model. Molecules located within the yellow 

area have the potential to be used in the treatment of central nervous system (CNS)-related diseases, as they 

can cross the BBB. In this context, when compound 3 was examined on the model, it was observed to be 

located within the yellow region, indicating that the compound may be able to cross the BBB and thus have 

the potential to exert pharmacological effects on disorders related to the CNS (Figure 4). 

 

 
Figure 4. Boiled-egg model of compound 3 

 

4. RESULTS 

 

Within the scope of this research, a compound 3 was successfully prepared and the structural properties of 

the molecule were verified by NMR and IR. Biological activity evaluations were performed on MDA-MB-

231, MCF-7, and HEK-293T cell lines. The data obtained revealed that the synthesized compound exhibits 

significant cytotoxicity in breast cancer cells while demonstrating low toxicity in healthy cells, thereby 

exhibiting a high selectivity ratio. These results suggest that the molecule may be a potential candidate for 

an anticancer agent. Additionally, the pharmacokinetic and toxicological properties of compound 3 were 

investigated using non-experimental in silico approaches. Physicochemical parameters, lipophilicity, and 

solubility estimates were calculated using the SwissADME platform, while the acute toxicity profile was 

evaluated using the Protox-II database. These analyses provided preliminary information on the 

compound's bioavailability potential, metabolic behaviour, and potential safety limits. 
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