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A B S T R A C T   

The sulfonamide Schiff base compound (E)-4-((4-(dimethylamino)benzylidene)amino)-N-(5- 
methylisoxazol-3-yl)benzenesulfonamide was successfully prepared and fully characterized. The 
foremost objective of this study was to explore the molecular geometry of the aforementioned 
compound and determine its drug likeness characteristics, docking ability as an insulysin inhib-
itor, anticancer and antioxidant activities. The molecular structure of this compound was opti-
mized using the B3LYP/6− 311G+(d,p) level of theory. The compound was completely 
characterized utilizing both experimental and DFT approaches. Molecular electrostatic potential, 
frontier molecular orbitals, Fukui function, drug likeness, and in silico molecular docking ana-
lyses of this compound were performed. Wave functional properties such as localized orbital 
locator, electron localization function and non-covalent interactions were also simulated. The 
compound was screened for anticancer and antioxidant activities using in vitro technique. The 
observed FT-IR, UV–Vis, and 1H NMR results compared with simulated data and both results were 
fairly consistent. The experimental and computational spectral findings confirm the formation of 
the Schiff base compound. Both π—π* and n—π* transitions were observed in both experimental 
and computational UV–Vis spectra. The examined compound followed to Pfizer, Golden Triangle, 
GSK, and Lipinski’s rules. Consequently, it possesses a more favorable absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) profile, making it a suitable candidate for non-toxic 
oral drug use. Moreover, the compound exhibited promising insulysin inhibition activity in an in 
silico molecular docking. The compound showed in vitro anticancer activity against A549 cancer 
cells with an IC50 value of 40.89 μg/mL and moderate antioxidant activity.   

1. Introduction 

Sulfamethoxazole is widely recognized as an antibacterial sulfa drug. One amino group is present in its molecular structure, which 
participates in the formation of the Schiff base with aromatic aldehyde through a condensation reaction [1,2]. The Schiff base was first 
designated by the German scientist Hugo Schiff [3]. Schiff base compounds contain more potential azomethine linkage [3,4]. 
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Therefore, they demonstrate a broad spectrum of biological activities. Sulfonamides are also considered potent antimicrobial agents 
[4]. The sulfonamide Schiff base is produced from a condensation reaction between a sulfa drug (such as sulfamethoxazole, sulfa-
thiazole, etc.) and an aromatic aldehyde [1]. Sulfonamide Schiff bases possess both azomethine and sulfonamide (− SO2–NH− ) 
functional groups. These compounds have been widely used in the medicinal and industrial fields [5,6]. Numerous Schiff bases exhibit 
a wide range of pharmacological activities, such as antibacterial, antifungal, antimalarial, antiviral, antitumor, antiproliferative, 
antituberculosis, anticancer, and anti-inflammatory activities [1,7–11]. These compounds have also been used as corrosion inhibitors, 
catalysts, chemosensors, pigments, thermally stable materials, NLO materials, and powerful chelating agents in the formation of co-
ordination compounds [5,12,13]. Besides, Schiff base compounds including tamoxifen, thiacetazone, and nifuroxazide, are utilized for 
treating breast cancer, tuberculosis, and intestinal infections, respectively [14,15]. Nowadays, microbial pathogens are a major cause 
of mortality throughout the world [6,16]. The Corona pandemic is one of the most recent examples of this issue. The primary cause of 
morbidity and mortality worldwide is the growing resistance of microorganisms to currently available antimicrobial medications [17, 
18]. Some adverse effects and drug resistance emphasize the importance of discovering new potential drug candidates [17,19]. In 
computer-aided drug design systems, physicochemical, molecular docking, and ADMET predictions are important criteria for evalu-
ating newly designed compounds. To the best of our knowledge, a comparative study, molecular electrostatic potential (MEP), Fukui 
function, drug likeness, and topology analyses, as well as anticancer and antioxidant assays of the query molecule have not been 
published yet. Moreover, computational approaches are increasingly being used to support experimental evidence in the field of 
chemical analysis today [8,20]. For the above investigations, a sulfonamide Schiff base (E)-4-((4-(dimethylamino)benzylidene)ami-
no)-N-(5-methylisoxazol-3-yl)benzene was synthesized by the condensation method, and its experimental and computational analyses 
were performed. The geometrical and electronic features of this Schiff base were ascertained experimentally and computationally to 
ensure the consistency of both results. The spectral analyses including FT-IR, UV–visible, 1H NMR and 13C NMR, were employed to 
investigate the vibrational behavior, optical characteristics, and molecular geometry. Molecular docking analysis was performed to 
evaluate the binding capacity of the studied compound with the target proteins. ADMET analysis was performed to determine the 
drug-likeness characteristics of the compound. Topological and Fukui function analyses were performed to investigate the nature of 
chemical bonding, electron localization, and reactive sites within the compound. Finally, its anticancer and antioxidant activities were 
evaluated to determine its medicinal characteristics. 

2. Experimental approaches 

2.1. Materials and methods 

The starting materials, sulfamethoxazole and 4-(dimethylamino) benzaldehyde, were obtained from Sigma-Aldrich. The solvents 
were collected from a local chemical supplier. Analytical grade solvents and reactants were used without additional purification. The 
melting point of the studied compound was determined using the open capillary technique. FT-IR and UV–vis analyses were conducted 
using SHIMADZU IR Affinity− 1S and PG Instruments CT60, respectively, at the Department of Chemistry, Rajshahi University of 
Engineering & Technology, Bangladesh. The 1H NMR (400 MHz) and 13C NMR (100 MHz) analyses of the final purified compound 
were performed in DMSO using the JEOL JNM-ECZ400S spectrometer from Okayama University of Science, Japan. The topological 
parameters were evaluated using Gaussian [21], Multiwfn 3.8 [22], VMD [23], gnuplot, and irfanView. The A549 human 
non-small-cell lung cancer cell line was acquired from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in 
DMEM medium supplemented with 10 % FBS (Sigma-Aldrich, St. Louis, MO, USA) at the Pharmaceutical Sciences Research Division, 
BCSIR laboratories (Dhaka), Bangladesh Council of Scientific and Industrial Research (BCSIR), Bangladesh. The cytotoxicity assay used 
the trypan blue exclusion process, whereas the antioxidant activity assessment used 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging. The cytotoxicity assay was also conducted at the Pharmaceutical Division, BCSIR laboratories (Dhaka), Bangladesh. In 
silico molecular docking of the studied compound was performed with two suitable target proteins (PDB ID: 3E4A and PDB ID: 3OFI). 
ML345 (PubChem-CID: 57390068) was used as a standard compound for docking. 

Scheme 1. Preparation of the compound.  
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2.2. Preparation of (E)-4-((4-(dimethylamino)benzylidene)amino)-N-(5-methylisoxazol-3-yl)benzenesulfonamide compound 

An ethanolic solution of 4-(dimethylamino)benzaldehyde (1.49 g, 0.01 mol) was added to an ethanolic solution of sulfamethox-
azole (2.53 g, 0.01 mol). The resulting solution was refluxed for 2 h, yielding light orange colored precipitates (Scheme 1). After 
filtration, the resulting product was washed with hot ethanol. The light orange colored product was crystallized from the solvent, 
resulting in a 60 % yield. The melting point of the pure compound was 228 ◦C. 

2.3. Computational approach 

The DFT method with B3LYP functional and 6− 311G+(d,p) basis set was utilized for quantum chemical calculations. Gaussian 09 
W and GaussView 6.0.16 packages [24] were used for these calculations. The optimized molecular structure, frontier molecular orbital 
analysis, molecular electrostatic potential mapping, and theoretical spectral studies were successfully obtained using the Gaussian 
program. 

3. Results and discussion 

3.1. FT-IR spectroscopy analysis 

The FT-IR spectrum showed several characteristic absorption bands of the studied compound, as detailed in Table 1. A charac-
teristic band appeared at 1617 cm− 1, due to azomethine (− HC––N− ) group. This band ensures the formation of Schiff base. A 
stretching band for the secondary amine (N–H) group was found at 3315 cm− 1 in the spectrum of the compound [4,7,25,26]. The 
azomethine and secondary amine (N–H) bands appeared at 1634 cm− 1, and 3446 cm− 1, respectively in the quantum computational 
spectrum. The asymmetric and symmetric stretching vibrations of the SO2 group were found at 1345 and 1186 cm− 1, respectively [26, 
27], while theoretically these bands were observed at 1334, and 1252 cm− 1. The C–O group of the sulfamethoxazole portion showed a 
band at 1250 cm− 1 [4,7]. The S–N group displayed a band at 940 cm− 1. Computationally, these bands were found at 1263, and 925 
cm− 1, respectively. 

3.2. UV–vis spectral analysis 

The electronic spectrum of the Schiff base was recorded in the range of 200–800 nm. Electronic transition bands appeared at 225 
and 250 nm, which were assigned to the π—π* transition of the aromatic rings and azomethine group [7,8]. Theoretically, these 
electronic transition bands were obtained at 288, and 313 nm, respectively. An electronic transition peak was obtained at 278 nm in 
the spectrum, which can be referred to as n—π* electronic transition [8]. Computationally, this band appeared at 362 nm. The key 
contributions of the HOMO and LUMO transitions in the gas phase were as follows: HOMO to LUMO transition accounted for 96 % at a 
wavelength of 363 nm (Table 2), H− 1 to LUMO contributed 76 % at 313 nm, H− 4 to LUMO contributed 18 %, HOMO to L+1 
contributed 21 %, and HOMO to L+3 contributed 50 % at a wavelength of 288 nm. 

3.3. 1H NMR and 13C NMR analysis 

The 1H NMR and 13C NMR findings of the compound are listed in Table 3. In the 1H NMR spectrum of the studied compound, a 
characteristic peak appeared at 8.40 ppm, which corresponded to the azomethine group [4,7,25–27]. The computational shift of this 
group was 8.60 ppm. The N− (CH3)2 protons signal appeared in the range of 2.03–3.18 ppm [7,26], whereas computationally, it was 
found at 2.66–3.56 ppm. The aromatic protons signal was found in the range of 6.15–7.80 ppm [8,26]. A signal at 11.28 ppm was found 
due to the presence of secondary amine group proton [26]. Computationally, a signal for aromatic protons appeared in the range of 
7.20–7.92 ppm and the secondary amine proton signal was not found. Alongside, the experimental spectrum showed signals for the 
isoxazole and methyl isoxazole protons at 6.09 and 2.19 ppm, respectively [7,8]. These signals were computationally obtained at 7.03 
and 2.70 ppm. In the 13C NMR spectrum, signals for C1, C2, C3, and C4 were observed at 10.72, 163.50, 120.75, and 155.30 ppm, 
respectively [7,26]. Theoretically, these signals were appeared at 3.98, 161.40, 83.70, and 145.90 ppm, respectively. Aromatic ring 

Table 1 
Vibrational bands of the studied compound.  

Band Computational (cm− 1) Experimental (cm− 1) 

Unscaled Scaleda  

υ(N–H) 3560 3446 3315 
υ(C––N) 1688 1634 1617 
υ(SO2)assym 1378 1334 1345 
υ(SO2)sym 1294 1252 1186 
υ(C–O) 1305 1263 1250 
υ(S–N) 956 925 940  

a scaling factor for B3LYP/6− 311G+(d, p) is 0.9679 [28]. 
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carbons were observed in the range of 96.62–157.69 ppm [26]. Theoretically, these signals were found to be in the range of 
98.90–146.69 ppm. Peaks at 191.23, and 13.2 ppm correspond to azomethine and N(CH3)2 carbons, respectively [7,26]. Computa-
tionally, these signals were found at 147.63, and 30.76 ppm, respectively. 

3.4. Frontier molecular orbitals (FMO) analysis 

FMO analysis is used to examine the electronic transition. Optical properties, and chemical reactivity [29,30]. The HOMO and 
LUMO represent the highest occupied molecular orbital and the lowest unoccupied molecular orbital, respectively [31]. These orbitals 
participate in chemical reactions, and the reactive zones are governed by the energies of the HOMO and LUMO [26,32,33]. The HOMO 
orbitals describe electron-donor ability, whereas the LUMO orbitals describe electron-accepting ability [5,34,35]. FMO analysis 
efficiently delineates the internal charge transfer and reactivity of compounds [36–39]. The reactivity of the sulfonamide Schiff base is 
higher due to its lower band gap value [12,40,41]. The enhancement of the bioactivity of a compound is governed by a decrease in its 
electrophilicity index. A significantly lower electrophilicity index value (Table 4) implies that the study compound is highly bioactive 
and non-toxic [42,43]. The positive and negative regions are represented by red and green colors, respectively [12]. The low softness 
value (0.27) implies that the molecule under study is very soft and polarizable. 

The highest filled orbitals (HOMO) are seen in both the aromatic rings, the bi-substituted amine group, and the azomethine part of 
the optimized molecule (Fig. 1). While, the LUMO is localized in the benzene rings, azomethine group, nitrogen atom, and SO2 group of 
the optimized compound. 

3.5. Molecular electrostatic potential (MEP) analysis 

The MEP serves as a pictorial representation of the charge distribution across the molecular surface. It determines the locations of 

Table 2 
Electronic transitions of the studied compound.  

Computational Experimental 

Energy 
(cm− 1) 

Wavelength 
(nm) 

Osc. 
Strength 

Symmetry Major contributions Wavelength 
(nm) 

Transition 

27555 363 1.1003 Singlet-A HOMO- > LUMO (96 %) 278 n—π* 
31939 313 0.0086 Singlet-A H-1- > LUMO (76 %) 250 π—π* 
34711 288 0.0221 Singlet-A H-4- > LUMO (18 %), HOMO- > L+1 (21 %), HOMO- >

L+3 (50 %) 
225 π—π*  

Table 3 
NMR data of query molecule.  

Band Computational (ppm) Experimental (ppm) Band Computational (ppm) Experimental (ppm) 

N–H 8.61 11.28 C1 3.98 10.72 
− HC––N− 6.72 8.40 C2 161.40 163.50 
Ar–H 7.20–7.92 6.15–7.80 C3 83.70 120.75 
N− (CH3)2 2.66–3.56 2.33–3.18 C4 145.90 155.30 
Isoxazole 7.03 6.09 Ar–C 98.90–146.69 96.62–157.69 
Isoxazole methyl 2.70 2.19 CH––N 147.63 191.23    

N(CH3) 30.76 13.12  

Table 4 
Global reactivity factors data of the compound.  

Descriptors Values 

HOMO energy − 5.72 
LUMO energy − 2.00 
Energy gap (ΔELUMO-HUMO) 3.72 
Ionization potential (I) 5.72 
Electron affinity (A) 2.00 
Chemical hardness (η) 1.86 
Chemical softness (S) (eV− 1) 0.27 
Chemical potential (μ) − 3.86 
Electronegativity (χ) 3.86 
Electrophilicity index (ω) 4.01 
Electro-donating power (ω− ) 6.17 
Electro-accepting power (ω+) 2.31 
Net electrophilicity (Δω±) 8.48 
Maximum charge transfer index (ΔNmax.) 2.08  
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electrophilic, nucleophilic, and neutral sites which are visually depicted through a color code [35]. The spatial arrangement of mo-
lecular electrostatic potentials is analogous to the chemical reactivity and formation of intense bonds at specific active sites [37,44]. 
MEPs are intricately linked to the chemical properties, electronegativity, and dipole moment [37]. The blue region corresponds to a 
positive-charge center (a nucleophilic zone), while the red region corresponds to a negative-charge density (an electrophilic zone). 
Neutral electrostatic zones are denoted by the color green [45]. The Schiff base showed the most negative zones on the oxygen atoms 
(O21, O22, O30) of the sulfamethoxazole portion and the nitrogen atom (N9) of the azomethine group (Fig. 2), making them attractive 
sites for electrophilic attack. Positive zones are located around the hydrogen atoms of the amino group (H28), the hydrogen atoms 
(H39, H40, H41, H42, H43, H44) of the methyl groups, and the sulfur atom (S20) of the SO2 group, representing preferential 
nucleophilic interaction sites [35]. 

Fig. 1. Depiction of the HOMO, LUMO energies, and DOS spectrum.  

Fig. 2. Pictorial view of the MEP surface.  
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3.6. Electron localization function/localized orbital locator studies 

The topological assessment of the studied compound was achieved by determining two emerging factors: ELF and LOL, facilitated 
by the Multiwfn 3.8 command-line software [22]. LOL’s chemical composition is identical to that of ELF, because both components are 
determined by the kinetic energy density [46]. The extent of electron-cloud confinement within a certain atomic/molecular zone is 
effectively governed by Pauli expulsion, which determines the magnitude of ELF [47,48]. Various color bands, including red (high), 
green (mid), and blue (low) indicate the extent of electron confinement in the ELF and LOL graphical plots, as visualized in Fig. 3 (a) 
and (b). The ELF and LOL plots reveal that areas proximate to C4, C5, C6, C37, C38, O22, and N36 have lower values, as represented by 
the rounded blue band (depletion zones). In contrast, areas around the H7, H41, H43, and H45 atoms (Fig. 3 (a)) have higher values, 
denoted by the rounded red bands (localized or confined zones), which consist of localized bonded, non-bonded, or lone pairs [49]. 
Similarly, the LOL orbital localization parameter shows that the annular red color palette indicates greater orbital localization, 
whereas the blue circles denote lower localization levels (Fig. 3 (b)). 

3.7. NCI-RDG index analysis 

The reduced density gradient (RDG) is a valuable tool for analyzing various weak interactions in a molecule. The RDG-based NCI 
isosurfaces were generated using Multiwfn 3.6 and VMD 1.9.3 software, which provide the positions and nature of noncovalent in-
teractions in the compound [50,51]. The gradient plot of RDG versus electron density is depicted in Fig. 4. This plot indicates the 
strength of various interactions in a molecule. These interactions influence the binding mode between the ligand and protein [52,53]. 
A value approximately equal to zero (sign(λ2)ρ ≈ 0) indicates weak van der Waals forces, while negative (sign(λ2)ρ < 0) and positive 

Fig. 3. (a) Electron localization function (ELF) map and (b) Localized orbital locator (LOL) map of the studied compound in the gas  
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(sign(λ2)ρ > 0) values demonstrate strong attractive (H-bonding) and repulsive (steric effects) forces, respectively [54]. In Fig. 4, the 
red color on the ring system indicates a steric effect, while the green color is due to van der Waals (vdW) interactions, resulting in low 
electron density at this position. 

3.8. Fukui function study 

The Fukui function in quantum computation gives quantitative information about the electrophilicity or nucleophilicity of each 
atom. It relies on Mulliken population inspection [55]. A molecular structure’s reactive sites is determined by its local softness and 
Fukui function. Atomic charges were used to assess Fukui functions by analyzing Mulliken’s population [55,56]. In order to compute 
the Fukui function, the below formulas are employed:  

f+(r) = qr (N+1) – qr (N) (for nucleophilic attack)                                                                                                                            

f− (r) = qr (N) – qr (N− 1) (for electrophilic attack)                                                                                                                           

f0 (r) = (qr (N+1) – qr (N− 1)/2 (for radical attack)                                                                                                                         

In these formulas, qr is the atomic charge at the rth atomic site in the neutral (N), anionic (N+1), and cationic (N− 1) chemical species. 
One of the topical characteristics is softness, which is used in the Fukui analysis [57]. The local softness can be represented as follows: 
S + rf + r = f + rS for nucleophilic attack, S−r f + r = f−r S for electrophilic attack and S0

r f0r = f0r S for radical attack. Here +, -, and 0 signs 
denote nucleophilic, electrophilic, and radical attack, respectively. The Fukui functions, dual descriptors, softness, and Mulliken 
charges for each atom of the studied compound are listed in Table 5. It is found that atom 23 N is more electrophilic in attack because it 
has a larger negative dual descriptor value of − 0.692. While, 25C is more nucleophilic in attack because it has a larger positive dual 
descriptor value of 0.695. The electrophilic sites [(Δfr<0)] of the studied molecule are 30O, 31C, 2C, 11C, 17C, 12C, 6C, 10C, 15C, 
13C, S20, 8C, 38C, 26C, and 23 N. The nucleophilic sites [(Δfr >0)] of the studied molecule are 4C, 9 N, 24C, 36 N, 22O, 1C, 5C, 3C, 
37C, 27H, O21, and 25C. The behavior of a molecule in electrophilic and nucleophilic attacks during a reaction depends on its local 
properties. In the studied compound, electrophilic attack is favored over nucleophilic and radical attacks. 

3.9. Drug likeness and ADMET analysis 

Assessment of ADMET (absorption, distribution, metabolism, excretion, and toxicity) for newly investigated molecules is a vital 
aspect of discovering and developing new medications. At a therapeutic dose, a medication candidate should exhibit appropriate 
ADMET properties and sufficient efficacy against the therapeutic target [58–60]. Recently, many in silico models have been developed 

Fig. 4. RDG plot for the synthesized compound.  
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to predict the ADMET properties of the newly synthesized compound. In this study, the web tool ADMETlab 2.0 [59]was used to 
calculate the ADMET properties of the studied compound. Lipinski’s rule suggests that a compound must possess a number of hydrogen 
bond donors (nHBD) ≤ 5, hydrogen bond acceptors (nHBA) ≤ 10, molecular weight (MW) ≤500, octanol/water partition coefficient 
(logP) ≤5, to act as an orally consumed bioavailable drug [61,62]. The discussed compound pursued all the conditions without any 
violations (Table 6). Therefore, it can be considered a bioavailable oral drug. The Pfizer rule indicates toxicity hazards. The findings 
reveal that the compound is nontoxic as a drug candidate. The GSK rule and Golden Triangle rule are other rules of thumb for 
describing the favorability of the ADMET profile of molecules. The statements of the rules are MW ≤ 400 with logP ≤4, and 200 ≤ MW 
≤ 500; − 2 ≤ logD ≤5 for the GSK rule and the Golden Triangle rule, respectively. The compound strongly follows both rules and 
possesses a favorable ADMET profile (Table 6). The absorption profile of the compound was determined by visualizing its properties, 
including Caco-2 permeability, MDCK permeability, Pgp-inhibitor, Pgp-substrate, HIA, F20 %, and F30 %. All the absorption profile 
indicators lie within the acceptable limits. Therefore, the compound has good intestinal absorptivity, oral bioavailability, and uptake 
efficiency. The volume distribution (VD) value reveals that the compound can easily bind to plasma proteins and distribute in the body 

Table 5 
Fukui function parameters of the Schiff base compound.  

Atom Mulliken atomic charges Fukui functions Dual des. Local softness 

0, 1 (N) N +1 (− 1, 2) N− 1 (1,2) fr+ fr- fr0 Δfr Sr
+ƒr

+ Sr
− ƒr

- Sr
0ƒr

0 

1C − 0.028 0.036 − 0.069 0.064 0.041 0.053 0.023 0.014 0.009 0.011 
2C 0.017 0.063 − 0.036 0.046 0.053 0.050 − 0.008 0.010 0.012 0.011 
3C − 0.034 0.023 − 0.045 0.057 0.011 0.034 0.047 0.012 0.002 0.007 
4C 0.009 0.061 − 0.041 0.052 0.050 0.051 0.002 0.011 0.011 0.011 
5C − 0.035 0.037 − 0.077 0.072 0.042 0.057 0.030 0.016 0.009 0.012 
6C 0.056 0.084 0.011 0.028 0.045 0.037 − 0.017 0.006 0.010 0.008 
7H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
8C 0.089 0.122 − 0.032 0.033 0.121 0.077 − 0.088 0.007 0.026 0.017 
9 N − 0.147 − 0.093 − 0.199 0.054 0.052 0.053 0.002 0.012 0.011 0.012 
10C 0.052 0.062 0.019 0.010 0.033 0.022 − 0.023 0.002 0.007 0.005 
11C 0.008 0.047 − 0.043 0.039 0.051 0.045 − 0.012 0.009 0.011 0.010 
12C − 0.001 0.030 − 0.047 0.031 0.046 0.039 − 0.015 0.007 0.010 0.008 
13C 0.028 0.056 − 0.028 0.028 0.056 0.042 − 0.028 0.006 0.012 0.009 
14H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
15C 0.030 0.061 − 0.025 0.031 0.055 0.043 − 0.024 0.007 0.012 0.009 
16H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
17C − 0.036 − 0.004 − 0.080 0.032 0.044 0.038 − 0.012 0.007 0.010 0.008 
18H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
19H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
20S 0.462 0.462 0.430 0.000 0.032 0.016 − 0.031 0.000 0.007 0.003 
21O − 0.312 0.462 0.430 0.774 − 0.742 0.016 0.515 0.169 − 0.162 0.003 
22O − 0.321 − 0.287 − 0.338 0.034 0.017 0.026 0.017 0.007 0.004 0.006 
23 N 0.024 − 0.295 − 0.349 − 0.32 0.3729 0.02695 − 0.692 − 0.0695 0.08129 0.00588 
24C 0.024 0.05 0.002 0.026 0.022 0.024 0.004 0.00567 0.0048 0.00523 
25C 0.076 0.077 0.77 0.001 − 0.694 − 0.3465 0.695 0.00022 − 0.1513 − 0.0755 
26C − 0.037 − 0.028 − 0.4 0.009 0.363 0.186 − 0.354 0.00196 0.07913 0.04055 
27H − 0.083 0.093 0.0729 0.176 − 0.156 0.01005 0.3319 0.03837 − 0.034 0.00219 
28H 0 0 0 0 0 0 0 0 0 0 
29 N 0 0 0 0 0 0 0 0 0 0 
30O − 0.134 − 0.123 − 0.146 0.011 0.012 0.0115 − 0.001 0.0024 0.00262 0.00251 
31C − 0.068 − 0.055 − 0.083 0.013 0.015 0.014 − 0.002 0.00283 0.00327 0.00305 
36 N 0.07 0.099 0.055 0.029 0.015 0.022 0.014 0.00632 0.00327 0.0048 
37C 0.002 0.032 0.0423 0.03 − 0.040 − 0.0052 0.0703 0.00654 − 0.0088 − 0.0011 
38C − 0.003 − 0.123 − 0.023 − 0.12 0.0204 − 0.0498 − 0.1404 − 0.0262 0.00445 − 0.0109  

Table 6 
ADMET prediction values of the studied compound.  

Parameter Observed value Parameter Observed value Parameter Observed value 

Hydrogen Bond Donor 1 Pgp-substrate 0.004 Rat Oral Acute Toxicity 0.088 
Hydrogen Bond Acceptor 7 Pgp-inhibitor 0.205 FDAMDD 0.439 
Molecular Mass 384.13 Caco2 permeability − 4.614 AMES Toxicity 0.354 
Polar Surface Area 87.8 MDCK permeability 1.5e-05 H-HT 0.581 
Water solubility − 4.526 HIA 0.005 Respiratory Toxicity 0.104 
Rotatable Bonds 6 F20 % 0.002 Eye Corrosion 0.003 
LogP 3.948 F30 % 0.002 Eye Irritation 0.036 
Skin Sensitization 0.223 Golden Triangle Accepted hERG Blockers 0.1 
SAscrore 2.391 Lipinski Rule Accepted IGC50 4.49 
BBB permeability 0.465 Pfizer Rule Accepted LC50FM 5.026 
VDss (human) 0.516 GSK Rule Accepted LC50DM 5.01  
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fluid. The blood–brain barrier (BBB) penetration value indicates that the compound can act in the central nervous system (CNS). In 
addition, this compound has no hERG (ether-a-go-go gene) inhibition activity. Obtaining a lower synthetic accessibility score 
(SAscore) indicates that the preparation of this drug-like compound will be very easy. The toxicity-measurement parameters, hERG 
blockers, rat oral acute toxicity (ROAT), skin sensitization (SS), eye corrosion/irritation (EC/EI), and respiratory toxicity (RT) as well 
as all the above mentioned parameters indicate that the studied compound may be safe as a drug component. 

3.10. In silico molecular docking analysis 

The molecular docking study is mainly utilized for determining the binding pattern of a molecule (ligand) to a target protein. The 
findings inform about the investigated compound, which may or may not be used as drug component in future [63,64]. Pass online 
(https://www.way2drug.com/PassOnline/index.php) is a versatile and reliable web tool for easily predicting the biological activity 
profile of the query molecule [43]. The web tool suggests that the synthesized molecule is a good inhibitor of insulysin, with a Pa 
(probability to be active) value of 0.950. Two suitable and previously studied target proteins (PDB ID: 3E4A and PDB ID: 3OFI) were 
chosen based on docking studies of the studied compound and downloaded in the.pdb format from the RCSB Protein Data Bank 
(https://www.rcsb.org/structure) web server [61,62]. The crystal structures of the human insulin-degrading enzyme (PDB ID: 3E4A 
and PDB ID: 3OFI) were collected, and polar hydrogens were inserted after eliminating heteroatoms [65,66]. The grid was spaced 
0.375 Å apart, with a grid dimension of 40 × 40 × 40 Å for both targets. The centers were located at x = − 95.274, y = 65.332, and z =
3.496 for 3E4A and x = 95.409, y = − 65.459, and z = 18.382 for 3OFI, respectively. The software programs used in the docking study 
were AutoDockTools-1.5.6, Autodock_vina_1_1_2, PyMOL-2.5.7 graphics tool, and LigPlot + v.2.2.8 [67]. The binding pattern of 
compound− 3E4A reveals that the two oxygen atoms of –SO2- bind to the amino acids Ser132 and Arg892 (Fig. 5(a)), the nitrogen atom 
of sulfonamide binds to Ser816, and the nitrogen atom of azomethine binds to the Ser128 amino acid via hydrogen bonding in-
teractions, with bond distances of 2.81, 3.31, 3.19, and 3.15 Å, respectively. The carbon and hydrogen atoms of the rings in the 
compound bind to the amino acids Glu817, Glu182, Gln11, His112, Arg824, Phe815, Phe820, and Ser137 via hydrophobic in-
teractions. In contrast, the binding pattern of compound–3OFI revealed that the amino acids Ser132 and Arg892 bind to the oxygen 
atoms of the sulfonamide group, while the nitrogen atom of the sulfonamide binds to Ser816 through hydrogen bonding interactions 
(Fig. 5(b)), with bond distances of 2.81, 3.04, and 3.04 Å, respectively. The carbon and hydrogen atoms, along with the oxygen atoms 
of the sulfamethoxazole portion and the nitrogen atom of the azomethine group, bind to the amino acids Glu817, Phe115, Phe820, 
Arg824, His112, Glu182, Glu111, and Ser137 via hydrophobic interactions. The compound ML345 (PubChem-CID: 57390068) was 
used as a reference for comparison with the studied compound. The binding modes of the reference compound (ML345) with 3E4A and 
3OFI were visualized in Fig. 6(a) and (b). The binding affinities resulting from the interaction of ML345 with the two target proteins 
were − 8.3 kcal/mol for 3E4A and − 8.9 kcal/mol for 3OFI, respectively, whereas the binding affinities for the discussed compound’s 

Fig. 5. Binding pattern of the compound with (a) 3E4A and (b) 3OFI.  

Md.M. Abedin et al.                                                                                                                                                                                                   

https://www.way2drug.com/PassOnline/index.php
https://www.rcsb.org/structure


Heliyon 10 (2024) e34556

10

interaction with the two target proteins were found to be − 9.0 and − 8.8 kcal/mol, respectively. The results reveal that the studied 
compound exhibits potent insulysin inhibition activity compared with the reference compound, ML345. 

3.11. Antioxidant activity analysis 

Species with one or more unpaired electrons are known as free radicals. Antioxidants are reciprocal to free radicals that act as 
inhibitors of free radical chain reactions. The detrimental effects of free radicals are not limited to foodstuffs, they are also responsible 
for many diseases in the human body, such as autoimmune disorders, Parkinson’s disease, neurological diseases, cancer, pulmonary 
diseases, aging, cataracts, rheumatoid arthritis, cardiovascular diseases, and Alzheimer’s disease [68–76]. The antioxidant activity of 
the synthesized Schiff base was assessed using the established DPPH method. The very stable free radical 2,2-diphenyl-1-picrylhydra-
zyl (DPPH) is highly reactive towards other free radicals and scavenges them. The free radical scavenging activity of the studied 
compound at different concentrations was measured using a UV–visible spectrophotometer at a wavelength of 517 nm [77]. A primary 
antioxidant, butylated hydroxy toluene (BHT), was used as the reference antioxidant in this study (Fig. 7). The LC50 value for the 
studied compound was 7.90 ppm, whereas that of BHT was 5.12 ppm. In comparison with the LC50 value of BHT, the studied com-
pound exhibited moderate antioxidant activity. 

3.12. In vitro anticancer activity analysis 

In vitro anticancer activity analysis of the studied compound was conducted using lung cancer A549 cells as the experimental 
model. The resulting IC50 value after 48 h of incubation was found to be 40.89 μg/mL. The effect of the compound on cell viability is 
depicted by the concentration versus cell viability curve shown in Fig. 8, which indicates a decrease in cell viability with increasing 
concentration. A negative control consisting of 1 % DMSO was included to assess the anticancer activity. 

Cell morphology and viability, indicating the presence of live and dead cells. These cells were visualized using the trypan blue dye 
exclusion process. In this process, live cells do not bind to the dye, whereas dead cells do. To account for the dead cells in the matrix, a 
sophisticated cell counting device (LUNA-II™, Analytikjena, South Korea) was used. Images of the cancer cell matrix containing dead 
cells (Fig. 9(a–d)) after incorporation of the studied compound were captured using an inverted microscope. 

4. Conclusion 

In this study, a sulfonamide Schiff base compound (E)-4-((4-(dimethylamino)benzylidene)amino)-N-(5-methylisoxazol-3-yl)ben-
zene was effectively synthesized. This compound was completely characterized using spectroscopic approaches (like FT-IR, UV–Vis, 
and 1H NMR spectroscopy) and DFT approaches. The experimental results were compared to the simulation data. Both data agreed 

Fig. 6. Binding pattern of ML345 with (a) 3E4A and (b) 3OFI.  
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well with each other. The azomethine group showed a characteristic band at 1617 cm− 1 in FT-IR and a peak at 8.40 ppm in 1H NMR 
spectra. The studied compound exhibited higher reactivity with a lower band gap. The studied compound followed Lipinski’s rule, the 
Pfizer rule, the Golden Triangle, the GSK rule, as well as other ADMET properties, and it can be used as an orally bioavailable drug 
candidate. The docking results indicated that the compound exhibited good insulysin inhibition activity. In addition, this compound 
exhibited considerable antioxidant activity. The IC50 value of this compound was 40.89 μg/mL. There are no data on its biological 
application (such as antibacterial, antiviral, antifungal, anti-inflammatory, etc.), corrosion inhibition activity, or metal complexes, 
which can be investigated in the future. 
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