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Abstract: The complex with zinc (II) of Ligand (2-

(benzoylamino)-3-sulfanylpropanoic) acid was made and 

analyzed using FT-IR, UV-visible, mass spectrometry, 1H NMR, 
13C NMR, SEM and powder XRD. DFT calculations were also 

used to detect the electronic properties & structural stability. The 

antimicrobial investigation demonstrated that the zinc (II) 

complex had better bacterial killing action against E. coli (MIC: 

zinc (II) complex > Ciprofloxacin > Ligand) and antifungal 

action against A. niger (MIC: zinc (II) complex > Ligand > 

Amphotericin B). And the Zn (II) complex was more antioxidant 

active than the free ligand in the DPPH assay, as evidenced by its 

lower IC 50 (~420 0). Molecular docking experiments have 

indicated a better binding affinity of the zinc (II) complex with 

major antioxidant, antimicrobial, and enzyme inhibitory proteins 

compared to the free ligand. The anticancer effect of the Zn (II) 

complex on MCF-7 cells was demonstrated to be stronger than 

that of the free ligand in the MTT assay, revealing that the Zn 

(II) complex is suitable for further development as a drug.

Docking of 3D ribbon structures was used to confirm these

interactions. The improved stability and electronic features of the

complex, due to zinc coordination, explain the increase in its

activity.
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I. INTRODUCTION

The application of transition metal complexes has

become of paramount importance in recent years due to their 

multiple biological and chemical characteristics, which 

render them the most desirable drug and therapeutic agents 

[1]. Zinc (II) is preferred among the transition metals due to 

its biocompatibility, low toxicity, and key role in various 

biological activities, such as enzyme catalysis, DNA 

synthesis, and regulation of immune response [2]. Zinc has 

the capacity to interact with sulfur, oxygen and nitrogen 

donor groups in ligands that further form stable complexes 

with increased biological activity [3]. Such complexes are 

frequently more soluble, bioavailable, and reactive than the 

parent ligands, making them of interest to medicinal 

chemistry [4]. In this case, the bidentate ligand, which 

includes thiol and amide functional groups, was chosen 2-

(benzoylamino)-3-sulfanylpropanoic acid, which allows 

forming strong complexes with zinc (II) [5]. This ligand not 

only provides a wide range of coordination opportunities but 

also exhibits biological activity, which can be significantly 

enhanced when complexed with zinc [6]. To determine the 

structure of the synthesized zinc (II) complex and its 

electronic characteristics, a set of spectroscopic and 

analytical methods was used, such as FT-IR, UV-visible 

spectroscopy, mass spectrometry, ¹H NMR and ¹³C NMR 

[7]. The morphological and crystalline characteristics were 

additionally examined with the help of scanning electron 

microscopy (SEM) and powder X-ray diffraction (XRD). In 

contrast, density functional theory (DFT) calculations [8] 

were used to provide insights into the geometry optimisation 

of the complex, the electronic distribution, and its stability 

[9]. The antimicrobial activity of the ligand and its zinc (II) 

complex was estimated using tests on bacterial (E. coli) and 

fungal (A. niger) strains [10]. The results of the minimum 

inhibitory concentration (MIC) showed that the zinc (II) 

complex performed better than the free ligand and well-

known drugs such as Ciprofloxacin (E. coli) and 

Amphotericin B (A. niger) 

[11]. The molecular docking 

research also revealed that 

the zinc (II) complex presents 
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high binding affinities with most biological proteins, 

indicating that it could be better as an antimicrobial and 

therapeutic agent [12]. 

II. EXPERIMENTAL  

A. Materials and Instruments 

Cysteine (98%), benzoyl chloride, hydrochloric acid, 

methanol, ammonia, and zinc chloride (ZnCl2, 98%) were 

purchased from Sigma-Aldrich and not further purified. The 

analysis of the elements was carried out with the help of a 

PerkinElmer 2400 analyzer. The SHIMADZU 

spectrophotometer 400S (400 MHz) was used to record FT-

IR spectra using KBr pellets. The modified Gouy method 

was used to measure magnetic susceptibility at room 

temperature using Hg [Co (SCN)4] as the standard. The 

melting points have been measured with open glass 

capillaries using an electrical device. 1H and 13C NMR 

spectra were measured in DMSO-d6 with TMS serving as an 

internal standard in a JEOL JNM-ECZ-400S (400 MHz). 

Mass spectra were taken on an Agilent Q-TOF LC/MS 

6530, and UV spectra at 900 nm were taken using a 

LabIndia UV3092 spectrophotometer (200–900 nm). 

SHIMADZU DTG-60 DTA-TG (25–1000 °C) was used to 

test the thermal behaviour under nitrogen at heating rates of 

10o C/min, the patterns of the XRD were recorded in Rigaku 

Miniflex system (2θ = 0–80°) using Cu Kα radiation and the 

data was analyzed with the use of Xpert High score Plus. 

DFT computations were done with the Gaussian 09 B3LYP 

functional, LANL2DZ as the metal atoms, and 6-31G (d, p) 

as non-metal atoms, and the FMO and MESP surfaces were 

plotted by Gauss View 6. Auto Dock Vina was utilised to 

investigate molecular docking interactions with the selected 

biological targets. 

B. Synthesis of Ligand 

Benzamide reacted with cysteine in a 1:1 molar ratio to 

produce the Ligand. The benzoyl chloride was prepared by 

converting benzamide into benzoyl chloride using thionyl 

chloride (SOCl2) in a basic solution. This activated 

intermediate was next slowly dropped to a cysteine solution 

under continuous stirring, which favoured a nucleophilic 

substitution. The reaction was then diluted, and acid was 

added after 10 minutes to precipitate the product of Scheme 

1. Ligand crystals were obtained by precipitating, washing 

and recrystallising the precipitate. The real yield was 2.90 g 

of theoretical 3.63 g, representing approximately 80% yield. 

 

[Scheme 1: Synthesis of Ligand] 

C. Synthesis of Metal Complex  

The zinc (II) complex of the Ligand was made by the 

reaction of zinc chloride and the ligand in a 1:2 molar ratio. 

The two were placed in a 10 per cent sodium hydroxide 

solution, stirred, and then refluxed at 80 °C for an additional 

hour to complete the complexation. After cooling, the 

complex was precipitated, filtered, washed and 

recrystallized, to give pure crystals, illustrated in scheme-2. 

The real yield was 5.47g, resulting in an 82% yield.  

 
[Scheme 2: Synthesis of Zn (II) Metal Complex] 

III. RESULT & DISCUSSION  

The compounds which are synthesised (Schemes 1 and 2) 

are non-hygroscopic and crystalline. It is neither soluble in 

water nor soluble in ethanol, methanol, DMF or DMSO. The 

identity and composition of the products formed were 

determined by spectroscopic analysis (IR, UV-Vis, 1H and 
13C NMR, TOF-MS), scanning electron microscopy (SEM), 

Antimicrobial analysis, DFT calculations, and Molecular 

Docking. Analytical data and electronic spectral data of both 

ligand and metal complex were of 1:2 metal to ligand 

stoichiometry. 

A. Spectroscopic Studies 

i. FT-IR Spectrocopy 

The FT-IR analysis of the ligand and the zinc (II) 

complex is used to verify the changes in coordination 

and bonding on complexation. The C=O band of the 

amide is changed to 1640 cm-1 instead of 1660 cm-1, 

and the OH bond of the ligand changes to 3350 cm-1 

rather than 3450 cm-1, as shown in fig 1, indicating the 

presence of hydrogen bonding and coordination 

through nitrogen [13]. The fact that the carboxylic 

C=O peak changed to 1720-1700 cm-1, as shown in 

Table 1, suggests that the covalent bonding is through 

deprotonated oxygen. The shift in CN and NH bands 

proves the presence of nitrogen. The S-H and C-S 

interactions are also modified to indicate secondary 

sulphur interactions. The new bands 498, 510 and 530 

cm-1 represent the M -N, M -O and O -M -N vibrations 

and confirm the coordination of the metal to nitrogen 

and oxygen atoms [14]. 
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[Fig.1: FT-IR Spectrum of Ligand and its Metal Complex] 

Table I: FT-IR Data of Ligand & its Metal Complex 

Frequency Ligand Complex 

ν(OH)Carboxylic acid 3450 3350 

ν (CO)Amide 1660 1640 

ν (CO)Carboxylic acid 1720 1700 

ν (C-N) Amide 1280 1250 

ν (N-H) Amide 1540 1510 

ν (-S-H) 2580 2540 

ν (C-S) 680 660 

ν (M-N) - 498 

ν (M-O) - 510 

ν (O-M-O) - 530 

ii. UV-Vis Spectroscopy 

UV- Vis spectral spectroscopy of the Ligand and its 

complex reveals the presence of the π3-π9 transitions 

in the aromatic and benzoyl systems, which lead to the 

Ligand absorbing at 217 and 238 nm, and the presence 

of the electron-pair-pair transitions at 279 nm [15] (n) 

to 286 nm (p) (fig 2) in the complex. These bands shift 

to 215, 268, and 324 nm on complexation, with a slight 

shift of the 215 nm band, which remains π→ π *. After 

the amide nitrogen and carboxyl oxygen to Zn (II) are 

bound, the 268 nm band (n→π*) shifts [16]. The 

confirmation of the strong ligand-metal interaction is 

the ligand to metal charge transfer (LMCT) of a new 

band at 324 nm. Due to the d10 structure of the Zn (II), 

there are no d-d transitions recorded. Such spectrum 

properties indicate that the zinc (II) complex is 

tetrahedrally geometrized [17]. Fig. 2 shows the Vis 

spectrum of both the ligand and metal complex, and 

Table 2 shows the UV-Vis spectral data of the ligand 

and its metal complex. 

  

[Fig.2: UV- Vis Spectra of Ligand and its Metal Complex] 
 

Table II: UV-Vis Spectral Data of Ligand & its Metal Complex 

S.N. Compound Absorption ν(cm-1) Assignment µeff (B.M) Proposed Geometry 

1 Ligand 
217,238 

279 
46038, 42017 35842 

π- π* 

n- π* 
- - 

2 Complex 215,268 324 
46511, 37313 

30864 

n- π* LMCT 

 
Diamagnetic Tetrahedral 

iii. NMR Spectroscopy 

The structure of the Ligand is verified with the help 

of the 1H NMR spectrum with separate proton signals 

[18]. The deshielded carboxylic acid proton appears at 

11.89 ppm, while the amide NH proton is observed at 

8.51 ppm. Both are affected by hydrogen bonding and 

the neighbouring carbonyl proton. The presence of 

aromatic protons at 7.82, 7.53, and 7.41 ppm, as shown 

in Fig. 3a, also indicates the environment of a benzene 

ring. One can find the chiral CH proton at 4.31 ppm 

and the diastereotopic CH2 protons at 3.15 and 

2.91ppm. The presence of the thiol group is proven by 

a clear SH proton signal at 2.86 ppm. The solvent, 

methanol, gives the peaks of 4.66 ppm (CH3) and 3.40 

ppm (OH). When it is complexed with Zn (II), the NH 

proton shifts to 8.01 ppm, and the aromatic protons are 

slightly downfielded to 4.65 ppm, 3.09 ppm, and 3.03 

ppm, as shown in Fig. 3b, respectively. SH proton also 

changes to 2.95 ppm, which is an indication of its 

retention after the coordination, whereas the methanol 

peaks are not affected [19].  

The structure of the Ligand is further confirmed 

using the 13C NMR spectrum, which has characteristic 

carbon signals. Carboxylic acid carbon resonates at 

175.1 ppm, and the carbon (CONH) of amide is found 

at 167.1 ppm, indicating their deficiency in electrons. 

Aromatic carbons are observed at 134.3, 131.7, 128.3, 

and 127.4 ppm, shown in Fig. 3c, which are in 

agreement with a substituted benzene ring. The chiral 

CH carbon has a signal of 55.7 ppm, with the CH2 

carbon adjacent to the thiol group showing a signal of 

29.8. At 50.1ppm, a methanol carbon (CH3) signal is 

observed. All these signals change with the 

coordination in the zinc (II) complex, with the 

carboxylic carbon moving to 176.2 ppm and the amide 

carbon moving to 169.5 ppm, as shown in Fig. 3d. This 

indicates that the oxygen and nitrogen atoms 

coordinate the signals, respectively. Aromatic carbons 

exhibit more minor downfield shifts. The CH and CH2 

carbons move to 62.9 

ppm and 28.6 ppm, 

respectively, 

demonstrating the effect 
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of interaction with the metal-ligand. Methanol peaks 

are not affected [20]. 

 

[Fig.3a: 1HNMR of Ligand] 

 

[Fig.3b: 1HNMR of Meta Complex] 

 

[Fig.3c: 13CNMR of Ligand] 

 

[Fig.3d: 13CNMR of Meta Complex] 

iv. Mass Spectrometry 

The mass spectrometric analysis of the Ligand and its 

zinc (II) complex can be used to give meaningful 

information about the structural characteristics of the 

two and their fragmentation patterns [21]. The ligand 

has a molecular ion peak of m/z 225, which displays 

the intact molecular structure and isotopic peaks of m/z 

226 and m/z 227 that represent natural variations in the 

isotopes. Notable high fragmentation intensities mainly 

occur at m/z 77, 92, 121,149, and 209, which indicate 

the location of the cleavages within the molecule. 

Markedly, the m/z 92 and m/z 121 peaks are related to 

the formation of stable aromatic fragments [C6H4O] + 

and [C7H5O2] + using the benzoyl moiety, respectively. 

The lignad Lignad fragments into multiple masses to 

produce a kind of fragmentation as shown in Scheme 

3, and the mass spectra of the fragmentation are given 

in Fig. 4a. In the zinc (II) metal complex, the 

molecular ion peak appears at m/z 513, which confirms 

the successful linkage of the ligand. Zn isotopic 

distribution is observed in the ions that occur at m/z 

514 and m/z 515 (See Fig. 4b). The highest 

fragmentation is at m/z 92, 121, 225, 303, 408, and 

447, indicating different dissociation of the ligand-

metal. The peaks at m/z 225 and m/z 303 are the 

fragments of the ligand, whereas m/z 408 and m/z 447 

are the fragments of the coordination sphere 

dissociation and rearrangement. Scheme 3: shows 

Mass fragmentation of the Ligand, Fig. 4a- shows 

Mass spectrum of Ligand and Fig. 4 b, shows Mass 

spectrum of Metal complex. 

 

[Scheme 3: Mass Fragmentation of the Ligand] 

 
[Fig.4a- Mass Spectrum of Ligand] 
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[Fig.4b: Mass Spectrum of Metal Complex] 

B. Powder XRD 

The X-ray diffraction of the Ligand and its complex with 

zinc (II) was performed with the X-ray diffractometer with 

the range of the diffraction angle, 2θ ranging from 0 to 90°, 

as shown in (Fig. 5). The XRD data of the Ligand and the 

zinc (II) complex has many diffraction peaks, which indicate 

the existence of a crystalline phase [22]. The diffraction 

peaks indicate that the Ligand crystal system is 

orthorhombic, while the zinc (II) complex crystal system is 

monoclinic, as confirmed by the obtained results. The 

tentative lattice parameters (a, b, c, α, β, and γ), inter-plane 

spacing (d), Miller indices (h k l) and average crystalline 

size of the Ligand and its zinc( II) complex are determined 

using a systematic trial and error strategy to optimize the fit 

between observed and calculated values using X’PertHigh 

Score Plus software as described in Each complex possess 

To determine the average crystallite size (D) of the zinc(II) 

complex and the Ligand, the Debye-Scherrer Equation was 

used which was D = 0.9λ/βcosθ. The X-rays have a 

wavelength of 1.5406 Å Cu Kα [23]. The average crystallite 

size of the Ligand was determined to be 25.86 nm, which is 

lower than the 98.45 nm size of the zinc (II) complex, as 

shown in Table 3.   

 

 

[Fig.5: Powder XRD of Ligand and its Metal Complex] 

Table III: Powder XRD Spectral Data of Ligand & its 

Metal Complex 

Empirical Formula 
Ligand 

[C10H10NO3S] 

Zn (II) Complex 

[C20H20N2O6S2Zn] 

Formula weight 225.00 513.00 

Temperature(K) 298 298 

wavelength (A
ͦ
) 1.54 1.54 

Crystal system Orthorhombic Monoclinic 

Space group Pbca C2/c 

Unit cell dimensions 

a=5.6000 

b=18.4530 

c=14.8120 

α= β =ϒ=90 

a=14.4310 

b=5.3400 

c=10.9810 

α=ϒ=90ͦ, β=99 ͦ 

volume(A3) 1530.62 833.66 

2θ range 0-90 ͦ 0-90 ͦ

Limiting indices 0<h<2, 0<k<8, 0<l<6 0<h<7, 0<k<2, 0<l<5 

Density(g/cm3) 1.47 1.75 

Z 8.00 4.00 

Particle size(nm) 25.86 98.45 

CCDC 00-039-1667 00-033-1464 

C. Scanning Electron Microscope Analysis (SEM) 

The Ligand and the zinc (II) complex of the Ligand 

demonstrate significant structural and morphological 

characteristics in the SEM analysis. At low magnification 

(500x), their surfaces are rough, amorphous, and rock-like 

(fig 6a & 6b), and aggregated. With a higher magnification 

(1000x-1500x), a more fibrous texture and irregular clumps 

are observed, and hence partial crystallinity at the expense 

of an amorphous matrix [24]. Mixed amorphous and 

crystalline regions are more definite in the highest 

magnification (2000x), with a particle size ranging between 

nanometers and micrometres. Such a mixed morphology 

indicates increased reactivity and better metal ion-binding 

capabilities, which means that the Zn (II) complex is 

suitable for use in coordination-based applications [25]. 

 
[Fig.6a: Scanning Electron Micrograph (SEM) of Ligand] 

 

[Fig.6b: Scanning Electron Micrograph (SEM) of Metal 

Complex] 
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IV. MOLECULAR MODELING / DFT 

CALCULATIONS 

The Ligand and its zinc (II) complex were optimized using 

Density Functional Theory (DFT) at the RBLYP level [26]. 

Calculations employed the 6-31G**(d,p) and 6-311G**(d,p) 

basis sets for light atoms (C, H, N, O, S), and the LANL2DZ 

pseudopotential for the Zn metal centre to account for 

relativistic effects and core-electron interactions. The 

Ligand optimized structure (shown in fig. S9), has an energy 

of -29010.21 ev, an RMS gradient norm of -0.0001632 

ev/Bohr, a dipole moment of 4.431163 Debye, and belongs 

to the C1 point group. The zinc (II) complex showed an 

energy of -106402.44 eV, an RMS gradient norm of -

0.00010885 eV/Bohr, and a dipole moment of 7.006851 

Debye. It also belongs to the C1 point group, reflecting the 

asymmetric nature of both systems. The essential bond 

lengths and bond angles are shown in Table 4. The absence 

of imaginary frequencies confirms both structures as true 

minima. These results provide insights into the strong 

coordination interactions between the ligand donor atoms (O 

and N) and Zn(II), offering significant implications for their 

biochemical and structural properties [27]. 

Table IV: Optimized Structures Bond Length & Bond Angles 

Compound Bond 
Bond 

Length (Å) 
Angle 

Bond 

Angle(θ)ͦ 

Ligand 

O44-C32 

Zn47-N24 

Zn47-O42 

C32-O43 

N24-C20 

Zn47-O42 

O42-C31 

C31-O41 

N23-C27 

C30-S45 

C19-O20 

Zn47-N23 

1.3330 

2.140 

1.847 

1.240 

1.462 

1.859 

1.333 

1.239 

1.507 

1.899 

1.252 

2.285 

Zn47-N24-C20 

O44-C32-O43 

Zn47-N24-C28 

O42-C31-O41 

C28-C29-O41 

N23-Zn47-O42 

O42-C31-O41 

C20-C12-C13 

C11-C10-C15 

O21-C19-N23 

 

106.262 

124.823 

104.540 

124.484 

114.523 

83.9087 

124.484 

55.291 

119.991 

119.505 

Complex 

N14-C10 

N14-C12 

C12-O13 

C12-C4 

C16-C18 

C18-O20 

C18-O19 

C4-C3 

C5-C6 

1.460 

1.370 

1.258 

1.495 

1.510 

1.370 

1.236 

1.406 

1.396 

N14-C16-C18 

O20-C18-O19 

N14-C12-O13 

N14-C12-C4 

C4-C3-C2 

C16-C22-S25 

106.269 

122.189 

120.686 

117.498 

120.20 

115.732 

A. Frontier Molecular Orbitals (FMO) and Molecular 

Electrostatic Potential (MEP) 

Frontier Molecular Orbital (FMO) analysis shows that the 

HOMO-LUMO gap of the Ligand is 0.19356 eV, shown in 

Fig. 7a, whereas that of the zinc (II) complex is smaller at 

0.14381 eV, shown in Fig. 7 b, which means that the 

complex is more reactive, but less stable than the Ligand. 

The study of Molecular Electrostatic Potential (MEP) shows 

regions of electron concentration (red) and electron-

deficiency (blue), whereas the Ligand has a broader 

distribution of charge density. The redistribution of 

electrons on the zinc (II) complex occurs because of 

coordination, and proves that the Ligand binds to the metal 

effectively and affects its electronic properties and reactivity 

[28].  

 
[Fig.7a: FMO of Ligand and its Metal Complex] 

    

 

[Fig.7b: MEP of Ligand and its Metal Complex] 

B. Total SCF Density 

The SCF electron density analysis represents the 

arrangement of the electron density of the ligand and its 

complex with Zn (II). Oxygen, nitrogen and sulfur atoms are 

seen to be highly densely populated in the ligand, which 

suggests metal coordination 

points of the ligand shown in 

Fig. 7c. When interacting 

with Zn (II), there is a 
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redistribution of electron density, particularly at the centre 

of the metal, which underscores covalent and electrostatic 

interactions. In this redistribution, the complex is stabilised, 

and the electronic communication between the metal ion and 

the ligand is improved [29].  

 
[Fig.7c: Total SCF Density of Ligand and its Metal 

Complex] 

V. ANTIMICROBIAL ACTIVITIES 

Antimicrobial activity of the oxime ligand, 2-

(benzoylamino)-3-sulfanylpropanoic acid and the Zn (II) 

complex were evaluated in vitro using the Minimum 

Inhibitory Concentration (MIC) method, both against 

Escherichia coli (MTCC-452) and Aspergillus niger 

(MTCC-281) [30]. The reference drugs used were 

ciprofloxacin and Amphotericin B, used for antibacterial and 

antifungal activity, respectively. As a ligand, it exhibited 

impressive antimicrobial activity, with MIC values of 100 

µg/mL and 0.06 µg/mL, respectively, against E. coli and A. 

niger. When the coordination with Zn (II) was done, the 

complex was much more active, and the values of MIC 

against E. coli and A. niger were 1 µM and 0.04 2g/mL, 

respectively [31]. This has been improved by the augmented 

lipophilicity and chelation effect, which enable red meat to 

penetrate cell membranes better. Zn (II) complex was 

additionally found to be more effective than ciprofloxacin in 

antibacterial activity, and Amphotericin B, shown in Fig. 8a 

& 8b, in antifungal activity [32]. The activity rankings of Zn 

(II) complex were Ciprofloxacin and Ligand versus E. coli, 

and Zn (II) complex versus Ciprofloxacin and Amphotericin 

B versus A. niger. Such findings raise the issue of the 

synergistic nature of metal coordination shown in Table 5, 

which places the Zn (II) complex as a potential broad-

spectrum antimicrobial agent [33].  

 
[Fig.8a: Antibacterial Activities (MIC Values) of Ligand 

and Metal Complex] 

 

[Fig.8b: Antifungal Activities (MIC Values) of Ligand 

and Metal Complex] 

Table V: Antimicrobial Activities of Ligand & its Metal 

Complex 

S. No. Compounds 
Bacterial Strain E. 

coli MIC (µg/ml) 

Fungal Strain 

A.niger MIC 

(µg/ml) 

1 Ligand 100 µg/mL 0.06 µg/mL 

2 Complex 1µmL 0.04µg/mL 

3 Ciprofloxacin 5µg/mL - 

4 
Amphotericin 

B 
- 0.5µg/mL 

A. Antioxidant Properties 

The DPPH radical scavenging assay was used to 

determine the antioxidant activity of the ligand and Zn (II) 
complex [34]. Under this technique, 10 µL of each test 

sample (1-1000 µM) was added to 0.2 mL of 0.1 mM DPPH 

solution in methanol in a 96-well plate. The mixtures were 

left to incubate in the dark, after which the absorbance at 

517nm was measured with a microplate reader. The standard 

antioxidant was ascorbic acid [35]. The percentage 

inhibition was interpreted against the control, and the IC50 

was determined using GraphPad Prism 6. The experiments 

indicated that there was a concentration-dependent radical 

scavenging activity in the ligand and Zn (II) complex shown 

in fig-7. The Zn (II) complex was more antioxidant 
compared to the free ligand. The IC50 of ascorbic acid was 

27.17 ± 0.006 µM, and the approximate IC50 of the ligand 

and Zn (II) complex were ~550 µM and ~420 µM, 

respectively. This augmentation of the complexation implies 

that the complexation with Zn (II) enhances the free radical 

scavenging ability of this ligand [36].  

 

[Fig.8c: Antioxidant Properties of Ligand and Metal Complex] 
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VI. MOLECULAR DOCKING 

The binding interactions between 2 2-benzoylamino-3-

sulfanylpropanoic acid and its Zn (II) complex and the 

selected target proteins were analyzed by using AutoDock 

Vina [37]. The optimisation of the structures was performed 

using the Gaussian program, and objects were visualised 

with Gauss View. The file preparation for docking was 

completed using the Open Babel GUI. Three objectives of 

the docking simulations involved three proteins, viz., an 

antioxidant protein (PDB: 1HD2), an antimicrobial protein 

(PDB: 1D6N), and an enzyme inhibition protein (PDB: 

1E66) [38]. Table 6 presents the outcomes of the data, 

including binding energy, electrostatic interaction, inhibitory 

constant, and thermodynamic constant. The pattern of 

interaction is depicted as a 3D micelle in Fig. 9a and as 3D 

ribbon models in Fig. 9 b. The affinity and strength of 

interaction of all the proteins with the Zn (II) complex were 

better than those of the free ligand with respect to the 

biochemical potential due to the metal coordination. Such a 

comprehensive study of docking determines the increased 

relevance of therapy of the Zn (II) complex [39]. 

A. Antioxidant Protein (PDB-1HD2) Interaction 

The docking parameters show that the ligand, 2-

(benzoylamino)-3-sulfanylpropanoic acid and Zn (II) 

complex had different interactions with antioxidant proteins. 

The binding energy of the Zn (II) complex (-4.87 kcal/mol) 

was marginally lower than that of the ligand (-5.86 

kcal/mol), and so there was a slight decrease in affinity with 

complexation. Also, the inhibitory constant (15.07 µM in 

the case of the Zn (II) complex, as compared to 397.13 µM 

in the case of the ligand) indicates better inhibitory activity 

of the metal complex. The electrostatic energy was not 

significant in either system, suggesting that there were 

minimal polar interactions. Increased hydrophobicity and 

lipophilicity, when coordinated with metals, are reflected in 

the partition constant (151.70 kcal/mol of the complex). In 

general, the interaction of the Zn (II) complex with protein 

was more stable, which highlights the possibility of 

improving the antioxidant activity [40]. 

B. Antimicrobial Protein (PDB-1D6N) Interaction 

Antimicrobial protein docking demonstrated the better 

binding of Zn (II) complex than that of the free ligand, as 

shown by a substantial decrease in binding energy (-8.70 

kcal/mol and -5.16 kcal/mol, respectively) [41]. This 

tendency was also supported by the inhibitory constant, 

where the Zn (II) complex exhibited significantly stronger 

inhibitory power (421.51 µM compared to 202.72 µM for 

the ligand). The intermolecular energy of the complex (- -

11.68 kcal/mol) was also significantly smaller, and this 

indicates that there were stronger non-covalent forces. The 

electrostatic energy shift (+0.07 kcal/mol to the complex) 

suggests, however, the establishment of some small polar 

interactions that supplement the binding. These findings 

highlight the increased antimicrobial activity of the Zn (II) 

complex over the uncoordinated ligand [42]. 

C. Enzyme Inhibition (PDB-1E66) Interaction 

In the enzyme inhibition studies, the Zn (II) complex was 

also found to be superior to the free ligand in terms of 

interaction profile [43]. The ligand had a stronger binding 

energy of -6.65 kcal/mol compared to the Zn (II) complex, 

which had a binding energy of -7.53 kcal/mol. The high 

inhibitory constant (138.25 µM of the complex vs 112.82 

µM of the ligand) supports the fact that it can be a good 

enzyme inhibitor. The decrease in internal energy (-5.39 

kcal/mol of the complex compared to -8.79 kcal/mol of the 

ligand) indicates a thermodynamically favourable binding 

reaction during the complexation process. The torsional free 

energy was, however, relatively similar, thus stating that the 

flexibility of the ligand was insignificantly influenced. The 

docking results support the increased potential of the Zn (II) 

complex in regulating the enzymatic activities [44]. 

 

[Fig.9a: Ligand and Complex Interaction with 

Antioxidant Protein (PDB – 1HD2)] 

 

[Fig.9b: Ligand and Complex Interaction with 

Antimicrobial Protein (PDB-1D6N)] 
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[Fig.9c: Ligand and Complex Interaction with Enzyme Inhibition (PDB-1E66)] 

Table VI: Molecular Docking Results of Ligand & its Metal Complex 

S. N 
Chemical 

Properties 

Ligand + 

Antioxidant 

Protein 

(PDB- 1HD2) 

Zn (II) Complex 

+ Antioxidant 

Protein (PDB- 

1HD2) 

Ligand+ 

Antimicrobial  

Protein 

(PDB- 1D6N) 

Zn (II) Complex 

+ Antimicrobial  

Protein 

(PDB- 1D6N) 

Ligand + 

Enzyme 

Inhibition 

(PDB- 1E66) 

Zn (II) Complex 

Enzyme 

Inhibition 

(PDB- 1E66) 

1 Grid energy -5.86 Kcal/mol -4.87 Kcal/mol -5.16 Kcal/mol -8.70 Kcal/mol -7.80 Kcal/mol -6.90 Kcal/mol 

2 
Binding Energy 

(Kcal/mol) 
1.789 Kcal/mol 1.1932Kcal/mol -5.04 Kcal/mol -8.70 Kcal/mol -6.65 Kcal/mol -7.53 Kcal/mol 

3 
Electrostatic 

energy 

-0.17Kcal/ 

mol 

0.00Kcal/ 

mol 
-0.08 Kcal/mol 0.07 Kcal/mol 0.07Kcal/mol -0.31 Kcal/mol 

4 Inhibitory constant 397.13µm 15.07µm 202.72µm 421.51µm 112.82µm 138.25µm 

5 
Partition 

constant(Q) 
50.34Kcal/mol 151.70 Kcal/mol 50.41 Kcal/mol 50.52 Kcal/mol 50.75 Kcal/mol 50.46 Kcal/mol 

6 Free energy (A) 
-2321.84K 

cal/mol 

-2975.37 

Kcal/mol 

-2322.64 

Kcal/mol 

-2323.93 

Kcal/mol 

-2326.59 

Kcal/mol 

-2323.19 

Kcal/mol 

7 Internal energy(U) 4.04 Kcal/mol -6.66 Kcal/mol -4.84 Kcal/mol -6.13 Kcal/mol -8.79 Kcal/mol -5.39 Kcal/mol 

8 Entropy (S) 7.77 Kcal/mol 9.96 Kcal/mol 7.77 Kcal/mol 7.77 Kcal/mol 7.77 Kcal/mol 7.77 Kcal/mol 

9 
Torsional free 

energy 
1.79 Kcal/mol 1.19 Kcal/mol -7.72 Kcal/mol 2.98 Kcal/mol 2.98 Kcal/mol 1.79 Kcal/mol 

10 
Intermolecular 

energy 
-6.43 Kcal/mol -7.77 Kcal/mol -7.72 Kcal/mol -11.68 Kcal/mol -12.46 Kcal/mol -8.51 Kcal/mol 

11 
Unbound system 

energy 
-15.3 Kcal/mol -2.47 Kcal/mol 1.79 Kcal/mol -3.77 Kcal/mol -2.93 Kcal/mol -0.67 Kcal/mol 

12 Grid dimension 
31.220, 65.132, 

43.442 

31.593, 

66.257, 

43.817 

29.095, 

90.037, 

79.938, 

75.222, 

65.173, 

34.021, 

29.610, 88.393, 

85.835, 

71.566, 

55.277, 

34.021 

13 Grid spacing 0.375Å 0.375Å 0.375Å 0.375Å 0.375Å 0.375Å 

 

VII. ANTICANCER PROPERTIES 

The cytotoxic effect of the ligand and the complex 

between ligand and Zn (II) was examined using MTT assay 

on the human breast cancer cell line, MCF-7. Cells of MCF-

7 (10,000 cells/well) were grown in 96-well plates in the 

presence of DMEM medium with 10% fetal bovine serum 

and 1% penicillin-streptomycin and allowed to incubate at 

37°C in a 5% CO₂ environment. The following occurs after 

24 hours, during which the cells were exposed to different 

concentrations of the ligand and its metal complex, prepared 

in DMSO and diluted in an incomplete medium, as shown in 

Fig. 10. Control wells had untreated cells, and blank wells 

did not contain MTT. The MTT solution (5mg/mL) was 

added after 24 hours of exposure and incubated for 2 hours. 

Crystal growth of viable cells was malformed by using 

DMSO, and absorbance was measured at 540 nm. The 

determination of IC50 was done in GraphPad Prism 6, and 

the results were presented as mean and Standard error of the 

mean. Morphological observation was done under an 

inverted microscope. The Zn (II) complex exhibited greater 

cytotoxicity than the free ligand, with a reduced IC50. This 

indicates a higher anticancer potential due to the 

coordination of the metals, which could be attributed to 

increased cellular uptake or reactivity. Therefore, the Zn (II) 

complex can be used as a promising anticancer drug 

development candidate in the 

future [45]. 
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[Fig.10: Anticancer Activities (MIC Values) of Ligand 

and Metal Complex] 

VIII. CONCLUSION  

The paper has been able to synthesize and describe a zinc 

(II) complex of 2- (benzoylamino)-3-sulfanylpropanoic acid 

using a combination of spectroscopic, analytical and 

computational methods. The FT-IR, UV-visible 

spectroscopy, mass spectrometry, 1H NMR, and 13C NMR 

data were used to verify the structural integrity of this 

complex, and SEM and powder XRD were used to 

determine the morphology and crystalline structure. The 

DFT computations of the structure, electrons and stability of 

the complex demonstrated the effect of zinc coordination on 

the chemical characteristics of the complex. Biological 

measurements indicated that the zinc (II) complex exhibited 

a better antimicrobial effect than the free ligand and the 

conventional drugs. The zinc (II) complex had the best 

antibacterial activity against E. coli, when compared to 

Ciprofloxacin and the free ligand. On the same note, its 

antifungal effect on A.niger was more pronounced than on 

the ligand and Amphotericin B. The antioxidant activity of 

the Zn (II) complex in the DPPH test was greater than that 

of the free ligand, with a lower IC50 (~420 µM vs. ~550 

µM), reflecting a favourable radical scavenging potential 

when metals coordinate the ligand. The molecular docking 

experiments revealed good interactions between the zinc (II) 

complex and antioxidant, antimicrobial, and enzyme 

inhibition proteins, making it suitable for use in targeted 

therapy applications. The increase in the bioactivity of the 

zinc (II) complex is explained by the electronic and 

structural changes introduced by metal coordination, 

allowing it to interact more strongly with the biological 

target. Moreover, cytotoxicity tests on the MCF-7 cell line 

of breast cancer demonstrated that the Zn (II) complex 

exhibited significantly greater anticancer activity than the 

free ligand, as indicated by the lower IC50 value in the MTT 

assay. These observations point to the development of the 

Zn (II) complex as a good candidate for future 

pharmacological/biochemical studies. 
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