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In this work, a novel cadmium(II) complex was synthesized through a complexation reaction between cadmium acetate and a ligand 

obtained through nucleophilic substitution. The structural and electronic properties were examined by IR, NMR, UV-Vis spectroscopy, 

SEM, PXRD and DFT calculation techniques. FT-IR validated the metal-ligand coordination, whereas UV-Vis spectra revealed electronic 

changes and metal-to-ligand charge transfer (MLCT) during cadmium complexation. SEM demonstrated morphological alterations, with 

the complex displaying a dense and stable architecture. XRD study indicated a transition from a monoclinic (P21/a) crystal system in the 

ligand to a hexagonal (P63/mmc) system in the metal complex, implying structural reorganization. The biological activities of the ligand 

before and after coordination were evaluated and compared in terms of antimicrobial activity (against Aspergillus niger and Escherichia 

coli), antioxidant activity (using the DPPH radical scavenging assay), and anticancer activity (against MCF-7 breast cancer cells). In 

antimicrobial activity, Cd(II) complex demonstrated enhanced antifungal activity against A. niger while ligand has greater antibacterial 

efficacy against E. coli. Antioxidant activity of ligand exhibited superior radical scavenging at low concentration while Cd(II) complex 

approached the greater potency of ascorbic acid (standard) at higher doses. Anticancer properties evaluated the complex displayed the 

stronger anticancer effects than the ligand due to metal coordination with ligand. 
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INTRODUCTION 

 Many transitional metal complexes are used as a chemo-

therapeutic agent through its DNA-binding capabilities, anti-

microbial activities and antioxidant properties [1-3]. Valine, an 

essential -amino acid, and its 4d-transition metal complexes 

play vital roles in the biological systems and exhibit promising 

therapeutic potential [4,5]. Among these, silver(I) complex 

displayed exceptional antimicrobial activities, including strong 

activity against methicillin-resistant Staphylococcus aureus 

(MRSA) with a low MIC values [6]. Similarly, valine-based 

Ru(II) complex exhibits potent anticancer activity through 

ROS-mediated apoptosis against particular efficacy against 

MCF-7 breast cancer cells with an IC50 [7]. As a result of these 

valine-derived metal complexes, improved bioavailability, 

target specificity and therapeutic efficacy in drug design [8-10]. 

 It is widely reported that metal complexes exhibited sup-

erior antifungal activity suggesting that coordination with the 

ligand enhances its effectiveness, possibly by improving mem-

brane penetration or altering its mode of action [11,12]. Conv-
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ersely, the cytotoxicity assays on MCF-7 breast cancer cells 

revealed enhanced anticancer activity upon metal complexa-

tion, with the metal-ligand complex exhibiting a significantly 

lower IC50 value compared to the free ligand, indicating impr-

oved potency following coordination [13,14]. The observed 

variation in bioactivity highlights the significant influence of 

metal coordination on the compound’s biological behaviour, 

enhancing certain therapeutic effects while attenuating others. 

These trends provide valuable insights for the rational design 

of metallodrugs, particularly in optimizing metal-ligand frame-

works for targeted therapeutic applications [15,16]. Moreover, 

the findings emphasize the importance of comprehensive bio-

logical evaluation during the development of coordination 

compounds with tailored pharmacological profiles and they 

further underscore the need for in-depth mechanistic studies 

to elucidate the structural determinants underlying their selec-

tive bioactivity [17]. 

 Based on these facts, this study was undertaken to explore 

the potential of valine-derived ligands in the design of biolog-

ically active metal complexes. By synthesizing and charact-
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erizing a novel Cd(II) complex of N-[2-hydroxy-3-methyl-

benzyl]valine and evaluating its antimicrobial, antioxidant, 

and anticancer properties through both the experimental and 

computational (DFT) methods, we aim to contribute to the 

development of metal-based therapeutic agents. 

EXPERIMENTAL 

 All metal salts were procured from commercial suppliers 

and employed without further purification. Moreover, Sigma-

Aldrich provided the AR-grade reagents, such as o-cresol, 

valine, acetic acid, sodium acetate trihydrate and dimethyl-

formamide. The FTIR analysis was performed with the Perkin-

Elmer 4100 spectrophotometer within the 4000-400 cm-1 range. 

The 1H NMR spectra were recorded in DMSO-d6 using a 400 

MHz Brunauer spectrometer. The PXRD data was analyzed 

using X’pert HighScore Plus and processed with baseline 

corrections in Origin software. 

 Synthesis of ligand: The ligand was synthesized by mixing 

equimolar quantities (0.5 mol each) of o-cresol (54 g), valine 

(58.6 g) and sodium acetate trihydrate (68 g) in 250 mL of 

formalin and glacial acetic acid. The components were stirred 

until a homogeneous solution was obtained. Subsequently, 40% 

of formalin solution was added gradually to the mixture while 

it was heated in a water bath maintained at 60-80 ºC for 2-3 

h. After this initial reaction period, the entire solution was 

subjected to prolonged heating in a water bath for 12-14 h with 

intermittent stirring. Upon cooling, a yellowish viscous liquid 

to waxy solid was formed. This crude product was transferred 

to distilled water and filtered. A portion of the filtrate was puri-

fied by recrystallization using NaOH followed by treatment 

with 50% HCl (Scheme-I). The resulting precipitate was 

dried in an oven at a controlled temperature of 20-30 ºC for 

2-3 days. 

 Synthesis of metal complex: The equimolar quantities 

of ligand, N-[2-HMBV-3] (0.237 g, 0.001 mol) and cadmium 

acetate (0.230 g, 0.001 mol) were each dissolved separately in 

10 mL of DMSO and 10 mL of distilled water, respectively, 

under continuous stirring until clear, homogeneous solutions 

were obtained. The two solutions were then combined and the 

resulting mixture was heated in a water bath at 60-80 ºC for 

12-14 h to facilitate complexation. Upon completion of the 

reaction, a solid precipitate was formed, collected, washed 

thoroughly with distilled water and finally allowed to dry at 

ambient temperature (20-30 ºC), yielding the anhydrous form 

of the desired metal complex (Scheme-II). 

 Antimicrobial activities: Amphotericin B was employed 

as reference standard for evaluating the antifungal efficacy of 

ligand N-[2-HMBV-3] and its cadmium(II) complex against 

Aspergillus niger. Both compounds were tested at concentra-

tions of 25, 50, 75 and 100 g/mL. The antibacterial activity 

against Escherichia coli was evaluated at the same concen-

tration range, with ciprofloxacin serving as positive control. 

The effectiveness of the test samples was quantified by deter-

mining their minimum inhibitory concentration (MIC) values, 

facilitating the comparative analysis. 

 DPPH radical scavenging assay: The antioxidant pote-

ntial of the compounds was determined via DPPH radical sca-

venging activity. Briefly, 10 L of each test sample or the 

standard antioxidant (ascorbic acid) was added to 0.2 mL of 

0.1 mM DPPH solution prepared in methanol, in a 96-well 

microplate. The assay was performed in quadruplicate inclu-

ding duplicate blanks (DPPH + sample/standard) and controls 

(DPPH + 20 L water). After incubating in dark for 30 min 

at room temperature, absorbance was measured at 517 nm 

using a BioRad iMark microplate reader. Radical scavenging 

activity (RSA%) was calculated as: 

 

Scheme-I: Synthesis of N-[2-hydroxy-3-methyl-benzyl]valine (ligand) 

 

 
Scheme-II: Synthesis of cadmium(II) complex 
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 Half-maximal inhibitory concentration (IC50) values were 

derived by plotting concentration (X-axis) against percentage 

inhibition (Y-axis) using GraphPad Prism 6. The results are 

reported as mean ± SEM. 

 Cytotoxicity assay: The cytotoxic effects of the ligand 

and its Cd(II) complex were evaluated against MCF-7 breast 

cancer cells using the MTT assay. Cells were seeded at a density 

of 10,000 cells per well in multi-well plates containing 

Dulbecco’s Modified Eagle Medium (DMEM) supplemented 

with 10% fetal bovine serum (FBS) and 1% antibiotics, then 

incubated at 37 ºC in a 5% CO2 atmosphere for 24 h. Test 

compounds, prepared in DMSO and diluted in serum-free 

medium, were applied at varying concentrations, with untre-

ated cells serving as the negative control. Following 24 h of 

treatment, MTT reagent (5 mg/mL) was added to each well and 

incubated for 2 h. The resulting formazan crystals were disso-

lved in DMSO and absorbance was recorded at 540 nm using 

an iMark ELISA reader. The IC50 values were calculated with 

GraphPad Prism 6 and the cellular morphology changes were 

captured using inverted microscopy (Olympus EK2) equipped 

with an AmScope camera. Data are expressed as mean ± SEM, 

with IC50 representing the concentration required to reduce 

cell viability by 50%. 

RESULTS AND DISCUSSION 

 FTIR spectral studies: FT-IR analysis of N-[2-hydroxy-

3-methylbenzyl]valine (2-HMBV-3) and its cadmium(II) com-

plex provides valuable insights into their structural features and 

coordination behaviour. The free ligand shows a wide O-H 

stretching vibration of the phenolic -OH group between 3600 

and 3200 cm-1, which shows that there is a hydroxyl group 

attached to the aromatic ring [18]. Aromatic C-H stretching 

vibrations appears in the 3100-3000 cm-1 range, while the 

stretching from the methyl group’s alkyl C-H appears at 2960 

-2850 cm-1. The secondary amine group exhibits the N-H 

stretching at 3500-3300 cm-1 and N-H bending at 1600-1500 

cm-1 [19]. The carboxylic acid group has a wide O-H stret-

ching band (2500-3300 cm-1) due to hydrogen bonding and a 

strong C=O stretching peak at 1750-1700 cm-1 from the carbonyl 

bond [20] (Fig. 1).  

 Complexation with cadmium(II) ions causes large shifts 

in the IR peaks, indicating the ligand-metal coordination. The 

carboxylate group exhibits two distinct C=O stretching vibra-

tions viz.  an asymmetric stretch appearing between 1650 and 

1600 cm-1, and a symmetric stretch observed within the 1450-

1350 cm-1 range, both of which signify the coordination to the 

cadmium ion. The amide group shows the N-H stretching 

between 3500-3200 cm-1 and C=O stretching from 1690-1650 

cm-1, which confirmed that the amide carbonyl is coordinated 

to the metal. Aromatic C-H stretching occurs between 3100-

3000 cm-1, while the C=C stretching in the aromatic ring is 

appeared at 1600-1450 cm-1. The presence of coordinated 

water molecules is supported by significant O-H stretching at 

3500-3300 cm-1 and H-O-H bending at 1640-1600 cm-1 [19]. 

Moreover, the stretching vibrations of metal-oxygen (Cd-O)  

 
Fig. 1. FT-IR spectra of ligand and its Cd(II) metal 

 

are appeared in the 600-400 cm-1 range, whereas the stretch-

ing of metal-nitrogen (Cd-N) appears at 550-450 cm-1, which 

confirmed that cadmium is bonded to oxygen and nitrogen 

atoms from the ligand (Fig. 1). The spectral shifts confirmed 

the formation of the cadmium complex, coordinated with the 

ligand’s carboxylate, amide and potentially amine groups. 

 NMR spectral studies: The 1H NMR spectrum of ligand 

N-[2-hydroxy-3-methylbenzyl]valine, recorded in DMSO-d₆ 
on a 400 MHz spectrometer, exhibits signals consistent with 

the expected proton environments. The phenolic –OH proton 

resonates at  9.67 ppm as a deshielded singlet due to the intra-

molecular hydrogen bonding and the electronegative oxygen 

atom, while the amide –NH proton of the valine moiety 

appears at  8.83 ppm, reflecting deshielding from the adjacent 

carbonyl group [21]. Aromatic protons on the 1,2,3-trisub-

stituted benzene ring appear as multiplets between  7.18 and 

6.99 ppm. The benzylic –CH2– group attached to the nitrogen 

and aromatic ring resonates at δ 4.98 ppm, slightly deshielded 

by the electron-withdrawing effects of both the aromatic ring 

and nitrogen [22]. The -proton of valine appears at  3.92 ppm, 

with the neighbouring methylene protons at  3.52 ppm. The 

methyl group on the aromatic ring resonates at  2.62 ppm, 

while the β-methylene protons of the valine side chain appear 

at  2.20 and 2.13 ppm. The isopropyl methyl groups of valine 

are observed as doublets at  1.03 and 0.96 ppm. Upon comp-

lexation with Cd(II), the phenolic –OH proton is either signi-

ficantly shifted or disappears, indicating deprotonation and 

coordination to the metal center, while the amide –NH and 

other aliphatic protons experience minor downfield shifts due 

to changes in the electronic environment. These observations 

suggest that Cd(II) coordinates through both the phenolic 

oxygen and the amide nitrogen, forming a stable chelate, likely 

adopting a distorted octahedral or tetrahedral geometry, with 

the aromatic ring and hydroxyl group enhancing the overall 

stability through electron donation [23]. 

 13C NMR spectral studies: The comparison of the 13C 

NMR spectra of free ligand and its metal complex reveals the 

significant chemical shift changes, confirming coordination 

to the metal center. In the free ligand, the carboxylate carbonyl 

resonates at  174.96 ppm, characteristic of the protonated 
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carboxylic acid group, whereas upon complexation, this signal 

shifts downfield to  178-185 ppm due to the deprotonation 

and direct coordination to the metal, reflecting reduced electron 

density at the carbon [24]. The aromatic carbon bearing the 

hydroxyl group undergoes a notable shift from  151.43 ppm 

in the free ligand to  140-145 ppm in the complex, consistent 

with deprotonation of the phenolic –OH and coordination to 

the metal center. Other aromatic carbons ( 136.03-113.81 ppm) 

show minor shifts and slight broadening, indicating subtle 

redistribution of π-electron density upon complexation. The 

benzylic carbon, initially at  65.81 ppm, may shift to higher 

ppm values due to its proximity to the coordination site. The 

- and -carbons of valine ( 48.63 and 39.96 ppm, respect-

ively) exhibit minor changes, particularly if the amino nitrogen 

participates in metal binding. The methyl carbons ( 28.26, 

18.54 and 17.17 ppm) generally remain unaffected, except 

when near the metal coordination sphere [25]. Collectively, 

these 13C NMR variations provide clear evidence for complex 

formation, with the most pronounced changes observed at the 

carboxylate and phenolic carbons, indicating that these atoms 

serve as the primary binding sites for the metal center. 

 UV-Vis spectral studies:  The UV-Vis spectral study of 

valine derivative and its Cd(II) complex reveals the distinct 

electronic transitions and metal-ligand interactions. The free 

ligand exhibits the absorption peaks at 294.69, 352.02 and 

520.14 nm, corresponding to -* and n→* transitions, refl-

ecting the conjugation effects [26]. Upon coordination with 

Cd(II), these peaks shift to 280.39, 342.44 and 569.98 nm, 

indicating the formation of a metal-ligand complex. The appear-

ance of the 569.98 nm peak suggests a metal-to-ligand charge 

transfer (MLCT) transition. The shifts in the spectra, including 

a hypsochromic shift for -* transitions and a bathochromic 

shift for MLCT, confirm coordination of Cd(II) through the -

NH, -COO and -OH donor groups (Fig. 2) [27]. 

 

 
Fig. 2. UV-vis spectra of ligand and its Cd(II) metal 

 

 Powder XRD: The PXRD analysis further elucidates the 

crystalline structures of the ligand and its metal complex. The 

ligand crystallizes in a monoclinic system (space group P21/a) 

with unit cell dimensions a = 5.2260 Å, b = 11.5740 Å, c = 

3.9628 Å, and angles  = 90º,  = 120º,  = 90º, giving a unit 

cell volume of 237.54 × 106 pm3. In contrast, the Cd(II) com-

plex adopts a hexagonal crystal system (space group P63/mmc) 

with a = b = 2.9793 Å, c = 5.6181 Å,  =  = 90º,  = 120º and 

a reduced unit cell volume of 43.19 × 106 pm3, suggesting 

denser packing and higher crystallinity, as reflected in its hig-

her density of 8.64 g/cm3 compared to 1.60 g/cm3 for the ligand 

[28,29]. The hexagonal system features symmetry elements 

such as a six-fold screw axis, mirror planes, and glide planes, 

which influence the PXRD peak positions and intensities (Fig. 3). 

The average crystallite size of the metal complex calculated 

using the Debye-Scherrer equation (D = 0.9/cos) with λ = 

1.54 Å, β as the full width at half maximum (FWHM), and θ 

the Bragg angle), was determined to be 25.5 nm (Table-1). The 

number of formula units per unit cell (Z) was also calculated 

using the equation Z = VNA/M, where  denotes the density; 

V represents the unit cell volume; NA stands for Avogadro’s 

number; and M is the molar mass.  
 

 
Fig. 3. PXRD spectra of ligand and its Cd(II) metal 

 
TABLE-1 

CRYSTALLOGRAPHIC DATA 

 Ligand Metal complex 

Temperature (K) 298 298 

Wavelength (Å) 1.54 1.54 

Crystal system Monoclinic Hexagonal 

Space group P21/a P63/mmc 

Unit cell dimensions a = 5.2260 Å 

b = 11.5740 Å 

c = 3.9628 Å 

α =  = 90º,  

β = 120º 

a = 2.9793 Å 

b = 2.9793 Å 

c = 5.6181 Å 

α = β = 90º,  

 = 120º 

Volume (106 pm3) 237.54 43.19 

2θ range 0-90º 0-90º 

Limiting indices 0 ≤ h ≤ 3, 0 ≤ k ≤ 1, 

0 ≤ l ≤ 6 

0 ≤ h ≤ 3, 0 ≤ k ≤ 6, 

0 ≤ l ≤ 2 

Density (g/cm3) 1.60 8.64 

Z 2.00 2.00 

CCDC number 00-036-1684 00-005-0674 

 

 SEM studies: The SEM examination provided significant 

insights into the morphological and structural differences bet-
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ween N-[2-hydroxy-3-methylbenzyl]valine and its cadmium(II) 

complex. The free ligand exhibited agglomerated, irregularly 

shaped particles with a porous and rough texture, indicative 

of non-uniform crystallinity and weak intermolecular inter-

actions (Fig. 4a) [30]. In contrast, upon complexation with 

cadmium, significant morphological changes were observed. 

The Cd(II) complex displayed a more compact, tightly packed 

structure with increased homogeneity and grain size, sugges-

ting enhanced molecular stability. Surface smoothness imp-

roved due to stronger coordination bonds between cadmium 

and the donor groups (-NH, -COO, -OH), while surface rough-

ness decreased, confirming effective metal-ligand interaction 

(Fig. 4b) [31,32]. The SEM results therefore validate the succe-

ssful formation of the cadmium complex and the structural 

stabilization. 

 DFT studies: DFT optimization at the B3LYP/6-31G level 

showed that coordination of Cd2+ with the ligand induces 

significant structural and electronic changes. Formation of 

Cd−O (4.125-6.004 Å) and Cd−N (5.750 Å) bonds confirms 

metal-ligand interaction, with elongation of key bonds such 

as C12−O20 (2.042 Å) and N23−C12 (1.763 Å) indicating 

the electron density redistribution. The initially planar ligand 

distorts to accommodate a distorted octahedral geometry, evi-

denced by unusual bond angles (O18−Cd24−O22 = 140.27º, 

O20−Cd24−O21 = 45.02º), highlighting the participation of 

carbonyl and amine groups in coordination (Fig. 5, Table-2). 

These theoretical findings are consistent with experimental 

observations, confirming the reliability of DFT in predicting 

the coordination-induced structural changes. 

 Antimicrobial activities: The antifungal activity against 

A. niger was measured through percentage inhibition at various 

concentrations for the ligand, Cd(II) complex and amphot-

ericin B as reference. Amphotericin B showed the highest 

inhibition across all the concentrations. While the cadmium(II) 

complex generally exhibited stronger antifungal activity than 

the free ligand, showing a concentration-dependent effect 

(Fig. 6a). Antibacterial activity against E. coli was similarly 

tested using ciprofloxacin as a standard. Ciprofloxacin con-

sistently demonstrated the highest inhibition, while the ligand 

exhibited greater antibacterial activity than the cadmium(II) 

complex at most concentrations (Fig. 6b). MIC values confir-

med that the ligand was more potent than the complex against 

both E. coli and A. niger, whereas standard drugs showed 

superior efficacy. 

 

 

Fig. 4. SEM images of (a) ligand and (b) its Cd(II) complex 

 

 

Fig. 5. Optimized structures of (a) ligand and (b) its Cd(II) complex 
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TABLE-2 

BOND LENGTH AND BOND ANGLES OF  

OPTIMIZED LIGAND AND ITS Cd(II) COMPLEX 

Bond 
Bond  

length (Å) 
Bond 

Bond  

angle (º) 

Ligand 

C16-N17 

N17-C18 

C18-C19 

C18-C26 

C26-C29 

C26-C28 

C19-O20 

C3-C16 

C4-O10 

C5-C12 

C1-C2 

C2-C3 

C3-C4 

C4-C5 

1.471 

1.457 

1.525 

1.568 

1.538 

1.541 

1.245 

1.526 

1.410 

1.509 

1.397 

1.404 

1.403 

1.407 

C16-N17-C18 

C3-C4-O10 

C19-O21-O20 

C26-C28-C29 

N17-C16-C3 

C1-C2-C3 

C4-C5-C6 

C4-C5-C12 

119.915 

119.539 

62.681 

110.989 

118.713 

120.886 

118.164 

120.012 

Cadmium(II) complex 

C12-H37 

N23-H36 

C4-O5 

C5-O22 

C4- O10 

C10-N23 

N23-C12 

O18- C16 

C16-O17 

Cd24-O18 

N23-Cd24 

1.07000 

1.00000 

1.39482 

1.43000 

1.54000 

1.56251 

1.76308 

2.00236 

1.89113 

4.90449 

3.602025 

O21-Cd24-O19 

O20-Cd24-O19 

O20-Cd24-O21 

O18-Cd24-O22 

O18-Cd21-O20 

O22-Cd24-N23 

O18-Cd24-N23 

95.15476 

50.13417 

45.02060 

140.26936 

54.46603 

63.79209 

 

 Antioxidant activity: DPPH radical scavenging activity 

revealed significant differences between ascorbic acid, ligand 

and its cadmium(II) complex at concentrations ranging from 

0-1000 M. At low concentrations (1-10 M), the ligand 

showed superior activity (5.89-6.59 nm) compared to the it’s 

Cd(II) complex (2.89–6.34 nm) and ascorbic acid (0.69-4.94 

nm). At higher concentrations, ascorbic acid exhibited stronger 

activity, reaching 1416.20 nm at 1000 M, while the Cd(II) 

complex (1349.47 nm) surpassed the ligand (1279.45 nm) 

(Fig. 7). Metal coordination enhances radical stabilization 

through electron delocalization, suggesting that the cadmium 

complex could serve as an effective alternative antioxidant, 

particularly at higher concentrations [33]. 

 

 
Fig. 7. Antioxidant properties of ligand and its Cd(II) complex 

 

 Anticancer activity: The MTT assay on MCF-7 cells 

showed that paclitaxel was the most potent (IC50 = 125.1 ± 0.20 

nM), consistent with its microtubule-stabilizing effect [34]. 

The cadmium complex (IC50 = 550.5 ± 0.19 M) was appro-

ximately 4.4 times more cytotoxic than the free ligand (IC50 

= 633 ± 0.07 M), although both were significantly less potent 

than paclitaxel. The enhanced activity of the Cd(II) complex 

may result from the metal’s contribution to cellular uptake or 

redox activity, and both compounds showed dose-dependent 

cytotoxicity, particularly at 100-1000 nM (Fig. 8). These results 

indicate that metal complexation substantially improves the 

anticancer potential of the valine-derived ligand. 

Conclusion 

 In this work, a novel cadmium(II) complex of N-[2-

hydroxy-3-methylbenzyl]valine was successfully synthesized  

 

Fig. 6. (a) A. niger (antifungal) and (b) E. coli (antibacterial) properties of ligand and its Cd(II) complex 
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Fig. 8. Anticancer properties of ligand and its Cd(II) complex 

 

and characterized using a combination of experimental (FTIR, 

NMR, UV-Vis, PXRD, SEM) and computational (DFT) 

techniques. Spectroscopic analyses confirmed the coordina-

tion of cadmium through the carboxylate, amide and phenolic 

groups present in ligand, leading to significant structural and 

electronic changes. PXRD and SEM studies revealed a trans-

formation from a monoclinic ligand structure to a hexagonal, 

densely packed and stable metal complex. DFT calculations 

supported the experimental findings, indicating a distorted 

octahedral geometry and redistribution of electron density upon 

complexation. Biological evaluation demonstrated that Cd(II) 

complex enhanced certain activities while diminishing others. 

The Cd(II) complex exhibited superior antifungal activity against 

A. niger and stronger anticancer activity against MCF-7 breast 

cancer cells compared to the free ligand. Conversely, the ligand 

displayed greater antibacterial activity against E. coli and 

higher antioxidant activity at lower concentrations. These results 

underscore the influence of metal coordination on the pharma-

cological profile of the ligand, highlighting the potential of 

valine derived Cd(II) complexes as therapeutic agents with 

selective bioactivity. 
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