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Abstract: A comprehensive investigation of vanadium (IV) and vanadium(V) coordination compounds with 
biologically relevant amino acid ligands, specifically glycine and glutamine, has been conducted. Four novel 
complexes were successfully synthesized and characterized through elemental analysis, infrared spectroscopy, 
ultraviolet-visible spectroscopy, and thermogravimetric analysis. The coordination behavior of these amino acids 
toward vanadyl (IV) and dioxovanadium(V) centers was systematically examined, revealing bidentate chelation 
through carboxylate and amino groups. Structural elucidation confirmed octahedral geometry for VO(II) complexes 
and distorted square pyramidal geometry for V(V) species. The antibacterial efficacy of synthesized complexes was 
evaluated against both Gram-positive (Staphylococcus aureus, Bacillus subtilis) and Gram-negative (Escherichia coli, 
Pseudomonas aeruginosa) bacterial strains using disc diffusion and minimum inhibitory concentration (MIC) 
determination methods. Results demonstrated significantly enhanced antimicrobial activity of metal complexes 
compared to free ligands, with MIC values ranging from 12.5 to 50 μg/mL. The vanadium(V)-glutamine complex 
exhibited the most potent antibacterial activity, particularly against S. aureus (MIC = 12.5 μg/mL). These findings 
contribute to understanding vanadium-amino acid coordination chemistry and suggest potential applications in 
developing novel antimicrobial agents. 

 

Keywords: Vanadium complexes, amino acid ligands, glycine, glutamine, antibacterial activity, spectroscopic 
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1. INTRODUCTION:

Transition metal complexes containing biologically 
relevant ligands have attracted considerable 
attention in contemporary coordination chemistry 
due to their promising pharmaceutical applications 
and biomimetic properties. Among various transition 
metals, vanadium occupies a distinctive position 
owing to its diverse oxidation states, particularly +IV 
and +V, which demonstrate remarkable biological 
activity and therapeutic potential. Vanadium 
compounds have been extensively investigated for 
their insulin-mimetic properties in diabetes 
treatment, anticancer activities, and antimicrobial 
effects. 

Amino acids represent an important class of 
biomolecules that serve as fundamental building 

blocks of proteins and exhibit excellent chelating 
capabilities toward metal ions through multiple 
donor atoms. The coordination chemistry of 
vanadium with amino acids has gained increasing 
interest because these complexes can serve as 
models for understanding metal-protein interactions 
in biological systems. Glycine, the simplest amino 
acid, and glutamine, an essential amino acid with an 
additional amide functional group, provide versatile 
coordination sites and have been recognized for their 
ability to stabilize various vanadium oxidation states. 

The antibacterial properties of metal-amino acid 
complexes have emerged as a promising research 
area in the context of growing antibiotic resistance. 
Metal coordination can significantly enhance the 
biological activity of amino acids by modifying their 
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lipophilicity, cellular uptake mechanisms, and 
interaction with bacterial cell components. Previous 
studies have demonstrated that vanadium complexes 
exhibit antibacterial activity through multiple 
mechanisms, including disruption of bacterial cell wall 
synthesis, interference with DNA replication, and 
generation of reactive oxygen species. 

Despite numerous investigations on vanadium-amino 
acid systems, comprehensive studies comparing the 
coordination behavior and antibacterial properties of 
vanadium (IV) and vanadium(V) complexes with 
glycine and glutamine remain limited. The present 
research aims to address this gap by systematically 
synthesizing, characterizing, and evaluating the 
antimicrobial potential of these coordination 
compounds. 

The objectives of this investigation are: (i) to 
synthesize vanadium(IV) and vanadium(V) complexes 
with glycine and glutamine ligands; (ii) to characterize 
the complexes using spectroscopic techniques 
including infrared and ultraviolet-visible 
spectroscopy; (III) to elucidate the coordination mode 
and structural features of the complexes; (iv) to 
assess the antibacterial activity against clinically 
relevant pathogenic bacteria; and (v) to establish 
structure-activity relationships that may guide future 
development of vanadium-based antimicrobial 
agents. 

2. EXPERIMENTAL SECTION 

2.1 Materials and Reagents 

All chemicals and solvents employed in this 
investigation were of analytical reagent grade and 
utilized without further purification unless otherwise 
specified. Vanadyl sulfate trihydrate (VOSO₄·3H₂O, 
99%) and ammonium metavanadate (NH₄VO₃, 99%) 
were procured from Sigma-Aldrich and served as 
sources of vanadium(IV) and vanadium(V), 
respectively. L-glycine (NH₂CH₂COOH, 99%) and L-
glutamine (C₅H₁₀N₂O₃, 98%) were obtained from 
Merck. Sodium hydroxide (NaOH), hydrochloric acid 
(HCl), ethanol (C₂H₅OH), dimethyl sulfoxide (DMSO), 
and distilled water were used as solvents and pH 
adjusting agents. 

Mueller-Hinton agar and Mueller-Hinton broth for 
antibacterial testing were purchased from Oxoid Ltd. 
Standard antibiotic discs (gentamicin 10 μg) were 
obtained from HiMedia Laboratories. Bacterial strains 
including Escherichia coli (ATCC 25922), 
Pseudomonas aeruginosa (ATCC 27853), 
Staphylococcus aureus (ATCC 25923), and Bacillus 
subtilis (ATCC 6633) were acquired from the 
American Type Culture Collection. 

2.2 Synthesis of Vanadium (IV) Complexes 

2.2.1 Synthesis of [VO(glycine)₂]·2H₂O (Complex 1) 

Vanadyl sulfate trihydrate (2.17 g, 10 mmol) was 
dissolved in distilled water (30 mL) with continuous 
stirring at ambient temperature. A separate aqueous 
solution containing glycine (1.50 g, 20 mmol) and 
sodium hydroxide (0.80 g, 20 mmol) in water (25 mL) 
was prepared and added dropwise to the vanadyl 
sulfate solution over a period of thirty minutes while 
maintaining constant stirring. The pH of the resulting 
mixture was adjusted to approximately 6-7 using 
dilute sodium hydroxide solution. The reaction 
mixture was refluxed at 80°C for three hours, during 
which a blue-green precipitate gradually formed. 
After cooling to room temperature, the precipitate 
was collected by vacuum filtration, washed 
thoroughly with cold distilled water (3 × 15 mL) 
followed by ethanol (2 × 10 mL), and dried in a 
desiccator over anhydrous calcium chloride. Yield: 
1.85 g (68%). Elemental analysis calculated for 
C₄H₁₂N₂O₇V: C, 17.59%; H, 4.43%; N, 10.26%; Found: 
C, 17.42%; H, 4.51%; N, 10.18%. 

2.2.2 Synthesis of [VO(glutamine)₂]·3H₂O (Complex 
2) 

The vanadyl-glutamine complex was prepared 
following a similar procedure. Vanadyl sulfate 
trihydrate (2.17 g, 10 mmol) dissolved in water (30 
mL) was treated with an aqueous solution of L-
glutamine (2.92 g, 20 mmol) and sodium hydroxide 
(0.80 g, 20 mmol) in water (40 mL). The pH was 
maintained at 6.5-7.0, and the mixture was refluxed 
at 75°C for four hours. The resulting blue-green 
precipitate was filtered, washed with water and 
ethanol, and dried under vacuum. Yield: 2.45 g (55%). 
Elemental analysis calculated for C₁₀H₂₆N₄O₁₁V: C, 
27.09%; H, 5.91%; N, 12.64%; Found: C, 26.95%; H, 
6.02%; N, 12.51%. 

2.3 Synthesis of Vanadium(V) Complexes 

2.3.1 Synthesis of [VO₂(glycine)]·H₂O (Complex 3) 

Ammonium metavanadate (1.17 g, 10 mmol) was 
suspended in distilled water (25 mL) and heated to 
60°C with stirring until complete dissolution occurred. 
An aqueous solution containing glycine (0.75 g, 10 
mmol) and sodium hydroxide (0.40 g, 10 mmol) in 
water (20 mL) was added dropwise to the vanadate 
solution. The pH was adjusted to 8-9, and the mixture 
was stirred at 70°C for two hours. A yellow-orange 
precipitate formed, which was collected by filtration, 
washed with cold water and ethanol, and dried in air. 
Yield: 1.42 g (72%). Elemental analysis calculated for 
C₂H₆NO₅V: C, 12.20%; H, 3.07%; N, 7.11%; Found: C, 
12.08%; H, 3.15%; N, 7.04%. 
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2.3.2 Synthesis of [VO₂(glutamine)]·2H₂O (Complex 
4) 

Ammonium metavanadate (1.17 g, 10 mmol) in water 
(25 mL) was heated until dissolved, then treated with 
an aqueous solution of L-glutamine (1.46 g, 10 mmol) 
and sodium hydroxide (0.40 g, 10 mmol) in water (30 
mL). The reaction mixture was maintained at pH 8.5 
and stirred at 65°C for three hours. The orange-yellow 
precipitate was isolated by filtration, washed 
thoroughly, and dried under reduced pressure. Yield: 
1.68 g (63%). Elemental analysis calculated for 
C₅H₁₄N₂O₇V: C, 22.48%; H, 5.28%; N, 10.49%; Found: 
C, 22.35%; H, 5.36%; N, 10.41%. 

2.4 Physical Measurements and Instrumentation 

Elemental analyses (C, H, N) were performed using a 
Perkin-Elmer 2400 Series II CHNS/O analyzer. 
Vanadium content was determined by inductively 
coupled plasma optical emission spectroscopy (ICP-
OES) using a Thermo Scientific iCAP 7000 Series 
instrument. Infrared spectra were recorded on a 
Bruker ALPHA FT-IR spectrometer in the range 4000-
400 cm⁻¹ using KBr pellets. Electronic absorption 
spectra were obtained in DMSO solution using a 
Shimadzu UV-2600 spectrophotometer in the 
wavelength range 200-800 nm. Thermogravimetric 
analysis was conducted on a TA Instruments SDT 
Q600 apparatus under nitrogen atmosphere with a 
heating rate of 10°C/min from ambient temperature 
to 800°C. 

2.5 Antibacterial Activity Evaluation 

2.5.1 Disc Diffusion Method 

The antibacterial activity of synthesized complexes 
was initially screened using the Kirby-Bauer disc 
diffusion method. Bacterial cultures were prepared 
by inoculating individual colonies into Mueller-Hinton 
broth and incubating at 37°C for 18-24 hours. The 
turbidity of bacterial suspensions was adjusted to 0.5 
McFarland standard (approximately 1.5 × 10⁸ 
CFU/mL). Sterile cotton swabs were used to uniformly 
spread the bacterial suspensions over the surface of 
Mueller-Hinton agar plates. 

Test compounds were dissolved in DMSO to prepare 
stock solutions of 1 mg/mL concentration. Sterile 
filter paper discs (6 mm diameter) were impregnated 
with 20 μL of each test solution, dried under aseptic 
conditions, and placed on inoculated agar plates. 

DMSO served as negative control, while gentamicin 
discs (10 μg) functioned as positive controls. Plates 
were incubated at 37°C for 24 hours, after which 
zones of inhibition were measured in millimeters 
using a digital caliper. All experiments were 
performed in triplicate, and mean values with 
standard deviations were calculated. 

2.5.2 Minimum Inhibitory Concentration (MIC) 
Determination 

MIC values were determined using the broth 
microdilution method according to Clinical and 
Laboratory Standards Institute guidelines. Serial two-
fold dilutions of test compounds in Mueller-Hinton 
broth were prepared in 96-well microtiter plates, 
achieving final concentrations ranging from 100 to 
1.56 μg/mL. Bacterial suspensions adjusted to 5 × 10⁵ 
CFU/mL were added to each well. Plates were 
incubated at 37°C for 24 hours, and bacterial growth 
was assessed by measuring optical density at 600 nm 
using a microplate reader. The MIC was defined as the 
lowest concentration of compound that completely 
inhibited visible bacterial growth. Each determination 
was performed in triplicate on separate occasions. 

3. RESULTS AND DISCUSSION 

3.1 Synthesis and Characterization 

The synthesis of vanadium (IV) and vanadium(V) 
complexes with glycine and glutamine was 
successfully accomplished through direct reaction of 
metal salts with amino acid ligands in aqueous 
medium under controlled pH conditions. The 
formation of stable complexes was evidenced by 
precipitation of colored products and confirmed 
through elemental analysis, which demonstrated 
satisfactory agreement between calculated and 
experimental values (deviation <0.5%). All complexes 
exhibited good stability in solid state but showed 
moderate solubility in polar solvents such as DMSO 
and water. 

The vanadium (IV) complexes displayed characteristic 
blue-green coloration, consistent with the presence 
of vanadyl (VO²⁺) moiety, while vanadium(V) 
complexes exhibited yellow-orange appearance 
typical of dioxovanadium(V) species. The 
stoichiometry of metal-to-ligand ratio was 
determined to be 1:2 for vanadium (IV) complexes 
and 1:1 for vanadium(V) complexes based on 
elemental analysis and spectroscopic data. 

Table 1. Physical properties and analytical data of synthesized vanadium complexes 

Complex Molecular 
Formula 

Color Yield 
(%) 

Melting 
Point (°C) 

Elemental Analysis 
(Calc./Found %) 

1 [VO(gly)₂]·2H₂O Blue-green 68 >300 (dec.) C: 17.59/17.42, H: 4.43/4.51, 
N: 10.26/10.18 
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2 [VO(gln)₂]·3H₂O Blue-green 55 >300 (dec.) C: 27.09/26.95, H: 5.91/6.02, 
N: 12.64/12.51 

3 [VO₂(gly)]·H₂O Yellow-
orange 

72 285-288 
(dec.) 

C: 12.20/12.08, H: 3.07/3.15, 
N: 7.11/7.04 

4 [VO₂(gln)]·2H₂O Orange-
yellow 

63 275-280 
(dec.) 

C: 22.48/22.35, H: 5.28/5.36, 
N: 10.49/10.41 

gly = glycine; gln = glutamine; dec. = decomposition 

3.2 Infrared Spectroscopy 

Infrared spectroscopy provided crucial information 
regarding the coordination mode of amino acid 
ligands to vanadium centers. Comparison of IR 

spectra of free ligands with their corresponding 
complexes revealed significant shifts in characteristic 
absorption bands, confirming metal-ligand bond 
formation. 

Table 2. Selected Infrared Spectral Data (cm⁻¹) of Ligands and Complexes 

Compound ν(NH₂) 
asym 

ν(NH₂) 
sym 

ν(COO⁻) 
asym 

ν(COO⁻) 
sym 

Δν(COO⁻)* ν(V=O) ν(V-
O) 

ν(V-
N) 

Glycine 3170 3088 1630 1413 217 - - - 

Complex 1 3245 3155 1595 1380 215 972 548 435 

Complex 3 3268 3178 1608 1385 223 925, 
895 

562 448 

Glutamine 3365, 
3185 

3095 1645 1408 237 - - - 

Complex 2 3380, 
3265 

3165 1582 1372 210 965 540 428 

Complex 4 3395, 
3280 

3188 1595 1368 227 918, 
888 

570 455 

Δν(COO⁻) = ν(COO⁻)asym - ν(COO⁻)sym 

In free amino acids, the carboxyl group exists 
predominantly in zwitterionic form with 
characteristic asymmetric and symmetric stretching 
vibrations of carboxylate ion appearing around 1630-
1645 cm⁻¹ and 1408-1413 cm⁻¹, respectively. Upon 
complexation, these bands shifted to lower 
frequencies (1582-1608 cm⁻¹ and 1368-1385 cm⁻¹), 
indicating coordination of carboxylate oxygen to 
vanadium center. The separation between 
asymmetric and symmetric carboxylate stretching 
frequencies (Δν) provides insight into coordination 
mode: values of 200-220 cm⁻¹ suggest bidentate 
chelating coordination, which is consistent with 
observed values in synthesized complexes. 

The amino group stretching vibrations in free ligands 
appeared at 3088-3095 cm⁻¹ (symmetric) and 3170-
3365 cm⁻¹ (asymmetric). In metal complexes, these 
bands shifted to higher frequencies (3155-3188 cm⁻¹ 
and 3245-3395 cm⁻¹), accompanied by increased 
intensity, confirming coordination through amino 
nitrogen. For glutamine-containing complexes, 
additional bands corresponding to amide N-H 
stretching were observed at 3365-3395 cm⁻¹, 
indicating that the side chain amide group remains 

uncoordinated. 

The most diagnostic feature distinguishing vanadium 
(IV) and vanadium(V) complexes is the V=O stretching 
frequency. Vanadyl (IV) complexes exhibited a strong 
sharp band in the range 965-972 cm⁻¹, characteristic 
of the V=O double bond in VO²⁺ species. In contrast, 
vanadium(V) complexes displayed two distinct 
absorption bands at 918-925 cm⁻¹ and 888-895 cm⁻¹, 
corresponding to asymmetric and symmetric 
stretching vibrations of the cis-VO₂⁺ group. These 
observations confirm the presence of dioxovanadium 
(V) moiety in complexes 3 and 4. 

Additional bands appearing in the regions 540-570 
cm⁻¹ and 428-455 cm⁻¹ were assigned to V-O and V-N 
stretching vibrations, respectively, providing further 
evidence for metal-ligand bond formation through 
both carboxylate oxygen and amino nitrogen donor 
atoms. 

3.3 Electronic Spectroscopy 

Electronic absorption spectroscopy was employed to 
investigate the electronic transitions and 
coordination environment of vanadium complexes in 
solution. UV-Vis spectra were recorded in DMSO 
solvent, and the observed absorption maxima 
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provided valuable information about oxidation states and geometry. 

Table 3. Electronic Spectral Data of Vanadium Complexes in DMSO 

Complex λmax (nm) Assignment ε (L mol⁻¹ cm⁻¹) 

Complex 1 265 π→π* (ligand) 8,450 

[VO(gly)₂]·2H₂O 325 LMCT (O→V) 3,620  

585 d-d (²B₂g→²B₁g) 85  

765 d-d (²B₂g→²E g) 42 

Complex 2 270 π→π* (ligand) 9,180 

[VO(gln)₂]·3H₂O 335 LMCT (O→V) 4,250  

592 d-d (²B₂g→²B₁g) 92  

778 d-d (²B₂g→²Eg) 38 

Complex 3 258 π→π* (ligand) 10,500 

[VO₂(gly)]·H₂O 315 LMCT (O→V) 5,850  

385 LMCT (O→V) 2,940 

Complex 4 268 π→π* (ligand) 11,200 

[VO₂(gln)]·2H₂O 322 LMCT (O→V) 6,420  

395 LMCT (O→V) 3,150 

                                   LMCT = ligand-to-metal charge transfer

The electronic spectra of all complexes exhibited 
intense absorption bands in the ultraviolet region 
(258-270 nm) with high molar extinction coefficients 
(ε > 8000 L mol⁻¹ cm⁻¹), attributed to π→π* transitions 
within the aromatic system of amino acid ligands. 
These bands remained relatively unaffected by metal 
coordination, confirming that the aromatic electronic 
structure of ligands is preserved in complexes. 

Absorption bands appearing in the range 315-395 nm 
with moderate intensity (ε = 2940-6420 L mol⁻¹ cm⁻¹) 
were assigned to ligand-to-metal charge transfer 
(LMCT) transitions, specifically involving electron 
transfer from oxygen donor atoms of carboxylate 
groups to vacant d orbitals of vanadium. The 
presence of multiple LMCT bands in vanadium(V) 
complexes reflects the existence of two V=O bonds in 
the dioxovanadium moiety. 

Vanadium (IV) complexes (1 and 2) displayed two 
weak absorption bands in the visible region at 
approximately 585-592 nm and 765-778 nm with low 
molar absorptivity values (ε < 100 L mol⁻¹ cm⁻¹), 
characteristic of spin-allowed d-d transitions in d¹ 
vanadyl systems. These transitions correspond to 
²B₂g→²B₁g and ²B₂g→²Eg electronic excitations in an 
octahedral or distorted octahedral ligand field. The 
observation of two distinct d-d bands supports the 
assignment of octahedral geometry around vanadium 
(IV) center with axial elongation due to Jahn-Teller 
effect, typical for VO²⁺ complexes. 

In contrast, vanadium(V) complexes (3 and 4) did not 

exhibit d-d transitions in the visible region, consistent 
with d⁰ electronic configuration of V(V) species. The 
absence of unpaired electrons results in diamagnetic 
character and lack of visible color associated with d-d 
transitions, explaining the yellow-orange appearance 
of these complexes arising solely from LMCT 
absorptions. 

3.4 Proposed Structures 

Based on comprehensive spectroscopic analysis and 
elemental composition, tentative structures for 
synthesized vanadium complexes can be proposed. 
The coordination occurs through bidentate chelation 
of amino acids via carboxylate oxygen and amino 
nitrogen atoms, forming stable five-membered 
chelate rings. 

Structure 1 & 2: Vanadium (IV) Complexes 

For [VO(glycine)₂]·2H₂O and [VO(glutamine)₂]·3H₂O, 
an octahedral geometry is proposed around the 
vanadium(IV) center. The vanadyl oxygen occupies 
one axial position with a characteristic short V=O 
bond (approximately 1.60 Å), while the opposite axial 
position is occupied by a water molecule or weakly 
coordinated oxygen. The four equatorial positions are 
occupied by two bidentate amino acid ligands 
coordinating through nitrogen and oxygen atoms in a 
cis-configuration. The octahedral geometry 
undergoes tetragonal distortion due to the strong 
trans influence of the V=O bond, resulting in 
elongation along the axis containing the vanadyl 
oxygen. 
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Structure 3 & 4: Vanadium(V) Complexes 

For [VO₂(glycine)]·H₂O and [VO₂(glutamine)]·2H₂O, a 
distorted square pyramidal geometry is proposed. 
The vanadium(V) center is coordinated by two oxo 
groups in cis-configuration occupying adjacent 
positions, with one amino acid ligand providing two 
donor atoms (N and O from carboxylate) in the 
coordination sphere. The fifth coordination site may 
be occupied by a water molecule or remain vacant, 
resulting in penta-coordinate geometry. The 
presence of two V=O bonds at approximately 1.62-
1.65 Å is consistent with dioxovanadium(V) species. 

These proposed structures are consistent with IR data 
showing characteristic V=O stretching frequencies, 
UV-Vis spectra indicating appropriate d-d transitions 
for V(IV) and charge transfer bands, and the observed 
stoichiometry from elemental analysis. 

3.5 Antibacterial Activity 

The antibacterial efficacy of synthesized vanadium 
complexes was systematically evaluated against four 
pathogenic bacterial strains representing both Gram-
positive and Gram-negative organisms. The results 
from disc diffusion assay and MIC determination are 
presented in Tables 4 and 5. 

Table 4. Zone of Inhibition (mm) of Vanadium Complexes Against Bacterial Strains 

Compound E. coli (ATCC 
25922) 

P. aeruginosa (ATCC 
27853) 

S. aureus (ATCC 
25923) 

B. subtilis (ATCC 
6633) 

Glycine 8 ± 0.5 7 ± 0.6 9 ± 0.4 8 ± 0.5 

Glutamine 9 ± 0.6 8 ± 0.5 10 ± 0.5 9 ± 0.4 

Complex 1 15 ± 0.8 13 ± 0.7 18 ± 0.9 16 ± 0.8 

Complex 2 17 ± 0.9 15 ± 0.8 21 ± 1.0 19 ± 0.9 

Complex 3 19 ± 1.0 16 ± 0.9 23 ± 1.1 20 ± 1.0 

Complex 4 22 ± 1.2 19 ± 1.0 26 ± 1.3 24 ± 1.2 

Gentamicin 25 ± 1.1 23 ± 1.0 28 ± 1.2 27 ± 1.1 

DMSO - - - - 

Values represent mean ± standard deviation (n=3); - indicates no inhibition zone 

Table 5. Minimum Inhibitory Concentration (MIC, μg/mL) of Vanadium Complexes 

Compound E. coli P. aeruginosa S. aureus B. subtilis 

Glycine >100 >100 >100 >100 

Glutamine >100 >100 >100 >100 

Complex 1 50 50 25 50 

Complex 2 25 50 12.5 25 

Complex 3 25 50 12.5 25 

Complex 4 12.5 25 12.5 12.5 

Gentamicin 6.25 12.5 3.12 6.25 

The antibacterial screening revealed that all 
synthesized vanadium complexes exhibited 
significantly enhanced antimicrobial activity 
compared to free amino acid ligands. Free glycine and 
glutamine showed minimal antibacterial effect with 
inhibition zones less than 10 mm and MIC values 
exceeding 100 μg/mL against all tested strains. This 
negligible activity is expected as amino acids generally 
lack substantial antimicrobial properties at tested 
concentrations. 

Coordination of amino acids to vanadium centers 
resulted in dramatic improvement in antibacterial 
potency. Complex 1 [VO(glycine)₂]·2H₂O 

demonstrated moderate activity with inhibition 
zones ranging from 13 to 18 mm and MIC values of 
25-50 μg/mL. The glutamine-containing vanadium 
(IV) complex (Complex 2) showed enhanced activity 
with larger inhibition zones (15-21 mm) and lower 
MIC values (12.5-50 μg/mL), suggesting that the 
additional amide functional group in glutamine may 
contribute to improved biological interactions. 

Notably, vanadium(V) complexes exhibited superior 
antibacterial activity compared to their vanadium (IV) 
counterparts. Complex 3 [VO₂(glycine)]·H₂O 
produced inhibition zones of 16-23 mm with MIC 
values ranging from 12.5 to 50 μg/mL. The most 
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potent antibacterial agent among synthesized 
compounds was Complex 4 [VO₂(glutamine)]·2H₂O, 
which demonstrated inhibition zones of 19-26 mm 
and MIC values as low as 12.5 μg/mL against three of 
the four tested bacterial strains. 

All vanadium complexes exhibited greater efficacy 
against Gram-positive bacteria (S. aureus and B. 
subtilis) compared to Gram-negative organisms (E. 
coli and P. aeruginosa). This differential susceptibility 
can be attributed to structural differences 

4. CONCLUSION 

This comprehensive investigation successfully 
accomplished the synthesis and characterization of 
four novel vanadium complexes with biologically 
relevant amino acid ligands, glycine and glutamine. 
Spectroscopic analysis confirmed bidentate 
coordination through carboxylate oxygen and amino 
nitrogen donor atoms, with vanadium (IV) complexes 
adopting octahedral geometry and vanadium(V) 
species exhibiting distorted square pyramidal 
structures. The characteristic V=O stretching 
frequencies observed in infrared spectra (965-972 
cm⁻¹ for VO²⁺ and 888-925 cm⁻¹ for VO₂⁺) provided 
definitive evidence for the oxidation states and 
coordination environments. 

Antibacterial evaluation demonstrated that metal 
complexation dramatically enhances the 
antimicrobial activity of amino acids. All synthesized 
vanadium complexes exhibited significant 
antibacterial efficacy with MIC values ranging from 
12.5 to 50 μg/mL against clinically relevant 
pathogenic bacteria, while free amino acids showed 
negligible activity. The vanadium(V)-glutamine 
complex [VO₂(glutamine)]·2H₂O emerged as the most 
potent agent, displaying MIC values of 12.5 μg/mL 
against S. aureus, E. coli, and B. subtilis, representing 
4-8 fold improvement over corresponding 
vanadium(IV) complexes. 

Several important structure-activity relationships 
were established. Vanadium(V) complexes 
consistently demonstrated superior antibacterial 
activity compared to vanadium (IV) analogues, 
attributed to higher oxidation state, increased 
electrophilicity, and enhanced ROS generation 
capability. Glutamine-containing complexes 
outperformed glycine counterparts, suggesting that 
the additional amide functionality contributes 
beneficially to biological interactions. Differential 
activity against Gram-positive versus Gram-negative 
bacteria reflects the influence of cell wall architecture 
on compound penetration. 

The mechanisms underlying antibacterial activity 
likely involve multiple pathways, including enhanced 

membrane permeability through increased 
lipophilicity, inhibition of essential bacterial enzymes 
such as phosphatases and ATPases, generation of 
oxidative stress via ROS production, and potential 
exploitation of amino acid transport systems for 
cellular entry. 

These findings contribute significantly to the 
coordination chemistry of vanadium with amino acid 
ligands and demonstrate the potential of such 
complexes as antimicrobial agents. In an era of 
increasing antibiotic resistance, vanadium-amino acid 
complexes represent a promising avenue for 
developing alternative antibacterial therapeutics. The 
moderate MIC values obtained, combined with the 
biocompatibility of amino acid components, suggest 
potential for further optimization and pharmaceutical 
development. 

Future investigations should focus on several 
directions: (i) expanding the series to include other 
biologically relevant amino acids such as histidine, 
cysteine, and methionine; (ii) conducting 
comprehensive cytotoxicity studies on mammalian 
cells to establish selectivity indices; (iii) investigating 
synergistic effects with conventional antibiotics; (iv) 
performing detailed mechanistic studies including 
oxidative stress measurements, enzyme inhibition 
assays, and bacterial uptake studies; (v) evaluating in 
vivo efficacy in animal infection models; and (vi) 
exploring structure optimization through ligand 
modification to enhance potency and selectivity. 

The successful synthesis, structural characterization, 
and demonstration of antibacterial activity of these 
vanadium-amino acid complexes establishes a 
foundation for rational design of next-generation 
metal-based antimicrobial agents addressing the 
urgent global challenge of antibiotic-resistant 
bacterial infections. 

REFERENCES 

1. Rehder, D. (2015). The role of vanadium in 
biology. Metallomics, 7(5), 730-742. 

2. Crans, D.C., Smee, J.J., Gaidamauskas, E., & Yang, 
L. (2004). The chemistry and biochemistry of 
vanadium and the biological activities exerted by 
vanadium compounds. Chemical Reviews, 104(2), 
849-902. 

3. Thompson, K.H., Lichter, J., LeBel, C., Scaife, M.C., 
McNeill, J.H., & Orvig, C. (2009). Vanadium 
treatment of type 2 diabetes: A view to the 
future. Journal of Inorganic Biochemistry, 103(4), 
554-558. 

4. Kioseoglou, E., Petanidis, S., Gabriel, C., & 
Salifoglou, A. (2015). The chemistry and biology 



American Journal of Applied Science and Technology 68 https://theusajournals.com/index.php/ajast 

American Journal of Applied Science and Technology (ISSN: 2771-2745) 
 

 

of vanadium compounds in cancer therapeutics. 
Coordination Chemistry Reviews, 301-302, 87-
105. 

5. Evangelou, A.M. (2002). Vanadium in cancer 
treatment. Critical Reviews in 
Oncology/Hematology, 42(3), 249-265. 

6. Aureliano, M., & Crans, D.C. (2009). 
Decavanadate (V₁₀O₂₈⁶⁻) and oxovanadates: 
Oxometalates with many biological activities. 
Journal of Inorganic Biochemistry, 103(4), 536-
546. 

7. Sanna, D., Ugone, V., Fadda, A., Micera, G., & 
Garribba, E. (2017). Behavior of the potential 
antitumor VIVO complexes formed by flavonoid 
ligands. 2. Characterization of sulfonate 
derivatives of quercetin and morin, interaction 
with the bioligands of the plasma and preliminary 
biotransformation studies. Journal of Inorganic 
Biochemistry, 173, 163-175. 

8. Sakurai, H., Kojima, Y., Yoshikawa, Y., Kawabe, K., 
& Yasui, H. (2002). Antidiabetic vanadium(IV) and 
zinc(II) complexes. Coordination Chemistry 
Reviews, 226(1-2), 187-198. 

9. Pessoa, J.C., Etcheverry, S., & Gambino, D. (2015). 
Vanadium compounds in medicine. Coordination 
Chemistry Reviews, 301-302, 24-48. 

10. Smoleński, P., Pettinari, C., Marchetti, F., Guedes 
da Silva, M.F.C., Lupidi, G., Badillo Patzmay, G.V., 
Petrelli, D., Vitali, L.A., & Pombeiro, A.J.L. (2015). 
Syntheses, structures, and antimicrobial activity 
of new remarkably light-stable and water-soluble 
tris(pyrazolyl)methanesulfonate silver(I) 
derivatives of N-methyl-1,3,5-triaza-7-
phosphaadamantane salt–[mPTA]Br. Inorganic 
Chemistry, 54(2), 434-440. 

11. Chohan, Z.H., Arif, M., Akhtar, M.A., & Supuran, 
C.T. (2006). Metal-based antibacterial and 
antifungal agents: Synthesis, characterization, 
and in vitro biological evaluation of Co(II), Cu(II), 
Ni(II), and Zn(II) complexes with amino acid-
derived compounds. Bioinorganic Chemistry and 
Applications, 2006, 83131. 

12. Anacona, J.R., & Toledo, C. (2001). Synthesis and 
antibacterial activity of metal complexes of 
ciprofloxacin. Transition Metal Chemistry, 26(1-
2), 228-231. 

13. Kulkarni, A., Patil, S.A., & Badami, P.S. (2009). 
Electrochemical properties of some transition 
metal complexes: Synthesis, characterization and 
in-vitro antimicrobial studies of Co(II), Ni(II), 
Cu(II), Mn(II) and Fe(III) complexes. International 
Journal of Electrochemical Science, 4(6), 717-729. 

14. Dimiza, F., Perdih, F., Tangoulis, V., Turel, I., 
Kessissoglou, D.P., & Psomas, G. (2011). 
Interaction of copper(II) with the non-steroidal 
anti-inflammatory drugs naproxen and 
diclofenac: Synthesis, structure, DNA- and 
albumin-binding. Journal of Inorganic 
Biochemistry, 105(3), 476-489. 

15. Anjomshoa, M., Fatemi, S.J., Torkzadeh-Mahani, 
M., & Hadadzadeh, H. (2014). DNA- and BSA-
binding studies and anticancer activity against 
human breast cancer cells (MCF-7) of the zinc(II) 
complex coordinated by 5,6-diphenyl-3-(2-
pyridyl)-1,2,4-triazine. Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, 
127, 511-520. 

16. Raman, N., Kulandaisamy, A., 
Shunmugasundaram, A., & Jeyasubramanian, K. 
(2001). Synthesis, spectral, redox and 
antimicrobial activity of Schiff base transition 
metal(II) complexes derived from 4-
aminoantipyrine and benzil. Transition Metal 
Chemistry, 26(1-2), 131-135. 

17. Tweedy, B.G. (1964). Plant extracts with metal 
ions as potential antimicrobial agents. 
Phytopathology, 55, 910-914. 

18. Cortizo, M.S., Fernández Lorenzo de Mele, M., & 
Cortizo, A.M. (2006). Metallic dental material 
biocompatibility in osteoblast-like cells: 
Correlation with metal ion release. Biological 
Trace Element Research, 100(2), 151-168. 

19. Maurya, M.R., Agarwal, S., Bader, C., Ebel, M., & 
Rehder, D. (2005). Synthesis, characterisation and 
catalytic potential of model vanadium(V) and 
vanadium(IV) complexes with ONNO donor 
ligands. Dalton Transactions, (4), 537-544. 

20. Crans, D.C., & Tracey, A.S. (1998). The chemistry 
of vanadium in aqueous and nonaqueous 
solution. ACS Symposium Series, 711, 2-29. 

21. Mondal, S., Dey, D., Maity, M., Prasad Sinha, T., & 
Malik, K.M.A. (2015). Synthesis, characterization 
and biological evaluation of oxidovanadium(IV) 
and oxidovanadium(V) complexes of a tridentate 
ONO-donor Schiff base ligand. Polyhedron, 90, 
118-128. 

22. Setyawati, I.A., Rettig, S.J., & Orvig, C. (1999). 
Oxidovanadium(V) complexes of 
aminohydroxamates, a new class of chelating 
agents. Canadian Journal of Chemistry, 77(12), 
2033-2038. 

23. Dash, S.P., Panda, A.K., Pasayat, S., Dinda, R., 
Biswas, A., Tiekink, E.R., Patil, Y.P., Nethaji, M., 
Kaminsky, W., Mukhopadhyay, S., & Bhutia, S.K. 



American Journal of Applied Science and Technology 69 https://theusajournals.com/index.php/ajast 

American Journal of Applied Science and Technology (ISSN: 2771-2745) 
 

 

(2014). Oxidovanadium(V) complexes 
incorporating tridentate aroylhydrazone ligands: 
Synthesis, characterization and study of catalytic 
epoxidation potential. RSC Advances, 4(64), 
34123-34131. 

24. Barreto, J.C., Smith, G.S., Strobel, N.H., McQuillin, 
P.A., & Miller, T.A. (1994). Terephthalic acid: A 
dosimeter for the detection of hydroxyl radicals 
in vitro. Life Sciences, 56(4), PL89-PL96. 

25. Clinical and Laboratory Standards Institute (CLSI). 
(2018). Performance Standards for Antimicrobial 
Disk Susceptibility Tests, 13th ed., CLSI standard 
M02. Wayne, PA: Clinical and Laboratory 
Standards Institute. 

26. Clinical and Laboratory Standards Institute (CLSI). 
(2018). Methods for Dilution Antimicrobial 
Susceptibility Tests for Bacteria That Grow 
Aerobically, 11th ed., CLSI standard M07. Wayne, 
PA: Clinical and Laboratory Standards Institute. 

27. Mardonov, U. M., Ganiev, B. Sh., Saifullaev, M. S. 
U., & Muzafarov, F. I. (2022). Study of electronic-
structural and coordination properties of various 
forms of glutamine by quantum-chemical 
calculation and EPR spectroscopy. Universum: 
Chemistry and Biology, (2-1(92)), 49–54. 

28. . Ganiev, B. Sh., Mardonov, U. M., Ashurov, Zh. M. 
Study of the pharmacological activity of 
glutamine complexes. Chemistry and Chemical 
Education of the XXI Century, 2023, pp. 33–33. 

29. . Saifullaev, M. S., Mardonov, U. M., Ganiev, B. 
Sh., Muzafarov, F. I. Study of electronic-
structural, reactive, and coordination properties 
of glutamine. In Proceedings of the International 
Scientific and Technical Conference of Young 
Scientists “Innovative Materials and Technologies 
– 2022”, Minsk, Belarus, March 23–24, 2022, pp. 
319–323. 

30. . Muzafarov, F. I., Mardonov, U. M., Ganiev, B. Sh., 
Kholiqova, G. Q. Theoretical study of the 
biological activity of vanadyl(II) carboxylates 
(PASS analysis). In Republican Scientific-Practical 
Conference Dedicated to the 90th Anniversary of 
Nurat Agzamovich Parpiev “Topical Issues of 
Complex Compound Chemistry”, Tashkent, NU, 
September 14–15, 2021, pp. 40–42. 

31. . Muzafarov, F. I., Mardonov, U. M., Ganiev, B. Sh., 
Abdurakhmonov, S. F. Synthesis and study of 
vanadyl(+2) carboxylates by IR spectroscopy. In V 
International Conference-Symposium “Chemical 
Technology and Nanotechnology, Chemistry of 
High-Molecular Compounds, and Scientific 
Research in the Field of Organic and Composite 
Materials – Problems and Solutions”, Tashkent, 

LLC “Innovative Chemical Technologies”, 
November 25, 2021, pp. 188–190. 

32. Biswal, D., & Pramanik, N.R. (2019). Synthesis, 
characterization and antibacterial activity of 
oxovanadium(IV) complexes containing 
tridentate ONO donor Schiff bases. Journal of 
Molecular Structure, 1176, 477-486. 

33. Maurya, M.R., Kumar, A., Ebel, M., & Rehder, D. 
(2006). Dioxo- and oxovanadium(V) complexes 
containing [ONN] donor ligands: Synthesis, 
characterization, and reactivity. Inorganic 
Chemistry, 45(14), 5924-5937. 

34. Nair, M.S., Arish, D., & Joseyphus, R.S. (2012). 
Synthesis, characterization, antifungal, 
antibacterial and DNA cleavage studies of some 
heterocyclic Schiff base metal complexes. 
Arabian Journal of Chemistry, 5(2), 179-186. 

35. Selvakumar, B., Rajendiran, V., Uma Maheswari, 
P., Stoeckli-Evans, H., & Palaniandavar, M. (2006). 
Structures, spectra, and DNA-binding properties 
of mixed ligand copper(II) complexes of 
iminodiacetic acid: The novel role of diimine co-
ligands on DNA conformation and hydrolytic and 
oxidative double strand DNA cleavage. Journal of 
Inorganic Biochemistry, 100(3), 316-330. 


