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Abstract: A novel organophosphorus Schiff base ligand, diphenyl (2-((2-

phenylhydrazineylidene)methyl)phenyl) phosphate (OPSBL), was synthesized through the reaction of 

2-(2-phenylhydrazineylidene)methyl phenol with diphenylchlorophosphate. Its Ti(IV) complex, 

[Ti(OPSBL)Cl₂]Cl₂·2H₂O, was prepared in a 1:2 molar ratio (metal: ligand) and characterized via IR, 

UV-Vis, ¹H/¹³C NMR, XRD, and elemental analysis. The complex exhibited electrolytic behavior, as 

confirmed by molar conductance measurements (134.18 Ω⁻¹ cm² mol⁻¹). XRD analysis revealed 

reduced crystallinity (41%) and smaller particle size (~300 nm) compared to the ligand, attributed to 

structural disarray and disrupted intermolecular interactions upon metal coordination. Molecular 

docking studies against Staphylococcus aureus (4URM), Bacillus subtilis (2RHL), and Escherichia coli 

(4PRV) demonstrated strong binding affinities (−6.00 to −6.52 kcal/mol), particularly targeting 

resistance-associated enzymes. Antibacterial assays against multidrug-resistant pathogens showed 

superior inhibitory activity for the Ti(IV) complex vs. the free ligand (25 mm vs. 18 mm at 300 µg/mL 

against E. coli. These findings highlight the potential of Ti(IV)-Schiff base systems as a preliminary 

indication of multi-target potential against resistant bacterial infections, combining structural stability 

with bioactivity. Further studies on cytotoxicity and single-crystal validation are warranted. 

Keywords: titanium (IV) complex; organophosphorus Schiff base; IR spectra; XRD; molecular 

docking; antibacterial activity. 
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1. Introduction 

Through their diverse applications, organophosphorus compounds and their complex 

Ti (VI) derivatives have impacted various scientific fields, including chemistry, medicine, 

materials science, and agriculture, particularly as insecticides. Several research papers have 

been published on their synthesis since 1990 [1-5]. In some organophosphorus compounds, as 

nerve or chemical warfare agents [6-8]. Due to their utility in industrial and biological 

applications, numerous Schiff bases with complexes have been thoroughly investigated and 

https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC156.084
mailto:y.jamil@su.edu.ye
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0004-1000-8468
https://orcid.org/0000-0003-1575-3673
https://orcid.org/0000-0002-5578-2981
https://orcid.org/0000-0003-1585-3770
https://orcid.org/0000-0002-5141-9333
https://orcid.org/0009-0000-9426-4100
https://orcid.org/0000-0002-9611-1519
https://orcid.org/0000-0003-1167-4329


https://doi.org/10.33263/BRIAC156.084  

 https://biointerfaceresearch.com/   2 of 18 

 

assessed [9, 10]. Since Rosenberg discovered the platinum-based cisplatin in 1970, the function 

of transition metal complexes in medicinal chemistry has been well understood [11, 12]. 

Transition metal complexes have been investigated as antibacterial agents [13, 14], anticancer 

agents [15, 16], and catalysts for various catalytic activities [17–19] in recent years. 

Coordination complexes have demonstrated thermodynamic and kinetic properties that favor 

biological receptors due to their distinct coordination spheres, oxidation states, and redox 

potentials. 

Titanocene dichloride, a non-platinum-based medicine that utilizes titanium, has been 

developed as an anticancer medication [20, 21]. Titanocene dichloride demonstrated anti-

inflammatory, anti-arthritic, and antiviral qualities in addition to its anticancer capabilities [22]. 

Titanium should be integrated into living systems because it is present in various biomaterials, 

including food and the pigment in lightning [23]. The development of novel medications that 

exhibit improved action due to bacterial resistance to currently existing antibiotics is attracting 

increasing interest [24, 25]. Metals and ligands can be utilized to create or discover new 

medications, as they have diverse effects on the life cycle of pathogens [26, 27]. Furthermore, 

due to their enhanced coordination behavior, ligands containing atoms of nitrogen, oxygen, and 

phosphorus are known to exhibit notable biological activity [28, 29]. Because of their enhanced 

lipophilicity, inhibition of enzymes, and interaction with intracellular biomolecules, metal 

complexes are recognized as antimicrobial agents following chelation [30–32]. 

While Ti(IV)-Schiff base systems are known [5], their efficacy against MDR strains 

remains underexplored. Recent phosphoryl-containing analogs [3,34] exhibit enhanced 

bioavailability, but none combine a phenylhydrazine backbone with diphenyl phosphate 

groups—a design we hypothesize will improve target engagement. Notably, prior studies [33–

36] used model bacteria; here, we test clinical MDR isolates. 

This study presents a new Ti(IV)-organophosphorus Schiff base complex featuring 

bidentate (N, O) coordination, which is optimized for both thermal stability (>300°C) and 

antibacterial efficacy. It is positioned as a preliminary indication of multi-target potential 

against resistant infections, as molecular docking demonstrates a better binding affinity (−6.52 

kcal/mol) against S. aureus compared to analogues [35]. This study fills the gaps in the current 

literature regarding efficacy and mechanism by combining synthesis, spectrum analysis, and 

computational insights [36] to develop a titanium-based antibacterial design. 

2. Materials and Methods 

2.1. Material. 

Metal salt, phenyl hydrazine, and ortho-hydroxybenzaldehyde were acquired from 

BHD. Diphenylchlorophosphate and tri-ethylamine were acquired from Riedel-de Haen, while 

solvents of spectroscopic purity were employed. 

2.2. Synthesis of OPSBL. 

An absolute acetonitrile (50 ml) solution of Schiff base (4.24 g, 0.02 mol) was 

combined with a solution of diphenyl chlorophosphate (5.37 ml, 0.02 mol) in acetonitrile (50 

ml) to create the OPSBL, which had a molar ratio of 1:1 and triethylamine (2.78 ml, 0.02 mol) 

present (Scheme 1). After the reaction mixture was completely added, it was refluxed for 

approximately three to five hours. The product was recovered by filtering out the solid 

(triethylamine hydrochloride), and then the solvent was evaporated in a water bath. 
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Scheme 1. Synthesis of OPSBL. 

2.3. Synthesis of titanium (VI) complex.  

20 ml of ethanol was utilized to dissolve 4 mmol (1.46 g) of OPSBL individually. It 

was added to a solution of ethanol (20 ml) with 2 mmol of TiCl4 (0.19 g). The mixture was 

refluxed at 60° to 70°C for almost three hours while being constantly stirred. After 

precipitation, the OPSBL solid metal complex was left to cool to ambient temperature. After 

filtering it out, petroleum ether was used for washing. Hot ethanol was used to recrystallize the 

dried complex. Scheme 2 illustrates the synthesis of the Titanium(IV) complex of OPSBL. 

 
Scheme 2. Synthesis of Ti (VI) complex. 

2.4. Methods and instrumentation. 

A Jenway model 4510 conductivity meter was used to measure the molar conductance 

of a 10-3M solution of the metal complex in DMSO solvent. The measurement was performed 

at room temperature using freshly prepared solutions. The melting points of the ligand and its 

complex were measured in degrees Celsius using a Stuart Scientific electrothermal melting 

point apparatus in glass capillary tubes. At the University of Sana'a, the electronic spectra of 

the substances in the 200–800 nm range were measured using a UV-VIS spectrophotometer 

(Analytic Jena, Germany). The compounds' 200–4000 cm-1 infrared spectra were measured 

using an instrument (FT/IR-140, Jasco, Japan). The concentration of metal was measured using 

a Perkin-Elmer 2380 flame atomic absorption spectrophotometer. NMR spectra were obtained 

at 25°C at 850 MHz and 213 MHz using a Bruker spectrometer. A Rigaku XRD diffractometer 

(Ultima IV, USA) was utilized to collect the XRD patterns of the compounds. The anode 

material, Cu Ka (k = 1.54180 Å), functioned at 30 mA of current and 40 kV of voltage. Science 
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Faculty, Al Qasim University. The C, H, and N analyses of the chemical were performed in 

Vario EL Fab. CHN No. 11042023 at the Central Laboratory, Faculty of Science, Cairo 

University, Egypt. Using silver nitrate, chloride was measured gravimetrically [37]. The weight 

loss approach was used to gravimetrically measure the quantity of uncoordinated water 

molecules [37]. 

2.5. XRD data on particle size and crystallinity. 

The percentage of crystallinity, XC (%), was computed using the integrated peak areas 

of the main peaks [34, 38]. The complex's crystallinity is determined as a ratio to the ligand's 

crystallinity:  

XC (%) = 
𝐴 𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝐴 𝑙𝑖𝑔𝑎𝑛𝑑
 x 100(1) 

where the regions under the principal peaks of the complex and ligand samples are 

indicated by A complex and A ligand, respectively. 

X-ray diffraction was also used to measure the average particle size (D), which was 

calculated using the Scherrer equation [39, 40]. 

𝐷 =
𝐾λ

𝛽 𝑐𝑜𝑠𝜃
           (2) 

Assuming that λ is the X-ray wavelength of Cu-Kα radiation (1.5405 Å), β is the full 

width at half maximum (FWHM), θ is the Bragg diffraction angle in degrees, and K is the 

Scherrer constant, which equals 0.94. 

2.6. Bioassay studies. 

2.6.1. Molecular docking methodology. 

2.6.1.1. Compound preparation.  

It was discovered that the [Ti(OPSBL)Cl2].Cl2,2H2O complex exhibited a strong 

cytotoxic action against microbial strains.  

Initially, the MMFF94x force field with reaction-field electrostatics (Din = 1, Dout = 

80) was used to construct and reduce the complex's three-dimensional structure. A flat-bottom 

tether (10.0 kcal/mol, 0.25 Å) was used to tether every atom. All adjustments were performed 

using MOE software [41]. Second, the database was created by converting the complex's 

structure into format.mdb, which was then used as the input for the MOE-docking simulation. 

2.6.1.2. Protein preparation. 

Three distinct X-ray crystal structures were obtained from the Protein Data Bank 

(http://www.rcsb.org/pdb/) and used as the antibacterial targets. The proteins from S. aureus 

[42], S. pyogenes [43], and E. coli [44] have PDB IDs of 4URM, 5XYR, and 4PRV, 

respectively. We retained each target's A chain while removing the water molecules, ions, and 

cofactors from the structures to facilitate the simulation. After adjusting the intended structures 

for missing atoms, the hydrogen atoms were added [45]. 

2.6.1.3. Molecular docking protocol. 

Computational molecular docking was used to identify how medicines interact with the 

target's active site residues. The docking experiments in our study were carried out using the 
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Molecular Operating Environment (MOE) software [41]. We followed the same simulation 

protocols as previous research [35, 46, 47]. For docking, the following parameters were used: 

London dG was the Rescoring 1 function, while Triangle Matcher was the placement method. 

The selected target proteins—Staphylococcus aureus (PDB ID: 4URM), Streptococcus 

pyogenes (PDB ID: 5XYR), and Escherichia coli (PDB ID: 4PRV)—were prioritized based on 

their direct involvement in bacterial antibiotic resistance mechanisms. For instance, 4URM 

(Gyrase B) is a key enzyme in DNA replication targeted by fluoroquinolones, and mutations 

in this protein are linked to quinolone resistance [42]. Similarly, 5XYR (a penicillin-binding 

protein) mediates β-lactam resistance in S. pyogenes [43], while 4PRV (a multidrug efflux 

pump component) facilitates antibiotic expulsion in E. coli [44]. These targets were retrieved 

from the Protein Data Bank (PDB) and validated against recent literature highlighting their 

roles in resistance pathways [48]. 

2.6.2. Antibacterial assay. 

Three microorganisms, Staphylococcus aureus, Pseudomonas aeruginosa, and E. coli, 

were used to test the antibacterial properties of the synthesized Organophosphorus Schiff base 

and its complex. The antibacterial activity was assessed using the Agar well diffusion method 

[33, 49]. Stock solutions containing 1000 μg/ml were created using DMSO as the solvent. 

These were then used to prepare concentrations of 100, 200, and 300 μg/ml, respectively. The 

bacteria were placed on the surface of the nutritional agar. On the surface of the nutritional 

agar, the bacteria were introduced. The wells and ditches made on the agar plates were 

inoculated with the chemicals in varying quantities. For 24 hours, the plates were incubated at 

37 °C. Gentamicin 120 μg/ml was used as a reference, and the results were recorded by 

measuring the diameter of the inhibitory zone (mm). To ensure the reliability of the findings, 

all experiments were performed in triplicate, and statistical significance was assessed using 

Student’s t-test (p < 0.05). The calculated standard deviation (SD) for inhibition zones ranged 

between ±1.2 and 1.8 mm, confirming minimal variability across replicates.  

3. Results and Discussion 

Following the preparation of a novel bioactive ligand (OPSB) and its Ti (IV) complex, 

the methods from the literature were used. The proposed structure of the compounds was in 

good agreement with the complex's molecular weight and the micro-elemental assays for C, H, 

N, and M. The resulting compounds were stable and had color. The complex's molar 

conductance value of 134.18 Ω-1 cm² mol-1 in DMSO (1 × 10 ³ M) 1:2 demonstrates its 

electrolytic behavior [33]. 

Table 1 presents the analytical data. Schemes 1 and 2 provide an overview of the 

complicated and suggested structure of OPSBL and its complexity. 

 

Table 1. Analysis of the OPSBL and its complex's physical characteristics and elements. 

Compound 
Color 

(Yield) 

M.P 

(C°) 

Ʌm (Ω-1 

cm2 mol-1) 

F. Wt. 

(g/mole) 

Element analysis calculated% (Found) 

C H N P Ti 

OPSBL 
Dark green 

78.18 
245 - 444.43 

67.56 

(67.50) 

4.76 

(4.70) 

6.30 

(6.44) 

6.97 

(6.88) 
- 

[Ti 

(OPSBL)Cl2] 

Cl2.2H2O 

Light green 

63.22 
346 134.18 1114.62 

59.60 

(59.54) 

4.20 

(4.18) 

5.56 

(5.67) 

6.15 

(6.17) 

4.75 

(4.79) 
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3.1. Spectroscopic studies. 

3.1.1. 1H–NMR spectroscopic studies.  

With CDCl3 as a solvent, the 1H NMR spectrum of the ligand in DMSO-d6 (Figure 1) 

was determined. The aromatic protons were detected at (δ = 6.761-7.561) ppm (multiple) in 

the 1HNMR spectrum. The signal of aromatic aldehydes at (8.172) ppm (s, 1H) produced the 

azomethine proton (N=CH) [50]. The proton of the N-H imine group is responsible for the 

singlet signals at (δ = 10.674) ppm [51]. 

 
Figure 1. 1H-NMR spectrum of OPSBL. 

3.1.2. 13C–NMR spectroscopic studies. 

A singlet signal at 167.41 ppm in the 13C NMR spectrum (Figure 2) could be attributed 

to the azomethine carbon (C=N) [52]. The methylene group's carbon was detected at 59.22 

ppm. The number of peaks in OPSBL that are ascribed to aromatic carbon ranges from 116.93 

to 132.83 ppm [53]. 

 

 
Figure 2. 13C- NMR spectrum of OPSBL. 
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3.1.3. Electronic spectroscopic studies. 

The 200–800 nm region of the ligand's OPSB and its metal complex's electronic spectra 

data in DMSO solution. The absorbance bands at 312 and 359 nm in the ligand UV-Vis 

spectrum (Figure 3) may be associated with OPSBL (dark green) and its complex (light green), 

[Ti(OPSBL)Cl2]Cl2.2H2O, which is shown in Figure 3. The n-π* transition is associated with 

bands at about 310–355 nm. Additionally, bands in the 300–360 nm range are designated as 

LMCT [54, 55]. Bands observed between 270 and 310 nm are classified as π-π* type transitions 

[56]. The n-π* transition of the nonbonding electrons on the nitrogen of the azomethine group 

in the Organophosphorus Schiff base causes the electronic absorption bands to move to lower 

energy [51]. According to these findings, the metal ion and the imine nitrogen atom seem to be 

coordinated [56]. Chelation caused these bands to shift to a shorter wavelength, confirming the 

development of the complex. Because of LMCT, it was challenging to distinguish spectral 

bands that arise in complexes from n-π* transition bands. Most significantly, the d0-state of the 

Ti(IV) complex is confirmed by the absence of any peak above 500 nm, which indicates a d-d 

transition. 

 
Figure 3. UV-Vis spectrum of OPSBL and its complex. 

3.1.4. FTIR spectroscopic studies. 

In the FTIR spectrum of the free OPSBL ligand (Figure 4), the C=N stretching vibration 

was observed at 1645 cm⁻¹. Upon complexation with Ti(IV), this band shifted to 1602 cm⁻¹, 

indicating a red shift of ~43 cm⁻¹. This shift is attributed to the coordination of the azomethine 

nitrogen atom (N) to the Ti⁴⁺ ion, which withdraws electron density from the C=N bond, 

weakening its strength and lowering the stretching frequency. Such a red shift is a hallmark of 

metal-ligand coordination and aligns with studies on analogous Schiff base-Ti(IV) complexes 

[57-59]. The P=O stretching band in the ligand appeared at 1188 cm⁻¹ but shifted to 1155 cm⁻¹ 

in the Ti(IV) complex, showing a red shift of ~33 cm⁻¹. This suggests coordination of the 

phosphoryl oxygen atom (O) to the Ti⁴⁺ ion, redistributing electron density within the P=O 

bond and reducing its stiffness. The simultaneous coordination of both N (from C=N) and O 

(from P=O) confirms the bidentate binding mode of OPSBL, forming a stable octahedral 

geometry around the Ti(IV) center (Figure 4 and Table 2). The existence of υ(P=O) and υ(P-

O-C) is indicated by the emergence of bands at 1188 cm-1 and 1100 cm-1, respectively [33]. At 

3081 cm-1 is the aromatic C-H stretching band. The aromatic C=C stretching band, on the other 

hand, is situated at 1512 cm-1. The new 400-600 cm-1 vibrations that are not present in the free 

are believed to be caused by υ(M-N) and υ(M-Cl) [52] (Figure 4 and Table 2).  
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Table 2. The main IR bands of the OPSBL and its complex. 

Compounds υ (C=N) υ (P=O) υ (P-O-C) υ(C=C) υ (-NH) υ (M-N) 

OPSBL 1645 1188 1100 1512 3373 - 

[Ti (OPSBL)Cl2]Cl2.2H2O 1602 1155 1074 1502 3362 496 

 

 

Figure 4. Infrared frequencies of the OPSBL and its complex. 

3.1.5. X-ray diffraction. 

Figure 5 displays the OPSBL and its complex's XRD patterns. The reduction in 

crystallinity based on the complexation is responsible for a decrease in the XRD peak 

intensities of the OPSBL complex [60, 61]. This corresponds well with the complex's measured 

decrease in relative crystallinity (Relative crystallinity is determined by finding the integrated 

area of the complex's principal peaks to the OPSBL, summarized in Table 3 [38]. 

 

 
Figure 5. XRD pattern of OPSBL and its complex. 

The XRD patterns revealed a significant decrease in crystallinity for the Ti(IV) complex 

(41% relative crystallinity) compared to the free ligand (100%). This phenomenon is explained 

by the following factors.  

3.1.5.1. Structural disarray from metal coordination. 

The incorporation of the Ti⁴⁺ ion into the ligand framework disrupts the long-range 

crystalline order of OPSBL. The presence of chloride counterions (Cl⁻) and water molecules 

(H₂O) in the complex ([Ti(OPSBL)Cl₂]Cl₂·2H₂O) introduces steric and electronic distortions, 

further reducing crystallinity [38]. 
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3.1.5.2. Disruption of intermolecular interactions. 

In the free ligand, hydrogen bonding and π-π stacking between aromatic rings stabilize 

the crystalline lattice. Upon complexation, these interactions are weakened due to the steric 

bulk of the Ti(IV) center and the rigid coordination bonds, leading to a less ordered structure 

[62]. 

3.1.5.3. Particle size reduction. 

Using the Scherrer equation, the average particle size (D) decreased from ~725 nm 

(ligand) to ~300 nm (complex) (Table 3). This reduction results from the fragmentation of 

crystalline domains during the coordination process, leading to smaller, less crystalline 

particles. Similar trends have been reported for metal-organic complexes with disrupted lattice 

symmetry [63]. 

 

Table 3. Principal intensity values of the OPSBL and its complex as determined by 

XRD spectrum. 
Compound 2θ Β D (nm) Mean D XC (%) 

OPSBL 

19.000 

26.159 

28.621 

32.625 

48.608 

52.119 

55.015 

0.070 

0.600 

0.070 

0.177 

0.170 

0.260 

0.710 

1186.410 

138.414 

1166.430 

469.201 

1167.544 

704.412 

243.952 

725.194 - 

[Ti (OPSBL)Cl2]Cl2.2H2O 

19.919 

28,984 

35.672 

0.241 

0.184 

0.800 

344.600 

451.351 

103.810 

299.920 41 

3.2. Molecular docking simulation. 

To begin validating the docking method, we re-docked each native ligand into its target 

and calculated the root-mean-square deviation (RMSD) and binding free energy (S score) 

(Table 4). This allows us to compare the affinity of compounds and targets, as well as determine 

the strength of their binds [36]. 

Table 4. Properties of targets, energy score, and RMSD values. 

Cells Target ID Amino acid number Resolution (Å) S score (kcal/mol) RMSD (Å) 

S.aureus 4URM 231 2.94 -6.7737 1.5335 

S.pyoggenis 5XYR 1647 2.80 -4.0832 1.9293 

E.coli 4PRV 398 2.00 -8.2668 1.9923 

The [Ti(OPSBL)Cl2]Cl2·2H2O complex was then docked into the active site residues 

for the microbial strains' targets. Finally, for the complex, eight top conformations were 

obtained, and the optimal pose was chosen based on its energy score. Table 5 describes the 

docking findings computation, including energy scores, kinds of interactions, and distances 

between the complex and the three targets. 

The interaction created between the complex and the binding site of target proteins was 

also shown using the Discovery Studio Visualizer v17.2.2.0 software (DSV).  

According to the literature [64-66], hydrogen bond distances between 2.5 and 3.1 Å are 

considered strong interactions, whereas those between 3.1 and 3.55Å are considered weak 

interactions. 
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Table 5. Docking score and interactions between [Ti(OPSBL)Cl2] Cl2·2H2O complex and the active site 

residues of enzymes are targets of microbial strains. 

Target 
S-score 

(kcal/mol) 

Atom of a 

compound 

Involved 

receptor atoms 

Involved receptor 

residues 
Categories 

Type of 

interaction bond 

Distance 

(Å) 

S.aureus 

PDB ID: 

4URM 

-6.4621 

/ NH1 ARG84 Electrostatic π-Cation 3.50 

/ NH2 ARG84 Electrostatic π- Cation 4.19 

/ OE1 GLU58 Electrostatic π- Anion 3.67 

/ / PRO87 Hydrphobic π-Alkyl 4.67 

S.pyoggenis 

PDB ID: 

5XYR 

-6.0029 

Cl HE2 LYS1006 H-bond Carbon H-bond 2.86 

P NZ LYS1006 Electrostatic Attractive Charge 5.56 

/ NZ LYS1006 Electrostatic π-Cation 3.44 

/ NZ LYS1006 Electrostatic π-Cation 4.86 

/ OE1 GLU1567 Electrostatic π- Anion 4.73 

/ / HIS1498 Hydrphobic π- π -T-shaped 5.05 

/ / HIS1498 Hydrphobic π- π -T-shaped 5.20 

/ / VAL1527 Hydrphobic π-Alkyl 5.33 

E.coli 

PDB ID: 

4PRV 

-6.5240 

O HG SER108 H-bond 
Conventional H-

bond 
2.76 

/ NH1 ARG136 Electrostatic π-Cation 3.42 

/ OD2 ASP105 Electrostatic π- Anion 3.40 

/ / PRO84 Hydrphobic π-Alkyl 4.71 

/ / ALA90 Hydrphobic π-Alkyl 5.00 

/ / PRO79 Hydrphobic π-Alkyl 4.11 

It is apparent from Table 5 that the development of hydrogen bonds and electrostatic 

interactions according to molecular docking computational results in the complex 

demonstrated good inhibition of the (PDB ID: 5XYR) S. pyoggenis and (PDB ID: 4PRV) E. 

coli target proteins, while there was weak inhibition with the (PDB ID: 4URM) S. aureus target 

protein, with energy score: -6.0029, -6.5240 and -6.4621 Kcal/mol respectively (see Figures 

6–11). 

We note that in the case of S.aureus target (PDB: 4URM), a complex was formed with 

three electrostatic interactions (Table 5+Figures 6 and 7). 

[Ti(OPSBL)Cl2].Cl2·2H2O  complex forms one strong hydrogen bond with the active 

site residue of S. pyogenes target (PDB: 5XYR): Cl/LYS1006-HE2/bond distance= 2.86 Å, and 

four electrostatic interactions (Table 5, Figures 8 and 9). 

Finally, this complex and the major residue of the E. coli target (PDB: 4PRV) formed 

one hydrogen bond: O/SER108-HG/bond distance = 2.76 Å, and two electrostatic interactions 

(Table 5, Figures 10 and 11). 

 
Figure 6. 2D plot of interaction of [Ti (OPSBL)Cl2]Cl2.2H2O complex and the active site residues of (4URM) 

enzyme of S. aureus. 
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Figure 7. 3D plot of the interaction of [Ti (OPSBL)Cl2] Cl2.2H2O complex and the active site residues of 

(4URM) enzyme of S. aureus. 

 
Figure 8. 2D plot of interaction of [Ti (OPSBL)Cl2] Cl2.2H2O complex and the active site residues of (5XYR) 

enzyme of S. pyogenes.  

 
Figure 9. 3D plot of the interaction of [Ti (OPSBL)Cl2] Cl2.2H2O complex and the active site residues of 

(5XYR) enzyme of S. pyogenes.  
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Figure 10. 2D plot of the interaction of [Ti (OPSBL)Cl2] Cl2.2H2O complex and the active site residues of 

(4PRV) enzyme of E. coli.  

 
Figure 11. 3D plot of the interaction of [Ti (OPSBL)Cl2] Cl2.2H2O complex and the active site residues of 

(4PRV) enzyme of E. coli.  

3.3. Antibacterial studies. 

Using the bacteria S. aureus, S. sapogenins, and E. coli, the synthesized 

Organophosphorus Schiff base and its complex were investigated for their antibacterial 

properties. The antibacterial activity was assessed using the agar well diffusion method [33, 

49]. Table 6  and Figure 12 present the results: 

Table 6. OPSBL and its complex's impact on bacterial growth (Zone of inhibition in millimeters). 

Compounds Conc. [µg/ml] Staphylococcus aureus S. Sapogenin E. coli 

OPSBL 

100 10 10 11 

200 18 15 18 

300 25 18 15 

[Ti(OPSBL)Cl2]Cl2 .2H2O 

100 10 11 14 

200 22 15 22 

300 23 22 25 

Gentamicin 300 32 30 30 
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Figure 12. Antibacterial activity of OPSBL and [Ti (OPSBL)Cl2] Cl2.2H2O complex.  

4. Conclusions 

A novel organophosphorus Schiff base ligand (2-((2-phenylhydrazineylidene) 

methyl)phenyl) phosphate (OPSBL) and its Ti(IV) complex, [Ti(OPSBL)Cl2]Cl2 .2H2O, were 

synthesized and characterized. The ligand, featuring unique N, O-bidentate coordination sites, 

formed an octahedral Ti(IV) complex, as confirmed by spectral and XRD analyses, which 

revealed reduced crystallinity (41%) and a smaller particle size (~300 nm). Molecular docking 

revealed a strong binding affinity (−6.00 to −6.52 kcal/mol) against the targets of S. aureus, E. 

coli, and S. pyogenes. Antibacterial assays demonstrated that the new ligand-complex system 

outperformed the free ligand, with inhibition zones up to 25 mm at 300 µg/mL. This study 

introduces a structurally distinct ligand and highlights Ti(IV)-Schiff base complexes as 

promising antimicrobial agents. Further work should address cytotoxicity and structural 

validation via single-crystal XRD. 
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