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Abstract 

Bacterial resistance to the current applied antibacterial drugs represents an important threat to human health and overcoming 

such an issue is a critical challenge. Metal-based medications constitute a useful chemotherapeutic approach possessing the 

possible ability to overcome drug resistance because of their unique structural characteristics and related distinct modes of 

action. In the current study, the pyridyl-arylidine shiff base ligand (formed from 2-amino-3-methylpyridine and 

salicylaldehyde) interacted with a number of transition metals (Pd(II), Co(II), Cu(II), and Ag(I)) resulting in the formation of 

the corresponding metal complexes. Thermal analysis, the appropriate spectroscopic tools (1H-NMR, FT-IR, and UV-vis.), 

molar conductivity, magnetic moment, and elemental analyses were applied to investigate the afforded HL and the derived 

compounds. Thermal analysis besides C.H.N analytic results verified the formulae of the Schiff base ligand and metal 

compounds. The compounds (Pd(II), Co(II), Cu(II) and Ag(I) revealed electrolytic behavior as shown by their molar 

conductivity values. The obtained Pd(II) and Cu(II) complexes exhibited square planar geometrical shapes, except for the 

Co(II) and Ag(I) complexes, which displayed tetrahedral geometry. Thermal analysis results revealed that the Pd(II), Co(II) 

and Cu(II) complexes consistently liberate ligands and anionic components following; the initial loss of H2O molecules of 

hydration. Besides the purity confirmation of the investigated samples, XRD diffraction patterns elucidated their lattice 

dynamics. They demonstrated that the complexes of Co(II) and Ag(I) have a crystalline structure revealing a particular 

average size, of the crystallites. The resulting metal complexes were investigated for their antimicrobial activity and 

demonstrated superior antibacterial efficiency than the free un-complexed legend. Interestingly, cobalt and silver-based 

complexes showed potent activity against E. coli that were found to be more potent than those recorded for Neomycin. 

Molecular docking results for defining and anticipating the inhibitory potential and binding procedure of generated ligand 

with 3ty7, 3t88 and 5k04 receptors for Staphylococcus Aureus, Escherichia coli and Candida albicans, respectively were 

investigated. 

Keywords: Pyridine - Schiff’s base - ligand, complexes, spectral studies, antibacterial - antimicrobial activity, molecular docking. 

 

 

 

1. Introduction   

Antimicrobial resistance to a variety of antibiotics 

has been dramatically enlarged worldwide 

representing a considerable threat to human health 

and multidrug-bacteria resistance (MDR) has 

continually posed intensive global health challenges 
for drug development research [1-13]. Besides lack of 

food supply, starvation, or other economic and social 

reasons, it has been found that malnutrition may also 

exist due to health problems that impede the 

absorption of food in the digestive system and may 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

393 

 

 

mailto:m.alfakeh@qu.edu.sa


 Maged S. Al-Fakeh et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 8 (2024) 

 

 

570 

even lead to health damage and diseases. Although, 

types of bacterial strains live inside the colon 

permanently, and most of them coexist with humans 

without harm behavior, some of them may result in 

infection with some diseases such as food poisoning 

that may cause death in addition to several bacterial 

diseases. Accordingly, it's now impossible to neglect 

or avoid developing strategies, for the iteration of 

treatment potencies against their infections. On the 

way for the creation and development of medications 
with distinct modes of action, a considerable 

denomination of chemotherapeutic medicines with a 

possible potential to overcome drug resistance is 

metal-based medications. Compounds incorporating 

metals via a coordinating linkage may achieve 

successful access to possible unique modes of action 

due to their possible existence widely as three-

dimensional geometries rather than un-complexed 

organic products [14]. The latter significance allowed 

them promising precursors for the generating new 

antibacterial drugs to struggle the increased threat of 
emerging resistance. The investigation of large 

number of metal-incorporating products revealed by 

the (CO-ADD) Community for Open Antimicrobial 

Drug Discovery have been recorded for antimicrobial 

activity. Metal-incorporating derivatives revealed 

significantly higher hit-rate reaching about 9.9% in 

comparison with the single organic molecules which 

showed 0.87% in the CO-ADD database and eighty-

eight provided activities for at least one of the strains 

[15].  Metal compounds have played a decisive role 

in medicinal applications [16,17] and have been 

outstanding as a useful cornerstone of medicinal 
chemistry since Cisplatin (chemotherapeutic 

platinum-based drug) was approved [18]. The 

complexation of transition metals has opened many 

doors for scientists and further broadened their areas 

of expertise in chemistry, biology, materials sciences, 

and industries. Here are some key reasons for their 

importance: Here are some key reasons for their 

importance: Biological activity: Most of the metallic 

complexes i. e. , are involved in many physiological 

activities inside the body. As for metal ions, such as 

cobalt(II), copper(II), palladium(II), and silver(I), 
they form the central part of some crucial enzymes 

and proteins related to metabolism, DNA replication, 

and signaling pathways. The metals as drug 

molecules, e.g. cisplatin in chemotherapy of cancer, 

are used to condition the chemical reactivity of metal 

complexes in order to take advantage of certain 

biological processes. Additionally, catalysis, 

materials science, electronics, Optoelectronics, 

environmental applications, medicine and imaging 

[19-21]. Recently, numerous Ti, Fe, Ru, Pd, Au, Ag, 

and Cu-incorporating metal compounds have reached 

human clinical trials for treatments for malaria, 
cancer, and neurodegenerative diseases [22-24]. A 

palladium-based photo-dynamic therapy agent, was 

confirmed for treatment of prostate cancer [25]. 

Additionally, metal coordination complexes possess 

access to unparalleled styles of action: ligand 

exchange or release, catalytic generation, redox 

activation, and ROS generation of toxic species. The 

latter characteristic mechanisms are not impossible to 

replicate by non-complexed organic complexes 

[26,27]. One of the structural characteristics of metal 

complexes is the ability to achieve superior targeted 
three-dimensional geometry [28].  Figure 1 shows 

one of the investigated Pd complexes with 

antibacterial activity [29] 

 

 

 

Fig. 1: Antibacterial pyridine core ligand-based 

Pd(II) complex  

 

Schiff bases represent a group of interesting 

functionalized ligands providing a variety of 

complexes due to their excellent chelating behavior, 

and acquired greater attention because of their 
structural flexibility, and the unique characteristics of 

the C=N linkage [30-35]. 

The C=N in Schiff's base connection plays a 

significant role in the demonstration of biological 

activity, due to the discovery that the lone pair of 

electrons of the nitrogen atom of the hybridized 

orbital has chemical and biological significance [36-

38]. In the chemistry of metals, coordination Schiff 

bases are considered "privileged ligands", which 

means that they are employed in a variety of 

industries and fields, including chemistry, organic 
synthesis, and optical and electrochemical sensors. In 

addition, transition metal complexes of Schiff bases 

also represent a wide range of medicinal chemistry 

applications [39-40]. On the other hand, pyridine 

derivatives have been extensively found as promising 

compounds achieving a broad spectrum of 

bioactivities among which antimicrobial and 

anticancer activities were, interestingly, revealed [37-

39]. Figure 2 presents biologically active complexes 
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incorporating a substituted pyridine ligand [35,41]. 

The afforded results revealed improved antibacterial 

results  of the same metals with other ligands such as 

alginate/carrageenan crosslinked biopolymer and 

study of the antibacterial, antioxidant, and anticancer 

performance of its Mn (II), Fe (III), Ni (II), and Cu 

(II) polymeric complexes. Our new prepared 

compounds showed higher activity on microbes than 

previous metals and ligands [30]. The pyridine core 

system in addition to other metal complexes were 
characterized with their potent antimicrobial activity 

[42-43]. The above significances and our interest in 

the synthesis of new structures as possible potent 

antimicrobial candidates promoted our interest in the 

current investigation for the preparation of pyridine-

arylidene hybrids and studying their antimicrobial 

activities. The formation of the later molecular 

hybridized complexes was hypothesized to afford 

more biologically active candidates. The 

achievements of producing possible potent 

antibacterial agents which will fight digestion system 
microbe and acquiring full food interest will help 

overcome the generated malnutrition by the attack of 

such microbes.   

 

                         
 

Fig. 2: Pyridine based complexes,  M = Mn(II), Ni(II), Cu(II),  or Fe(II).  

 

2. Materials and reagents: 

All chemicals, reagents, and media utilized in the 

current investigations were of analytical quality and 

analytical grades (Sigma-Aldrich and Across). The 

used chemicals can be found in in details in the 

experimental procedures for the preparation of 

ligands and complexes. 

 

2.1. Instruments  

The supplemental information provided a 

full description of the instruments utilized for 
measuring microanalyses (C, H, and N), IR, molar 

conductivity, mass, electronic spectra, 1H-NMR 

spectra, thermo-gravimetric (TG and DTG), and as 

well as XRD. The additional information provided 

details on the techniques used to assess the 

antibacterial and anti-cancer properties. 

 

2.2. Preparation of the ligand 

HL ligand: 2-(((3-Methylpyridin-2-yl)imino)-

methyl)phenol 

To a stirred solution of 2-amino-3-methylpyridine 

(10 mmol) in absolute ethanol (30 mL) was added 5 

drops of glacial acetic acid. 2-Hydroxybenzaldehyde 

(10 mmol) was added dropwise to the reaction of the 

mixture while stirring then the resulting mixture was 

heated under reflux while stirring for 7 h after which 

TLC indicated completion of the reaction (pet. ether - 
ethyl acetate; 3:1). The solvent was reduced, under 

vacuum, to half of its original amount and the 

remaining was cooled to room temperature then 

allowed to stand for 3 hours at r.t., The resulting 

precipitate was filtered, then washed with cold 

ethanol, dried and recrystallized by ethanol, to give 

the ligand as a yellowish powder [42]. Yield: 79%, 

m.p. is 192-193 °C. Anal. Calcd. for C13H12N2O: 

Carbon, 73.56; Hydrogen, 5.70; Nitrogen,13.20%; 

Found: Carbon, 73.14; Hydrogen, 5.64; Nitrogen, 

12.83% [44]. 

 

2.3. Preparation of the transition and non-transition 

metal complexes 

 [ML] To the 2-(((3-Methylpyridin-2-

yl)imino)methyl)phenol ligand (MPIMP) ligand, 1.6 

mmol (0.6 g) stirred in 20 mL of ethanol, was added 

in small portions of PdCl2 (1.3 mmol, 0.50 g), CoCl2 

.6H2O (1.6 mmol, 0.56 g), CuCl2 .2H2O (1.2 mmol, 
0.40 g) or AgNO3 (1.2 mmol, 0.47 g). The color of 

the reaction mixture complexes changed after a few 

minutes and was refluxed for 3 h. The precipitated 

solid prepared on cooling was filtered, then washed 

with EtOH, and dried. The same procedure was used 

to synthesize and isolate the ML1 compounds.  
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2.4. Antimicrobial activity  

2.4.1. Antibacterial investigation  

The anti-microbial activity of the prepared metal 

compounds was studied by the cup diffusion agar 

method [45,46].  

 

2.4.2. Minimum bactericidal concentrations 

(MBC’s) of each compound 

The MBC method was conducted in a procedure that 

is fulfilled with that previously reported [45]. 
 

2.4.3 Molecular docking 

Auto Dock 4.2 was applied for investigating the 

docking of the functionalized centers and the details 

as well as parameters were provided in the 

supplementary file.                                                   

 

3. Results and discussion: 

The legend incorporating the pyridine system and 

aryl part linked via an arylidene linkage as a Schiff 

base type was prepared by the reaction of 2-amino-3-

methylpyridine with 2-hydroxybenzaldehyde in 

ethanol as a solvent. The metal compounds were 

synthesized by the reaction of 2-(((3-methylpyridin-

2-yl)imino)methyl)phenol ligand (MPIMP) and metal 

chlorides or nitrate. These components were found to 
react in the molar ratio 1: 1: Metal: MPIMP. The 

complexes are air-stable, and soluble in common 

organic solvents. The molar conductivity values ΛM 

of the ligand and complexes in 10-3 M 

dimetylsulphoxide solutions vary from 10.5 for the 

ligand to 12.55, 24.9, 25.3, and 15.2 S cm2 mol-1 for 

the Pd(II), Co(II), Cu(II) and Ag(I) complexes 

respectively, thus revealing their non-electrolytic 

character. The compositions of the ligands and 

compounds are supported by the analytical and 

physical data recorded in Table (1).  

Table 1: Physical data and analytical for the ligand and metal complexes. 

 

                                                 

3.1. FT-IR Spectroscopy 

The principal "infrared spectra" of the legend 

demonstrated the absence of bands at 1607, 1556, and 

1110 cm-1 due to v(HC=N), (=N), and v(C-N) in ring 

stretching vibrations. The IR spectrum of the 

fabricated Pd(II), Co(II), Cu(II), and Ag(I) 

compounds are illustrated in Table (2). When the FT-
IR spectra of compounds 1-4 were compared to those 

of the free (MPIMP) ligand, interesting features 

relating to "metal-ligand (M-L) interactions" were 

observed. The band at 1607 recorded to pyridine ring 

v(C=N) nitrogen also, shifted to a lower or higher 

frequency by 5-13 cm-1 which was indicative of 

involvement, of ring-N, of pyridine in chelation [47]. 

Briefly, through oxygen and nitrogen atoms, the 

MPIMP ligand coordinates to metal ions in bidentate 

mode except for Ag(I) in tridentate mode. A broad, 

moderately intense band in the range 3309-3181 cm-1 

was appointed to ν(OH) of (H2O) for Pd(II), Co(II), 

and Cu(II) complexes [48,49]. In addition, the 
demonstration of absorption bands, which are 

representative characteristic absorption peaks at 550-

542 cm-1 and 464-445 cm-1 correspond to" ν(metal-

oxygen) and ν(metal-nitrogen), respectively [50]. The 

FT-IR spectra of the Pd(II), Co(II), and Cu(II) 

complexes appear as a band at 430-412 cm-1 recorded 

m.p.°C 

(Decom.) 
Found (Calcd. %) Color 

Yield 

)%( 

M.F 

M.W 

             Compounds 

N H C 

 

110 

13.42 

13.19 

5.93 

5.69 

73.80 

73.55 

 

Yellow C13H12N2O 

212.25 
Ligand 

(MPIMP) 

 

165 

7.92 

7.54 

3.98 

3.52 

42.48 

42.06 

Reddish

-Brown 
74.5 

C13H13N2PdO2Cl 

371.14 

 

[Pd(MPIMP)Cl(H2O)]         

                   

 

150 

8.75 

8.19 

4.96 

4.42 

46.03 

45.70 

Light-

Brown 

80.9 

C13H15N2CoO3Cl 

341.59 
[Co(MPIMP)Cl(H2O)].H2O 

 

128 

8.84 

8.09 

4.88 

4.36 

46.14 

45.09 

Light-

Green 

76.5 

C13H15N2CuO3Cl 

346.2 
[Cu(MPIMP)Cl(H2O)].H2O

                          

142 10.96 

11.02 

3.01 

2.90 

41.16 

40.97 

Creamy 

-White 

78.1 

C13H11N3AgO4 

381.07 
[Ag(MPIMP)NO3]                                                 
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to (M-Chlorine) [51]. The Ag(I) complex showed a 

strong band attributed to the characteristic ν (N-O) 

vibration of the (NO3
-) at 1369 cm-1 and the medium 

band at 813 cm-1 [52].  

 

 

Table 2. Characteristic IR-spectra data (cm-1) of the complexes studied. 

Assignment MPIMP 

Ligand 

Pd(II) complex Co(II) complex Cu(II) 

complex 

Ag(I) complex 

υ(O-H) lattice water 

υ(O-H) coordinated water 

 

- 

- 

3187 

3309 

3181 

3321 

3183 

- 

- 

s, HC=N 1607 1604 1611 1602 1620 

s, =N 1556 1591 1561 1564 1584 

υC-Nin ring 1110 1082 1050 1040 1041 

M-O - 542 547 545 550 

M-N - 464 445 458 453 

M-Cl - 430 415 412 - 

  
 

3.2. NMR spectra 

The Spectral assignments changes in the revealed 

chemical shifts was resulted owing to the 

coordination process between the ligand and ion in 

the formed complexes. The H NMR spectra of the 

aryl-pyridyl Shiff bas ligand revealed the chemical 

shifts 2.37 (s, 3H, CH3), 6.97-7.00 (m, 2H, Ar-H), 

7.40-7.42 (m, 1H, Ar-H), 7.47-49 (m, 1H, Ar-H), 

7.77-7.79 (m, 2H, Ar-H), 8.39 (d, 1H, J = 8.4 Hz, Ar-

H), 9.49 (s, 1H, CH=N), 13.05 (s, 1H, OH). The 
complexation process resulted in various clear shifts 

in the assignments.  

 

Thus, the chemical shift of the methyl and the 

methine hydrogen (CH=N) of the pyridyl Schiff base 

ligand, which was initially seen at 2.37 and 9.45 ppm, 

respectively has been slightly altered to 2.42 and 9.62 

ppm, respectively in the formed Pa complex as a 

representative example. The fully conjugated feature 

in the aromatic system of the complex that was 

affected by the coordination reaction also influences 
the chemical shifts of the aryl protons in the formed 

complex. Accordingly, the signals of the aryl and 

pyridyl protons also revealed variation and a degree 

of certain shifts and was revealed at 6.70-8.60 ppm. 

The latter consequence is obviously due to the 

formation of the complex, and its displacement can 

be attributed to the alteration in the carbon 

framework of the Schiff base ligand due to its 

interaction with metal ions. 

 

3.3. Electronic spectra, and magnetic 

susceptibility 

The electronic spectra of the ligand 2-(((3-

Methylpyridin-2-yl)imino)methyl)phenol (MPIMP)  

and its Pd(II), Co(II), Cu(II), and Ag(I) compounds in 

DMSO present two absorption maxima located in the 

regions 34,482 and 27,932 cm-1 assigned to π 

π* and n π* transitions within the 

organic ligand. The electronic spectral data and 
effective magnetic moment values; (B.M.) are shown 

in Table (3).           

                                                                              

3.3.1. Palladium(II) compound 

The electronic spectra of the palladium(II) compound 

have been listed in DMSO in region 200-700 nm, and 

the Pd(II) complex displays a band at 415 nm which 

is recorded to 1A1g → 1Eg transition, indicating; 

square planar geometry around the palladium(II) ion 

[53]. The Pd(II) complex was 0.64 B.M., confirming 

the metal center's square planar geometry [54].  
 

                                                                                                                                                                                                   

 3.3.2. Cobalt(II) compound 

The electronic absorption spectrum of the Co(II) 

compound exhibits only one band in the visible 

region at; 635 assigned to the 4A2 (F) → 4T1 (F) 

transition, which indicates a tetrahedral structure 

[55]. The magnetic susceptibility value is found to be 

4.20 B.M for the Co(II) compound which is 

indicative of tetrahedral structure [56]. 
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3.3.3. Copper(II) compound 

The Electronic Spectra of the Cu(II) compound 

demonstrate this characteristic band, at 472 nm which 

suggests, the square planar structure around the 

Cu(II) Centre. It shows this characteristic band at 472 

nm due to 2B1g → 2A1g transition [57]. It's well 

known that for square-planar Cu(II) compounds, the 

magnetic moment value falls, in 1.82-1.86 B.M. A 

value of 1.84 B.M. for Cu(II) ion has been shown 
which is well within the expected region, found for 

square-planar Cu(II) complex [58]. 

 

3.3.4. Ag(I) compound 

According to the electronic spectrum of the Ag(I) 

compound, the wavelengths were in 30, 120 -34, 246 

cm-1 which may be assigned to n → π*, and π → π* 

transitions and an Ag→L charge transfer (CT), in 

which the ligand manifold includes -system of the 

ligand suggesting tetrahedral geometry [34]. 

 

The suggested structures for the complexes are 

shown (Fig. 3) as follows:

 
                                           Table 3: Eelectronic spectra to the ligand and their compounds. 

 

Meff 

B.M 

Assignment νmax 

(cm-1) 

λ max   

(nm) 

Compounds 

- 
- 

n → π* 

π → π* 

27,932 

34,482 

358 

290 
Ligand 

(MPIMP) 

0.64 1A1g→1Eg 

n → π* 

π → π* 

24,096 

26,881 

33,898 

415 

372 

295 

Pd(II) 

 complex 

4.20 4A2(F) → 
4T1(F)  n → 

π* 

π → π* 

15,748 
29,239 

33,557 

635 
342 

298 

Co(II)  

complex 

1.84 2B1g →2A1g 

n → π* 

π → π* 

21,186 

28,735 

33,112 

472 

348 

302 

Cu(II) complex 

diamagnetic n → π* 

π → π* 

30,120 

34,246 

332 

292 
Ag(I) 

 complex 

 

 

    
Fig. 3. a): Suggested structures of [M(MPIMP)Cl(H2O)].xH2O where M = Pd(II), Co(II), Cu(II), x =1 

 

 
 

Fig. 3.  b): Suggested structure of [Ag(MPIMP)NO3] 
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3.4. Thermal Studies 

 Ag(I) complex 

The thermogram of the silver(I) complex shows three 

steps of decomposition, with temperatures ranging 

from 60-148, 150-342, and 344-750 °C. The noticed 

mass loss of the first stage (60-148 °C), in the T.G 

curve agrees, with the loss of nitrate ion (calc. 

16.27%, found at 15.98%) (DTG peak at 150 °C). 

This stage is marked on the DTA curve with a broad 

exothermic peak at 152 °C. The second and third 

steps lead to the decomposition of the remaining 

ligand(calc. 55.69 %, found. at 52.30 %).  

Thermogravimetry peaks at 250, and 490 °C, and the 

differential thermal analysis trace shows two 

endothermic peaks at 252 and 492 °C. The residual 

may be a silver oxide (calc. 32.50 %, found. at 31.72 

%).  The results revealed a good agreement between 

the calculated results and the suggested formulae, for 

weight loss of the complexes (Table 4 and Figure 4).       

              Table 4: Thermal analysis of the Pd(II), Co(II), Cu(II), and Ag(I) compounds. 

      

3.5. X-Ray Powder Diffraction  

The X-ray patterns of chemically synthesized 

complexes as shown in Figure (5) were obtained 

"between the 2θ region starting from 10◦ to 80◦". 

Figures reveal crystallographic structures, whereas 
the atoms were arranged in the triclinic position 

except Pd(II) complex in the monoclinic position. 

Table (5). These XRD spectra of the Pd(II), Co(II), 

Cu(II) and Ag(I) complexes indicate the number of 

prominent diffraction peaks at particular angles. The 

crystallite size increases with increases in peak 

intensity, directly proportional and inversely 

proportional to the full width, at half maxima 

(FWHM).  The protruding peaks were used to 

calculate; the grain size via the, (Scherrer equation) 
expressed as follows: 

D = (K λ)/(β cosθ) 

where "D is the average crystallite size in Å, λ reveal 

the wavelength of the X-ray source (1.540) used in 

Complexes 

 

Step Temp. Rang 

°C 

TGA (Wt. loss %) 

Found       Calc.   

Assignment 

  

 

Pd(II) complex 

1st 

2nd 

3rd 

4th 

64-160 

162-246 

248-350 

352-750 

4.85 

9.55 

57.18 

32.97) 

4.29 

9.04 

54.98 

31.69 

Loss of H2O molecule 

Loss of Cl atom 

Decomposition of the MPIMP with the formation 

of PdO 

 

 

Co(II) complex 

1st 

2nd 

3rd 

4th 

66-180 

182-302 

304-450 

452-750 

 

10.55 

10.37 

62.13 

16.94 

10.08 

10.15 

61.92 

16.85 

Loss of  2H2O  molecules 

Loss of Cl atom 

Decomposition of the MPIMP  with the formation 

of CoO 

 

 

Cu(II) complex 

1st 

2nd 

3rd 

4th 

5th 

64-152 

154-250 

252-402 

404-592 

594-750 

10.41 

10.23 

61.30 

22.97 

10.33 

9.96 

57.74 

21.93 

Loss of  2H2O molecules 

Loss of Cl atom 

Decomposition of the MPIMP  with the formation 

of CuO 

 

 

Ag(I) complex 

1st 

2nd 

3rd 

60-148 

 

150-342 

 

344-750 

16.27 

55.69 

32.50 

15.98 

52.30 

31.72 

Loss of 3H2O molecules 

Loss of Cl atom 

Decomposition of the MPIMP  with the formation 

of AgO 
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XRD, β denote FWHM (full width at half maximum 

of the diffraction peak), K is the Scherrer constant 

(ranges from 0.9 to 1) and θ is the Bragg angle". 

                                                              

 
 

                                                     Fig. 4: Thermal analysis of the complexes

 

 

 

 

 

            Table 5: X-Ray powder diffraction crystal data of the Pd(II), Co(II), Cu(II) and Ag(I) compounds. 

 

Ag(I) 

 complex 
Cu(II) 

complex 

Co(II) 

complex 

Pd(II) 

complex 
Parameters 

C13H11N3AgO4 
C13H15N2CuO3Cl 

C13H15N2CoO3Cl C13H13N2PdO2Cl 
Empirical formula 

381.07 346.2 341.59 
371.14 

Formula Weight 

Triclinic Triclinic Triclinic Monoclinic Crystal system 

1.888 3.429 6.593 9.520 a (Å) 

7.982 5.651 12.746 6.195 b (Å) 

9.757 14.853 15.352 11.197 c (Å) 

106.541 66.081 45.858 90.00 Alfa (◦) 

93.953 82.282 87.129 99.74 Beta (◦) 

82.104 79.715 115.149 90.00 gamma (◦) 

139.57 258.24 709.28 650.90 
Volume of unit cell 

(Å3) 
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                                                         Fig. 5: XRD of the complexes. 
 

3.6. Antimicrobial activity  

The anti-microbial activity of the prepared 

metal compounds was tested by the cup diffusion 

agar method. The investigated representative test 

microbes that have been used were Escherichia coli 

ATCC 25933 (G-ve), Staphylococcus aureus ATCC 

6538-P (G +ve), Aspergillus niger NRRL-A326 

(fungus), and Candida albicans ATCC 10231 (yeast). 

The inhibition zone diameters, of the tested 

complexes are shown in (Table 6). Generally, the 

results, revealed the observation that the most 

susceptible organisms were S. aureus and E. Coli, 

exhibiting relatively more sensitivity to three of the 

tested metal complexes. It was also obvious that the 

activity afforded for the metal complexes was higher 

than that recorded for the unbound ligand (Figure 6).  

DD 

Table 6:  The antimicrobial activity of the metal 
complexes against different test. 

 
Clear zone (mm) 

 

 

Compound 

A. 

niger 

C. 

albicans 

E. 

coli 

S.  

aureus 

16 

20 

19 

16 

23 

0 

36 

0 

17 

22 

24 

16 

29 

0 

0 

26 

24 

26 

14 

25 

0 

12 

28 

25 

27 

13 

31 

0 

Ligand  

Co(II) 

Pd(II) 

Ag(I) 

Cu(II) 

Neomycin 

Cyclohexamide 

 

           

The metal complexes of cobalt(II), silver(I) 

followed by palladium(II) were the most potent 

among the series of the newly tested compounds and 

demonstrated distinctive activity against both S. 

aureus and E. coli organisms with inhibition zones 

relative to those recorded for the reference 

compounds. Interestingly, the activity of the metal 
complexes of cobalt(II) and silver(I) showed potent 

activity with large inhibition zones against E. coli 

that were found more potent than those recorded for 

reference drug Neomycin in the current 

investigation. 
The silver metal complex was the most active 

compound against C. albicans followed by palladium 
showing moderate behavior. On the other hand, the 

results revealed that the ligand did not show any 

activity against C. albicans and E. coli while it 

possessed weak activities related to S. aureus and A. 

niger. Although, the lowest inhibition zones were 

shown for the A. niger fungal species, it showed to be 

moderately sensitive to the copper(II) complex (Table 

5).  

Structure-activity relationship: To attain the 

possible structure-activity relationship according to 

the results, the inactivation effects, and the afforded 
minimum inhibitory concentrations (MICs), values 

for the produced complexes were investigated for 

four studied microbial types. The resulted, data from 

the MIC data; revealed a variability in the inhibitory 
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concentrations of each complex against the targeted 

microbial strains (Table 7). 

 

Table 7: MIC and MBC of the complexes against 

different test microbes 
Sample 

 

Staphylococcus 

aureus 

Escherichia coli Candida albicans 

MIC 

µg/ml 

MBC 

µg/ml 

MIC 

µg/ml 

MBC 

µg/ml 

MIC 

µg/ml 

MBC 

µg/ml 

Co(II) 

Pd(II) 

Ag(I) 

78.12 

9.77 

4.88 

156.25 

39.063 

4.88 

39.063 

19.53 

4.88 

312.5 

78.125 

9.77 

78.125 

312.5 

4.88 

312.5 

625 

19.53 

 

Trying to correlate the structural feature, 

represented by the nature and type of the metal in this 

investigation, it has been found that the arylidene 

substituted pyridine complexes incorporating Pd(II) 

and Ag(I) as coordinated metals showed improved 
activities ranged from high to potent activities against 

the bacterial species S. aureus, E. coli and C. albicns, 

revealing more potent activity higher than 

Cyclohexamide in case of silver(I) against E. coli. In 

addition, the pyridyl-arylidine complex possessing 

Cu++ metal revealed an observed selectivity against 

A. niger species. The results also indicated the 

potential effect of coordination of the studied metals 

with the legend which is clear by the preparation of 

metal complexes with distinctly improved activities 

relative to or higher than the reference compounds.  

 

    
Pd(II) and Ag(I) toward S. aureus      Ligand and Co(II) toward S.   aureus 

  

  
Pd(II) and Ag(I) toward C. albicans      Pd(II) and Ag(I) toward E. coli 

 

Fig. 6: Microbiological screenning of prepared 

compounds toward bacteria and fungi. 

Prebiotic activity: The purpose of prebiotic activity 

investigation is the enhancement of growing gut 

microflora. Consequently, the activities of the Co(II), 

Ag(II) and Pd(II) complexes were studied. The basis 

for such investigation mainly depends on the 

comparison of the growths densities of the beneficial 

bacteria Lactobacillus reuteri, and Lactobacillus 

casei (probiotics) with those related to the 

pathogenic. All studied complexes revealed certain 

degree of prebiotic activity with L casei and L. 
Reuteri since the lowest prebiotic index (I) was 

recorded in case of Co(II)-Complex with L.reuteri (I 

= 1.5) while the most higher prebiotic index was 

observed for against L.casei (I = 3.9).  

 

3.7. Molecular docking study 

 The behavior of the active compounds 

towards proteins was studied by Auto Dock since 

demonstration of the possible interaction patterns is 

one of the most important biological benefits of such 
products as possible ligands. Docking of Co complex 

into the active site of 3ty7 protein for investigating its 

possible interactions and binding patterns with the 

protein amino acids was performed.     

Figures (7-12) show that the estimated legend Co(II) 

complex can achieve a good interaction with all 

receptors and produce results that are comparable. 

The studied protein has easily observable inter-

hydrogen bonds since for visualizing the afforded 

interactions two- and three-dimensional images were 

used. The latter graphics may strongly contribute to 

the demonstration of the mechanism of interaction 
within docking molecules (Figures 6-11). The 

interaction between the studied complexes and the 

amino acids, of the protein was shown to be mostly 

mediated by hydrogen bonding. 

The results of the docking simulations revealed a 

good binding behavior of the Co-complex to the 

protein in the current investigation. For Gram-

positive bacteria (Staphylococcus Aureus 3ty7), a 

number of amino acids in the protein could interact 

with the complex functional centers resulting in a 

good H-bond interaction. Figures (7-9) show that the 
Co-complex can achieve a good interaction with all 

receptors and produce results that are comparable. 

The studied protein has easily been revealed for inter-

hydrogen bonds according to visualization of the 

afforded interactions in two- and three-dimensional 

images. The latter graphics may strongly contribute 

to the demonstration of the mechanism of interaction 

within docking molecules. (Figures 7-9). The 

interaction between the studied complex and the 

amino acids of the protein was shown to be mostly 

mediated by hydrogen bonding in addition to other 

modes.  
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For human Gram-positive bacteria 

(Staphylococcus Aureus), the interactions of protein 

amino acids with the ligand resulting in hydrogen 

bonds showing good binding affinities towards the 

active site with binding energy = − 4.8 kcal mol−1 

(Figure 10) involving bonding with LYS`41, 

ALA`42, ASN`17, ALA`42, GLY`205. The studied 

complex also revealed interactions with 3t88 active 

sites related to the Escherichia Coli with − 6.9 kcal 

mol−1 (Figure 11). The latter behavior GLN`189, 
SER`84, ASN`107, PRO`50, THR`52, and VAL`44. 

For the Candida albicans, 5k04 protein active site 

was applied in the simulation investigation showing 

good binding affinities with the ligand complex (fig 

12), with – 7.2 kcal mol−1. The hydrogen bonding in 

the latter was achieved by GLU`98, LYS`114, 

LYS`149, PHE`112 and ILE`150. 

 

 

The behavior of the Cu complex towards the 

proteins also showed binding interaction with the 
active site of such proteins. Thus, for Gram-positive 

bacteria (Staphylococcus Aureus 3ty7), the amino 

acids in the protein interacted with the produced 

complex forming a number of H-bonding 

interactions. Such interaction mode was investigated 

to determine its possible binding affinities with 

binding energy = − 4.8 kcal mol−1.  

 

The phosphonate product 5b also could be 

also able to interact with amino acid residues of 

5KJU active site related to the human HTC-116 

colon cancer cell line with - 10.5 kcal mol−1 (Figure 
10). LYS`41, ALA`42, ASN`40, GLU`49, ASN`40 

and ASN`17 are the participating residues in the 

process.   

 

 

The possible interaction behavior of the Cu 

complex was also studied for 3t88 active site to 

account for the possible activity against Escherichia 

Coli as a type of Gram-positive species. The results 

showed the ability of the later product to achieve 

good binding affinities with certain amino acid 
moieties (fig 11), with – 6.9 kcal mol−1. The latter 

interaction could be possible by SER`84, PHE`162, 

THR`155, ASP`163, and TYR`129 residues. 

 

 

On the other hand, according to the observed 

results Cu-complex could be able to possess H-

bonding interaction with 5k04 active site related to 

Candida albicans via ASN`117, LYS`114, GLU`70 

and ARG`86 amino acids with − 10.8 kcal mol−1 

binding energy.  

 

 

Fig. 7: Docking of Co(II) complex into 3ty7 protein. 

 

 

 

Fig. 8: Docking of Co(II) complex into 3t88 protein. 

 

 

 

Fig. 9: Docking of Co(II) complex into 5k04 protein. 
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Fig. 10: Docking of Cu-complex into 3ty7 protein. 

 

 

 

Fig. 11: Docking of Cu-complex into 3t88 protein 

 

Fig. 12: Docking of Cu-complex into 5k04 protein. 

 

4. Conclusions 

A functionalized pyridyl-arylidine Shiff base legend 

incorporating a hydroxyl group in the ortho-position 

formed a number of metal complexes via 

coordination with (Pd(II), Co(II), Cu(II), and Ag(I)). 

The analytical and spectral data verified, obviously, 

the formulae of the Schiff base ligand and derived 

metal complexes. The electrolytic behaviour of the 

resulting metal complexes was revealed by their 
afforded results. Furthermore, Pd(II) as well as Cu(II) 

complexes exhibited square planar geometrical 

shapes, while Co(II) and Ag(I) complexes displayed 

tetrahedral geometry. Co(II) and Ag(I) formed 

complexes that have been shown to exist in a 

crystalline structure revealing a particular average 

size, of the crystallites. The performed thermal 

analysis investigation showed, that the Pd(II), Co(II) 

and Cu(II) complexes consistently release ligands and 

anionic components via the initial loss of H2O 

molecules of hydration. The investigated 

antimicrobial activity against of a number of 
microorganisms demonstrated that the complexes 

showed much-improved activity than the free metal. 

Interestingly, cobalt and silver-based complexes 

showed potent activity against E. coli that were found 

to be more potent than those recorded for Neomycin 

and Ag(I) complex revealed comparable behavior. 

Molecular docking results demonstrated the ability of 

the studies product for achieving good binding 

interaction with the three proteins' active sites in the 

current investigation with good binding energies. The 

results open new horizons for intensifying research 
work on this type of compounds for developing new 

antibacterial agents.   
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