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Abstract 
 
Metal complex of Zn (II) has been synthesized with 5-methoxy-2[(4methoxy-3, 5dimethyl-2-
pyridinyl) methyl sulfinyl]–1H–benzimidazole , a proton pump inhibitor (PPI).  Formation of new 
complex (C17H19N3O3S)2 Zn has been supported by elemental analysis, conductivity measurements 
and spectral studies including IR,1H NMR,UV, magnetic susceptibility, XRD and SEM studies . 
The molar conductance measurements of the complex in DMSO indicate that the complex is non- 
electrolytic in nature. Analytical data and stochiometry suggest ligand metal ratio of 2:1 for Zn(II) 
complex. The spectroscopic results show the involvement of C=N and S=O groups in coordination 
to the central metal ion. Based on spectral studies, tetrahedral geometry has been proposed for the 
complex. The ligand and its complex were tested for their antibacterial and antifungal activities 
against bacteria Pseudomonas, Staphylococcus aureus and fungi Aspergillus Niger and A. flavous. 
It is observed that the complex is a better bactericidal agent than the parent drug.  
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INTRODUCTION 
 
Before discussing the possibility of the development of new drugs based on the complexes 
formed from zinc with Omeprazole and its related ligands, physiological features of zinc as a 
counterpart of the ligand and its complexes should be described briefly here . Zinc plays an 
essential role as zinc-containing enzymes in many cases or complexes formed with some 
components in biological systems. In conclusion, the significance of zinc in living systems is 
recognized in the maintenance of balance and the adjustment of various physiological reactions 
in delicately controlled homeostatic systems, as in the human body. We can obtain a general 
view of recent progress on the study of zinc through some reviews [1, 2]. The literature reveals 
that the complexes of metallic salts are more potent and less toxic in many a cases as compared 
to the parent drug [3]. These metal complexes are found to be interesting due to their biological 
applications like antifungal [4], antibacterial [5] and antitumor [6] activity. A large number of 
drugs have been used to synthesize the complex with many metals with a view to enhance their 
therapeutic action [7, 8]. Considering the importance of drugs, zinc metal and its complexes; it 
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has been desired to synthesize and study the metal complexes of Omeprazole (OME) with 
metals. The present paper describes the synthesis and characterization of Zn (II) with 
Omeprazole. 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1: Structure of Omeprazole 
 

RESULTS AND DISCUSSION 
 

The synthesized complex is  a stable solid. It is soluble in DMF and DMSO and insoluble in all 
other organic solvents. Analytical data and conductometric studies suggest 2:1 [L: M] ratio. 
Measured conductance values of this complex are too low to account for its electrolytic behavior. 
The magnetic studies indicate the Zn complex to be diamagnetic. 
 
The IR spectra [9-12] of ligand and complex have been recorded and the probable assignments 
are given in the Table 2.The IR spectra of the complex indicate that the ligand behaves as 
bidentate and co-ordinates to the metal via C=N and sulphonic acid group. The shift of the ν 
C=N and ν S=O by 10-15cm-1 in the complex indicate that these groups are involved in the 
complexation. In the ligand band appearing at 3456 cm-1 due to NH stretching remains 
unaffected in the complex. The band due to ν C= N in the ligand at 1590 cm-1 appeared at 1582 
cm-1  in the Zn complex thereby confirming the coordination through the azomethine nitrogen 
atom. The IR band   at 1038 cm-1 in ligand due to aromatic sulfoxide stretching shifted 
downwards in complex indicating the involvement of oxygen of sulfoxide in complex 
formation.. The appearance of bands in the far IR region at 429-409 cm-1 in the complex may be 
assigned to M-N frequency. Additional bands in the complex in the region 615-608 cm-1 
compared with IR spectra of free ligand has tentatively been assigned to M-O frequency and new 
band appeared at 1380 cm-1 in complex might be due to chelate ring formation in the complex. 
 

Table 1: Analytical data of Complex 
 

S. No. Composition of 
Complex (m-w.) 

Color Yield 
% 

m. p. Elemental Analyses (%) : Found 
(Cal ) 

C H N M 
1 C17H19N3O3S (345.42) White --- 1560C 52.71 3.05 11.05 — 
2 (C17H19N3O3S)2 Zn 

( 756.22) 
White  30 2100C 54.00 

(54.91) 
5.06 
(5.30) 

11.11 
(11.21) 

8.64 
(8.01) 
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Table 2:  IR Absorption data of the Complex 
 

Ligand and complex  ν(NH)cm_1 ν (C = N) cm_1 ν(S= O)cm_1 ν(M-N)cm_1 ν(M-O)cm_1 
C17H19N3O3S  3456 1590 1038 - - 
(C17H19N3O3S)2Zn 3452 1582 1023 425 615 

       
As expected, Zn(II) complex is diamagnetic. The complex is suggested to be tetra-coordinated 
probably having tetrahedral geometry based on analytical, I.R. and conductance data. On the 
basis of above studies, following structure may be assigned to the Zn complex of Omeprazole. 
 
NMR Spectra: The 1H NMR spectra [13, 14] of the ligand has the expected characteristic 
signals. The CH3 proton shows singlet at δ 2.2 and O-CH2CH3 proton at δ 3.5 ppm .The doublet 
peak observed at δ 4.36 and 4.66 ppm is attributed to CH2 protons. In addition a multiplet peak at   
δ 6.9-8.3 may be due to aromatic protons and peak at δ13.2 ppm may be due to NH proton of 
benzimidazole ring. Signals observed in the complex at region of δ 8.18-8.23 ppm due to 
azomethine proton either remained unaffected or shifted slightly to higher field with reference to 
those of the parent ligand and the position of signal due to NH proton remains unaffected in the 
complexes. The aromatic protons show downfield shifts in the complexes. These observations 
support the follwing assigned structure to the complex. 
 
  
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 2: Structure of Omeprazole - Zn Complex 
Scanning Electron Micrographs [S.E.M.] : SEM of metal complexes indicate the presence of 
well defined crystals free from any shadow of the metal ion on their external surface. The 
representative micrographs of a) Ligand b) [ZnL2] are shown in Fig. 3 
 
 

 
 
                              

 

Figure 3 : Scanning electron micrograph of Ligand and its Complexes 
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X-Ray Diffraction: The crystallinity of the material was analyzed with XRD with k- alpha 
radiation The X-ray diffraction of Zn (II) complex of Omeprazole  is studied . The observed 2θ 
with relative intensity more than 10% are indexed and have been used for evaluation. The X-ray 
diffraction pattern of the complex with respect to their prominent peaks has been indexed by 
using computer software 27. The above index method also yielded miller indices (h, k, l) values, 
unit cell parameters, volume of unit cell and space group. The observed values fit well with 
orthorhombic system. 
 
Antimicrobial activity: The antimicrobial activity of the ligand and the complexes were 
determined by the disc diffusion technique [15]. The compounds were screened in vitro against 
bacteria Pseudomonas, Staphylococcus aureus and two strain of fungi, Aspergillus niger and A. 
flavous.   A 1mg/ml solution in DMF was used. The standard used was gentamycin sulphate. The 
bacterium was maintained on nutrient agar and the agar media were incubated for different 
microorganism culture tests. After 24h of incubation at 37 0C for bacteria and 72h of incubation 
at 250C for fungi, the diameters of zone of inhibition (mm) thus formed around each disc 
containing the test compound were measured accurately. The Zn(II) complex showes significant 
activity against bacteria Pseudomonas and Staphylococcus aureus and fungi Aspergillus niger 
and A. flavous as compared to ligand. These preliminary results show that the activity of the 
ligand is enhanced when it is presented in the form of metal complex. In view of the foregoing 
discussions, the high melting points and insolubility in common organic solvents, the following 
probable structure has been assigned to the Zn (II) complex of Omeprazole. 
 

Table 3 :  Antibacterial activity-  zone of inhibition {in mm} 
 

S. No.  Compound  P. Aeroginosa  S. Aureus A. niger A. flavous 

1.  Omeprazole 9.2 11.5 11.22 12.11 
2.  Zn L2 11.7 13.3 12.80 19.00 

 
    

MATERIALS AND METHODS 
 

All chemicals used were of Analytical Grade. Pure sample of Omeprazole (molecular formula 
C17H19N3O3S) with molecular weight 345.42 was obtained from Aristro Pharmaceuticals Ltd. 
Mandideep, Bhopal. Metal salt ZnCl2 was of Merck Chemicals. The solvents used were distilled 
water and methanol. Metal-ligand ratio was calculated using Systronics digital conductivity 
meter; IR Spectra were obtained from CDRI Lucknow on Perkin Elmer FTIR Spectrophotometer 
in the range of 4000-400 cm-1. Nitrogen was determined by the Dumas method and sulphur was 
estimated by the Messenger’s method. The elemental microanalyses of C, H, and N for ligand 
were carried out with Thomas and Coleman Analyzer Carlo Erba 7106.  
 
LIGAND – METAL RATIO: To confirm the ligand-metal ratio, conductometric titration using 
mono-variation method was carried out at 21 0C. 0.01 M solution of Omeprazole drug was 
prepared in 70:30 mixture of methanol and water. Similarly, 0.02M solution of ZnCl2 was 
prepared in the same solvent .The ligand was titrated against metal salt solution using mono-
variation method. Conductance was recorded after each addition. From the equivalence point in 
the graph, it has been concluded that the complex formation has taken place in the ratio of 2:1 
(L:M) .Stability constants and free energy changes were also calculated by using Job’s method 
[16] of continuous variation modified by Turner and Anderson [17]. 
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SYNTHESIS OF COMPLEXES: The complex was synthesized by mixing the solutions of (70% 
methanol-water) metal salt solution with that of ligand in 1:2 molar ratio respectively and 
refluxing the mixture for three and half hours. White ppt. of (OME)2Zn formed was filtered, 
washed with mixture of methanol and distilled water (70:30) and dried. Carbon, hydrogen, 
nitrogen, metal and water were estimated micro- analytically at CDRI, Lucknow. 
   

CONCLUSION 
 
The ligand molecule acts as a bidentate ligand. The spectroscopic results show the involvement 
of C=N and S=O groups in coordination to the central metal ion. Tetrahedral structure for Zn(II) 
complex have been tentatively proposed. It is observed that the formed complex is a better anti-
bacterial agent in comparison to ligand. 
 
Acknowledgement 
The authors are thankful to Principal, Sadhu Vaswani College Bairagarh for providing necessary 
facilities for research work; DST for granting FIST program to the college and UGC for 
sanctioning UGC Research award to Dr. Suman Malik , one of the co-author. 
 

REFERENCES 
 
[1] Walsh, H. H. Sandstead,  A. S. Prasad , P. M. Newberne , and P. J.  Fraker, Environ. Health 
Perspectives, 1994, 102, 5-46.   
[2] Favier, Metal Ions in Biology and Medicine, (Collery, P., ed.), John Libbey Eurotext, 
Montrouge, 1980, Vol. 5, pp. 164-168 . 
[3] Singh and P. Singh, Indian J. Chem., 2000, 39A, 874. 
[4] R. T. Vashi, S. B. Patel and H. K. Kadiya , Der Pharma Chemica, 2010, 2, 1, 109-                                           
116 
[5] Z. H. Abdel-waheb, , M. M. Mashaly, A. A. Salman, B. A. El-shetary, A. A Faheim 
Spectrochimica Acta , 2004, 60, 2861. 
[6] Fahmideh Shabani and Shahriar Ghammamy ,Der Pharma Chemica , 2009, 1, 1, 124-129 
[7] Reedijk , J. Pure Appl. Chem. 1987, 59,181. 
[8] P. J. Lochrer and L. H. Einhorn , Ann. Inten. Med., 1984,100,704. 
[9] K. Nakamotto, Infrared Spectra of Inorganic and Co-Ordination Compounds, John Wiley, 
New York,1976. 
[10] I. Vogel, Quantitative Inorganic Analysis, Longman, Green and Co., London, 1954, 455. 
[11] L. J.  Bellamy, Chemical application of Spectroscopy, Int. Sci. Pub. New York, 1956. 
[12] A. Weissberge , Chem. Application of Spectroscopy, Int. Sci. Pub, New York ,1956. 
[13] J. A. Pople ,W. G. Schneider and H.J. Berstein , High Reduction Nuclear Magnetic 
Resonance ,McGraw Hill Company N.Y. ,1959.  
[14] R. M. Silverstein and G. C. Bassler , Spectrometric Identification of  Organic Compounds.  
2nd ed. Wiley, New York, 1967. 
[15] C. H. Collins and Lye,   Microbiological Methods.4th. Ed. Butterworth, London ,  1976, 
235.       
[16] P. Job., Ann. Chem., 1928, 10,113. 
[17] S. E. Turner and R. C. Anderson. J. Am. Chem, Soc., 1949, 912, 71 


