
 

 

 

 

CHAPTER-II 

 

(SECTION E) 

 
 

 

Metallo-Imidazoles 

Complexes 

 

 

 

 

 

 



II.RESULTS AND DISCUSSION 

 

142 

 

II.E.A. INTRODUCTION 

 

The present day medicinal chemistry has been found to focus on small molecular weight 

scaffolds with heterocyclic moieties leading to a diverse range of pro-drug candidates. Extensive 

literary works are available to prove beyond doubt that heterocyclic cores containing metal ions 

exhibit profound pharmacological properties. Yet, very few delve into metal template-based 

multi-component reactions as tools of drug discovery-oriented synthetic organic chemistry. We 

have recently also reported one such scaffold adding to the large volume of literature already 

present.
1 

As the presence of these metal ions in
 

such heterocyclic cores becomes really 

significant it was thought that a metal template based MCR would be indeed very helpful in 

synthesizing a diverse range of molecules incorporating metal ions via a simple one-pot 

procedures. 

 

To this effect, it was thought best to employ the Imidazole scaffolds which have been 

readily prepared by our one-pot solvent-free strategy. The Imidazole scaffold was chosen since 

there was comparatively very less literature related to the synthesis of their metal complexes and 

studies on their biological activities although the chemistry of Imidazole and its derivatives have 

attracted steady interest over the years. Imidazoles have been found to show wide range of 

applicabilities and their presence in many biological systems provide a potential binding site for 

metal ions.
2
 A review of literature has shown that some novel complexes of transition metals 

with Imidazole have been found not only to display DNA binding ability. 
3
 but have also been 

found to interact with DNA by intercalation.
4
The metal-imidazole complexes show some 

catalytic effects too apart from the biological activities. Imidazole-containing cyclophosphazene 

metal complexes have been found to show high catalytic specificity in phosphoester hydrolysis.
5
 

Methylaluminoxane activated Ni-Imidazole complexes have been found to show good catalytic 

effects in norbornene polymerization.
6
 

 

II.E.B. Present work: Background and Objective 

 
Though, of significant applications the metal imidazoles have not been investigated much 

as is evident from the available literature. It is extensively on the varied synthetic approaches to 

this heterocycle while the metal complexes have been ignored. Literature reveals that the metal 
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complexes of imidazoles are conventionally prepared by a two step process. This involves the 

initial preparation of the imidazole ligand and the final complexation with metal ions. The 

Imidazole ligand is generally prepared by refluxing the reactants for a few hours in glacial acetic 

acid. Refluxing the ligand with the metal salts in alcohol for another two hours completes the 

metallation process.
7
 

  

Till date, a one-pot solvent-free strategy or a sequential multi-component neat reaction 

has not been carried out for the preparation of the Imidazole metal complexes. Recent reviews 

have focused on multiple reasons to think upon the diverse aspects of the solvent-free 

multicomponent protocol if extended to metal complexations.
 
The review highlights the benefits 

of being able to access a wide range of complexes using solvent-free techniques, with diverse 

structures incorporating a variety of metal ions, ligand types and dimensionalities. It was also 

noted that not a single synthesis of metal-imidazole complex incorporated a multicomponent 

synthetic strategy under solvent-free conditions. Therefore, the synthesis of metal-imidazole 

complexes via a solvent-free multicomponent protocol becomes all the more important. Before 

proceeding with the actual synthesis, it was felt that the reaction conditions should be optimized. 

It was done with the help of High Performance Liquid Chromatography (HPLC).   

 

II.E.C. Present work: Result and Discussion 

II.E.C.1. Solvent-free synthesis of Metallo-Imidazole complexes   

In extension to our previous studies on metal complexation,
8
 the chosen synthetic 

procedure was also applied to gain access to various Imidazole metal complexes via the solvent-

less mechanochemical activation, which hitherto has not been done. A four-component one-pot 

strategy for preparing these complexes (Scheme II.E.1) was found to be immensely successful 

and met three basic criteria: it was cheaper and greener; and was applicable in large scale and 

yielded the products in quantitative yields. 
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Scheme II.E.1. An efficient one-pot synthesis of metal Imidazole complexes under solvent-free 

conditions. 

In a typical experiment, the metal imidazole complex is formed in near quantitative yield 

by grinding two molar equivalents each of the diketone and salicyldehyde and one molar 

equivalent of the metal acetate or chloride  along with an excess of ammonium acetate (20 

mmole) using a pestle and mortar over a period of ca. 5 minutes. Heating the reaction mixture in 

an oil bath for further 20 minutes is followed by formation of the product as colored solids. After 

this simple functional synthetic route to the metal complexes was found, several possible 

diversifications were possible. Using the optimized conditions, a library synthesis was set up 

combining three different diketones and four different metal salts. Thus eleven metal complexes 

were prepared in a very short time (Table II.E.1). 

Table II.E.1: Analytical and spectral data of Imidazole Metal complexes 

Entry Compound Compound 

Colour 

M.P 

(
o
C) 

ΛM         

(Ω-1
cm

2
mol

-1
) 

µeff 

BM 

U.V. λmax
           

(nm)(DMSO) 

1 Bis{2-(4,5-diphenyl-

1H-imidazol-2-yl) 

phenoxy}Zn (1) 

Yellow >300
o
C 3.57 - 208,231, 295 

2 Bis{2-(4,5-diphenyl-

1H-imidazol-2-yl) 

phenoxy}Ni (2) 

Orange >300
o
C 6.25 - 321, 400 

3 Bis{2-(4,5-diphenyl-

1H-imidazol-2-yl) 

phenoxy}Co (3) 

Pink >300
o
C 4.65 2.69 330, 415 

4 Bis{2-(4,5-diphenyl-

1H-imidazol-2-yl) 

phenoxy}Cu (4) 

Violet >300
o
C 14.56 2.09 264, 342 
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5 Bis{2-(4,5-dimethyl-

1H-imidazol-2-yl) 

phenoxy}Ni (5) 

Brown  7.15 - 322, 400 

6 Bis{2-(4,5-dimethyl-

1H-imidazol-2-yl) 

phenoxy}Zn (6) 

Yellow  4.03 - 270, 327 

7 Bis{2-(4,5-dimethyl-

1H-imidazol-2-yl) 

phenoxy}Cu (7) 

Green  11.56 1.48 267, 334 

8 Bis{2-(4,5-dimethyl-

1H-imidazol-2-yl) 

phenoxy}Co (8) 

Brown  5.62 2.2  

9 Bis{1H-imidazol-2-

yl)phenoxy}Ni (9) 

 

Brown  5.86 - 322, 399 

10 Bis{1H-imidazol-2-

yl)phenoxy}Cu (10) 

 

Green 255-257 13.58 1.41 353 

11 Bis{1H-imidazol-2-

yl)phenoxy}Co (11) 

 

Brown 285-286 4.69 2.49 355 

 

When the protocol was extended further to involve a five–component reaction of the 

diketone, salicylaldehyde, primary amine, ammonium acetate and the metal salt to give a tetra-

aryl imidazole metal complex, the one-pot synthesis predominantly yielded the metal complex of 

the triaryl imidazole and the metal complex of the Schiff base rather than the tetra-aryl imidazole 

metal complex. The results did confirm reports that alkylation of 1H-imidazoles did not 

necessarily produce the anticipated push of electron density to the donor nitrogen, rather the 

substituent on the 4, 5-carbon of the imidazole rings is more important for tuning the donor 

attributes of the imidazole base. Otherwise, the expected N-alkyl substituted metal complex 

(tetra-aryl imidazole metal complex) would have been selectively and predominantly formed 

rather than the tri-aryl imidazole metal complex.
9
   

 

II.E.C.2. Optimization of Imidazole metal complex synthesis using HPLC 

 

Before proceeding towards the actual synthesis it was imperative to optimize the reaction 

conditions for metal complexation reactions of the imidazoles. For this purpose, as a reference 

the 2-(4,5-diphenyl 1H-imidazol-2-yl phenol [3, section A] was taken. With the inputs benzil, 

salicylaldehyde, Ni (II) chloride hexahydrate and ammonium acetate the reaction was carried out 

to yield the nickel complex of the Imidazole [3, section A]. The optimum temperature and the 
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reaction time were determined using HPLC for this four component reaction under solvent-free 

conditions.  

 

 To get a general idea about the position of appearance of the peak for the ligand, an 

initial run involving the three components benzil, salicylaldehyde and ammonium acetate was 

carried out. The product 2-(4,5-diphenyl 1H-imidazol-2-yl) phenol, [3, section A] showed a peak 

with retention time 7.203. The HPLC plot of the reaction mixture after 20 minutes is shown in 

Figure II.E.1 where the peak at 5.7 for benzil can also be seen.  

 

 
Figure II.E.1. HPLC trace for formation of 2-(4, 5-diphenyl 1H-imidazol-2-yl) phenol, [3, 

section A]   

 

The metal complexation reaction with the Imidazole was then carried out at 100
o
C. The 

reaction mixture was freezed and HPLC was done with the aliquot. At this temperature, the 

product peak appeared only after 10 minutes of reaction with retention time at 6.242 as shown in 

Figure II.E.2. The peak for the Imidazole [3, section A] ligand was observed at 7.151. 
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Figure II.E.2 HPLC trace for formation of 2-(4, 5-diphenyl 1H-imidazol-2-yl) phenol, [3] at 100
 

o
C 

 

The reaction temperature was increased to 120
o
C, and the appearance of the product peak 

was checked in the HPLC. As expected the peak for the Imidazole product appeared immediately 

after 5 minutes of reaction at a retention time of 6.238. This indicated that with the increase in 

temperature, the product was formed at a faster rate (Figure II.E.3). The peak at 7.147 is for the 

imidazole ligand. 

 
Figure II.E.3. HPLC trace for formation of 2-(4, 5-diphenyl 1H-imidazol-2-yl) phenol, [3, 

section A] at 120
 o

C 
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On increasing the temperature of the reaction further to 140
o
C the product peak area 

increased substantively within 5 minutes and appears with retention time of 6.285 (Figure 

II.E.4). Interestingly the imidazole ligand peak was found to disappear completely. 

 

 

Figure II.E.4. HPLC trace for formation of 2-(4, 5-diphenyl 1H-imidazol-2-yl) phenol, [3, 

section A] at 140
 o

C 

 

From the HPLC study, it could be concluded that the product formation started in as early 

as 5 minutes. The reaction of Ni (II) salt, benzil, and salicyldehyde was taken as a representative 

reaction using molar proportions to monitor the kinetics. It was found that within the first 5 

minutes more than 90% yield (at 140
o
C) was observed (Figure II.E.5).  But the reaction had to be 

carried out for a further 20 minutes to obtain quantitative yield.  
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   Figure II.E.5. Yield (%) of the nickel imidazole complex and Imidazole [3, section A] vs time 

(mins).  

 

A quantitative analysis of the percentage conversion to the products could be obtained 

from the peak areas of the HPLC plot. It was found that the highest conversions took place at 

140
o
C when the reactions were performed at three different temperatures (100, 120 and 140

o
C). 

Not only the Ni (II) complex but the Zn (II), Co (II) and the Cu (II) complexes could also be  

formed in similarly at the same rate. While the synthesis of the complexes of Cu-II and Zn-II) 

have been reported in solvent medium,
7
this is the first report of the  synthesis of the Ni-complex 

via a solvent-free multicomponent strategy.  The reactions carried out in solvents resort to a two 

stage preparation. The first stage is the synthesis of the imidazole ligand which takes 2 hours for 

the reaction to complete. The second stage is the complex formation stage which requires 

another 1hr. The solvent-free strategy is much better as is evident from the reduction of time 

taken for the reaction to complete. It is very plausible that a two stage acceleration of the 

reactions take place in solvent-free medium to make it faster. The absence of the solvent itself 

maybe one reason for the reaction to proceed at a faster rate while there could be a further 

augmentation of the catalytic process in the presence of metal ions.  

 

In an MCR, a product is said to be assembled according to a cascade of elementary 

chemical reactions. Thus, there is a network of reaction equilibria, which all finally flow into an 

irreversible step yielding the product.
10

 The challenge is to conduct an MCR in such a way that 

the network of pre-equilibrated reactions channel into the main product and do not yield side 
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products. The result is clearly dependent on the reaction conditions: solvent, temperature, 

catalyst, concentration, the kind of starting materials and functional groups. Such considerations 

are of particular importance while designing for a DOS. Hence, we envisaged that employing a 

number of appropriate metal salts and different diketones instead of N-alkylations using different 

amines would be better and a large number of metal complexes could be added to the library.   

 

II.E.D. Conclusion 

To summarize we may say that, on performing the MCR via metal template synthesis, 

good yields of the metal complexes in comparable time was achieved, probably because of the 

metal ions playing a pivotal role in catalyzing the reactions. The multiple component approach is 

especially appealing in view of the fact that products are formed in one-pot, and the diversity can 

be readily achieved simply by varying the reacting components. Additionally, there are distinct 

advantages of these solvent-free protocols since they provide reduction or elimination of solvents 

thereby preventing pollution in organic synthesis ‘‘at source’’.   
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